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I nsulat:ion and Vent:ilat:ion
of
ANIMAL SHELTER BUILDINGS
D. M. Ryan

T

HE COLLECTION OF FROST on ceilings and walls of animal
shelter buildings is a problem throughout Minnesota. The
dampness due to frost rots the building and creates an unhealthy
condition for the livestock. Most farmers carry insurance in case
a building burns down. But too few realize that they can insure
against another threat-rotting of the building-by installing
ventilation systems.
A ventilation system should provide
for air coming in and air going out at
all times, and the amount of air flow
should vary with outside temperature.
You can ventilate an existing building if a loss of heat can be allowed
without making the building too cold.
A building that is cold before ventila. tion will be colder after ventilation if
you make no structural changes. Humidity can be removed from a building
only by exchanging moist inside air for
dry outside air, and since this exhaust
air also contains heat, a temperature
drop will result.
The effectiveness of a ventilation system depends on the amount of heat
available that can be wasted through
the system. Many shelters are already
losing heat through walls, ceilings, and
windows, but this heat loss d0es not reduce humidity.
The over-all problem of frost removal
comes down to the preparation of a
building to allow air to flow through
at all times and still maintain a fairly
constant temperature on the inside regardless of the outside temperature,·
There are five steps generally necessary for the successful operation of a

ventilation system in an animal shelter
building.
1. Reduce the glass area in the building to a minimum.
2. Insulate the walls and ceiling.
3. Provide vapor barriers to keep insulation dry.
4. Install intakes to bring in air .
5. Provide outtakes (gravity or forced
air).
If these five requirements are fulfilled and there is a sufficient number
of livestock in the building, you should
have adequate ventilation.
This bulletin is designed to tell you
how to achieve these five aims.

REDUCTION OF GLASS AREA
Unless you use a special type of glass,
a window has a very low insulation
value. An . ordinary sash in a shelter
building has ari insulation value of 1.0,
while a well insulated wall in a shelter
might have a value of 16.0. This difference means that 16 times more heat
could be lost through 1 square foot of
glass pane than through 1 square foot
of insulated wall.
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During our Minnesota winters when
the sun shines only about 20 per cent
of the time, the over-all heat loss in an
animal shelter building is increased
greatly by excess glass area.
The following areas of glass are recommended:

Dairy-4 sq. ft. of glass per cow in the
stanchion
or
sq. ft. of glass per 20 sq. ft. of floor
area

Hogs-1 sq. ft. of glass per 25 sq. ft.
of floor area

Poultry-1 sq. ft. of glass per 30 sq. ft.
of floor area
EXAMPLE: To determine the number of
windows needed in a 20' X 40' poultry
house20' X 40' = 800 sq. ft. in floor area
800 _ 26¥.3 sq. ft. of glass pane
30 - needed
If you choose 12-light windows with
9" X 12" panes (9 sq. ft. per window)
you need 3 windows. How many do
you have?

INSULATION OF WALLS AND
CEILINGS
Why should insulation be installed
in an animal shelter building? The primary purpose of insulation is to prevent the heat that is given off by animals from escaping through the walls
and ceilings. If there is enough heat
saved, some of it can be wasted through
a ventilation system to remove humidity. In fact, the amount of heat available determines the amount of humidity that can be removed. Since the
source of heat is limited by the number of animal units in the shelter, be
sure to conserve enough heat for operation of the ventilation system by installing adequate insulation.
The insulating value of any material
is governed by the amount of dead air

it will entrap. Therefore, ligktweight
materials that are not too dense and
that contain small pockets oif entrapped
air are the best insulators. Fill insulation has the highest insulating value
because it has the most tiny "still" air
spaces.
The strongest structural materials
have the poorest insulating values. Conversely, the best insulating materials
are the weakest structurally. It is impossible to select one material that
has both a high insulating value and a
high structural value. Hovyever, insulation material can be used in conjunction
with any structural material to produce
the desired amount of insulation.
There are two kinds of insulation:
manufactured insulation and farm-processed insulation.

