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Chapter 7 – VENTILATION PRINCIPLES 
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A. Economic importance of ventilation 
 
Changes in the modern broiler chicken have increased the importance of in-house 
environmental conditions. In response to market requirements, geneticists have raised 
growth rate as well as the yield of the carcass components. The extra meat yield in these 
broilers, most of which is concentrated in the breast, makes the broiler more sensitive to 
high temperatures, ammonia, and dust. As a result, much of the difference in 
performance of broiler flocks can be attributed to how well the in-house environmental 
conditions are managed, especially temperature and air quality. 
 
The main objective of the broiler industry is the production of SALEABLE chicken meat. 
To this end, it is important to maintain a healthy environment in the poultry house. 
Problems maintaining the correct environment, in terms of temperature and air quality, 
will adversely affect broiler health, live weight, feed conversion, carcass quality, and 
carcass yield, all factors which adversely affect the grower’s bottom-line and could be 
the difference between a below average and a high performing flock. 
 
Modern broiler genetic lines have been selected for growth rate, most of which is 
determined by the broiler’s desire to eat. If temperatures are too high, broilers will not eat 
as much as they could or will not eat at all. Thus, managing in-house conditions to 
realize the genetic potential of broilers is largely a function of optimizing the ventilation 
system. 
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B. Air quality 
 
Air is a mixture of water vapor, nitrogen, oxygen, carbon dioxide and traces of other 
gases. Although its water vapor content is often less than 1% of the total, it is a major 
factor in determining the condition of the air mixture. This is due not only to the necessity 
of water in the life cycle but also to its great energy content when in vapor form. The 
latent heat in water vapor (the energy in the form of heat required to change water 
from liquid to vapor) is the largest of any common liquid. As a result the small amount of 
water vapor in the air mixture often contains the major part of the total heat energy of the 
mixture. 
 
When allowed to accumulate to above acceptable threshold levels, air contaminants 
lead to poor air quality within the poultry house. Contaminants include solid particles; 
microorganisms such as bacteria, fungi and viruses; and gases such as ammonia, 
hydrogen sulfide, and carbon dioxide. These contaminants are always present to some 
extent in poultry house air, but can be minimized with a well-managed ventilation 
system.  
 
The by-products of broiler production include heat, water, carbon dioxide and droppings, 
all of which are added to the environment inside the poultry house.  When poultry 
droppings decompose in the presence of moisture and heat, ammonia is released into 
the air. Dust particles of dried droppings, feather and skin scales, and some feed 
become airborne. Microorganisms, including pathogenic bacteria and viruses, may be 
associated with the dust particles. Spores of harmful fungi such as Aspergillus fumigatus 
may also be present. The interaction of these various contaminants with litter conditions 
and temperature is the major cause of poor air quality and airsacculitis. In airsacculitis 
the lungs and air sacs become plugged with fluid (see Chapter 3 for more information on 
air sacs). Affected broilers will gasp for air and often die suddenly. As a result, high 
mortality is often observed near market time so that after feeding a broiler for the 
majority of the growout period the broiler does not make it to the processing plant. 
Additional losses to the grower can be incurred by condemnation of carcasses during 
processing (see Chapter 4 for the various causes of carcass condemnation). 
 
Ammonia is a colorless gas produced by microbial decomposition of nitrogenous 
compounds (protein, amino acids, and non-protein nitrogen) in the litter. Litter contains a 
diverse population of microorganisms that produce the enzyme urease, which converts 
the nitrogen into ammonia. Moisture, temperature, and pH of the litter also play an 
important role in the conversion of nitrogen into ammonia. 
 
It is recommended that ammonia concentration be maintained at < 25 ppm throughout 
the growout for optimum broiler performance. When a person is constantly exposed to 
ammonia their sense of smell is adversely affected and their ability to detect ammonia 
decreases. With time, most growers are not able to detect ammonia by smell until the 
ammonia concentration in the broiler house has reached 50-60 ppm or higher. By this 
time, however, chick performance can be severely affected. In a study conducted at the 
USDA laboratory in Mississippi they noted that the difference in body weight from 
broilers exposed to 25 ppm vs. 50 ppm ammonia was 0.31 lb/broiler. With a flock of 
25,000 broilers, this is equal to a loss of 7,750 lbs/flock. The best method to minimize 
ammonia during the growout is to properly ventilate. Litter amendments can be an 
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effective management tool to reduce ammonia (see Chapter 14 for more information on 
litter amendments), but they are NOT a substitute for proper ventilation. 
 

“The best method to minimize ammonia during the growout is to properly 
ventilate. Litter amendments can be an effective management tool to 
reduce ammonia, but they are NOT a substitute for proper ventilation.” 

 
Air in poultry houses should have less than 5 milligrams per cubic meter (mg/m3) dust at 
broiler level. Dust levels of 8 mg/m3 can be tolerated if the broilers are not being stressed 
by ammonia, heat, or the presence of respiratory disease agents. Good air quality 
management practices require heating and ventilating systems that provide a balanced 
environment. Poor respiratory health is the consequence of not providing this balance. 
Humidity and temperature also have an impact on air quality by influencing the survival 
of some pathogens and the severity of some diseases. Ventilation is an important 
consideration for controlling heat and humidity. 
 
Particles that are very harmful to both poultry and humans are those that can be inhaled 
and deposited within the lower respiratory system (see Chapter 3 for an overview of the 
avian respiratory system). These are known as ‘respirable’ particles. Particles 
containing live microorganisms are known as ‘viable’ particles. Respirable particles and 
microorganisms are roughly 200 times smaller than a pencil point, having diameters less 
than 5 microns (a micron is one millionth of a meter). Most larger-diameter respirable 
particles are trapped by surfaces in the upper respiratory system of the nose and 
trachea. Particles with diameters smaller than 0.5 micron follow airflow patterns and are 
inhaled and are frequently deposited in the lower lung. If a respirable particle is a 
pathogenic microbe, a respiratory infection can occur. If the pathogen slips into the 
bloodstream (exchanged, as is oxygen), a serious system infection can occur. 
Endotoxins are released from dead bacteria and can produce many harmful symptoms 
in poultry and humans that inhale them. Endotoxins are especially troublesome because 
they resist sterilization and, therefore, cannot be easily cleaned from an environment. 
 
Aerosol particles can have a range of effects on poultry. They act as irritant to the 
respiratory system and coughing is a response designed to remove them. Excessive 
coughing lowers the broiler’s resistance to disease. Aerosol particles collected inside the 
broiler increase condemnation of meat at the processing plant (see Chapter 4 for the 
various causes of carcass condemnation). 
 
There are several methods that may be used to reduce aerosol generation or reduce 
aerosol concentrations. Proper ventilation is essential for bringing clean outdoor air 
into a poultry house to replace contaminated air. If houses are under-ventilated, aerosol 
concentration will continue to increase as more particles are produced by the birds 
without a means to dilute particle concentration. 
 
The moisture content of air and floor litter impacts particle generation. If floor litter is 
excessively dry, air and bird movement tend to increase the amount of particles in the 
air. Misting systems may be used to moisten dry, dusty litter. Spraying vegetable oil has 
been shown to reduce particle generation in swine housing. 
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The most prevalent noxious gas in poultry housing is ammonia (NH3). Exposure to high 
concentrations of ammonia for extended periods has serious consequences on human 
and poultry respiratory health. Airborne ammonia is generated from the volatilization 
(vaporization) of decomposed uric acid in chicken manure. Microbial decomposition of 
uric acid to ammonia and carbon dioxide is a function of the litter moisture content, 
temperature, and pH, all of which influence the number and type of microorganisms 
(bacteria and fungi) present in the litter. 
 
Poultry are adversely affected by high ammonia concentrations in a number of ways. 
Keratojunctivitis, an infection of the eyes, has been observed at concentrations of 
ammonia as low as 50 ppm. Ammonia blindness is seen five to seven days after the 
damage has been done. Long-term exposure to ammonia concentrations breaks down 
the broiler’s first defense against infection in the respiratory system. Ammonia-laden air 
destroys cilia in the trachea, which impairs mucus flow and thickens tissue around the 
alveoli. This damage makes broilers more susceptible to respiratory infections, such as 
Newcastle disease and air sacculitis. As previously indicated, ammonia concentrations 
ranging from 25 to 50 ppm over a 4-8 week period have been shown to reduce weight 
gains and feed efficiency.  
 

C. Air temperature 
 
Birds are homeothermic – they produce and dissipate heat to maintain a relatively 
constant body temperature. The internal body temperature of birds shows more 
variability than mammals, and therefore there is no absolute body temperature. In the 
adult chicken the variability is between 105°F and 107°F (40.6° and 41.7°C). The body 
temperature of a newly hatched chick is about 103.5°F (39.7°C), and increases daily 
until it reaches a stable level at about three weeks of age. Smaller chicken breeds have 
a higher body temperature than larger breeds. Male chickens have a slightly higher body 
temperature than females, probably the result of a higher metabolic rate and larger 
muscle mass. Activity increases body temperature. For example, the body temperature 
of chickens on the floor is higher than that of chickens kept in cages. 
 
Birds have feathers that help them regulate their body temperature. Their relatively high 
body temperature makes it easier for them to lose heat into the air around them. Their air 
sacs (see Chapter 3 on avian anatomy and physiology) allow inhaled air (usually cooler 
than body temperature) to reach deep into the abdominal capacity so when the bird 
exhales heat is removed from the body. Birds do not have sweat glands. Broilers use 
a panting mechanism (referred to as gular flutter) during hot weather to evaporate 
water from its throat, thus reducing body temperature. Panting is extremely effective in 
cooling birds. Feathers are great insulation in cold weather but inhibit heat loss in hot 
weather.  
 
As previously stated chickens are homeothermic and have the ability to maintain a rather 
uniform internal body temperature (homeostasis). However, the mechanism for 
accomplishing this is efficient only when the ambient temperature is within certain limits; 
chickens are not able to adjust well to extremes. It is important, therefore, that broilers be 
housed and cared for so as to provide an environment that will enable them to maintain 
their thermal balance. This is known as the thermoneutral zone (see Figure 7.1) which 
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is a range of temperatures at which an animal does not have to actively regulate body 
temperature. There is considerable margin in cold weather, a chicken’s body 
temperature can drop to as low as 73°F before death occurs. However, there is much 
less flexibility on the high side. The upper lethal limit on body temperature is 113-117°F. 
 
Figure 7.1 - Environmental temperatures and thermal zones. 

 
Note: Thermoneutral zone is the range of temperatures at which an animal does not have to 
actively regulate body temperature 
 
The poultry thermal comfort zone, or thermoneutrality, depends on species and age, 
with younger birds responding better to warmer temperatures. Broiler feed conversion 
deteriorates when temperatures are outside the recommended comfort zone. Bird 
responses are predominantly affected by the dry-bulb temperature of the air space. 
 
Broilers produce heat that must be lost to the environment to maintain constant 
body temperatures. Broiler heat loss is comprised of two components; latent heat loss 
and sensible heat. Latent heat loss is usually expressed as the amount of water 
evaporated from the broiler, referred to as moisture production. Evaporation uses broiler 
heat to change water state from liquid to vapor. The evaporation takes place inside the 
broiler as water passes over the wet surfaces of its respiratory system. Sensible heat 
loss refers to heat dissipated through heat transfer from the broiler to the surrounding 
air. If the air is cooler than the broiler’s surface temperature, heat flows from the broiler 
to the surroundings. If the air is warmer than the broiler’s surface temperature, broilers 
will not be able to dissipate heat and heat stress will occur. 
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Air temperatures that cause heat stress and mortality are considerably below broiler 
body temperature. Broiler surface temperatures typically range from 95-100°F, with skin 
temperatures warmer than feathers. Air temperatures in this range can virtually stop heat 
loss from the broiler and accelerate heat prostration. For this reason, an important goal 
for hot weather ventilation systems is to keep air temperatures below 95°F. 
 
During cold weather, the optimal temperature may depend on feed prices. When feed 
price is high, temperatures at the high end of the comfort zone may be more economical 
since higher temperatures improve feed conversion. When feed prices are low (or fuel 
costs are high), lower temperatures would increase feed consumption but save on 
supplemental heating costs. The right management strategy needs to be determined 
for each situation. 
 
Broiler mortality is influenced by their thermal history. Once acclimated to heat stress, 
broilers can tolerate higher temperatures that would have been lethal to a large portion 
of the flock during the first exposure. Consequently, some producers gradually raise the 
temperature set point for cooling systems before arrival of a heat wave in an effort to 
prepare broilers to combat heat stress. However, extreme caution must be exercised 
when employing new control or management strategies that attempt to improve 
profitability but might also affect mortality rates. 
 
Heat stress in poultry is a serious problem for the poultry industry. Mortality during 
extremely hot weather can be significant, especially when combined with high humidity. 
However, probably even more costly is the routine loss of weight and feed 
conversion efficiency during less severe periods of heat stress. Under normal 
conditions, chickens do a good job of cooling themselves with physiological and 
behavioral mechanisms. One of the keys to minimizing production losses during hot 
weather is proper ventilation system design. 
 
Although air temperature represents the major component of the thermal environment, 
the term ‘effective temperature’ describes the combined effects of air temperature, air 
velocity, relative humidity, and radiation. The concept of effective temperature 
recognizes that the broiler regulates heat dissipation and thus maintains homeostasis by 
integrating all the environmental factors. Effective temperature is particularly useful when 
the air temperature is below or above the thermal comfort zone.  
 
Over the last decade, there have been tremendous changes in broiler strains. As broiler 
nutrition improves and daily gain increases, the pattern of broiler heat loss has changed, 
and older data on heat loss have become obsolete. Heat and moisture production 
data for broilers that required ten weeks to reach a 4 lb body weight are very different 
than that for broilers that will reach the same weight in six weeks. Caution is needed 
when applying historical data. 
 
Daily fluctuations in temperatures may result in temperatures outside the thermal comfort 
zone. As long as the daily mean temperature remains in the comfort zone, mature birds 
can tolerate a temperature cycle of ± 15-20°F without adverse effect on performance. 
The cycle range of ± 15-20°F should be applied with caution as it will vary with species, 
age, nutrition, and other stress factors. For instance, young chicks or poults that have 
just been set in the brooder house will benefit from a ‘draft-free,’ constant-temperature 
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environment while fully-feathered birds may actually benefit from temperature 
fluctuations. In general, temperature variations should be minimized until the broilers are 
fully feathered. 
 
The inside surfaces of the walls and ceiling radiate energy based on their temperature. 
During warm periods, radiant heat loads from these surfaces and sunlight coming 
through open sidewalls or curtains will contribute to heat stress on the birds.  
 
By contrast, in cooler weather, the relatively warm broiler body will lose radiant heat to its 
colder walls and ceiling. A primary function of insulation is to keep the interior 
surface of the wall or ceiling closer to the interior temperature to minimize radiant 
heat loss from the birds. 
 
Radiant heaters direct heat toward the floor and broilers to provide localized heating 
while allowing lower room temperatures. This reduces building heat losses and saves 
fuel during brooding periods when young broilers need high temperatures. The radiant 
heat effect diminishes with distance from the heater. 
 

D. Moisture 
 
Relative humidity is a measure of how saturated the air is with water vapor. When the 
relative humidity is 100% the air is saturated. Air can hold more water vapor as it gets 
warmer. So, 70°F air at 100% relative humidity will be holding less water than 90°F at 
100% relative humidity. If this same saturated 70°F air is warmed to 90°F, its capacity to 
hold water vapor will increase. If relative humidity is too low, litter dries and the amount 
of dust in the air increases. This may adversely affect the broiler’s respiratory system. Air 
relative humidity (RH) of 30-75% has little effect on birds IF temperature is in the thermal 
comfort zone. 
 

E. Relationship between temperature and moisture 
 
Psychrometrics is the study of the physical and thermal properties of air and water 
vapor mixtures. The air’s capacity to absorb heat and moisture depends on its 
characteristics. Seven physical and thermal characteristics are used to describe air and 
water vapor mixtures. An understanding of these characteristics and their relations to 
each other will help to better understand ventilating principles.  
 
The seven physical and thermal properties are: 

Dry-bulb temperature °F 
Humidity ratio lb H20 / lb dry air 
Relative humidity % 
Enthalpy BTU / lb dry air 
Dew-point temperature °F 
Wet-bulb temperature °F 
Specific volume ft3 / lb dry air 
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The interrelationship between air and the moisture it holds provides the basis for 
maintaining a suitable environment. The above seven properties are used to describe 
ventilation principles. A psychrometric chart is a convenient way to graphically 
describe the interrelationships between the seven physical and thermal properties. 
Knowing any two of the psychrometric values defines the other five values. 
 

 
 
Dry bulb temperature is the regular temperature measured using either a common 
thermometer or other temperature sensor. It describes how hot or cold the air is. 
Temperature is commonly measured in degrees Fahrenheit (°F) or degrees Celsius (°C) 
(see Figure 7.2 for conversions). Dry-bulb is sometimes abbreviated ‘db’. 
 
Humidity ratio is a very important air characteristic even though it is not commonly used 
outside of engineering. The humidity ratio describes the moisture holding capacity of 
the air. There is no common way to directly measure humidity ratio. Values are very 
small and can range from 0 to 0.044319 lb H2O/lb dry air for saturated air at 100°F db. 
 
Saturated air is air that is holding the maximum amount of moisture possible to hold in 
the air. The common rule of thumb is that the moisture holding capacity of saturated air 
doubles for every 20°F increase in temperature. Fifty degree air holds 0.0077 lb H2O/lb 
dry air which is slightly more than double the moisture holding capacity at 30°F, 0.0035 
lb H2O/lb dry air. Similarly, 70°F air holds 0.0158 lb H2O/lb dry air, which is about double 
the moisture holding capacity of 50°F air. 
 
Relative humidity is a term commonly used to describe how much water vapor is in the 
air as a percent. Saturated air is at 100% relative humidity (RH). Air with a 50% RH and 
100°F contains half the water vapor of saturated air at 100% RH and 100°F. 
 
Enthalpy describes the heat energy content (BTU/lb dry air) of the air and water vapor 
mixture. The air’s energy content changes if either or both the dry-bulb and humidity ratio 
change. Therefore enthalpy (energy) is important not only in heating and cooling 
processes but also in humidifying and dehumidifying processes. 

WHAT IS A ‘BTU’? 
 
A British Thermal Unit (BTU) is the amount of heat energy needed to raise the 
temperature of one pound of water by 1°F. This is the standard measurement used 
to state the amount of energy that a fuel has as well as the amount of output of any 
heat generating device, including chickens in a poultry house.  
 
