
Introduction

Poultry in environmentally controlled facilities require ventilat-
ing systems to exchange air and maintain acceptable indoor
environmental conditions year-round. Air exchange removes
moisture and heat produced by the birds and controls con-
taminants generated from manure, feed, and the poultry them-
selves. When air exchange relies on buoyancy and wind forces
it is called natural ventilation. When air exchange is accom-
plished with fans, it is called mechanical ventilation. This pub-
lication presents natural ventilation principles and their appli-
cation to ventilating systems for poultry facilities in Minne-
sota.

What is natural ventilation?

Natural ventilation is air exchange through designed inlets
and outlets in a building. The air exchange is caused by buoy-
ancy and wind induced forces. The predominant buoyancy
force is due to thermal differences and the chimney effect.
Natural ventilation in poultry buildings is accomplished through
the combined effects of thermal buoyancy and wind.

It is important to recognize that naturally and mechanically
ventilated buildings operate under different principles. Mechani-
cally ventilated buildings use fans to exchange air, which can
be controlled to provide the desired air exchange rate. Ther-
mal buoyancy and wind are both dependent on uncontrollable
weather. This makes natural ventilation control different.

Types of Natural Ventilation

Naturally ventilated buildings can be categorized by the ther-
mal environment maintained in cold weather. Naturally venti-
lated buildings have indoor temperatures within a few degrees
of the outside temperature. Modified environment naturally ven-
tilated buildings keep the indoor temperature above freezing
using only animal heat. Automatically controlled naturally ven-
tilated buildings have sophisticated controllers and heaters
that maintain indoor temperatures at specified levels similar
to mechanically ventilated barns.

For poultry to maintain feed efficiency in cold weather, auto-
matically controlled naturally ventilated barns are used. These
buildings use both thermal buoyancy and wind to provide the
necessary air exchange.

Many mechanically ventilated turkey grower barns use natu-
ral ventilation only in the summer to reduce costs for operat-
ing fans. Some use manually adjusted doors on the north side
and an automated curtain on the south side. These hybrid
barns, mechanically ventilated in the winter and naturally ven-
tilated in the summer, rely on wind to provide the natural ven-
tilation.

Insulation

What insulation does for your building

A well-insulated building shell is needed to successfully natu-
rally ventilate a poultry house. Insulation helps prevent con-
densation on the building’s 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 tem-
perature dips below the indoor air’s dew-point temperature.
Condensation is prevented, as shown in Figure 1, by providing
sufficient insulation to maintain inside surface temperatures
above the dew-point temperature. Insulation also reduces build-
ing heat loss, however, only 20% of the total heat (i.e., build-
ing 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 accept-
able 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 (Figure 2). Higher “R” values are
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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 then 25 in the walls and 40
in the ceiling) have limited benefit.

Types of insulation

Several types of insulation can be used in poultry houses (i.e.,
batt and blanket, loose-fill, rigid, and foam or foamed-in-place).
Proper installation is critical for achieving a uniformly and com-
pletely insulated building. Contact a reputable builder or insu-
lation supplier for help in selecting insulation materials and for
proper installation instructions.

Moisture retarders

It is critical to protect insulation from the moisture produced in
a poultry barn 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 insu-
lation. 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., alu-
minum foil backing on fiberglass blankets). The large mois-
ture load in a poultry facility can cause significant moisture
problems with even very small breaks or 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, but is necessary to safeguard the insulation. Crushed
rock around the perimeter of a building to prevent rodents from
burrowing under walls and maintaining a bait and trap system
throughout the farm to hold down rodent populations, are highly
recommended for preventing insulation deterioration in walls
and ceilings.

Foundation insulation

Building foundations are another important place to insulate.
Perimeter insulation, as shown in Figure 3, 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 ar-
eas. Rigid board insulation is recommended with an R value
between 6 and 8, extending 2 or 3 feet below ground level.

Natural Ventilation Principles

Thermal buoyancy

Warm air rises because it is less dense than cool air. This
principle is called thermal buoyancy or the chimney effect. In
naturally ventilated barns, warm air rises and exits the build-
ing through openings in the ridge (Figure 4). The exiting air is
replaced by cooler fresh air that enters through inlets in the
sidewalls. Thermal buoyancy requires both a temperature dif-
ference between inside and outside the barn and a height dif-
ference between the ridge opening and the sidewall openings.

Thermal buoyancy increases as the temperature difference
between inside and outside increases. In cold weather, the
temperature difference can be quite large making thermal buoy-
ancy an important driving force for air exchange. In warm
weather, the temperature difference between inside and out-
side can be quite small making thermal buoyancy less effec-
tive for air exchange.
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Figure 1. Insulation’s effect on inside surface temperature
and condensation.
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Figure 2. Insulation R values for walls, ceilings and roofs.
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Thermal buoyancy is greater if the height difference between
the ridge outlet and the sidewall inlets is large. Therefore, roof
slopes between 4/12 and 6/12 are recommended for naturally
ventilated buildings.

Wind

Natural ventilation due to wind increases as wind speed in-
creases. Wind speed can easily vary by 100% within min-
utes. Wind direction also fluctuates widely within minutes and
varies year-round. Wind blows air into the building through the
upwind sidewall opening. Air can exhaust through the ridge
opening and the downwind sidewall opening.