Manufactured Insulation
Manufactured insulation is usually
available in rigid, semirigid, flexible,
and loose-fill forms.
Rigid insula:tion-Insulating building
board may be used as a combination
insulating and structural material such
as sheathing, plaster base, or interior
finish for walls and ceiling. It is produced in panels of various sizes and
can be sawed and nailed.
Semirigid insula:tion-Semirigid insulation sections are commonly called
"felts." They are used primarily as insulation since they do not possess structural strength.
Flexible insula:tion-Flexible insulation is usually referred to as blankettype insulation. It is generally placed
between studs and other framing members in walls and ceilings.
Fill insula:tion-Fill insulation is
made up of granulated, shredded, or
powdered material. This type may be
obtained in bulk lots or in the form
of "batts." The insulating value of fill
insulation varies with the thickness
and density when installed.
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Farm-Processed Insulation

You can use farm by-products for
loose-fill insulation if you install them
properly. Success with these materials
depends on .thickness used and dryness
when installed. Chopped flax straw,
chopped wheat straw, and planer shavings are the most effective home-processed insulating materials. Sawdust
and ground corn cobs are sometimes
used, but they are not as effective because they absorb moisture readily and
settle too much.
Mix either powdered slaked lime or
used crankcase oil with the insulating
materials to keep rats, mice, and other
vermin from home-processed insulation.
Insulating Properties of
Materials

Figures 3 to 6 show the insulating
values for various combinations of materials. The highest numbers indicate
the greatest_ insulating values.
A %-inch air space has the same insulating value as the space in walls
framed with 2 x 4 or 2 x 6 inch studs.
Such spaces are considered equal and
are equivalent to 1/4 to lfa inch of average insulating material. Although building paper has practically no insulating
value, it saves heat by covering cracks
and preventing air leaks.

MINIMUM AMOUNT OF
INSULATION SUGGESTED
Frame Construction
Poultry House
WALlS-4" fill or batt of commercial
insulation or 6" fill of farm-processed insulation

CEIUNG-4" fill or batt of commercial insulation or 6" fill of farmprocessed insulation
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Hog House
WALLS-2" blanket of commercial insulation or 4" fill of farm-processed
insulation
CEIUNG-4" fill or batt of commercial insulation or 6" fill of farmprocessed insulation
Dairy Barn
WALLS-Inside wall on studs with air
space between walls

CEIUNG-4" fill or batt of commercial insulation or 1' of settled hay
or 6" fill of farm-processed insulation

Masonry Construction
Poultry House
WALLS-Single block with furring
strips, a 2" blanket, and. inside
surface material
or
Double block wall with 2¥2" fill
of commercial insulation between
walls.

CEIUNG-6" fill of commercial insulation or 8" fill of farm-processed
insulation
Hog House
WALLS-Single block with furring
strips1 a 2" blanket1 and inside
surface material
or
Double block wall with 2W' fill
of commercial insulation between
walls.

CEIUNG-4" fill or batt of commercial insulation or 6" flll of farmprocessed insulation
Dairy Barn
WALLS-A single 12" block if barn is
heavily stocked with cattle

CEIUNG-4'1 fill or batt of commercial insulation or 1' of settled hay
or 6" fill of home-processed insulation
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The above values are guides for minimums. The actual value needed will depend on the n urn ber of animals in the
building, the area in square feet of
walls and ceiling, and the number and
size of doors and windows.
.
For full details on constructing a
double masonry wall or applying furring strips to a single masonry wall, see
Plan Sheet M-122, FTost-F1·ee MasonTy
Wall ConstTuction.

You can calculate the amount of insulation needed to restrict heat losses
through the walls, ceilings, doors, and
windows and thus keep the usable heat
at a selected temperature within the
shelter.
The amount of insulation depends on
the radiation area exposed to outside
conditions in relation to the type and
number of animals.
Figures 1 and 2 can be used to calculate the average insulation needed for a
given radiation area and number of
animals. The values shown were computed from the following data: outside
temperature -15 degrees F., inside
temperature 45 degrees F., relative humidity 75 per cent.