All combustible materials have a BTU rating. For instance, propane has about 
15,000 BTUs per pound. Charcoal has about 9,000 BTUs per pound and wood (dry) 
has about 7,000 BTUs per pound. 
 
Although it is still used 'unofficially' in some metric English-speaking countries (such 
as Canada, the U.S. and the United Kingdom), its use has declined or has been 
replaced in other parts of the world. In scientific contexts the BTU has largely been 
replaced by the International system of units (abbreviated SI from the French Le 
Système International d'Unités) of energy, the joule (J), though it may be used as a 
measure of agricultural energy production (BTU/kg). 
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Figure 7.2 - Comparing Celsius and Fahrenheit 
temperature scales on a dry bulb thermometer. 

 

Figure 7.3 - Comparing dry 
bulb (on left) and wet bulb 
(on right) thermometers. 

 
 
Dew-point temperature is the temperature at which moisture starts to condense from 
the air at a constant humidity ratio. Dew-point temperatures are commonly reported in 
weather reports to indicate the amount of moisture in the air. It is directly related to the 
humidity ratio. Surfaces (i.e., sides of cold drinks with ice, inside building surfaces) at 
temperatures below the air’s dew-point temperature will have condensation forming on 
them. Frost is condensation on surfaces at temperatures below freezing. In poultry 
houses insulation is needed in cold weather to keep the walls and ceilings above the 
dew-point temperature to prevent either condensation or frost formation. 
 
Wet-bulb temperature is a temperature measured by a thermometer with the bulb or 
sensor covered with a water moistened wick in a moving air stream (see Figure 7.3). The 
wet-bulb temperature is always below the dry-bulb temperature. The difference between 
wet and dry-bulb temperatures is important in evaporative cooling. 
 
Specific volume is the volume in cubic feet occupied by a pound of dry air at a specific 
dry-bulb temperature and pressure, expressed as cubic feet per minute (CFM) to mass 
(pounds) of dry air being exchanged during ventilation. 
 
Sensible heat is heat that produces a change in the dry-bulb temperature. It takes 
approximately 0.24 BTU to raise one lb of dry air 1°F. Supplemental heaters are used to 
add sensible heat to the air to maintain a desired temperature. 
 
Latent heat (of vaporization) is heat used to evaporate water. Evaporation changes 
liquid water to water vapor. The air’s latent heat changes if and only if there is a change 
in the air’s humidity ratio. The amount of heat energy needed to evaporate a pound of 
water does vary with temperature but it is common to use a value of 1,044 BTU/ lb H2O 
for processes involving agricultural animals. 
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F. Air exchange for temperature control 
 
Relationships among the psychrometric characteristics play important roles in the 
ventilating process. To control the temperature within a building the sensible heat 
produced by the broilers and supplemental heaters and the heat either gained or lost 
through the building surfaces (i.e., ceiling, walls, windows, etc.) must be balanced with 
the heat removed by the ventilation air (see Figure 7.4).  
 
Figure 7.4 - Sensible heat sources and losses in a poultry house. 
 

 
 

 

 
 

 
Through ventilation, cold or relatively cool, outdoor air is brought into the poultry house. 
Sensible heat produced within the building is transferred to the cool air and warms the 
air. This warm air is exhausted from the building and replaced with more cool outdoor air 
and the process is repeated. This process is illustrated in Figure 7.5. The amount of air 
exchanged to control temperature depends on the indoor and outdoor temperature 
difference, number and age of broilers housed, and building insulation level. 
 
Figure 7.5 - Schematic of ventilation for temperature control. 
 

 
 
If the sensible heat sources remain constant, reducing the amount of air exchange will 
raise the indoor air temperature. Increasing the air exchange will lower the indoor 
temperature. If the air exchange rate and sensible heat sources are kept constant the 
indoor temperature will shadow outdoor air temperature changes. 
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As broilers grow, so does the amount of sensible heat they produce. To remove the 
increased amount of sensible heat and maintain a constant indoor air temperature, the 
air exchange rate per broiler needs to increase as the birds grow. 
 
Some sensible heat may be used to evaporate liquid water (i.e., spilled water, wet feces 
and spraying mists). In cold weather when sensible heat from the broilers and heaters is 
needed to maintain the desired indoor temperature, the heat used to evaporate spilled 
water is a loss, unavailable to heat the building. In hot weather when excess sensible 
heat is available sprinklers and evaporative cooling are used to help dissipate excess 
heat. 
 

G. Air exchange for moisture control 
 
Litter moisture and indoor relative humidity control is very important in poultry 
facilities. Wet litter can contribute to feet and leg problems and increased ammonia 
production. High relative humidities can contribute to condensation and frost on walls, 
ceilings and around the perimeter. The relationship between temperature and the 
air’s moisture holding capacity of the outdoor and indoor temperatures play an 
important role in moisture control for air exchange. A key element of the relationship is 
that warmer air has a greater holding capacity (see Figure 7.6). This means that when 
the temperature difference between inside and outside is large the air has a larger 
capacity to remove moisture from the poultry house. When the temperature difference 
between inside and outside air is small, the air has a smaller capacity to remove 
moisture from the barn. As a rule of thumb, the moisture holding capacity of saturate 
air doubles for every 20°F temperature rise. 
 
Air exchange achieved through ventilation is used to remove the moisture in respired air 
and excreted feces from the chickens. Ventilation must also remove water spilled or 
leaking from drinkers. Moisture sources and methods of removal are illustrated in Figure 
7.7. As illustrated in Figure 7.8, relatively cool and dry outdoor air is brought into the 
poultry house. The air is warmed increasing the air’s moisture holding capacity. Liquid 
water is evaporated. The evaporated water vapor and respired moisture from the 
chickens is absorbed into the air increasing its humidity ratio. The warm, moisture-laden 
air is exhausted from the building and replaced with more cool and dry outdoor air and 
the process is repeated. 
 
In cold weather, to conserve heat, the minimum air exchange is often used. The 
minimum air exchange required must be sufficient to control moisture conditions in the 
poultry house. Much less outdoor air is needed in cold weather because of the large 
temperature and moisture holding capacity that occurs when the outdoor air is 
warmed. In spring and fall, the temperature difference between inside and outside is 
much smaller which means that there is much less of an increase in the air’s moisture 
holding capacity. If the outdoor air is warm and moist (i.e., it has a high dew-point 
temperature and high humidity ratio) it is even harder to maintain litter moisture 
conditions. 
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Figure 7.6 - The relationship between temperature and water-holding capacity of 
air. 

 
 
 
Figure 7.7 - Moisture sources and removal in poultry houses. 
 

 
 

 

 

 
 
Figure 7.8 - Schematic of ventilation for moisture control. 
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In warm weather moisture control is fairly easy to accomplish because of the large 
moisture holding capacity of the warm air. In hot and humid weather, however, heat 
stress can be a problem because the broilers have a difficult time getting rid of their body 
heat. The air’s high humidity ratio and dew-point temperature do not allow the broilers to 
lose much heat by evaporation in their respiratory system. 
 
Ventilation is an important factor in litter moisture control. Ventilation air exchange is 
used to remove moisture produced within the building. Excessive air exchange can 
remove too much moisture and produce dry dusty conditions. Insufficient air exchange 
removes too little moisture and produces wet litter conditions. Litter dries faster when the 
air’s moisture holding capacity (based on indoor conditions) is large and the outside air’s 
humidity is low. This condition exists in cold weather when the outside air is heated when 
it enters the building. 
 

H. Air velocity 
 
Increased air velocity produces a windchill effect on broilers. The benefits arise from the 
increased convective heat loss with increasing air velocity. When evaluating the windchill 
effect in commercial production conditions, it should be kept in mind that air velocities 
around the broilers are approximately 50% lower than the air stream velocity in the open 
area of the house. 
 
Caution is advised at air temperatures greater than 100°F. At these temperatures, 
increased wind speed actually causes a heat gain to the broilers and any heat loss from 
the broilers is almost entirely evaporative. When interior air temperatures are over 
100°F, catastrophic broilers losses could result from operating ‘cooling’ fans 
without implementation of evaporative cooling.  
 

I. Ventilation system design 
 
Ventilation is the exchange of air in a building with fresh air from outside. Heat, 
moisture, noxious gases, dust and microorganisms are produced in a broiler house as a 
result of bird metabolism, feeding and drinking activities, waste decomposition, and 
unvented heating units. Ventilation systems are designed to maintain air quality during 
cold weather and to regulate temperature during hot weather. Heating and cooling 
systems compliment ventilation to maintain a productive environment. 
 
Ventilation rate, the amount of air exchanged in a given time, is usually expressed in 
CFM (cubic feet per minute) per bird or CFM per unit of body weight. It is also expressed 
as ACH (air changes per hour) which reflects a complete replacement of the building’s 
air volume during a time period. Ventilation rate is designed to provide a uniform 
environment that is most suitable for economical poultry production. In practice, 
however, the environment in a poultry house is always in a transient state due to 
continuous changes in outside weather conditions; changes in moisture, heat, and 
manure production rates by birds; and the cycling of mechanical devices such as 
heaters, fans and feeders. Electronic sensors, environmental controllers and warning 
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systems are used by commercial producers to help ensure that the proper environment 
is maintained. 
 
Ventilation has two basic functions: air exchange and air distribution. Air exchange 
may be summarized simply as the cycle of fresh air in, stale air out. Air distribution is 
the process of delivering fresh air to all animals and mixing fresh air with stale air prior to 
removal from the building. Inlets provide the primary means of controlling air distribution 
within the ventilation space. Controls for fans, inlets, ridge vents, and sidewall openings 
allow these components to function together to achieve the desired ventilation 
performance. 
 

 
 
There are two primary types of ventilation, mechanical and natural. Mechanical 
ventilation uses fans to provide airflow (see Figure 7.9). Natural ventilation takes 
advantage of naturally occurring forces to move air in and out of the building (see Figure 
7.10). In either type of ventilation, a pressure difference causes air to flow and provides 
the driving force for ventilation. In mechanical ventilation, a static pressure difference 
between the poultry building interior and the outside is monitored to assure proper air 
exchange and air distribution. A combined or hybrid system uses both mechanical and 
natural ventilation. 
 
Figure 7.9 - Schematic of a mechanically ventilated building and its components 

 

VENTILATION SYSTEM DESIGN VERSUS MANAGEMENT 
 
Ventilation system design deals with sizing and selecting system components (i.e., 
heaters, inlets and fans) from the many kinds and sizes available. Design 
procedures consider extreme conditions to ensure that the selected ventilating 
system components can provide adequate ventilation and environmental control 
even during extreme weather. Ventilating principles are used for system design. 
 
Ventilating system operation and management deals with day-to-day 
adjustments of the existing system components in response to current conditions 
(i.e., weather, bird numbers and age). Extreme conditions are seldom encountered. 
The focus is on efficient and effective environmental control that responds to 
changing conditions. It is important to understand ventilating fundamentals to better 
manage the ventilating system to provide the most appropriate and economical 
environment possible. 
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Figure 7.10 - Schematic of a naturally ventilated building and its components. 

 
 
The design criteria for ventilation rates to maintain acceptable indoor air quality are 
based on moisture removal. Minimum ventilation rates for cold weather are commonly 
based on air exchange rates that will keep moisture removal balanced with moisture 
production. It is generally assumed that with proper moisture regulation inside the 
building, other air components such as dust, ammonia, and carbon dioxide will also be in 
control. However, with increased interest in improving the economy of production and 
the conservation of energy, ventilation rates are often reduced to the point that 
contaminants are a problem. To keep aerial ammonia below the recommended threshold 
of 25 ppm (parts per million) when old litter is used, the minimum ventilation rate 
needs to be up to nine times the recommended minimum ventilation rate. The 
higher ventilation rate results in more heat lost in exhausted air and higher supplemental 
heating costs. Failure to provide a higher ventilation rate will result in poor bird 
performance due to high ammonia levels. Clearly, air quality, management practices 
(such as the use of built up litter), and bird productivity are interrelated components of 
successfully poultry production. (For more information see chapter on Cold Weather 
Ventilation). 
 
As building air temperature increases or decreases from the desired inside temperature, 
the ventilation system, and perhaps heating or cooling, are activated in order to maintain 
the target temperatures. For example, during hot weather, once the minimum ventilation 
capacity is reached, the building temperature begins to rise approximately linearly with 
further increase in outside air temperature. At some point (at which the temperature 
considered stressful for the birds), cooling mechanisms such as evaporative cooling and 
tunnel ventilation may be activated.  
 
The relationship between poultry production efficiency and building environment is 
complex. Further complications arise from the costs associated with maintaining an 
optimal environment for the bird. Costs are usually proportional to the difference 
between the desired poultry building environment, on the one hand, and, on the other, 
the outside air conditions plus the quantity of air contaminants inside the building. It is in 
the grower’s economic interest to provide the best possible environment for the bird. In 
fact, most poultry production was moved indoors to provide an optimal year-round 
environment for birds and workers while benefiting from labor and mechanization 
efficiencies. 
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The required ventilation rates for cold, mild or hot weather will be described in future 
chapters. The entire range of seasonal airflow needs must be integrated into a 
ventilation strategy based on daily conditions. One solution to variability among seasonal 
needs is to use single-speed fans that are ‘staged.’ Another is to use variable-speed 
fans. 
 

J. Mechanical ventilation systems 
 
Fans are the heart of a mechanical ventilation system. Properly operating fans create an 
air pressure difference between the inside and outside. This air pressure difference, 
known as static pressure, causes the air flow that produces the air exchange required 
as part of a mechanically ventilated poultry house. 
 
Figure 7.11 - Types of mechanical ventilation systems based on static pressure. 

 
The most common system is shown graphically in Figure 7.11A, The exhaust fan(s) 
create a slight negative pressure or vacuum in the poultry house, which causes air to 
enter the barn through the designed inlets. 
 
Positive pressure systems (Figure 7.11B) do the opposite. Fans blow air into the barn 
creating a positive pressure and air escapes through designed outlets. This system is 
fairly uncommon, since it often causes building materials to deteriorate because 
moisture moves through the cracks in the building. 
 
A third system is a neutral pressure or push-pull system, shown in Figure 7.11C. Push-
pull systems operate under neutral pressure at continuous or cold weather ventilating 
rates. A neutral pressure system has both an exhaust fan and an inlet fan, which create 
a zero or approximate neutral pressure difference between the inside and outside. Such 
a system typically becomes a negative pressure system when other larger exhaust fans 
operate during warmer weather. 
 
Mechanical ventilation systems consist of four major components. They are: fans, 
openings, heaters, and controls. Fans and openings control the amount of air 
exchange in a mechanical ventilation system. The openings also have an impact on the 
air distribution and mixing in a mechanically ventilated poultry barn. Heaters provide 
supplemental heat to maintain desired indoor temperatures during cold weather and 
when chickens are too small or young to produce enough heat to keep the poultry house 
warm. Controls are needed to adjust ventilating rates (fan controls), supplemental 
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heating rates, and the air velocity rates (fan controls), supplemental heating rates, and 
the air velocity through openings as weather, bird age and size change. 
 

 

 
 
Fans 

Fans are used in mechanical ventilating systems to supply the energy needed to 
exchange the desired amount of air in a poultry house each minute. In a negative 
pressure system, fans are installed to exhaust stale or used air from the building and 
bring in fresh, clean air. It is very important to use only rated fans. Fan ratings are given 
in cubic feet of air per minute (CFM), or in SI units, cubic meters of air per hour, at 
specific static pressure levels.  
 
Fan staging is an effective ventilation management tool. Single-speed fans can be 
staged to regulate ventilation airflow from minimum to maximum rates needed during the 
year. One or more fans can be used to provide the minimum required rate for winter 
moisture and ammonia control. As the outside temperature rises during mild weather, 
more fans are needed for both air exchange and temperature control. Minimum 
ventilation would be considered stage one, the next fan(s) turned on would be stage 

The term static pressure means the difference between the air pressure inside and 
outside the building. It is easy to measure this pressure – and knowing it is necessary 
when you select a fan and adjust inlets 
 
Static pressure is usually expressed as inches of water column (IWG). Static 
pressure or air pressure difference is usually measured between the inside and 
outside of a building with a manometer and is expressed in inches of water column 
(see below). 
 
Figure 7.12 - Manometer used to determine building static pressure. 

 
 
The above figure shows a simple manometer, a section of clear plastic tubing partially 
full of water bent into a ‘U’ shape. You can place this U-tube inside or outside the 
building. Note, however, that you always expose one end of the tube to the outside air 
pressure and the other to the inside conditions. 
 
You can make a manometer with a piece of tubing, as shown above, or buy one from 
a fan supplier. 
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two, the third fan(s) stage three, and so on. Three major decisions are needed in order to 
stage a set of fans: 1) the number of stages needed; 2) the set point temperatures that 
will activate each stage; and 3) the magnitude of airflow needed at each stage. Set 
points temperatures and airflow provided in each stage must match the air exchange 
and temperature control requirements for the bird’s comfort and productivity. 
 
There should be sufficient ventilation stages so that transitions from stage to stage do 
not result in large indoor temperature swings. A practical minimum is at least four stages, 
but more than six ventilation stages will not result in significantly better environmental 
control. The minimum and maximum stages’ airflow capacities should be based on 
minimum winter ventilation and maximum hot weather cooling needs, respectively. 
Intermediate stages would be specified based on the volume of desired airflow change. 
Ideally, the beginning stages, which are primarily used during cool weather, should have 
small steps between set point temperatures to avoid chilling the birds with rapid changes 
in cold airflow. Later stages should have larger differences between set point 
temperatures, since large volumes of airflow are needed to provide hot weather 
temperature control. In practice, however, using equal divisions of outdoor temperature 
as temperature set points between stages has been found adequate. 
 
Variable-speed fans have the advantage of continuous variation between their 
minimum and maximum ventilation rates. Smooth airflow changes reduce temperature 
swings that can occur with staged, on-off fan control. When properly sized and 
controlled, variable-speed fans can reduce building energy costs. Variable-speed fans 
are direct-drive, and motor voltage varies the revolutions per minute (RPM) of the fan 
blade, thus modifying the airflow rate. When operated at low speeds, however, variable-
speed fans have the disadvantage of losing their ability to resist wind-induced back-
pressure on the fan.  

Openings 

The functions of air inlets are to provide fresh air throughout the building, control 
direction of airflow, and maintain sufficient inlet air velocity. The ventilation requirements 
within a poultry house change based on the number of broilers, stage of growth, and 
time of year. With good ventilation system design and management, including inlet 
design and control, conditions in the poultry house can be maintained within the broiler’s 
comfort zone. 
 