To take advantage of wind, it is important to avoid having ob-
structions near naturally ventilated barns. Naturally ventilated
barns should be built on small rises or open flat terrain. Avoid
building naturally ventilated buildings at the bottom of hills or
in valleys where the natural terrain blocks the wind.

Trees, feed bins, and other barns disturb airflow for a distance
5 to 10 times their height downwind. A minimum of 50 feet is
recommended between trees, small buildings and a naturally
ventilated barn. Greater separation distances are recommended
between larger buildings and complexes with several large
buildings.

To take advantage of wind in warm weather when thermal buoy-
ancy is minimal, naturally ventilated buildings should be ori-
ented perpendicular to the prevailing summer winds. In the
upper midwest, this generally means that buildings should be
oriented east-west to use the prevailing southern summer
winds. Local wind data may suggest a different orientation.

High wind speeds during cold weather can cause excessive
air exchange if the openings cannot be adequately closed.

Wind

Figure 5. Wind induced natural ventilation.
Figure 3. Foundation or perimeter insulation for both stud wall
and post frame construction.
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Figure 4. Thermal buoyancy induced natural ventilation.
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Building maintenance is important for providing year-round en-
vironmental control.

Automatically Controlled Natural Ventilation
Components

Automatically controlled natural ventilation (ACNV) systems
consist of three major components. They are: OPENINGS,
HEATERS and CONTROLS. The openings serve as either in-
lets or outlets. Air exchange rates are adjusted by changing
the opening sizes. The heaters provide supplemental heat
needed to maintain the desired indoor temperature during cold
weather when the birds do not produce enough heat to keep
the barn at the desired temperature. Controls adjust the open-
ing sizes and the supplemental heating rate as weather, bird
age and size change.

Openings

Air exits the building through outlets and enters through in-
lets. Ridge openings should always be an exhaust while
sidewall openings can serve as either inlets or outlets de-
pending on the wind. Wind blowing around the end of a build-
ing can produce unusual flow patterns which make uniform
ventilation difficult.

Both inlets and outlets should be uniformly distributed along
the length and in both sides of the building to provide good
fresh air distribution and mixing. The best ventilation perfor-
mance is achieved when the total inlet area is nearly equal or
slightly larger than the total outlet area. Continuous ridge and
sidewall openings along the entire length of the building work
well.

Outlets

The most effective outlets are located at the highest point in a
naturally ventilated building. In gabled or peaked roof buildings
this is the ridge. Wind velocity greatly affects airflow through
ridge outlets. Obstructions and constrictions that restrict air-
flow though ridge openings greatly reduce ridge airflow.
Upstands, even 2 inch tall ones, greatly increase airflow.
Upstands also reduce snow and rain penetration into the barn
through ridge outlets. An alternative outlet, developed in
Canada, is a series of well insulated 2 ft x 2 ft chimneys.
Ridge caps greatly reduce airflow and are not recommended.

In very cold weather ridge openings can freeze shut or bridge
over with frost. These situations will reduce air exchange.
Supplemental heat may be needed to prevent freezing or frost-
ing over.

Inlets

Inlets in naturally ventilated buildings are located in the
sidewalls. Air enters through the sidewall inlets, flows through
the building, and either exits through the ridge opening or
through the sidewall opening in the opposite wall. Continuous
sidewall openings are recommended for good air distribution.
Various curtain systems and mechanical door systems are
used to adjust sidewall opening size.

Heaters

Supplemental heat is needed in naturally ventilated grower
barns in Minnesota to maintain desired indoor temperatures
during cold weather.

Different types of heaters are used for supplemental heating in
poultry barns including, radiant, space, and make-up air heat-
ers. Radiant heaters work well for improving bird comfort but
do not heat the room air directly. Radiant heaters warm sur-
faces, which give up heat to warm the room air. Unit space
heaters heat room air directly. Make-up air heaters heat in-
coming ventilation air.

Unvented heaters add both heat and the products of combus-
tion 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 heat-
ers 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.

Open ridge

Open ridge with upstand

Adjustable open ridge

Figure 6. Different open ridges.



5

Controls

Automatic controls are needed to maintain the indoor tem-
perature and provide air exchange as weather changes hourly
and seasonally. Natural ventilation system controllers are avail-
able to regulate air exchange, by adjusting inlet and outlet
opening sizes. Controllers also regulate the supplemental heat-
ing rate. Solid state controllers and computer systems ca-
pable of controlling the inlet and outlet opening and supple-
mental heaters are available. They can use both time and
temperature to provide the desired ventilation strategy. Ther-
mostatic control is typically used to turn on and off supple-
mental heaters as needed.

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 min-
utes) basis to either increase or decrease the air exchange
rate.

Larry D. Jacobson, Ph.D., P.E., Professor in the Depart-
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Figure 7. Adjustable sidewall openings.

Summary

Natural ventilation can be used to effectively provide year-round
ventilation for growing turkeys and broilers. Naturally venti-
lated systems operate under different principles than mechani-
cal ventilated systems thereby requiring different management
to provide the desired air exchange and environmental control.
Air exchange is caused by buoyancy and wind induced forces.
Both are dependent on uncontrollable weather that changes
hourly and seasonally. Controllers for automatically controlled
naturally ventilated (ACNV) barns adjust inlet and outlet open-
ing size and the supplemental heating rate to provide adequate
air exchange and supplemental heat to maintain desired in-
door environmental conditions.
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