How to Calculate the Amount of
Insulation Needed

Insulation for animal shelter buildings is essential to the functioning of a
ventilation system, for without insulation too much animal heat is needlessly
lost.
An animal supplies a certain amount
of heat, but part of it is given off in the
form of vapor which cannot be used
for heating the building. Another part
is lost through ventilation, which removes excess moisture in order to
maintain a desired humidity. The rest
of the heat can be used to keep the
building warm.

EXAMPLE-The calculations in table
1 are based on a 40' x 50' poultry house
which houses 1,000 birds.
There are 1,000 hens in the pOultry
house and 3,290 square feet of radiation
area for heat to escape through. Using
figure 2, locate the value for 1,000 hens
along the bottom of the chart and then
find 3,290 square feet of radiation area
on the left side of the chart. Lines
drawn upward and across from these

Table 1. Poultry House with Low Insulating Value

A
Radiation
area
Ceiling
Windows (15) ...
Doors (2) ...........
Foundation ...
Walls

B

c

D

Insulating Heat loss,
A....;-B
value

square feet
2,000
135
39
120

6.8
.9
1.7
1.4

294
150
23
86

996

8.1

123

3,290
Average insulation value

Type of construction

%" matched flooring, 1" blanket
Single sash
Single thickness matched lumber
8" thick concrete wall, 8" above
the floor
Drop siding, 1" blanket between
studding, inside sheathing

676
3,290
676

4.9
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Table 2 .. Poultry House with Adequate Insulation

A

--------Ceiling
Windows (7)
Doors (2)
Foundation
Walls

Radiation
area
square feet
2,000
63
39
120
1,068

c

B

D

Insulating Heat loss,
A--;-B
value
14.7
2.2
1.7
1.4

136
29
23
86

16.0

67

3,290

Type of construction

%" matched flooring, 4" fill or batt
Sash and storm
Single thickness matched lumber
8" thick concrete wall, 8" above
the floor
Drop siding, 4" fill or batt between
studding, inside sheathing

341
3,290

Average insulation value

.

=--- =

9.6

341

values intersect midway between
slanted lines 9 and 10. Thus the average
insulating value needed in this particular poultry house is 9.5.
Column A is the area in square feet
through which heat is lost. This area is
found by multiplying the length by the
width or height of the ceiling, sidewalls,
endwalls, windows, and doors.
Column B is the insulating value for
each type of construction listed. These
values are illustrated in figures 3, 4,
5, and 6.
Column C is calculated by dividing
column A by column B.

Radiation area is the sum of all the
items in column A. Do not include any
area that is below the ground line or
against an earth bank.
The average insulating value in the
example in table 1 is computed by dividing the total in column A by the
total in column C. Thus:
3,290
49
676 = •

Since the calculated insulating value
of 4.9 (table 1) is much lower than the

required value of 9.5 (figure 2), it will
be necessary to add insulation to the
structure. A comparison of tables 1 and
2 shows that additional insulation was
added to the building by reducing windows from 15 to 7, by using storm sash,
and by placing 4" fill or batt instead of
the 1" blanket in the walls and ceiling.
The insulating value after more insulation is added becomes 9.6 (table 2).
Since the new insulating value of 9.6
is greater than the required insulating
value of 9.5, the poultry house now has
enough insulation.
Similar calculations may be made for
dairy barns or hog houses.
How to Read Insulation Diagrams

Insulating values for various types of
building construction are illustrated in
figures 3 to 6. The combination of materials that -gives the highest insulating
value has the longest bar on the right
side. The numerical value for each bar
is also given for use with tables 1 and 2
when calculating the insulating value
of any animal shelter.