Air inlets for negative-pressure ventilation systems in poultry housing include continuous 
slots and discrete box or area inlets. Continuous slot inlets have a rigid, movable baffle 
for controlling the size of the opening. Bottom-hinged baffles are preferred. Good inlets 
are easily adjusted so that as conditions change the inlet size can be changed. 
Continuous inlets may be positioned along both eaves. Tunnel ventilation requires a 
separate set of inlets. 
 
Attics provide good wind protection for continuous slot ceiling inlets. During hot weather, 
fresh air should be provided directly from the outside and not from the attic, unless the 
roof is well-insulated. Large volumes of air such as during summer ventilation can pass 
through a well-insulated attic with little temperature gain. Roof insulation reduces sun 
warming of the attic and is required if using attic ventilation in hot weather. 
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Unplanned inlets include large openings such as doors, windows, and fans without 
shutters, which are not originally designed to be part of the ventilation system. Other, 
often overlooked, unplanned inlets including openings for manure handling or for feed 
and egg conveyors. Even small openings, such as cracks in the structure and around 
doors, windows, and fans, can cause drafts and poor control of air distribution. Tight 
buildings, those that minimize unplanned inlets, allow the ventilation system to bring in 
air through carefully designed and placed inlets for more control over ventilation air 
distribution. 
 
Air leaves the inlets as an air jet, a region of air moving faster than surrounding air. Jet 
velocity is primarily determined by the static pressure difference across the inlet and inlet 
opening cross-sectional area. Desirable velocity is 700 to 1,000 feet per minute. The 
center of the jet continues to move at the velocity at which it entered the house while 
outer edges of the jet are slowed by friction and turbulent mixing with surrounding air. 
The jet is dissipated when its velocity slows to less than 50 feet per minute. Air is 
considered still when the velocity is less than 50 feet per minute. 
 
An air jet issued from an inlet opening has a tendency to grow in size and slow down as 
it mixes with room air. Air jets are classified into two types, free jets and wall jets. A free 
jet travels unconstrained by surfaces such as walls or ceilings. A wall jet is released 
adjacent to a ceiling or wall and mixes with air only on its free side. Wall jets ‘throw’ air 
further across a room than free jets under similar conditions. Free jets provide more 
vigorous mixing of incoming air with room air. 
 
Air jet speeds of 700 to 1,000 feet per minute provide for air mixing and air distribution, 
or throw. When an inlet is adjusted correctly, high velocity cool air sweeps the ceiling 
and mixes with warm air in the building. When an air inlet is open too wide a slow 
moving stream of cool air sinks to the floor without mixing with warm room air and 
causes drafts. 
 
Inlet configuration can be used to attain varying air distribution goals during the year. 
Bottom hinged baffles partially opened direct air across the ceiling during cold weather. 
This reduces drafts which are especially important for young birds and results in 
improved cold air mixing. During hot weather, the inlets can be opened further to direct 
the air jet towards the birds to increase convective cooling. Sections of continuous eave 
inlets can be closed during hot weather to force air through evaporative cooling pads. 
Notched boards installed above curtains can provide cold weather ventilation since 
continuous narrow openings at the top of the curtain often do not direct air properly. 
Changing the inlet size, inlet configuration, or the type of inlet allows the grower to 
accommodate winter and summer ventilation needs. 
 
Inlet placement is an important factor to consider. Inlets are most often positioned high 
in the structure, such as the eave juncture of sidewall and ceiling, to allow incoming air to 
mix with room air before dropping into the bird-occupied area. Since air is needed in all 
parts of the building it is necessary to have either inlets in all parts of the building or a 
distribution mechanism to move air to places where there are no inlets. Two methods 
commonly used in negative pressure systems are to provide inlets around most of the 
building perimeter and to create a continuous slot opening in the ceiling along the length 
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of the building. If the system was not designed properly, circulation fans may be used to 
improve distribution. 
 
For buildings up to 40 feet wide, continuous-slot inlets should be placed at the eaves 
along both sidewalls. For wider buildings, one or more interior ceiling slot inlets should 
be added. These recommendations are based on the estimate that an air jet issuing 
from a slot inlet at 700 – 1,000 feet per minute will throw air about 200 feet to the center 
of the building. Wider buildings will surfer from inadequate air distribution without 
additional inlets in the building center. 
 
The maximum distance between a fan and inlet should be limited to 75 feet. Air traveling 
more than 75 feet through high-density poultry housing is dirty enough to be discharged, 
particularly during cold weather. When tunnel-ventilation systems are operating in hot 
weather, it is rare that the distance between a fan and an inlet is less than 75 feet. 
However, air is generally quite clean in tunnel-ventilated houses because of the large 
amount of air flow. During cold weather, close any inlets within eight feet of fans to 
prevent air from short-circuiting out the fan. 
 
Inlets may be closed in sections, or boxes used so that optimal slot opening and air 
distribution can be effectively controlled. Box inlets, which are spaced rather than 
continuous, can provide control over air distribution as bird environment needs changes. 
Some buildings have sections which are not used for part of a production cycle, such as 
during partial-house brooding of broiler chickens. In such buildings, only the populated 
half of the house has functional inlets. Many broiler houses have box inlets that are four 
to six feet long and eight feet apart along both sidewalls, or in the ceiling, at the eaves. 
Curtain-sided house inlets run along the entire length of each sidewall. A notched board 
along the top may be used to provide small, intermittent inlet openings at the top of the 
curtain during cold weather. 
 
Inlet area is another factor that must be considered in designing a ventilation system.  
The maximum cross-sectional area of inlets should be sized for the maximum capacity of 
fans. Provide at least 1.7 square foot of inlet per 1,000 CFM of fan capacity for air 
exchange. Other ways to express this are one square foot of inlet area per 600 CFM fan 
capacity or one square inch of inlet area per four CFM. For continuous slotted inlets, 
providing two square feet per 1,000 CFM is recommended. 
 
A smaller than recommended inlet creates a faster inlet jet velocity but increases 
resistance to airflow, which can overload fans. Larger inlets allow air speed to slow 
below desirable levels, and this causes drafts and dead air zones in the building when 
air is not mixed and distributed properly. When air flows through most openings, the 
cross-section area of the air jet is reduced to 60-80% of the total free area of the 
opening.  
 
Inlet opening control is required to adjust to changes in the outside environment to 
adapt to the required changes in ventilation rates. Since interior and outside 
environmental conditions change over the course of a day or a season, the size of inlet 
openings and fan exhaust rates will also change to provide for good air distribution. 
Automatically controlled inlets are recommended because the opening area can be 
changed as the ventilation rate changes to maintain a relatively constant static pressure. 
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Inlet opening size is adjusted each time the fan exhaust rate changes to roughly 
maintain the 1.7 square feet of inlet area per 1,000 CFM ratio. 
 
At a given static pressure, the airflow rate through an inlet is proportional to the 
opening area. A controller that uses a manometer to measure static pressure and 
maintain about 0.04 IWG can be used to control inlet size if adjustments can be made 
with a winch and cable system. Static pressure control is important to maintain the 
desired airflow rate. Airflow is about 600 CFM per square foot of inlet area at 0.04 inches 
of static pressure. Airflow is doubled at 0.125 inches of static pressure. 
 
For a slot inlet, the slot width opening is adjusted, so the inlet width is proportional to 
airflow rate. Continuous slot inlets can be difficult to control at the very low airflow rates 
required in cold weather and thus may result in poor air distribution and harmful drafts. 
Slot openings of less than ¼ inch are not practical to maintain due to common 
construction irregularities. One solution is to close every other inlet section during cold 
weather with remaining sections providing more opening cross-sectional area. This 
allows half the inlets to be open ½ inch rather than trying to keep all the inlets open ¼ 
inch. 
 
Passive automatic inlets have gravity shutters, counterweighted baffles, or spring-
loaded baffles that open and close the inlets in response to static pressure changes. 
These inlets employ free-swinging, top-hinged baffles that move in response to static 
pressure differences and airflow. These are not often used in poultry houses. 
 
Manually controlled inlets need to be adjusted frequently and are therefore rarely used in 
commercial poultry production. Most inlet systems use mechanical controllers to adjust 
the opening automatically and maintain a relatively constant static pressure. 
 
Restrictions to airflow on either side of the inlet should be avoided. The opening at the 
baffle is usually the smallest airflow area of the inlet and is referred to as the control 
point. The size and configuration of this opening determines the direction and velocity of 
the air jet. Restrictions upstream of this point will cause an undesirable resistance to 
airflow, lower air speed. 
 
Upstream inlet restrictions are fairly common in poultry house construction and should 
be eliminated. The area upstream from the control point should provide an airflow path 
that is at least two times larger than the cross sectional area of the control point. If 
center-ceiling inlets are used, upstream restrictions include inlet vents to attic areas. 
The soffit openings, gable louvers, and/or ridge vents, should be sized to be at least 
twice the maximum area of inlets from the attic to the bird area. Screen the intake at the 
building exterior with ¾ inch hardware cloth or bird netting. More restrictive window 
screening or residential-type soffit vents (also known as under-eave vents) with pinholes 
or slots will drastically reduce airflow. Within the house, obstructions larger than ½ the jet 
thickness can prematurely deflect air jets downward. Even ribbed ceiling sheeting 
oriented perpendicular to a thin slot-inlet air jet can deflect the jet. Other common 
obstructions include lighting fixtures, conduit, augers, piping, and structural members. 
 
Tunnel inlet openings are placed on the opposite end of the building from the exhaust 
fans. They are very large inlets often positioned in both sidewalls, rather than the end 
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wall (due to construction practices). In houses without pads, the inlets must be sized so 
that the inlet air velocity is low enough (no more than 900 feet per minute) so that the 
inlet does not cause a large restriction and the associated static pressure drop. Tunnel 
ventilation is often operated at relatively low static pressure differences (0.02 to 0.05 
inches in a water gauge) in order to maximize fan output. In addition, the inlet velocity for 
air mixing and throw is accomplished at lower air speed than for conventional baffle 
inlets due to the large mass of incoming air. 
 
When tunnel inlet openings are not in the end wall, try to achieve a high enough inlet air 
velocity (500 to 900 feet per minute) to provide some cooling to the birds near the end 
wall. Too slow an inlet air speed will not ‘throw’ the inlet air over the birds and will create 
a dead air space near the end wall. However, if the static pressure exceeds 0.08 inches 
of water, fan output is reduced and air entering through sidewall inlets may form dead air 
spaces next to the inlet openings. 
 
Tunnel inlet size is almost directly proportional to the buildings cross sectional area. 
Indeed, if air is brought straight into the house through the end wall and then out the 
opposite end wall fans, the inlet area would be almost equal to the house cross sectional 
area. With sidewall tunnel inlets, the opening is from 1.1 – 2.0 ft2 of opening per 1,000 
CFM of fan capacity. The lower value of 1.1 ft2 per 1,000 CFM will provide the higher 
limit of air speed of 900 feet per minute while the 2.0 ft2 per 1,000 CFM delivers air at 
500 feet per minute. 
 
For example, a tunnel ventilated house with 180,000 CFM total exhaust capacity would 
require from 200 – 360 ft2. of inlet area divided between the two sidewalls. With a curtain 
on the tunnel inlet openings, the opening size may be adjusted to match the number of 
tunnel fans running. An upper value of 2.5 ft2 per 1,000 CFM (entering at the desirable 
400 feet per minute) would be suitable for inlets coming in the end wall and traveling 
straight down the house with no need to throw the air across the house width. With any 
of these inlets, due to their large size, wind effects at the inlet end of the tunnel 
ventilated houses may be the predominant force moving air in that part of the house. It is 
often 20-30 feet down the house from the inlets that the classic tunnel airflow pattern is 
established on a windy day. 
 

K. Natural ventilation systems 
 
Natural ventilation, as the name implies, is a system using natural forces to supply a 
building with fresh air. Air exchange is accomplished through designed inlets and outlets 
in a building. It is important to recognize that naturally and mechanically ventilated 
buildings operate under different principles. Mechanically ventilated buildings use fans to 
exchange air, which can be controlled to provide the desired air exchange rate. Thermal 
buoyancy and wind are both dependent on uncontrollable weather. This makes natural 
ventilation control different. 
 
Natural ventilation is an attractive management technique because fan and fan 
maintenance expenses are eliminated. The roof design, the design of major openings for 
ventilation, building orientation, the occupants, and finally the outside water are all 
factors influencing the results of the ventilation process. Openings located along the 
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sidewalls are termed ‘sidewall openings’, and the opening at the roof peak, or ridge, is 
called the ‘ridge opening.’ Variation exists in the shape of the interior roof itself due to 
slope and style and these in turn can influence the ‘chimney’ effect that develops in the 
building. The occupants (poultry in this case) also influence the performance of naturally 
ventilated buildings. Bird age and population density affect the response of a building to 
ventilation changes as well as fresh air distribution in the building. The simultaneous 
effects of all these components determine the success of naturally ventilated buildings. 
 
Proper ventilation of naturally ventilated buildings requires that the sidewall and ridge 
openings work in harmony to deliver and distribute the required fresh air to the building. 
Both high and low openings are needed in naturally ventilated buildings. At least two 
openings on opposite sides or ends of the buildings are needed for air distribution within 
the structure and to avoid short-circuiting of airflow. Providing proper distribution of fresh 
air within the building is frequently neglected, and this can cause many problems. For 
example, if the building is managed in such a way that all the fresh air passes through 
the sidewall opening and is ‘short-circuited’ to the ridge opening, then the fresh air 
provides very little benefit to the birds. Another common mistake is to attempt to ventilate 
with only one opening, as through one sidewall curtain, which does little to promote 
internal air distribution. It is essential that naturally ventilated buildings adhere to sound 
fresh air distribution principles. 
 
Comparing naturally to mechanically ventilated buildings 
Advantages Disadvantages 
Lower cost More challenging to control 
Lower maintenance Periodic replacement of opening coverings 
Lower electrical use Rain/snow/sun entrance to building 
 Large building ‘footprint’ 

 
Several key advantages and disadvantages of naturally ventilated buildings compared to 
mechanically ventilated buildings are listed below. The initial high cost of fans along with 
the elimination of fan operating expenses makes natural ventilation an attractive option. 
 
It is more difficult to consistently achieve the desired house environment with natural 
ventilation. Rapid changes in wind speed, wind direction, and outside temperature 
require that sidewall and ridge openings be constantly changed to ensure adequate 
fresh air exchange rates and proper fresh air distribution within the building. If an inlet 
controller cannot properly adjust openings in response to weather changes, then 
extreme fluctuations of inside temperature, humidity or ammonia level will occur. An 
intelligent inlet controller responds effectively to weather influences and can drastically 
reduce this disadvantage usually associated with naturally ventilated buildings. 
 
Orientation and building ‘footprint’ dimensions have to be carefully planned for naturally 
ventilated buildings. It is extremely important to orient the building so that it is exposed to 
prevailing winds during the hottest part of the year. If a naturally ventilated building is 
improperly oriented relative to warm-weather winds, the building will be under ventilated, 
resulting in inside temperature and humidity levels outside the bird comfort zone. 
 
Naturally ventilated buildings require more land space, which includes surrounding free 
space, in order to take advantage of warm weather winds. The building itself may be no 
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larger than a mechanically ventilated house, but a requirement for unobstructed airflow 
near and around the building rules out close siting to other structures. Obstructions such 
as building, trees, and other large, wind-deflecting obstacles affect wind patterns and 
reduce wind energy available for ventilating a building. Precautions must be taken during 
planning and construction to adhere to both orientation and physical spacing guidelines. 

 Wind induced and buoyancy induced pressure forces 

Naturally ventilated buildings deliver fresh air to the birds through two basic forces: wind 
induced and buoyancy induced pressure forces. As illustrated in Figure 7.13, wind 
induced ventilation is the processes by which wind, acting on a building, will pressurize 
openings relative to the building’s inside and thereby induce fresh airflow through the 
building. Buoyancy-induced ventilation is oftentimes referred to as the ‘chimney-effect’ 
or ‘thermal buoyancy.’ As illustrated in Figure 7.14, the basic principle is that hot air 
rises. Openings positioned low and high in a structure are particularly important to this 
process. Housed poultry release a great deal of heat resulting in increased temperatures 
around the bird. Warmed air will rise, and with properly designed ridge openings, this 
rising air will escape from the building. As heated air escapes, fresh outside air will 
replace it through sidewall openings. 
 
In cold weather conditions, when a naturally ventilated building’s openings are nearly 
closed, buoyancy-induced ventilation is often the primary mechanism of air exchange. 
With any wind acting on the structure, wind forces will quickly override buoyancy effects. 
In warm weather conditions with more sidewall and ridge area open on the building, 
wind-induced ventilation becomes the primary mechanism for ventilation. In regions 
where extreme heat and cold exist throughout the year, both wind and buoyancy-
induced ventilation operate to deliver required fresh air to the birds. 
 
Wind acting on an opening differences in pressure across the opening, which forces air 
to flow through it. The buoyancy effect is dependent on a temperature difference 
between warm inside and cooler outside ambient conditions. The height difference 
between inlet and outlet also contributes to airflow. 
 
Figure 7.13 - Wind induced natural 
ventilation. 

 

Figure 7.14 - Thermal buoyancy induced 
natural ventilation. 
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The relative importance of wind acting directly on an opening may be either an 
advantage or a disadvantage, depending on the time of year. During warm weather 
conditions wind becomes an advantage and techniques are used to take full advantage 
of the prevailing wind direction. During cold and mild weather conditions, relatively high 
wind speed can function as a serious disadvantage. During cold weather periods, the 
goal is to ventilate the building at minimum rates for controlling moisture and noxious gas 
levels. If sidewall openings are left too far open, do not seal tightly, or are torn, infiltration 
from wind can be substantial, resulting in uncontrolled drafty conditions and, potentially, 
excessive use of supplemental heat. 
 
Wind also affects the rate of air flow through the ridge opening. Wind blowing over the 
ridge opening reduces pressure at the opening. This suction force draws air out of the 
ridge vent.  

Ventilation requirements 

The ventilation requirements for naturally ventilated buildings are expressed in terms of 
the fresh air exchange rate. The fresh air exchange rate defines the number of times the 
volume of air in the building is replaced. If we concern ourselves with the volume 
(sidewall height x building width x building length), then the ventilation system must 
replace this inside air with fresh air over a specified period of time. 
 
The maximum ventilation rate requires a compromise in design. As outside 
temperature increases, required fresh air exchange rates for controlling temperature 
increases rapidly. In fact, without evaporative cooling, the inside temperature will always 
be higher than the outside temperature, a concept that is often misunderstood. 