Type of construction

0

Insulating value

Drop siding, building paper, studs

Lop siding, building paper, sheathing, studs

0

Drop siding, building pa.per, studs, sheathing

Drop siding, building paper, studs, Yz-inch
rigid insulation board

Drop siding, building paper, studs, l-inch
rigid insulation board

Drop siding, building paper, studs, l-inch
blanket insulation between studs, she·athing

Drop siding, building paper, 4·inch studs,
space filled with chopped wheat or flax
straw, vaporproof paper, sheathing
Drop siding, building paper, 4-inch studs,
space filled with wood shavings, vaporproal paper, sheathing
Drop siding, building paper, 6-inch studs,
space filled with chapped wheat or flax
straw, voporproof paper, sheathing

Drop siding, building paper, 4-inch studs,
space filled with commercial fill insulation, vaporproof paper, sheathing
Drop siding, building paper, 6-inch studs,
space filled with wood shavings, vaporproof paper, sheaV.ing
Drop siding, building paper, 6-inch studs,
space filled with commercial fill insulation, vaporprool paper, sheathing

Fig. 3. Insulating values of various types of frame wall construction.

Type of conslruclion

lnsulaling value

8-inch solid concrete woil

8-inch solid concrete woll, furring strips,
plaster on l-inch insulation board

10-inch solid concrete woll

10-inch solid concrete woll, furring strips,
plaster on l-inch insulation board

Double 4-inch concrete, 2 Yl-inch fill insul.ation between

~
~

16-inch solid stone wall

~

~

16-inch solid stone wall, furring strips,
plaster on l-inch insulation board

8~inch

hollow tile

8-inch hollow tile, furring strips, plaster
on l-inch insulation board

12-inch hollow tile

12-inch hollow tile, furring strips, plaster
on l-inch insulation board

Double 4-inch hollow tile, at least l-inch
air space between

Fig. 4. Insulating values of various masonry wall constructions.

Type of construction

Insulating value

8-inch concrete block

8-inch concrete block, furring strips, plaster on l-inch insulation board

12-inch concrete block

8-inch concrete block, granular fill in cells

8-inch concrete block, granular fill in
cells, furring strips, plaster on l-inch
insulation board

Double 4-inch concrete block,
l-inch air space between

Double 4-inch concrete block, 2\12-inch fill
insulation between

8-inch lightweight concrete black

8-inch lightweight concrete block, furring
strips, plaster on l-inch insulation
board

8-inch lightweight concrete block, granular fill in cells

8-inch lightweight concrete block, granular fill in cells, furring strips, plaster on
l-inch insulation board

Double 4-inch lightweight concrete block,
l-inch air space between

Fig_ 5_ Insulating values of various masonry wall constructions.

Type of consfrucfjon

lnsulafing value

CEILINGS

Vaporproof paper and %-inch matched
flooring on top of ceiling joists

Vaporproof paper, %-inch matched flooring on top of ceiling ·joists, and covered
with one foot of settled hay or straw

Attic joists ceiled on lower side by vaporproof paper and %-inch matched flooring; 4 inches of commercial insulation

Attic joists ceiled on lower side by vaporproof paper and %-inch matched flooring; 6 inches of dry planer shavings

Attic joists ceiled on lower side by vaporproof paper and %-inch matched flooring; 6 inches of commercial insulation

Attic joists ceiled on lower side by vaporproof paper and %-inch matched floor. ing; 8 inches of dry planer shavings

DOORS AND WINDOWS

Outside door %-inch matched lumber

Outside door two layers %-inch matched lumber
with vaporproof paper between

Ordinary window sash

0

Storm-sashed windows

Fig. 6. Insulating values of various ceiling, door, and window constructions.
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VAPOR BARRIERS
A vapor barrier is a material that
is highly resistant to the passage of
vapor. You can use vapor barriers to
prevent condensation in walls and to
keep insulation material dry.
All air contains water in the form of
vapor. This vapor accumulates within
animal shelters until there is enough
pressure to force the vapor through the
walls and ceilings. Vapor will pass
through materials that air will not. Especially in an insulated structure it
tends to filter through walls and condense into water when it strikes a cold
surface.
This is very likely to happen in a
farm building where the relative humidity is high and there is a considerable temperature difference between inside and outside. The walls or ceiling
materials then become damp, and water
may collect in the insulating materials
to such an extent that insulating value
is considerably reduced. This water may
even cause the building to rot or the
paint to peel.