 Naturally ventilated building design 

During warm and hot weather periods, naturally ventilated buildings rely almost 
completely on wind to generate the required fresh air movement through the building. 
Building orientation is best determined using local wind patterns. To take advantage of 
warm weather winds, the building ridge axis should be perpendicular to the prevailing 
warm weather winds. In lieu of localized wind patterns, ‘wind roses’ can be used to 
position naturally ventilated buildings so as to take advantage of warm weather winds. 
Wind roses are the summaries of wind patterns and wind speeds for various weather 
stations across the U.S. Since winds generally shift between seasons of the year, it is 
important that patterns for summer winds be selected. The percent time of calm days is 
a very important parameter in relation to naturally ventilated buildings. Significant periods 
of calm days combined with warm temperatures result in inadequate fresh air entering 
the building and an unacceptable increase of inside temperature.  

 Sidewall and ridge openings 

Any single opening in a naturally ventilated building, acting alone, will behave as both an 
inlet and an exhaust. If an opening should behave as an inlet, adequate openings must 
be provided to behave as exhaust points, and vice versa. The naturally ventilated 
building thus ‘breathes’ to maintain pressure forces at levels consistent with exterior 
pressure acting on the building. 
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A properly designed naturally ventilated building provides opening sizes that maximize 
airflow through the building during periods of extreme heat. To accommodate periods of 
cold weather, opening sizes need to be adjusted quickly and appropriately to control the 
quantity of outside air entering the building. 
 
In general, the ridge opening needs to accommodate a low wind condition during 
periods where mild weather ventilation rates (about 15 air exchanges per hour). During 
warm and hot weather conditions, the usefulness of the ridge opening for ventilation is 
very limited because the buoyancy effect is low due to similar indoor and outdoor 
temperatures. Some have argued that the ridge opening is unnecessary for this reason. 
In cold weather, however, the ridge opening is often the primary mechanism for moving 
fresh air through the building. The ridge opening in cold weather can be thought of as 
the exhaust fan for moving air with inlets occurring along the sidewalls. Even during 
warm weather when little wind is present, the ridge performs an important function in 
allowing state warm air to rise up out of the building. The ridge also provides a high 
opening on which the wind can act. Because the wind blows faster higher off the ground, 
there is a benefit from enhanced wind suction ventilation at the ridge.  
 
In contrast to sidewall openings, the ridge opening size is usually not adjustable. 
Generally, it is not necessary to control the ridge opening. Although the ridge opening 
usually remains open year-round without adjustment, some control is possible with 
internal panels or a pipe that partially covers the ridge opening. The ridge opening 
should never be completely sealed, and any ridge opening baffle should allow air 
exchange, even when the baffle is in its closed position. 
 
The above discussion of the sizing of ridge opening assumed that the ridge opening was 
a completely clear, unobstructed opening. Often, however, barriers designed to prevent 
snow and rain from entering the building are designed into ridge vents. Such barriers 
also have the unwanted effect of reducing the effective opening size or airflow path. The 
influence of barriers on airflow capacity can be substantial. A ¾ inch screen or bird 
netting will not obstruct airflow through a ridge opening. However, substantial reductions 
in airflow result from diversions placed as a component of the ridge. The common 
practice of placing a ridge-cap, for example, has been shown to significantly reduce 
airflow capacity; often by 50%. Ridge caps must provide enough space under the cap to 
allow free air movement. A better approach than ridge caps, one that minimizes airflow 
obstruction, is to place a trough under the ridge opening. Slope the trough at ¼ inch per 
foot and provide a drainage discharge. When placing the trough, minimize any 
obstruction effects by making sure that the total opening between the interior roof line 
and the trough edge is at least twice the full ridge opening. 
 
An undersized ridge opening can be improved by the use of upstands which accelerate 
wind speed at the ridge allowing for higher suction forces at the opening. For example, a 
6-inch wide ridge opening with a 6-inch vertical upstand will have quadrupled the airflow 
capacity of a simple ridge opening of that size. Therefore, an undersized ridge opening 
can be improved by incorporating upstands. Some ridge vent baffles, used to control 
ridge opening size, also open to the outside in a way that provides a ‘built-in’ upstand; an 
added benefit rarely recognized. 
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 Curtains 

Sidewall opening size is commonly adjusted using moveable curtains. Cables and drop 
cords, along with an automated winch assembly, can provide the needed adjustment 
of curtain openings. Sidewall curtains open from the top down, so that with the smallest 
opening, cold, fresh air enters at about an 8-foot height. Suppliers often hem the material 
with a pocket at the top sized to accommodate a standard 1¼ inch outer diameter 
curtain rod or a 2¼ inch outer diameter rod. A bottom hem can be provided at an 
additional cost. Good pocket construction includes double stitching of a folded under 
hem to prevent fraying and tearing. 
 
Flexible curtains come in a variety of types and insulating values. Ultraviolet (UV) light 
resistance of the material is essential for poultry house curtains as they will be exposed 
to sunlight. Thicker materials or higher thread counts are typically stronger and usually 
cost more. Often multiple layers of materials are laminated together into a single curtain 
for enhanced wind and water resistance. Single- and multiple- layer curtains woven from 
polyester or polyethylene are common. Vinyl curtains will often crack in cold conditions. 
Some fiberfill curtains are available, but these can be difficult to fold during periods 
where maximum sidewall opening is needed. Clear, white, blue, and black-out curtain 
colors provide a range of levels of light transmission. Some curtains have a reflective 
covering. 
 
In ‘insulating curtains,’ multiple layers of fabric are sewn together in order to trap a small 
insulating air space between each layer. Such insulating curtains do not provide 
significant insulating value. For example, a single-layer curtain has an R-value of roughly 
R-1, and multilayer curtains provide very little additional insulating value at R-3 or R-4. 
One insulated curtain with seven layers of material has an R-3 rating, which can be 
compressed down to about 1/10th inch. Multilayer curtains can be beneficial though, 
especially in regions where cold weather infiltration is a problem. Multilayer curtains tend 
to reduce excessive cold air infiltration is a problem. Multiplayer curtains tend to reduce 
excessive cold air infiltration and ultimately uncontrolled, drafty exchange of cold outside 
air that necessitates supplemental heating. Insulating curtains also provide some 
protection from the surface condensation that is likely to occur on uninsulated curtains. 
The problems created by dripping water, which may pool and freeze near the bottom of 
the uninsulated curtain, must be compared to the advantages of more daylight 
transmission provided by uninsulated curtains. Air leakage can be a significant problem 
during cold weather when ice forms along the bottom of the curtain, pushing the bottom 
of the curtain away from the side of the house. For curtains which are permanently 
anchored at the bottom (not ‘double-hung’), install a wooden strip to prevent this air 
leakage and pooling of condensation. The strip should extend an inch or so above the 
bottom of the sidewall curtain opening to eliminate any pocket where shavings and water 
can accumulate. 
 
One type of curtain material popular is poultry houses because of its low cost is a 4½ 
ounce clear or blue polyethylene fabric. This is among the lightest weight fabrics. 
Heavier 6 - 7½ ounce fabrics have an expected life of five to eight years. The lighter 
weight fabric is less strong, but with good care it should also last this long. 
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Curtains are susceptible to several types of damage and need to be replaced 
periodically. Their useful life is dependent on such factors as regional storm frequency 
or high wind exposure, fabric durability, and rodent populations surrounding the building. 
Some curtain material may rot and mildew from prolonged high humidity. Moisture from 
rain and damp barn air can corrode light metal or rot unprotected wooden components. 
Poultry houses often contain elevated ammonia levels, yet plated hardware is often 
sufficiently durable. Stainless steel hardware is used in highly corrosive environments, 
such as swine buildings. Replacement is usually needed, not because the curtain 
degrades, but because it has been torn by strong winds or heavy storms. Unsupported 
fabric will flap and tear sooner and unrepaired tears will make replacement necessary 
sooner. Tears can easily be repaired with tape chosen to match the fabric type and 
applied to both sides of the tear. 
 
Components may be added to the curtain system to prolong curtain life. Double-hung 
curtains, those with rods at top and bottom, can be stored at the top of the sidewall 
opening space during prolonged hot weather. Such curtains can be fully lowered and 
disengaged from bottom rod fasteners. Top and bottom rods can then be bundled 
together with curtain material and the whole assembly raised and secured to the top of 
the opening for storage. Storing curtains at the top of the wall protects them from poultry, 
rodents, machinery, litter, weeds, water, and dirt. An additional protective measure is to 
unfurl curtains periodically during summer storage months to discharge water and dirt 
and to dislodge any nesting rodents and birds. Curbs and bump rails should be provided 
to keep tractors and equipment away from the curtain walls. Bottom brackets will hold 
the folded-down curtain and provide a rope attachment point to prevent billows. Curtain 
clips secure the drop cords to the top curtain rod without piercing the fabric. 
 
Because winds blowing against curtain exert a lot of force, curtains that are allowed to 
flap around in the breeze can quickly be torn. To prevent such damage, curtains need to 
be supported and securely anchored both on the inside and outside. On the building 
interior, curtains can be given extra support form the wind effects by closely-spaced (4-
foot) building studs, open mesh screening (bird netting, for example), or support ropes or 
straps. In poultry housing, bird netting is most often employed. Materials that are not UV-
resistant will soon deteriorate. 
 
Exterior curtain support prevents billowing. Curtain straps or support ropes are the most 
common choice in poultry housing. Anti-billow rope is laced through fasteners spaced 
every two feet, alternating form top to bottom of the curtain to form a continuous V-
shaped support. Polypropylene rope is inexpensive and has UV inhibitors, which make it 
well-suited to this function. Curtain strapping is often polypropylene around 2-3 inches 
wide and is UV resistant. Strapping should be spaced no more than 5 feet apart down 
the length of the house, vertically over the curtain installation. 
 
Steel cable is most often used to move curtains in sections that may be 100 – 200 feet 
long. Hand winches or automatic curtain machines are used to move the cable, which 
runs the entire length of the curtain section. Drop cords attached to the cable operate 
through a fixed pullet for raising and lowering the curtain. Pulleys are positioned every 4-
6 feet along the curtain with drop cords of polyester rope. Polyester rope has a lower 
elongation factor than other common ropes for less stretch. 
 



  

  7.30 

Winches, cables, and pulleys used to move the drop cords must be rugged. Consider 
how often you will be adjusting curtains when choosing operating methods and 
hardware. In the process of changing the direction of the cable, the pulley is also 
bending that cable. A curtain may be adjusted hundreds of times a day. On a five-minute 
timer, curtains or inlets will be opened 288 times per day and closed another 288 times 
per day. Sections of cable are being bent thousands of times per month. How much the 
pulley affects cable life is largely dependent on the pulley diameter. Larger pulleys bend 
the cable less; doubling the pulley diameter can increase cable life up to thirteen times. 
A second benefit of larger-diameter pulleys is a decreased likelihood that the cable will 
slide over the pulley surface, which leads to excessive wear and eventual breakage. It is 
important, however, that pulleys and cables be properly matched, since the type and 
size of the cable determine pulley diameter to minimize wear. Smaller-diameter cables 
require smaller-diameter pulleys. Whether the cable slides over the surface or turns the 
pulley is a function of surface area against which the cable acts on the pulley. Most steel 
cable breaks are due, not to insufficient cable strength, but to improper matching of 
cables to pulleys. Manufacturers have found that many cable breaks are caused by 
insufficient cable-to-pulley surface contact. 
 
Flexibility is an important determinant of how long a cable will last. The more flexible the 
cable, the less likely it will break. Steel strand cables common in curtain applications are 
7 x 7 or 7 x 19. A 7x 7 cable has seven bundles with seven wires per bundle. Seven x 19 
cables are preferred; since they are usually more flexible and so do not need as large a 
pulley as 7 x 7 cables. 
 
To further reduce cable wear, the pulley should have a smooth interior surface as well as 
bearings to minimize cable slippage over the pulley. Wear against the side of the pulley 
will dramatically reduce pulley life. Cables must also be properly aligned with the pulley 
groove, or they will not last long despite other precautions.  

 Controlling naturally ventilated buildings 

Automatic controls are needed to maintain the indoor temperature and provide air 
exchange as weather changes hourly and seasonally. Natural ventilation system 
controllers are available to regulate air exchange, by adjusting inlet and outlet opening 
sizes. Controllers also regulate the supplemental heating rate. Sold state controllers 
and computer systems capable of controlling the inlet and outlet opening and 
supplemental heaters are available. They can use both time and temperature to provide 
the desired ventilation strategy. Thermostatic control is typically used to turn on and off 
supplemental heaters as needed. Automatic curtain controllers are preferred for 
controlling the inlet openings in naturally ventilated buildings because they typically 
assure adequate air exchange though circulation fans. Manual control is discouraged to 
avoid rapid drops or rises in interior temperature and moisture content. 
 
 



  

  7.31

 
 

ELECTRONIC VENTILATION CONTROLLER TERMINOLOGY 
 
The following are terms that may be encountered when dealing with ventilation 
controllers. 
 
Bandwidth – Associated with variable speed fans, refers to the temperature 
difference to cause a variable speed fan to change from operating at a minimum 
rate to a maximum rate. Bandwidth is usually an input for variable speed fans. 
 
Cycle timer – Used to cycle fans on and off in timed intervals, for instance, two 
minutes on and then eight minutes off. This is a method of reducing the 
ventilation rate to a rate lower than the smallest fan can provide running 
continuously. This method is generally not the best one for livestock buildings. 
 
Differential – Refers to the temperature difference between ventilation stages. 
This is generally an input on most controllers. The advantage is that all the 
temperature settings are relative to set point. It the set point is changed, all other 
stage settings remain the same relative to the set point. Heater differentials are 
degrees below the set point. 
 
Humidistat – Measure relative humidity and control ventilation rate based on the 
humidity set points. These generally are secondary to thermostats due to general 
reliability. 
 
Minimum speed – The lowest speed that a variable speed fan runs at. This is 
expressed by a percentage that is input by the user. Some controllers use motor 
curves that approximate percent air movement while others are only a percent of 
voltage. 
 
Minimum speed curve – This is programmed change in minimum ventilation. 
Multiple minimum speed settings are entered along with the coinciding day to 
allow for changing needs of ventilation related to poultry growth. This is used to 
gradually increase the minimum ventilation as the birds grow. 
 
Motor curves – Some controllers are capable of using pre-programmed 
information about fans and motors to adjust variable speed fans. Because fan 
output is not proportional to voltage, this makes for more accurate control at low 
speeds. 
 

Continued …. 
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Automatic curtain controllers are set with thermostats to control inside temperature by 
adjusting the sidewall openings. When temperature falls outside the thermostat set 
point range, the curtain machine will start and the curtain will open or close a set 
distance, 3 inches for example, then stop and wait, for perhaps four minutes, before any 
further adjustments to curtain position are made. This four-minute cycle is necessary to 
allow the building environment and thermostat to react to any temperature to react to any 
temperature change resulting from the new curtain position. 

ELECTRONIC VENTILATION CONTROLLER TERMINOLOGY - continued 
 
Multiple temperature probes – Some controllers are capable of using more 
than one temperature probe. The readings are then either averaged or used for 
zone control with some very sophisticated controllers. 
 
Offset – A temperature differential in which nothing happens. For instance, there 
is generally an offset for heating which is the difference between the set point 
temperature and the point at which the heater is turned off. In ventilation it is 
generally the number of degrees between when one variable speed fan is full 
speed and the next one starts. 
 
On/off control – simple control by either having fans on full or off. 
 
Ramping – Similar to the concept of a minimum speed curve except it is a 
changing temperature program based on the anticipated temperature needs of 
the growing animals. 
 
Relative temperature – Used in controllers to allow the user to create a 
ventilation program that can be easily changed without resetting all the 
temperatures in the program. For instance, if the set point of a controller was 
78°F and the other stages were to come on at 82°F and 86°F, they would be 
entered as a relative temperature of 4°F (82-78) and 8°F (86-78). 
 
Set point – The desired target temperature for a room. Ventilation and heating 
temperatures are averaged and used as the basis for control. 
 
Temperature averaging – When multiple temperatures probes are used the 
measured temperatures are averaged and used as the basis for control. 
 
Temperature curve – Multiple temperatures are entered along with the 
coinciding day. This is used to gradually decrease the temperature as animals 
grow and their required temperature decreases. 
 
Thermostat – A controller that measures temperature and turns equipment on 
and off based on the measured temperature. 
 
Variable speed controller – A controller that proportionally changes the speed 
of a fan in order to regulate air flow. 
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The inlet and outlet openings are adjusted to control the air exchange rate. The inlets 
need to provide the minimum air exchange necessary for moisture control during cold 
weather when supplemental heat is needed. In mild and warm weather the inlets and 
outlets need to provide sufficient air exchange to maintain the desired inside 
temperature. Various devices can be used to adjust the opening size; pneumatic 
systems’ either manual or motorized cable and winch systems; and motorized 
mechanical arms. Typically the opening control units make small adjustments, either 
increasing or decreasing the sidewall and ridge opening size, on a frequent (every 10 
minutes) basis to either increase or decrease the air exchange. 

Insulation 

A well-insulated building shell is needed to successfully naturally ventilate a poultry 
house. Insulation helps prevent condensation on the inside surfaces, reduce heat 
loss in cold weather, and reduce solar heat gain in warm weather. Thermal buoyancy 
is enhanced by reducing building heat loss through the building shell. 
 
Condensation occurs when the building’s inside surface temperature dips below the 
indoor air’s dew-point temperature. Condensation is prevented by providing sufficient 
insulation to maintain inside surface temperatures above the dew-point temperature. 
Insulation also reduces building heat loss; however, only 20% of the total heat (i.e., 
building and air exchange) is lost through the walls, ceiling, and perimeter in most poultry 
facilities in cold weather. The majority of total heat is lost through the cold weather air-
exchange needed to control moisture and maintain acceptable air quality. The insulated 
building shell also reduces solar heat gain in the summer; especially insulation located 
on the underside of the roof. 
 
The amount of insulation, as measured by the resistance or ‘R’ value, should be in the 
mid-teens for walls and the mid-twenties for ceilings and roofs. Higher ‘R’ values are 
sometimes used in facilities in cold climates like the northern U.S. and Canada. Since 
the primary function of insulation in poultry facilities is to prevent condensation, 
excessively large insulation values (R values greater than 25 in the walls and 40 in the 
ceiling) have limited benefit. 
 
Proper installation is critical for achieving a uniformly and completely insulated building. 
It is critical to protect insulation from the moisture produced in a poultry house with some 
type of vapor retarder (formerly called vapor barrier). Generally, the vapor retarder is a 
4 or 6 mil thick polyethylene film that is placed on the warm side of the insulation. This 
prevents water vapor inside the barn from moving into the insulation and condensing in 
the insulation inside the cold wall. Polyethylene film or sheets should always be used 
even if the insulation has an attached vapor retarder (i.e., aluminum foil backing on 
fiberglass blankets). The large moisture load in a poultry facility can cause significant 
moisture problems with even very small breaks in cracks in the vapor retarder along 
studs, ceiling joists, and electrical outlets. 
 
Protecting the insulation from rodents (mice and rats) is also very important. Rodent 
control is difficult in poultry housing facilities (see Chapter 13 for more information on 
pest management), but is necessary to safeguard the insulation. Crushed rock around 
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the perimeter of a building to prevent rodents from burrowing under the walls and 
maintaining bait and trap systems throughout the farm to hold down rodent populations, 
are highly recommended for preventing insulation deterioration in walls and ceilings. 
 
Building foundations are another important place to insulate. Perimeter insulation will 
keep concrete floors and inside wall surface temperatures warmer, making it more 
comfortable for animals during cold weather. Perimeter insulation also eliminates 
condensation and frost in these areas. Rigid board insulation is recommended with an R 
value between 6 and 8m extending 2 or 3 feet below ground level. 
 
A common practice in cold climates is to completely close the opening on the sidewall 
that comes in contact with prevailing winter winds (usually the northern wall). This is not 
recommended since it will result in poor air quality in the windward side of the building. A 
better strategy would be to have a small opening on the windward side that is protected 
from direct wind exposure by a windshield. 

Heaters 

Supplemental heat is usually needed in naturally ventilated grower houses to maintain 
desired indoor temperatures during cold weather. Different types of heaters are used for 
supplemental heating in poultry houses including radiant, space, and make-up air 
heaters. Radiant heaters work well for improving bird comfort but do not heat the room 
air directly. Radiant heaters warm surfaces, which give up heat to warm the room air. 
Unit space heaters heat room air directly. Make-up heats heat incoming ventilation air. 
 
Unvented heaters add both heat and the products of combustion into the building. The 
products of combustion include gases that can create health and safety problems within 
the building if gas concentrations accumulate. For this reason unvented heaters are 
often not recommended. Proper maintenance and burner adjustment is critical for 
effective heater operation and minimizing the amount of undesirable combustion 
products like carbon monoxide from being produced. If unvented heaters are used, 
increase the cold weather ventilating rate by 2.5 CFM/1,000 BTU/hr of heater capacity 
because of the moisture and products of combustion added to the building. For a 
100,000 BTU/hr (typical) heater this would mean an increase of 250 CFM of airflow by 
the continuous ventilating fan. 
 

L. Combined mechanical and natural ventilation systems 
 
Most curtain-sided poultry houses employ both mechanical and natural ventilation 
systems. These are entirely separate systems that operate independently at different 
times in the grow-out cycle. The system uses depends on the priorities for the season 
and situation. Generally, mechanical ventilation is used for cold weather when young 
birds are involved. Natural ventilation is used for mild and warm weather. Tunnel 
ventilation is used for hot weather with evaporative cooling being added for extreme 
hot weather. 
 
The decisions will depend on the temperature extremes in the area and the size of 
broiler grown. Although they are used mostly for broiler production and the grow-out 
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phase of turkey production, combined or hybrid systems may also be used for breeding 
flocks. At certain times, fine control of the minimum ventilation rate is needed, and it is 
best achieved using mechanical ventilation. At other times, temperature control is not as 
critical, and ventilation can be provided more cost-efficiently by using natural ventilation. 
 
The two ventilation systems, mechanical and natural, differ mainly in the level of control 
they give a grower over house temperature, air distribution, and air quality. Natural 
ventilation offers a relatively low level of control over air exchange and distribution and is 
therefore best suited to times when outside conditions are close to the conditions 
desired inside. During cold weather, when there is a need to carefully control air 
exchange rate to maximize fuel use efficiency, proper air distribution, and warmth at bird 
level, then mechanical ventilation is desirable. 
 
The advantages of the combined system are a combination of the strengths of the 
individual systems. They are: 

• When using supplemental heating, the ventilation exchange rate is controlled 
using mechanical ventilation, which conserves heating fuel. 

• Natural ventilation can be used during warm weather and during periods when 
birds are mature, thereby saving electrical energy for fans while still providing a 
high level of air quality. 

• Tunnel ventilation and/or evaporative cooling can be used during hot weather to 
enhance cooling. 

• One facility is flexible enough to handle birds for the entire grow-out period, no 
matter what season of the year, and to meet their changing needs. 

• During power outages, curtain drops may be used to prevent excessive mortality 
during warm or hot weather. 

 
The disadvantages of the combined systems are: 

• More equipment may be required for each building because it must operate as 
both a mechanical and a natural ventilation system. Therefore, some specialized 
equipment may not be fully utilized. 

• Some cold weather heating inefficiencies are built into the system due to the use 
of sidewall curtains, which allow infiltration and have a lower R-value than an 
insulated wall. 

• A sophisticated control system is needed to effectively make transitions between 
mechanical and natural systems. 

• Poor air quality and potential heat stress problems may occur during transition 
periods when fans are not running and sidewall curtains are closing or opening. 

 
In combined ventilation systems, two sets of sidewall inlets are usually needed: 
adjustable baffle inlets for mechanical ventilation and sidewall curtains for natural 
ventilation. A third inlet configuration will be needed if an evaporative cooling or tunnel 
ventilation function is included in a hybrid system. 
 
The three options for mechanical ventilation inlets for cold weather use are adjustable 
baffle inlets, a curtain crack, and a fixed board crack. These inlets are similar in that 
they bring air uniformly into the house. They differ considerably in their ability to control 
the direction of airflow and the mixing of cold entering air with warmer inside air. 
 



  

  7.36 

The most desirable air distribution is provided by the adjustable baffle inlet, which 
provides more uniform air mixing throughout the house by directing air along the ceiling. 
This mixes the cold incoming air with the warm air that has stratified near the ceiling, and 
the mixed air is then circulated back down toward the bird for improved fresh air 
distribution and efficient heat use.  
 
In contrast with the air distribution provided by the adjustable baffle inlet, a curtain 
cracked open less than an inch will direct air down the floor, chilling the birds, and 
triggering furnaces or brooders to turn on. The result is uneven air distribution, wasted 
fuel, and poor air distribution. For these reasons, curtain crack inlets are not 
recommended. 
 
Fixed board openings are a better option than a curtain cracked open. Fixed board 
opening design provides intermittent inlet holes along the top overlap board of the 
curtain. These openings direct air straight into the house while providing more uniform 
air distribution throughout the long length of curtain. Notched boards can be positioned 
to allow exposure of increasing inlet opening as the curtain drops or intermittently leaving 
a board off can provide the desired configuration of openings. 
 
As the curtain drops, these spaces will act as inlets while the rest of the curtain remains 
closed. Although fixed board openings are a simple alternative to the mechanical 
complexity of an adjustable baffle inlet, they do not function quite as well. Although they 
will not provide the air distribution and direction of adjustable baffle inlets, fixed board 
openings are sometimes used effectively in mild climates and are preferred over curtain 
cracks. 
 
Hot weather combined systems incorporate cooling strategies into the ventilation 
system in order to reduce heat stress effects on broilers. Such systems are natural 
ventilation during cold and mild weather until the temperature reaches a setting at which 
the curtains are closed and mechanical ventilation takes over for enhanced cooling. The 
most common types of hot weather combined system use tunnel ventilation to supply 
airflow for effective evaporative cooling. 
 
Tunnel ventilation is designed to provide high-velocity air to cool broilers (i.e., the 
windchill effect). To accomplish this, the natural ventilation sidewall curtains must be 
closed while the inlet for the tunnel ventilation system is opened at one end of the house. 
Fans on the opposite end provide the air exchange needed to create the tunnel airflow. 
The difficult portion of the transformation is the coordination of the closing of sidewall 
curtains, the opening of tunnel inlet curtains, and the switching on of fans. If the fans are 
running before the sidewall curtain is fully up, the static pressure created will suck the 
curtains into the sidewall structure resulting in slow or halted curtain movement during 
the transformation. A poorly coordinate transition can thus result in torn curtains or 
broken winching equipment, as well as incomplete transformation to tunnel ventilation 
system. Evaporative cooling systems are often used in conjunction with tunnel 
ventilation system. 
 
Generally it is best to mechanical ventilate when it is 15°F cooler outside than the 
desired indoor temperature. With smaller birds, which have less sensible heat loss and 
are more susceptible to drafts, a 10°F differential is a better criterion. 
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One disadvantage often encountered in naturally ventilated buildings is the low level of 
insulating value provided by the sidewall curtains, in addition to the infiltration leaks 
commonly caused by careless curtain installation and maintenance. Mechanical 
ventilation recommendations are based on maintenance of certain static pressure 
differences for proper function. House tightness affects the ability of the ventilation 
system fans to create the desired static pressure difference. Efficient mechanic 
ventilation requires a tight house. 
 
A simple way to determine the level of house tightness requires a manometer or static 
pressure gauge. This should already be part of the mechanical ventilation controls. If 
the house lacks a static pressure gauge, use a manometer. Close up the house entirely 
by closing all sidewall curtains and mechanical ventilation inlets (in addition to all doors 
and windows, of course). Turn on two 36-inch exhaust fans or one 48-inch fan. These 
are the timer fans used for coldest weather ventilation with nominal capacity of 20,000 
CFM. A house with no leakage should have a static pressure difference of about 0.2 
inches. A static pressure difference between 0.09-0.10 inches is considered excellent; 
0.06-0.08 inches is good; and 0.01 – 0.02 inches is poor. 
 
To improve house tightness, small openings in the structure need to be sealed. Smoke 
bombs can help visually identify where air is entering the house during the tightness test. 
Most cracks can be eliminated at minimal cost. Inspect the following: 

- Curtains 
 Tighten straps to hold curtain tight against the side of the house. 
 Provide a minimum of 6-inch curtain overlap with sides and top. 
 Keep bedding out of the floor area below the curtain so it closes 

completely. 
 Repair holes with curtain tape. 

- Fans 
 Remove dirt so that shutters close completely. 
 Insulate or plastic wrap the inside of any fans not used during winter. 
 Caulk gaps around fan housing. 

- House 
 Caulk and fix leaky side and end wall doors. 
 Cover holes in side and end walls. 
 Fix holes in ceiling vapor barrier and/or insulation. 

 

M. Emergency ventilation 
 
Carbon dioxide (CO2) concentration in properly ventilated poultry housing can be 3,000 
ppm. High CO2 concentration (above 30,000 ppm) contributes to oxygen deficiency and 
asphyxiation. Similarly, heat and moisture can build up. Since broilers can die if the 
power or ventilation system fails, emergency ventilation should be provided. Poultry can 
survive only 20 to 30 minutes at temperatures above 97°F with still air.  
 
Emergency ventilating systems can range in complexity from an electromagnetic, 
automatic sidewall-curtain drop for naturally ventilated buildings, to a stand-by 
electric generator that automatically engages when electrical power fails for 
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mechanically ventilated houses. Emergency ventilation openings with curtain drop 
should be sized according to broiler age and outside weather conditions. With young, 
floor-raised broilers, 12V battery-driven brooders may be used to provide emergency 
heating during cold weather and power outage. 
 
Consider installing an alarm system to alert you when electrical power is off. Test your 
emergency ventilation and alarm systems regularly according to the manufacturer’s 
instructions. 
 

N. Fan selection 
 
The air exchange capacity of a mechanical ventilation system is provided by fans. Fans 
discharge a volume of air per minute from the building and, in concert with inlets and a 
static pressure difference, cause fresh air to enter the building to replace the exhausted 
air.  
 
An exhaust fan creates a slight vacuum within the structure compared to outside static 
pressure. The static pressure difference required to ventilate a building is very small – on 
the order of 0.05-inch water (pressure is often measured as a depth of water in a 
column). This can be visualized as the amount of suction needed to draw water 5/100 of 
an inch up a straw. This may not seem like a lot of suction, but it is enough to create 
sufficient airflow to properly ventilate a building. Static pressure should be maintained 
within a reasonably constant range. Creating a static pressure difference requires 
relatively tight building construction, however, and not all poultry buildings meet this 
criterion. Mechanical ventilation buildings need a static pressure gauge (manometer) so 
the operator can verify that desired static pressure (0.05 to 0.08-inch water) is being 
maintained. 
 
Fans for the poultry house ventilation are belt- or direct-drive propeller fans and are 
designed for providing large volumes of air against low airflow resistance. Poultry house 
fans require totally enclosed motors for protection from dust and gas damage. In a 
conventional system, fans are often banked, or installed side by side, in sets of tow to 
four fans approximately every 50 to 100 feet along one or both sidewalls of long poultry 
buildings. Some producers locate summer fans on or near one end wall for tunnel 
ventilation applications. 
 
The resistance to airflow that must be overcome by fans is affected by ventilation inlets 
and fan shutters and guards. Additional pieces of equipment, such as wind protection 
devises, evaporative pads, or light traps, further restrict airflow. Fan airflow capacity is 
influenced in turn by static pressure, which is most effective when kept at 0.05 to 0.08 
inches water gauge across the poultry house inlets. This is monitored as part of the 
ventilation system control, but it only represents one component of the static pressure 
difference against which the fan must operate. Total resistance along the airflow path 
from outside to building interior and back outside, can be as high as 0.20 inches in a 
water gauge if the fan is moving air through evaporative pads or exhausting air into 
strong winds. Obstructions within twenty fan-diameters’ distance downstream of the fan 
should be minimized. For example, a 36-inch fan should have no obstructions within 60 
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feet of its exhaust side. Light trap hoods violate this rule, but they are often necessary for 
light-controlled pullet and layer houses. 
 
Fans are used in mechanical ventilating systems to supply the energy needed to 
exchange the desired amount of air in a poultry house each minute. In a negative 
pressure system, fans are installed to exhaust stale or used air from the building and 
bring in fresh, clean air. It is very important to use only rated fans. 
 
Fan ratings are typically given in cubic feet of air per minute (CFM), or in SI units – cubic 
meters of air per hour, at specific static pressure levels. Fan ratings are given in table 
form, similar to Table 7.1. Look for certification by an organization like the Air Movement 
and Control Association (AMCA - http://www.amca.org/) when purchasing fans. With 
rated fans there is some assurance that the CFM rates given in the table are valid. 
Individual fan ratings depend on motor horsepower (HP) and fan speed (RPM), the 
shape, and shroud design around the blades. Fans with the same diameter can have 
very different CFM values. Because it is very difficult to accurately determine a fan’s 
CFM capacity when it is already in place in an existing facility, it is very important to use 
rated fans when selecting or replacing a fan so that the air exchange or ventilation rate is 
known. 
 
Table 7.1 - Typical rating table for exhaust fans (Delivery rate in cubic feet per 
minute (CFM) at listed static pressures). 

Static pressure (inches of water gauge) Fan 
Diameter 
(inches) 

Fan 
Speed 
(RPM) 

Motor 
Size 
(HP) 

0 
(Free air) 1/10 1/5 1/4 3/8 1/2 

Direct drive Air delivery rate (CFM) 
8 1650 1/50 400 36 289 -- -- -- 

10 1550 1/50 594 457 413 -- -- -- 
12 1550 1/30 730 -- -- -- -- -- 
12 1600 1/12 1,188 1,073 1,035 827 -- -- 
16 1725 1/3 2,534 2,392 2.353 2,142 2,890 1,635 
16 1700 1/4 3,020 2,790 2,725 -- -- -- 
16 1670 1/4 3,410 2,970 2,860 1,300 -- -- 
18 1140 1/6 2,686 2,460 2,395 -- -- -- 
18 1725 5/8 4,065 3,920 3,880 3,682 3,445 3,195 
21 1140 1/4 3,812 3,599 3,540 -- -- -- 
21 1725 3/4 4,914 4,770 4,740 4,510 4,320 3,920 
24 1070 1/3 6,560 5,680 5,450 3,680 -- -- 
24 1140 1/2 6,990 6,320 6,150 5,070 -- -- 
24 1140 7/8 6,254 5,990 5,920 5,470 4,810 4,220 
36 840 1/2 11,300 10,070 9,710 -- -- -- 
36 830 1/2 10,700 9,200 8,750 6,000 -- -- 

Belt drive 
36 650 1/2 10,300 8,800 8,350 -- -- -- 
36 480 1/2 11,500 9,800 9,400 -- -- -- 
48 360 1 19,700 16,700 16,000 9,000 -- -- 
48 410 1 18,100 15,600 14,750 8,700 -- -- 

 
Agricultural ventilation fans may be chosen for CFM delivery at 1/10th (0.10) or 1/8th 
(0.125) inch static pressure. Mechanically ventilating systems, including negative, 
positive and neutral pressure, operate at static pressures slightly below these levels. 
However, when the fans are selected at static pressures slightly above operating 
conditions, a small safety factor is provided, to ensure that sufficient air exchange is 
provided through the building when wind is blowing into the fan exhaust. When higher 
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resistance conditions are expected, as when drawing air through evaporative cooling 
pads or light traps, choose fans capable of delivering airflow at the higher resistance. 
The maximum airflow of a fan at any speed occurs at free air, or zero static pressure. 
Wind blowing against the fan increases the static pressure the fan experiences. A fan’s 
ventilation efficiency ratio, in CFM per watt, represents its performance versus 
operating cost. Electrical energy efficiency is most critical in large capacity fans that 
operate primarily during warm weather. Energy efficiency criteria for the continuous or 
cold weather operating fan(s) is less important because they move a small percentage of 
the total air flow in the ventilation system.  
 
Airflow capacity and efficiency of a fan are improved by good blade design, small 
clearance between blade tip and fan housing, smooth panel design, and presence of 
inflow and/or discharge cones. Fans should also be selected with maintenance 
requirements, noise levels, dealer service, and cost in mind. 
 
One large fan is usually more energy-efficient and less expensive to purchase and 
operate than several smaller fans. Larger fans will also save on installation costs, 
because less wiring and carpentry are required. Fewer controls are needed, and larger 
fans usually give lower total power consumption from improved efficiency. Energy 
efficiency of winter fans is less important than their reliability at higher static pressures. 
 
It is important to evaluate and select fans that have been tested under conditions similar 
to those expected in the poultry facility. Manufacturers offer fan performance data for 
bare fans with no additional equipment in place. This is not typical of an installed 
agricultural fan. Most manufacturers also offer fan performance data with various 
equipment options in place. Ask for this more appropriate data. For example, if an 
installed fan will have shutters and guard, evaluate data obtained when the fan was 
rated with shutters and guard in place. If that information isn’t provided, add the static 
pressure resistance associated with these accessories to your estimate of the total static 
pressure against which the fan will operate. 
 
Other factors influencing fan performance and/or operating cost include electrical cost, 
blade revolutions per minute (rpm), motor size and design, fan/motor matching, 
maintenance, and bearing design and lubrication. 
 
Fan performance can vary widely among different models and manufacturers. At 0.10-
inch static pressure, a 36-inch fan may deliver as little as 6,200 CFM for the worst 
performer and as much as 13,000 CFM for the best. The best fans have relatively flat 
performance curves across the range of operating static pressures (0.08 to 2.0 inches of 
water). By selecting the best performing fan over the worst performing, one can double 
the airflow capacity of a ventilation system. These data underscore the necessity of 
checking rated fan data, rather than relying on a ‘rule of thumb’ that indicates that a 36-
inch fan provides 10,000 CFM. A rule of thumb is acceptable for a first estimate, but 
specific rated fan data should be used when selecting fans for the system. 
 
Select energy-efficient fans which have a high CFM per watt ratio at the ventilation 
system’s operating static pressure. Efficient fans have high output in CFM with lower 
input cost in kilowatt hours (kwh) of electricity. Again, the fan efficiency should represent 



  

  7.41

conditions in which the fan will be operated. The best fans are almost twice as energy 
efficient as the worst fans. 
 
The annual electricity cost of a fan is calculated as: A = (8.76 x N x T x P x C x K)/VER 

where A = annual energy cost, $/yr 
 N = number of bird batches per year 
 T = time each bird batch spends in the house, in days 
 P = current electricity price, $ per kilowatt hours 
 C = installed fan capacity, CFM 
 K = fan utilization fact, fraction 
 VER = ventilation efficiency ratio, CFM per watt 

 
The fan utilization factor indicates the proportion of time a fan is operating. For 
example, one or two fans in a poultry house may run continuously all winter and 
throughout warm weather for a fan utilization factor of nearly 100% of the time, or K=1. 
Other fans are staged to come only under the hottest conditions and may only be used 
25% of the year, for a K=0.25. 
 
Variable-speed fans have the advantage of continuous variation between their 
minimum and maximum ventilation rates. Smooth airflow changes reduce temperature 
swings that can occur with staged, on-off fan control. When properly sized and 
controlled, variable-speed fans can reduce building energy costs. Variable-speed fans 
are direct-drive, and motor voltage varies the revolutions per minute (RPM) of the fan 
blade, thus modifying the airflow rate. When operated at low speeds, however, variable-
speed fans have the disadvantage of losing their ability to resist wind-induced back-
pressure on the fan. Variable-speed fan performance is reported as a set of 
characteristic curves reflecting static pressure versus airflow. 
 
At low speeds of 20-50% capacity, most variable-speed fans will not deliver adequate, 
reliable airflow under typical agricultural ventilation conditions. For example, a 36-inch 
fan will not provide any airflow when static pressure exceeds 0.15 inch at 120 V (50% of 
fan capacity). This will often result in stalling, blade reversal, and motor overloading. 
Variable-speed fans are also inherently prone to wind interference when operating at low 
voltages because they generate negligible pressures when compared to wind pressures.  
A wind blowing into a fan can easily provide an amount of static pressure against which 
a low-speed fan cannot provide airflow. When this happens, the fan may still have 
blades turning and appear to be working, but air is actually entering the building rather 
than exhausting. 
 
Variable-speed fans equipped with electronic motor-speed controllers automatically 
adjust motor voltage and thus fan speed continuously for smooth changes in airflow rate. 
Decades ago, field experience and research reported inefficiencies, motor overheating, 
speed instability, insufficient torque, mechanical vibration, and acoustical noise 
associated with variable-speed fans. However, recent design improvements, such as 
speed and airflow feedback devices, have minimized or eliminated many of these 
problems. Variable speed fans are not common in poultry houses but they may be an 
attractive option.  
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Consider the following when using variable speed fans. 

1. Limit the lowest speed setting to 50% of fan supply voltage unless the fan system 
is equipped with speed or airflow feedback. For example, if the fan speed setting 
corresponds to 100 volts with a 220 volt supply voltage, the fan motor may 
overheat. 

2. Protect fans from wind by locating away from prevailing winds and/or installing 
wind protection devices. 

3. As voltage (and airflow) is reduced below 100% capacity, the fan efficiency in 
CFM per watt is also reduced. 

 

O.  Fan accessories 
 
Accessories are necessary for proper functioning of the fan as part of a ventilation 
system, even though they often reduce airflow and efficiency. Typical equipment 
installed on a fan includes a guard, which prevents animals, people, or objects from 
contacting the blades; and shutters, which prevent airflow when the fan is not in use.  
 
Guards always should be installed for the safety of people and animals near the fan, but 
they also protect the fan from damage. Guards generally disrupt airflow and efficiency by 
less than 5%. Round ring guards with concentric circles of wire disrupt airflow less than 
wire mesh guards. A guard should be installed on any side not protected with fan 
shutters. 
 
Shutters can be used on either the inside or outside of most fans. Interior shutters are 
preferred over exterior shutters because they are easier to clean and provide about half 
the resistance to airflow. Shutters placed on the discharge side of fans are particularly 
detrimental to airflow. Air exiting the fan blades circulates forcefully in a spiral pattern, 
and this fast-moving, circulating air will be disrupted by horizontal shutters. Expect a 10-
15% airflow reduction using inlet-side shutters and a 15-25% reduction using discharge-
side shutters. For stage-one fans that operate continuously year-round, shutters can be 
removed for improved airflow. Fans staged to operate in only warm or hot weather need 
shutters or they will act as an inlet and hence disrupt the ventilation system airflow and 
static pressure when not in use. 
 
Fan performance can be improved with well-designed fan housing and with inlet or 
discharge cones. A well-designed fan has a tight clearance between fan blade tips and 
its housing. This discourages air from coming off the blade tips and flowing backwards 
through the housing. Streamlined airflow improves fan capacity and is particularly 
effective with inlet cones. Discharge cones offer some airflow improvement and will 
provide the fan some protection from weather. 
 
One inherent, but often overlooked, fan characteristic is aerodynamic stall, which is 
characterized by a dramatic fall in airflow rate when static pressure is only slightly 
increased above the stall-pressure. Stalling severity depends on fan design and how 
guards, shutters, cooling pads and other airflow obstructions affect static pressure 
against which the fan has to operate. The best way to evaluate fan performance is to 
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obtain rated fan data showing that specific fan’s performance at various static pressures. 
Look for the fans where stalling occurs above 0.25 IWG static pressure. 
 

P. Maintenance 
 
Mechanical ventilation systems need regular maintenance. Test emergency ventilation 
and alarm systems. Clean heaters and check gas jets and safety shut-off valves for 
proper operation. Motors and controls should be cleaned as necessary. Check all air 
inlets and fan housings for blockage. Check thermostat and controller calibration and 
settings. Because belt slippage causes blades to turn slower and deliver a 
proportionately smaller airflow, fan belt tension should be adjusted and worn belts 
replaced. Dust- and feather-covered fan blades, shutters and grills reduce exhaust fan 
output but 30-40%. Fan blades and shutters should be cleaned and lubricated every one 
to three months. 
 
Fans that are not being used (for example, hot-weather fans during winter) should be 
sealed against unwanted infiltration with plastic or a simple top-hinged, manually-closed 
panel. Ensure that the fan housing is unsealed before the fan is put back into operation. 
 
 
Recommended maintenance schedule 
 
Every month: 

- Clean fan blades and shutters. Dirty fan shutters can decrease fan airflow up to 
40%. Shut off power to thermostatically controlled fans before servicing them. 

- Check fans with belt drives for proper tension and correct alignment. It too tight, 
belts may cause excessive bearing wear; if too loose, slippage reduces fan 
performance and wears the belt. 

- During the heating season, remove dust from heater fins and filters, and check 
gas jets and safety shut-off valves for proper orientation. 

- Test emergency ventilation and alarm systems including standby generators. 

- Clean heat exchanger (some manufacturers suggest cleaning more often). 

- Make certain that shutters open and close freely. Apply graphite (not oil or 
grease) to fan shutter hinges. 

- Check fan shutters during cold weather so they do not freeze open or shut. 
 
Every 3 months: 

- Check gable and soffit air intakes for blockages. 

- Clean motors and controls. Dirty thermostats do not sense temperature changes 
accurately or rapidly. Dust insulates fan motors and prevents proper cooling. If 
dust is allowed to build up, the motor can overheat. 

- Clean dust accumulation from recirculation air ducts, if necessary. 
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Every 6 months: 
- Consider fan lubrication. Most ventilating fans have sealed bearings and do not 

require lubrication. Follow fan manufacturer’s recommendation for oil type and 
amount. Never over lubricate. 

- Recalibrate thermostat, as needed. 

- Clean guards and weather hoods. 
 
Every year: 

- Clean and repaint chipped spots on fan housings and shutters to prevent further 
corrosion. 

- During winter, disconnect the power supply and cover hot weather fans (not cold 
or mild weather fans) with plastic or an insulated panel on the warm (animal) side 
of the fan. Uncover in the spring. 

- Check air inlets for debris and warping. 

- Check plastic baffle curtains. They can become brittle with age and require 
replacement. 

- Check attic insulation for signs of moisture and packing or removal by rodents. 
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Principles of Measuring Air Quality 
Evaluating Livestock Housing Environments  

Part 1 of 3 
Eileen Fabian Wheeler, Assistant Professor 

Robert Bottcher, Professor, North Carolina State University 
 

 
Good air quality leads to healthy animals and 
productive animal facilities. When we evaluate 
air quality in livestock housing, what do we want 
to determine? What makes one indoor animal 
environment better than another? Instruments 
allow us to objectively evaluate and quantify 
environmental parameters. Instrument readings 
then can be compared to recommended 
environmental levels. The second part of this 
series of three fact sheets, Instruments for 
Measuring Air Quality, describes types of 
instruments and how to take proper 
measurements.  

An evaluation of indoor air quality must 
emphasize the animal perspective, which is not 
necessarily the same environment in which a 
human would feel comfortable. Air quality 
characteristics are most important in the zone 
where the animal is confined.  

Animal health and comfort must be the 
primary concern in livestock facilities. After all, 
animals often remain in that environment all day, 
while workers only visit periodically for chores 
and inspection. The comfort of humans working 
in the facility should not be disregarded, but it 
can be effectively controlled by means such as 
clothing rather than by keeping the whole 
environment adjusted to human standards. 
Temperature seems to be the main 
environmental difference between livestock and 
human comfort zones. In general, the comfort 
zones for adult livestock are cooler than the 
human comfort zone. Dust and air contaminant 
levels that provide acceptable air quality for 
animals are not always reasonable for humans, 
so protective breathing masks may be necessary 
for human safety and comfort. Additional building 
concerns, such as keeping temperatures above 
freezing, usually can be accommodated while 
maintaining an adequate animal environment.  

Commonly-measured air quality 
characteristics related to animal comfort include 

temperature, humidity, and air speed. These are 
easily measured and roughly characterize the 
animal environment. Contaminant gases or dust 
also are important. The temperature of walls and 
floors will affect animal comfort, as will cold air 
drafts. Effective environmental temperature 
accounts for the combination of air and 
surrounding building surface temperatures plus 
the effect of air moving over the animals.  

We also should evaluate the ventilation 
system, which is responsible for many major 
aspects of indoor air quality. This is the topic of 
the third fact sheet in this series, Evaluating 
Mechanical Ventilation Systems. System 
characteristics, such as air speed through fans, 
pressure differences the fans operate against, 
and air speed at inlet openings, are easily 
measured. However, instruments must be used 
properly to obtain values that truly represent the 
system. Air flow visualization is a useful tool to 
evaluate environmental conditions and the 
ventilation system's air distribution.  
 
Principles of Measuring Anything:   
 
1. Measure the right thing. Measure 
characteristics of air the animals are breathing 
and/or the air blowing over their bodies. If cow 
comfort is the issue, get in with the cows and 
measure the air quality in their zone. Get down 
to the level of the pig’s nose. Go into the 
sleeping areas of penned animals and within, or 
at least between, the cages of layer hens. Air 
characteristics such as temperature, humidity, 
and particularly levels of contaminant gases 
such as ammonia, can vary greatly within a 
livestock confinement zone. Compare 
measurements taken in resting, eating, and 
manure handling areas.  
 
2. What is the instrument measuring? The 
instrument can only read what it is exposed to. 
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Be aware of what part of the instrument senses 
conditions. Exposing an instrument to an 
environment alters the environment immediately 
adjacent to the instrument. Positioning an air 
velocity meter in the jet of air exiting a fan 
disturbs the air, forcing it to go around the meter. 
The measured velocity represents a disturbed air 
flow, yet this effect cannot be completely 
avoided. A human positioning and reading the 
meter while standing in the air jet exiting a fan 
adds a very large human obstruction to the 
disturbance created by the meter. This 
obstructed air velocity measurement will not be 
indicative of air flow normally exiting the fan. 
Similarly, a temperature probe positioned in 
direct sunlight will indicate a higher temperature 
than a probe positioned more appropriately 
under cover. Decide what it is that you want to 
measure and position the instrument to most 
appropriately measure that quantity.  
 
3. Understand how your instrument works. By 
understanding basic principles of how the 
instrument detects air characteristics, you can 
troubleshoot the instrument when curious 
readings are obtained or when adjustments and 
calibrations are needed. A number is only as 
good as the understanding that went into 
determining it. For sensitive instruments, how do 
you know if fluctuating readings are a natural 
part of the air you are trying to characterize or 
part of the instrument's measuring mechanism? 
How long does it take the instrument to 
determine and display a stabilized reading? 
Livestock housing is too dusty, humid, or dirty for 
some instruments to work properly. For example, 
instruments that measure humidity by the 
expansion and contraction of fibers as humidity 
changes are unreliable in livestock settings. 
Some instruments may work well for a while in 
livestock buildings, but then go out of calibration. 
You need to be able to diagnose such problems.  
 
4. Question each reading. Does the reading 
make sense in the environment being 
considered? Take more than one reading. A set 
of three readings often is necessary to confirm 
that sporadic measurements are reliable. Air 
velocity measurements, due to gusty conditions, 
may never settle down into one distinct reading, 
so a range of readings should be averaged.  
 
5. Record your readings and observations. 
Summarize the results. Is there a pattern? Do 
measured conditions correspond to an observed 
or perceived problem? Be sure to include 
conditions which affect the enclosed animal 
environment, such as outside weather 
conditions, livestock density, management 

practices, behavior, etc. Environmental 
conditions change during the day. It may be 
necessary to use a recording instrument, 
maximum-minimum instrument or simply more 
than one "reading session" to correctly 
characterize an environment.  
 
Now What?   
Once measurements are taken, the numbers 
should be compared to desirable conditions. 
Improvements to environmental quality can then 
be pursued with more certainty about current 
conditions and future achievements.  
Desirable air quality characteristics depend on 
animal species and age. The resources listed 
below provide guidelines. Within livestock 
housing, a range of temperature and humidity 
levels are acceptable. Contaminant gases and 
dust levels need to be kept below a threshold. 
For young animals, air speed is kept below a 
certain level to avoid chilling, while for adult 
livestock, during hot weather, there will be a 
minimum desired air speed for cooling effect. 
These recommended air quality characteristics 
are the goals for a productive animal 
environment. With instruments, we can evaluate 
current conditions and after an analysis, make 
recommendations for improvement.  
 
Resources for Environmental Guidelines   
 
MWPS-32, Mechanical Ventilating Systems for 
Livestock Housing  
MWPS-33, Natural Ventilating Systems for 
Livestock Housing  
MWPS-7, Dairy Freestall Housing and 
Equipment  
MWPS-8, Swine Housing and Equipment 
Handbook  
NRAES-17, Special-Fed Veal Production Guide  
NRAES-63, Dairy Reference Manual  
 
For a complete list and prices of MWPS and 

NRAES publications, write to:  
Publications Distribution Center  
112 Agricultural Administration Building 
University Park, PA 16802.  

 
PSU  
12/95  
 
For a copy of our Fact Sheet Listing contact:  

Agricultural and Biological Engineering 
Extension  

246 Agricultural Engineering Building  
University Park, PA 16802  
(814) 865-7685 FAX: (814) 863-1031
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Air quality characteristics are quantified with 
instruments that provide numbers. With these 
numbers we can compare our environment 
against a standard and then seek improvement 
in environmental characteristics.  We also can 
evaluate environmental changes over time. For 
example, a simple thermometer will tell us that 
air temperature in a dairy barn is 78°F, yet we 
know that dairy cows are most comfortable at 
60°F or colder (assuming reasonable humidity 
level). Our goal would be to lower the 
temperature or compensate for the heat stress in 
other ways. This publication examines portable, 
hand-held, field-quality instruments commonly 
used to diagnose animal environments. It does 
not discuss instruments typical of ventilation 
system controls or those used to obtain 
experimental data. A table of instrument costs 
and suppliers is provided.  
 

Part 1 of this three-part fact sheet, Principles 
of Measuring Air Quality, offers essential 
information on how to take correct 
measurements using hand-held instruments. The 
third part of this series provides guidance in 
Evaluating Mechanical Ventilation Systems.  

 
Environmental features that can be 
reasonably measured:  
Common: Special circumstances:  
Air Temperature  Surface Temperature  
Humidity  Gases  
Air Speed  Dust  
Air Flow Visualization 
 
Measuring Air Quality Characteristics   
 
TEMPERATURE  
Air temperature is measured with a common 
thermometer. Not surprisingly, the thermometer 
indicates the temperature of the exposed sensor 
tip, or bulb, which has reached an equilibrium 
with the surrounding environment. The sensor tip 

must not be exposed to radiant 
energy, such as direct sunlight 
or a heating system radiator, as 
this will increase the sensor tip 
temperature. Any measurement 
taken would not be 
representative of the 
surrounding air temperature. Be 
sure that your measured 
temperature is representative of 
air in the zone of importance, 
usually the area where animals 
spend most of their time. Air 
temperature in a central aisle, 
where air mixing is relatively 
unrestricted, is probably not 
indicative of air temperature at the back of the 
adjacent animal confinement area. 
 

A simple maximum-minimum thermometer 
that can be left in the area of interest is an 
inexpensive tool that can help determine whether 
wide temperature swings occur in the building 
over a period of time. Digital thermometers also 
are becoming more common. They are easier to 
read and offer remote sensing capabilities in 
hard-to-reach animal areas. Digital readouts may 
offer a false sense of accuracy when meters 
have an accuracy of ±3 percent yet the readout 
displays temperature to a resolution of one-tenth 
of a degree.  

 
HUMIDITY  
Humidity is commonly measured as "Relative 
Humidity," which compares the “relative” 
percentage of moisture in the air to how much 
moisture the air could potentially hold at that 
same temperature. Air can hold more moisture 
as its temperature increases. The traditional way 
to measure humidity is a two-step process: both 
wet bulb and dry bulb temperatures are 
obtained, and then converted to relative humidity 
using a psychrometric chart. (Use of the 

Max-Min Thermometer
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psychrometric chart is covered in fact sheet 
psychrometric Chart Use G-83)  
 

Dry bulb temperature is the commonly 
measured thermometer temperature. Wet bulb 
temperature is determined by moving air past a 
wetted fabric wick covering the sensor bulb. As 
water evaporates from the wet wick, temperature 
falls and the sensor reflects a wet bulb 
temperature. The best accuracy is provided by a 
clean bulb wick soaked with distilled water. The 
wick will have to be wetted periodically. With a 
wet wick, measured temperatures must be 
above freezing. Air movement can be provided 
by an aspirated box (with a fan) or by whirling 
the sensor through the air.  

 
The traditional instrument, called a sling 

psychrometer, contains two thermometers. One 
indicates the dry bulb temperature and the other, 
with a wet wick indicates the wet bulb 
temperature. 

 

 
Sling Psychrometer 

 
The sling psychrometer is swung around 

swiftly (900 ft/min) on a jointed handle for about 
three minutes to obtain the relative air movement 
needed to extract the wet bulb temperature.  

 

 
Aspirated Psychrometer 

 
An aspirated psychrometer operates on 

the same principles as the sling psychrometer, 
except that a battery powered fan moves air over 
the wet wick.  Cleanup of the aspirated 
psychrometer wick can be awkward. Air speed 
over the wet wick is better controlled by an 
aspirated psychrometer than it is by whirling a 
sling psychrometer. In order to take a reading on 
a sling psychrometer, the whirling of the 
psychrometer must stop, which begins to change 
the properties of the wet wick. Hence, the 

aspirated readings are usually more reliable.  
Accuracy of the thermometer and careful reading 
of results are important.  

 
Relative humidity can be measured directly, 

rather than being determined by two 
temperatures and a psychrometric chart, by an 
instrument called a hygrometer. Newer 
hygrometers measure relative humidity with solid 
state devices and electronics. The sensor is a 
matrix material in which electrical properties 
change as water molecules diffuse into and out 
of the special material in response to air 
moisture content. Other hygrometers use 
materials which indicate electrical changes as 
water molecules adhere to their surface. Matrix 
material changes are interpreted and displayed 
by the hygrometer. Careful calibration is 
essential. The sensor materials may not tolerate 
conditions near saturation. 

 
Hygrometer 

  
Hygrometers offer the advantage of direct 

humidity measurements and are available in 
several cost-accuracy categories. A relatively 
inexpensive, thick, pen-shaped instrument 
provides digital dry bulb temperature and relative 
humidity readings. These pens can take several 
minutes to display a correct reading and provide 
humidity measurements with an unimpressive 
accuracy of ±5 percent. More accurate 
hygrometers (accuracy +/- 1 percent), with an 
increased price, are better.  On some models, 
maximum and minimum temperature and 
humidity can be captured over a pre-determined 
time period.  

 

 
Hygrometer Pen 
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AIR SPEED  
Air speed is measured with an anemometer. In 
livestock building applications, two types of 
anemometers are common, depending on the 
type of air flow being measured: vane 
anemometers and hot-wire anemometers. Both 
instruments are composed of two connected 
parts: one is the sensing probe and the second 
displays air speed. One key technique in using 
an anemometer is to take measurements while 
air speed and direction are minimally altered by 
the instrument’s placement. The operator should 
stand away from the air flow being measured. 
  

 
Hot wire anemometer 

 
A hot-wire anemometer has a very fine, 

short wire, often the thickness of a human hair, 
positioned horizontally between two upright 
supports. Another design uses a thicker, vertical 
wire, which incorporates a temperature-sensing 
thermistor. The wire is heated by electronic 
circuitry and air flowing over it causes the wire 
temperature to decrease. By detecting this 
temperature decrease, or by evaluating the 
amount of current supplied to keep the 
temperature of the wire from decreasing, the 
anemometer determines the speed of the 
passing air. Calibration is important for relating 
hot-wire temperature effects to air speed. The 
hot-wire portion of the instrument is fragile and 
great care must be taken to protect it from 
physical damage, which can be caused by large 
dust particles, airborne bedding, feathers, etc. A 
hot-wire anemometer is the instrument of choice 
for low air speed applications. Air moving less 
than 50 feet per minute (fpm) is considered still 
air. This condition exists in many animal pens 
and in many draft evaluations. Due to their small 
size, hot wire anemometers can be used in small 
places, such as an inlet jet of a ventilation 
system, or in hard to reach spaces, such as a 
duct.  

 

The vane anemometer is a more rugged 
instrument that is well suited to several livestock 
applications. Designs vary, but most have an 
approximately three-inch diameter vane propeller 
which is turned by moving air. Since it makes an 
air speed measurement based on a larger area 
than the hot-wire anemometer, it is better for 
determining air flow over the face of a fan, or a 
large duct or sidewall opening. It is not ruined by 
dust and small airborne debris since it can be 
carefully cleaned. It does not measure low air 
speeds because the mass of the vane requires a 
fair amount of air movement to rotate. Vane 
anemometers are not considered accurate below 
50 to 70 fpm, even though the meter provides a 
readout at these low air speeds. Vane 
anemometers must be used in air streams which 
are at least as wide as the vane diameter. They 
will not accurately measure narrow inlet air jets 
which are smaller than the vane anemometer 
propeller. Vane anemometers with small, one-
inch diameter vane heads are available for small 
jet flow measurement, yet they still cannot detect 
low air speeds. For low speed air (< 50 fpm) and 
most small jet measurements, a hot-wire 
anemometer is required.  
 

 
Vane anemometer 

 

 
Small headed vane anemometer 

 
One option on vane anemometers is an 

averaging mode where velocity is displayed as a 
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running average value over time. This aids in 
scanning a fluctuating air stream.  

Velocity manometers may be used in well-
defined air streams of fairly high velocity. A Pitot 
tube is positioned so air flow directly affects the 
sensing tip, so streamlined air is more desirable 
than turbulent flow. A velocity pressure is 
detected, from which air speed is determined. A 
bouncing ball in the instrument's air tube 
indicates the velocity reading. Although relatively 
inexpensive, these flow meters provide accurate, 
if fluctuating, readings.  

 
Velocity manometer 

 
AIR FLOW VISUALIZATION  
It is helpful to see where air is mixing or forming 
dead zones that influence animal comfort. 
Unusual air leaks may affect the operation of a 
ventilation system. Visualizing streamline 
patterns in livestock buildings has some 
limitations, but several methods have worked. 
Devices that generate smoke are the most 
common and come in gun, stick, candle, and 
bomb formats, with an increasing amount of 
smoke, respectively.  
 

Smoke candles are rated according to their 
duration and volume of smoke they produce. A 
common beehive smoker provides an 
inexpensive diagnostic tool for local air flow 
effects. Smoke bombs have been used, but the 
abundant smoke quickly obscures air flow 
patterns and is an irritant to confined animals. 
Animals should not be present if harmful 
techniques are used, but since the presence of 
animals usually affects how air flow patterns 
develop under normal housing conditions, animal 
removal may provide unrealistic air flow patterns. 
It is best to keep the animals in place and use 
compatible air flow visualization methods. The 
above smoke devices combustion to produce 
smoke, so they also generate heat. This thermal 
effect tends to produce rising smoke. 

 
Smoke sticks and guns use chemical 

reactions to produce smoke, so they exhibit few 

thermal effects. Smoke sticks produce the 
equivalent of three cigarettes’ smoke and look 
like glass tubes filled with cotton. They produce 
smoke for ten minutes once the end is broken off 
with pliers. A smoke gun or puffer (a plastic 
bottle with a cap on the tip) provides small 
smoke puffs. This allows smoke to be produced 
intermittently, rather than the unstoppable 
stream provided by the combustion devices. A 
rubber bulb on the handle of a smoke gun 
provides smoke in puffs or continuous stream. 
The disadvantage is that the small amount of 
smoke dissipates quickly and may not 
photograph well. Smoke and stored sticks are 
irritating and corrosive. Also rubber parts of the 
smoke gun may deteriorate from chemical 
corrosion. 

 

 
Smoke Candles 

 
 

 
Smoke Sticks 

 

 
Smoke Gun 

 
 

Very small, neutrally buoyant soap bubbles, 
constructed with helium and compressed air, can 
last long enough to show airstreams within an 
enclosure. Bubbles are surprisingly durable in a 
free airstream but will not tolerate many impacts 
with obstructions. The apparatus used to 
generate bubbles is cumbersome and expensive 
compared to other air flow visualization devices.  
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Children's soap bubble toys can be useful in 
faster-flowing airstreams but are not neutrally 
buoyant. The bubbles exhibit downward 
gravitational effects which may not represent 
true air flow.  

 
A set of air speed streamers may be used 

to detect air speed at various locations in a 
building. Threads of material or ribbons, such as 
string or plastic tape, can be “calibrated” to a 
size which blow horizontally at a particular air 
flow of interest. These inexpensive tiny posts 
with attached free-to-spin streamers can be 
positioned in many locations as indicators of the 
“calibrated,” desired air flow and direction. As 
conditions are changed in a livestock building, a 
quick survey of the streamers will indicate which 
areas are receiving desirable air flow. For 
example, a mechanical ventilation system inlet 
air speed of 700 fpm or faster is desirable. 
Streamers which have been "calibrated" to blow 
horizontally at 700 fpm are positioned at various 
inlet locations to observe whether inlet air speed 
is at least 700 fpm. 
 

 
 Inadequate Adequate 

Streamers showing inadequate (left)  
and adequate (right) air speed 

 
 
SURFACE TEMPERATURE  
In cases where large differences in temperature 
exist between the animal environment and 
surrounding surfaces such as walls, ceiling, and 
floor, determine the radiant temperature, or 
surface temperature, of those surfaces. Surface 
temperatures have a strong impact on animal 
comfort, yet often are ignored in environment 
analysis. A hot ceiling temperature, from the 
summer sun, for example, can provide a large 
radiant load on the enclosed animals. This load 
would not be detected by a regular, dry bulb air 
temperature measurement. Surface temperature 
measurements will indicate ceiling areas with 
poor insulation. Similarly, very cold surrounding 
surfaces can make animals feel chilled even 
though the air temperature seems adequate. 

Radiation is a very strong form of heat transfer, 
yet is purely a surface phenomena that can be 
characterized by an object's surface 
temperature. An object must “see” another 
surface in order to feel its radiant heat transfer 
effect. “Line-of-sight” is a straight, unobstructed 
pathway where radiant energy wavelengths can 
travel. Animals in enclosures will be influenced 
by temperatures of the surrounding walls, ceiling, 
and floor even though they have limited or no 
contact with these surfaces. Even a surface 
outside the barn can cause heat stress if the 
enclosed animals can “see” it. For example, a 
black asphalt pavement may heat to 200°F on a 
sunny day. This surface adjacent to a curtained, 
naturally-ventilated freestall dairy may affect cow 
comfort when the curtains are completely 
opened, since there is a clear radiant heat 
transfer sight line between the cow and the hot 
surface.  
 

 
Infrared Thermometer 

 
An infrared thermometer measures surface 

temperature. This is a line-of-sight instrument 
and detects the radiant temperature of object(s) 
it can “see.” Readings are calibrated, or zeroed, 
on a black disc which is at the same temperature 
as the air temperature in the enclosure being 
evaluated. Infrared thermometers look like a 
hand-held hair dryer with a small, circular 
sensing element that is aimed at a surface. It 
does not touch the surface, but it detects the 
wavelength of thermal energy emitted from that 
surface, which is displayed as a radiant 
temperature. The instrument’s field of view 
widens with increasing distance between the 
object of interest and the instrument. Therefore, 
be sure that it is not also detecting adjacent 
surfaces. Small objects will require having the 
instrument close. A large object, such as a 
ceiling, can be evaluated while standing several 
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feet away at floor level. Be sure to evaluate 
surfaces that the animals "see" from their 
enclosure.  

 
Gas Sampler Pump and Detector Tubes 

 
GAS LEVELS: Ammonia, hydrogen sulfide.  
A portable and relatively inexpensive way to 
detect gas levels is with a hand-held sampler 
pump. This manually operated, piston-type 
pump draws an accurate sample of ambient air 
through a detector tube. It is very important to 
hold the pump so the air pulled in through the 
detector tube comes from the location of interest; 
this means holding it near the floor during the 
sampling period for floor-level measurements. 
Remote sampling is possible for hard-to-reach 
areas.  
 

The thin glass detector tube is specific to the 
type of gas that you are measuring. For 
example, if ammonia is a concern in veal calf 
housing, a detector tube filled with an ammonia-
sensitive material would be attached to the 
pump. The contents of the tube react with the air 
contaminants and change color. The length or 
shade of the color change in the detector tube 
indicates the concentration of gas in the sample. 
Tubes come in a choice of measurable ranges 
so that accurate analysis is possible. For 
example, one manufacturer offers ammonia 
detection tubes in 2-500 parts per million (ppm), 
and 20-1000 ppm ranges. Each tube is used 
once to obtain a reading and then discarded.  

 
Dozens of gas- and vapor-specific detector 

tubes are available, including ones for ammonia, 
hydrogen sulfide, carbon dioxide, and carbon 
monoxide.  Several types of sampling pumps are 
available, such as a design with rubberized bulb 
that is squeezed for sampling. The pump and 
detector tubes must be compatible. As with other 
instruments, the pumps need to be periodically 
checked for leakage and calibration.  

 
DUST  
Dust is the most difficult environmental 
parameter to measure and the appropriate 
equipment is quite expensive. Dust particles 
need to be separated by size to determine the 
respirable portion. This dust goes directly to the 

lungs and contributes to animal and human 
health problems. Dust, in general, is detrimental 
to animals, workers, and equipment with moving 
parts. Air samples may be taken and submitted 
to a lab where a cascade impactor, or similar 
device, is used to determine dust levels in a 
range of sizes.  
 
Summary   
 
Determining air characteristics in livestock 
housing environments allows us to evaluate 
problems and their potential causes. This is the 
first step in correcting any problems that are 
detrimental to production. A healthy and 
comfortable indoor environment will lead to 
productivity gains for livestock. By quantifying air 
characteristics such as temperature, humidity, air 
speed, and contaminant levels, we can see 
where we are falling short of optimal conditions. 
Changes in management and environmental 
conditions are the next step. Then air quality can 
again be quantified for comparison. Progress in 
improving the environment can be determined 
and animal health and comfort changes 
documented.  
 

Each air quality characteristic, such as 
temperature, humidity, air speed, and flow 
pattern, can be measured in more than one way. 
The cost of instruments often is weighed against 
the accuracy of readings.  

 
Certain instruments are appropriate only for 

specific applications. Best readings are obtained 
when the basic principles of how the instrument 
detects an environmental characteristic are 
understood. Proper technique will minimize 
human impact on the air being measured. This 
fact sheet has outlined many features of 
commonly used instruments. Part 1 of this fact 
sheet series explored the Principles of 
Measuring Air Quality, while Part 3 covers 
Evaluating Mechanical Ventilation Systems.  

 
Periodic checks on environmental 

conditions, with instrument readings, are a 
supplement to the everyday observation of 
building conditions, animal behavior, and 
production records.  
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OPPORTUNITIES FOR AUTOMATION 
Chart recorders and data loggers are available for 
periodic air temperature and humidity reading and 
recording. Thus, data may be collected over time 
and analyzed later for environmental comfort 
factors. Chart recorders are affordable but require 
manual data analysis. More sophisticated and 
convenient, computer-compatible data logging adds 
considerably to cost but is worthwhile for large data 
collection. Some ventilation system controllers can 
provide environmental data collection 
.  

WHAT TO DO WHEN NO 
ANEMOMETER IS AVAILABLE? 

Since anemometers are specialized and relatively 
expensive instruments, the use of crude air velocity 
measurements may be necessary. These crude 
measurements, even when performed carefully, 
offer only an "adequate" or "inadequate" evaluation 
of the measured air flow. A smoke stick, watch, and 
a measured distance will allow an estimate of low 
air speeds. The time it takes smoke to travel a 
distance can be converted to air speed (feet per 
second, etc.)  

For faster air speeds, such as in tunnel 
ventilation, near an inlet jet or fan exhaust, a pre-
calibrated air speed streamer can determine if air 
speed is at least minimally adequate. When the 
streamer is known to blow horizontally at a desired 
air speed, it can be positioned in an air stream and 
its streamer orientation observed.  
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
For a copy of our Fact Sheet listing contact:  
Agricultural and Biological Engineering Extension  
246 Agricultural Engineering 
University Park, PA 16802  
(814) 865-7685 FAX (814) 863-1031  
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Table 1. Instrument costs and suppliers. Fall 1995  

Instrument Measures Cost* 

Animal 
Envir. 
Spec. 

Cole 
Parmer Davis Grainger 

Thermometer dry bulb temperature $15-50  X  X 
Max-Min 
Thermometer dry bulb temperature $20-50 X X X X 
Sling 
Psychrometer 

dry & wet bulb 
temperatures 50  X X X 

Aspirated 
Psychrometer 

dry & wet bulb 
temperatures $150-300   X X   

Hygrometer humidity $40-60 X X X X 

 
(and dry bulb 
temperatures) (±5-7% accuracy)     

  $275-350+ X X X X 
  (±1-3% accuracy)     
Hot-wire 
Anemometer air speed $400-1000 X X X X 
Vane Anemometer air speed $150-400+ X X X  
Velocity 
Anemometer air speed $16-20 X     X 
Smoke Gun visualize air speed $100 + refills X  X  
Smoke Sticks visualize air speed $3-22 each X X X   
Infrared 
Thermometer 

radiant surface 
temperature $300-2600 X X X X 

Gas Sampling noxious gas levels $350 + $3.50/tube X X X   
Manometer static pressure $40-100 X  X X 
Strobe Light fan rotation (rpm) $500-700   X X X 
Tachometer fan rotation (rpm) $200-300  X X X 

*Price ranges reflect instruments suitable to agricultural applications. Higher priced instruments have 
improved accuracy and more features than lower priced models.  
 
 
 
Animal Environment  Cole Parmer  Davis Instruments  Grainger  
Specialists  7425 North Oak Park Ave.  4701 Mt. Hope Dr.  431 Amity Rd.  
7870 Olentangey River Rd.  Niles, IL 60714  Baltimore, MD 21215  Harrisburg, PA 17111-1000 
Suite 300  1-800-323-4340  1-800-368-2516  717-561-8322 (and many 
Columbus, OH 43235    locations nationwide)  
1-800-969-0114 
 
 
PSU 12/95  
 
 
 
 
The Pennsylvania State University is committed to the policy that all persons shall have equal access to programs, 
facilities, admission, and employment without regard to personal characteristics not related to ability, performance, or 
qualifications as determined by University policy or by state or federal authorities. It is the policy of the University to 
maintain an academic and work environment free of discrimination, including harassment. The Pennsylvania State 
University prohibits discrimination and harassment against any person because of age, ancestry color, disability or 
handicap, national origin, race, religious creed, sex, sexual orientation, or veteran status. Discrimination or 
harassment against faculty, staff, or students will not be tolerated at The Pennsylvania State University. Direct all 
inquiries regarding the nondiscrimination policy to the Affirmative Action Director, The Pennsylvania State University, 
201 Willard Building, University Park, PA 16802-2801, Tel 814-865-4700/V, 814-863-1150/TTY.  
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Evaluating Mechanical Ventilation Systems
  

Evaluating Livestock Housing Environments  
Part 3 of 3 

Eileen Fabian Wheeler, Assistant Professor 
Rob4ert Bott4cher, Professor, North Carolina State University 

 
 

Characterizing a Mechanical  
Ventilation System’s Performance   
 
When people think of air quality in an animal 
environment, they often think of the ventilation 
system. This makes them eager to take 
measurements of fan performance and inlet 
characteristics. Air exchange and air distribution 
are the main concerns. Air speed at the fan and 
inlets can be measured to get the necessary 
information to calculate the capacity of the 
ventilation system. The static pressure against 
which the system is operating can be checked. 
Fan performance can be verified. Evaluate the 
system under typical animal density and weather 
conditions.  
 
Although the ventilation system’s performance is 
important, conditions in the area occupied by the 
animals are even more important. The ventilation 
system will influence conditions within the 
animals’ space, so environmental measurements 
should be made along with observations of 
animal behavior. For example, in some cases 
the ventilation system may appear to be working 
correctly and within its design specifications, yet 
air quality in parts of the animal facility is 
unacceptable.  
 
This fact sheet series also contains Part 1, 
Principles of Measuring Air Quality, which 
outlines how to take proper air quality 
measurements, and Part 2, Instruments for 
Measuring Air Quality, which describes 
instruments used for characterizing the 
environment in the animal zone.  
 
Fan Air Speed   
 
Fast air speed at the discharge or entry into a 
fan can be measured with a vane anemometer.  
Many readings should be taken across the face 
of a fan, as shown below, to get an average air 

speed. Because this is a rather crude field 
measurement, include as many readings as 
possible in your average air speed. Use the nine 
readings shown in the figure as a minimum.  
 

 
Vane Anemometer 

 
Each measurement represents only a very small 
area of air flow over the fan face. Air speed 
varies greatly across the face of a fan, with 
highest velocities coming off the blade tips and 
minimal velocity near the hub. Sample velocities 
near the blade tip, in the middle, and at the 
center of the fan. Some fans will have negative 
air flow at the center, indicating a draft of air 
short-circuiting backwards through the fan. 
Obstructions and wind gusts cause uneven air 
speed distribution over the fan face. A hooded 
poultry house fan will exhibit lower air flow at the 
top quadrant of the fan due to the resistance of 
the external hood, which is open at the bottom. 
Air speeds are more accurately determined on 
the discharge side of the fan than on the inlet 
side.  
 

 
Take air speed measurements at several 
locations across the fan area.  
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Cross section of fan showing large variation 
in air speed coming off fan tips versus near 
fan hub.  
 
It is important to minimize the amount of air flow 
that your body blocks as you position the 
anemometer. Step back out of the air flow, to the 
side of the fan when possible. Vanes that attach 
by cable to the air speed display unit offer an 
advantage here. Several instruments are 
appropriate for measuring the fast air speeds 
exiting a fan, including a velocity manometer, 
vane anemometer, hot-wire anemometer, or air 
speed streamer (see Part 2).  
 
Inlet Air Speed   
 
Air speed from inlets should be quite fast, 
between 700 and 1000 ft/min, in a properly 
operated mechanical ventilation system. 
Unfortunately, the inlet gap of a slotted or baffle 
inlet is often so small, at ¼ inch to 1 inch wide, 
that the large 3-inch diameter head of a typical 
vane anemometer cannot determine a 
meaningful air speed. The small probe head of a 
hot wire Anemometer is most appropriate for 
measuring air speed out of slotted inlets. A vane 
anemometer can be used to measure air speed 
out of some duct holes (rigid or polytube ducts) 
or other inlets with large openings. The key is to 
make sure the vane anemometer head is no 
larger than the air stream being measured.  
 

 
Hot Wire Anemometer 

Small-headed vane anemometers can measure 
smaller diameter airstreams. The low-cost air 
velocity manometer may be used with these fast 
inlet air speeds. 
 

 
Correction of edge effect for air flowing 
through holes involves reduced effective 
opening area. 
 
Air speed from slotted inlets is not uniform over 
the vertical cross section of the inlet. The air 
speed will be zero at the edges of the inlet and 
will typically increase to its maximum near the 
middle of the inlet opening. Take air speed 
measurements across the vertical opening of the 
inlet until you get a maximum air speed reading, 
then correct for the edge effects by using a 
concept called the “coefficient of discharge.” This 
has been empirically determined to be about 0.6 
for sharp-edged openings such as ventilation 
slots, holes or windows. The real inlet air speed 
is the maximum measured air speed multiplied 
by the coefficient of discharge of 0.6. In other 
words, the average air speed over the face of the 
entire inlet opening is 60 percent of the 
maximum speed you measured.  
 
Capacity of Ventilation System   
 
To calculate the air volume being moved by a 
ventilation system, you will need a measured air 
speed and an estimate of cross-sectional area 
through which that air is moving. Air speed 
involves measurements at the fan and/or inlets. 
To determine cross-sectional area, measure the 
fan wall opening(s) or the sum of inlet areas. It is 
easier and better to determine ventilation 
capacity by taking measurements at the fan. Inlet 
air speeds may seem easy to measure, but the 
effective inlet area and average air speed are not 
as easy to determine. Particularly with long 
slotted inlets, construction irregularities will mean 
that small openings such as 1/4 inch cannot be 
maintained along the length of the slot. In 
polytube or other ducted inlets, air velocity in the 
duct and at the holes will vary with the distance 
along the duct, so many measurements will be 
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needed. Even tightly constructed buildings have 
some “unplanned” inlets for air exchange, and 
these are very hard to account for.  
 
Use this very simplified method to calculate air 
flow capacity of a fan in cubic feet per minute 
(cfm): multiply the average air speed you 
measured in feet/ minute (fpm) by the area of the 
fan face in square feet. (Area of circle =π d2/4; 
where d = diameter in feet). Example: you 
calculated an 800 ft/min average air speed 
across the face of a 48 inch (4 foot) diameter 
fan. Air flow (cfm) = speed (fpm) * area (sq ft) = 
800 fpm*π(4)2/4 sq ft =10,048 cfm.  
 
The ventilation system capacity equals the sum 
of all fan capacities. For each type of fan in a 
staged ventilation system, one set of 
representative data may be used. For example, 
in a poultry house with banks of 36-inch and 48-
inch fans, determine an average velocity reading 
from one (or two or three) of the 36-inch fans 
and one (or two or three) of the 48-inch fans. 
Total ventilation capacity at any stage would be 
estimated as the measured average air flow 
capacity of a 36-inch fan times the number of 36-
inch fans operating plus the average air flow 
capacity of a 48-inch fan times the number of 
48inch fans operating.  
 
When there are differences in fan types due to 
manufacturer, motor, blades, maintenance, or 
suspected reliability, air speed measurements 
will need to be taken for each different type of 
fan. Fans in locations where obstructions or wind 
effects are dominant features also will need to be 
evaluated separately. There is no need to 
measure air flow at each and every fan unless 
an unusual air flow imbalance is suspected.  
 
Static Pressure   
 
Static pressure is very important to a mechanical 
ventilation system since it is the driving force for 
air movement. Air enters or leaves the building 
because the interior static pressure is different 
than the outside pressure. Static pressure is 
measured with a manometer, which determines 
the pressure difference between the ventilated 
space and the building exterior.  The exterior is 
anywhere outside the mechanically ventilated 
livestock confinement that is exposed to outside 
air conditions. The manometer has one port 
open to the building interior. The second port is 
connected to a flexible hose which has its open 
end positioned outside the ventilated space. The 
manometer then measures the static pressure 
difference that influences air entering the inlets.  
 

 
Inclined manometer  
 
Inclined manometers are the most accurate 
manometers for agricultural ventilation situations. 
A colored fluid in a thin tube equilibrates to a 
position representing the pressure difference 
between the two measuring ports. Units are in 
fractions of an inch of water. Static pressure 
differences in agricultural ventilation are so 
small, on the order of 0.02-inches to 0.10-inches 
water, that an inclined rather than upright 
manometer is needed to accurately determine a 
scale reading. 
  
Care must be taken in positioning the tubes 
connected to the measuring ports. Be sure they 
are not exposed to any moving air.  The 
objective is to measure a “static” pressure of air 
and not the “velocity” pressure of moving air.  
The exterior measuring port often is placed in the 
building attic, which represents an outside 
condition without wind effects. The interior port 
should be kept away from high air velocity areas 
such as near the fans or inlets.  
 
Ventilation system controls often operate by 
measuring the static pressure difference across 
the inlets. This measurement can be verified as 
discussed above. Ventilation fans actually 
operate against more pressure drop than that 
associated with just the inlets. They also have a 
pressure drop in exhausting air through the fan 
enclosure restrictions, including the fan housing, 
guard and any louvers. (This pressure change is 
almost impossible to measure under field 
conditions.) Fans are chosen for operating 
performance at 0.10-inch to 0.125-inch (1/10 
inch to 1/8 inch) water pressure to account for 
fan enclosure and inlet restrictions.  
 
Evaporative cooling pads or other air restricting 
devices (heat exchangers, earth tubes, ducts) 
will offer additional resistance to air flow.  
Additional manometer readings should be taken 
when each source of air flow resistance is being 
used. This “total” static pressure is used for 
comparing actual versus expected fan 
performance. For example, a ventilation system 
may be set to operate at 0.04-inch static 
pressure for part of the year. This control setting 
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represents the static pressure difference across 
the inlets. The pressure difference with an 
evaporative cooling pad in place will be higher. A 
new measurement may find the static pressure 
the fan is operating against is 0.08-inch water.  
Fan capacity, as shown on a fan characteristic 
curve, would have to be evaluated around 0.14-
inch water to account for inlets, evaporative pad 
and fan restrictions.  

 
Air Flow Visualization   
 
Sometimes it is helpful to see where air mixing or 
unusual leaks are occurring in a ventilation 
system. It may be surprising, but not uncommon, 
to learn that a good portion of air flow in the 
enclosure is coming through unplanned inlets. 
These may include leaks around the fan 
installation, broken window panes, leaks around 
door and window frames, broken siding 
materials, and any other location of loose 
construction detail. These significant leaks are 
very detrimental to performance of the ventilation 
system. Unplanned inlets are not controllable 
and probably provide uneven air flow patterns, in 
turn creating uncontrolled and uneven air quality 
conditions around the building interior.  
 

 
Air flow visualization by positioning smoke devices 

 
An improperly operated ventilation system will 
have adequate air flow in volume as measured 
at the fan, but not in distribution throughout the 
enclosure. It is the inlets and their resultant air 
flow distribution that create desirable air 
conditions within the animal area. Fans provide a 
motive force (the pressure difference) to keep a 
volume of air moving through a building at a 
certain rate, but it is the inlet system that 
distributes fresh air.  Air flow visualization will 
provide information about whether fresh air is 
being distributed to the animal areas where it 
belongs.  
 
Visualizing air flow patterns in livestock buildings 
has a few limitations, but several methods have 
worked. Thermal or chemical smoke can be 
used, but anything which produces abundant 
smoke can quickly obscure air flow patterns. 

Very small, neutrally buoyant soap bubbles, 
generated with helium, can last long enough to 
show airstreams within an enclosure. Threads of 
material can be calibrated to blow horizontally at 
a particular air speed and positioned 
inexpensively in many locations as indicators of 
minimum desired air flow.  Air flow visualization 
instruments and their use are covered in Part 2, 
Instruments for Measuring Air Quality.  
 
A certain amount of creative license is allowed in 
using air flow visualization. A visualization tool 
such as a smoke candle can be placed just 
outside (or just inside) an inlet to see how far the 
air jet is penetrating into the animal enclosure. 
Similarly, a smoker can be positioned around 
close to the exterior of a building to see where 
smoke is drawn through building leaks. Smoke 
sticks can be held down into an animal pen to 
look for drafts or dead air zones. Using common 
sense to identify where leaks and trouble spots 
may be occurring will lead to appropriate 
positioning of the air visualization equipment. 
Pure curiosity is allowed! Move around with the 
instruments and look for unusual air flow 
patterns. Sudden, dropping drafts of air may be 
caused by temperature and/or velocity changes. 
Look for obstructions and use other instruments 
to help determine causes for the air flow 
observations.  

 
Fan Speed (rpm)   
 
Fan operation can also be checked by 
measuring the fan blade rotational speed in 
revolutions per minute, or rpm. Because the 
amount of air a fan moves is directly proportional 
to its rotational speed, a fan running at 75 
percent of its rated speed will move only 75 
percent of its rated or intended air flow.  
 
Fan speed measurement can quickly indicate if 
belts are loose or worn, or if the voltage level is 
too low.  Inadequate wiring can lead to 
substantial voltage drops along the building 
length, causing fans to run slowly.  Measuring 
fan speed is as important as other performance 
indicators, particularly for belt-driven fans, which 
can slip with worn or poorly-adjusted belts.  
 
Fan rotational speed can be measured using a 
tachometer or strobe light. Tachometers can be 
either mechanical or electronic. With mechanical 
tachometers, the tachometer shaft is rotated by 
pressing it against the center of the fan shaft so 
that both the tachometer shaft and fan shaft 
have the same speed. Mechanical tachometers 
should be used carefully so that no personnel or 
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equipment damage occurs if the tachometer 
shaft slips off the fan shaft.  
Electronic tachometers (like the one in the figure) 
send light to a shiny, rotating object, such as a 
silver sticker attached to a fan blade or shaft, 
and the reflected light is measured by the 
tachometer and converted to an rpm 
measurement.  
 

 
Electronic tachometer 

 
 
A strobe light produces flashes of bright light at 
an adjustable frequency (flashes per minute). As 
the frequency approaches the fan rpm, the 
blades appear to slow down, stop, and may even 
appear to reverse direction. The fan rpm is 
determined by adjusting the flash rate until a 
rotating part (blade, shaft, or pulley) appears to 
be stopped. 
  
It is important to note that simply adjusting the 
flash rate until the fan blades appear to be 
stopped does not ensure an accurate reading 
because the same blade may not be in the same 
position at each flash. For example, with a four 
blade fan, running the strobe at 3/4 or 1 1/4 
times the correct flash rate will appear to stop 
the blades, but a given blade will not be in the 
same position with each flash. The correct strobe 
flash rate and rpm can be obtained by stopping a 
unique rotating part, such as an oil fitting, bolt, or 
key shaft on the shaft, or a shiny sticker that is 
half black and half shiny placed on the fan shaft. 

  
Summary   
 
Evaluation of a mechanical ventilation system 
emphasizes measurements of air exchange 
capacity (fan air speed) and air distribution (inlet 
air speed and air flow visualization). Ventilation 
system capacity is best measured at the 
discharge side of fan(s) by determining an 
average air speed over the face of the fan. 
Multiply average air speed (ft/min) by the area 

(square feet) of the fan face to determine 
capacity in cfm. Fast inlet air speed encourages 
good air mixing and distribution.  
 
When environmental problems are suspected, 
techniques such as air flow visualization can 
help identify trouble spots. Static pressure and 
fan speed (rpm) measurements can help 
pinpoint causes of poor performance.  
 
The environmental conditions under which 
animals are housed are very important to their 
comfort and productivity.  With the tools and 
methods outlined in this fact sheet series, one 
can better understand and characterize the 
environment to which the animals are exposed. 
Part 1, Principles of Measuring Air Quality, 
emphasized how reliable measurements are 
obtained. Instruments needed to make 
appropriate measurements in agricultural 
environments are described in Part 2, 
Instruments for Measuring Air Quality. Proper 
techniques for using each instrument have been 
emphasized. Once good measurements are 
taken, comparisons can be made to desirable 
environmental characteristics. Part 3, Evaluating 
Mechanical Ventilation Systems, highlights how 
to use instruments and observations to evaluate 
air exchange capacity and air distribution.  
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Additional Resources   
 
Environmental problems are much easier to 
solve once you have good background 
information about where the major problem is 
located. Changes in management, ventilation 
system operation, or equipment then can be 
made. Environmental improvements can then be 
quantified and compared to previous conditions.  
 
Several publications can help solve 
environmental problems you may find. They 
include:  
Pork Industry Handbook, Troubleshooting Swine 

Ventilation Systems. 
Available from:  
Media Distribution Center 
Purdue University 
301 S. 2nd St., Lafayette, IN 47901-1232 
 

MWPS-32, Mechanical Ventilating Systems for 
Livestock Housing  
MWPS-33, Natural Ventilating Systems for 
Livestock Housing  
MWPS-34, Heating, Cooling and Tempering Air 
for Livestock Housing  
 
The above publications are available from: 
MidWest Plan Service http://www.mwpshq.org/ 
Email: mwps@iastate.edu  
Order Toll Free: 800-562-3618 or 515-294-4337 
FAX: 515-294-9589  
 
For a complete listing of Penn State Agricultural 
and Biological Engineering fact sheets please 
check  
http://www.abe.psu.edu/extension/ 
informationindex.html  
246 Agricultural Engineering Bldg. University 
Park, PA 16802  
(814)865-7685  
FAX (814)863-1031  
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