Vaporprool paper

Vapor barriers are available in two
forms:
barriers. In animal shelter
buildings this would be a heavy asphalt coating. This is used in masonry cavity wall construction.

1. Paint

2. Membrane barriers. Usually kraft
paper or felt that is shiny surfaced
and treated with asphalt, or one of
the metal foils.

Since ordinary tar paper and roofing
felts are not vaporproof, they will not
serve as vapor barriers. Some insulations come with vaporproof paper or
foil on them.
In frame construction apply the membrane vapor barrier to the inside of
studs and underside of joists before you
place the inside finish. Apply the vapor
barrier vertically on the studs, fasten
it carefully around all openings, and
lap and seal the edges. This will keep
the vapor from getting through to the
insulation. Figure 7 illustrates the placing of a vapor barrier where frame construction is used.
Never place a vapor barrier on the outside of the
wall. If the insulation becomes partly damp, it should
be able to breathe itself dry,
and a vapor barrier placed
Fill
on the outside of the studs
insulation
would prevent this.
In masonry cavity wall
Building
construction apply the asphalt seal to the outside
surface of the inside row of
Outside
blocks. (See figure 8.)
"'-wall
An asphalt seal is applied
Drop
to the outside surface of the
<-siding
inside row of blocks to keep
the insulation between the
walls dry. (For full details
on construction see Plan
Sheet M-122, F1·ost-F?"ee

Fig. 7. View of frame wall construction showing vapor
barrier and fill insulation.

Mason?'y
tion.)

Wan

Const?"UC-
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since it is colder and heavier than the
air above it. It many times travels along
the floor and into a calf pen, causing
serious trouble.
The entrance of air directed straight
up or straight down along the walls
eliminates drafts on the animals. The
fall of cold air next to the walls is
important in the prevention of condensation in the buildings .
An intake system also makes it possible to control the fresh air distribution in an animal shelter building. In
addition, an intake system reduces the

r;;--..;:"""'~'"""'""""71

Fig. 8. Masonry cavity wall showing placement of vapor barrier and insulation.

/

INTAKES
A ventilation system consists of an
intake system and an outtake system.
The intake system performs the more
important role of the two systems.
Air removed from an animal shelter
building must be replaced with fresh
air if the building is to be ventilated.
The exhaust system, whether a gravity
flue or electric fan, creates a static
pressure within the shelter that is lower
than the static pressure outside. This
causes air to move into the shelter
wherever there are intakes. Thus the
ventilation is done by the intake system.
A ventilation system without an intake system causes air to enter the
shelter through cracks around doors
and windows. The air enters perpendicular to the wall surface and causes
drafts on the animals. Air entering
around the bottom of the door can't rise

Fig. 9. Slot for single frame wall.
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Fig. 10. Slot for single masonry wall.

pressure against which exhaust fans
must operate and thus raises the capacity of the exhaust system.
Intakes should be evenly spaced
around the shelter to provide good circulation of air at all points.
Kinds of Intakes
1.
2.
3.
4.

Slot intake
Constructed wall intake
Manufactured intake
Tip-in window

Slot intake-A slot intake can be
made by leaving an opening 1 inch
wide in the ceiling at the point it joins
the walls. Such an intake is easy and
cheap to install, especially during new
construction. A slot intake allows air
from the loft to flow down the inside
surface of the shelter wall. This blanket
of air keeps the inner surface of the
wall at a lower temperature and thus
reduces the heat lost through the wall.
A slot intake also provides excellent
distribution of incoming air and does
not cause drafts. The air in the loft is
warmer than the outside air and therefore has less tendency to cool the shelter. Because incoming air is taken from
the loft it enters the slot intake uni-

formly and is not affected by outside
wind conditions.
In most cases you should prevent
material in the loft from plugging the
opening by the use of a chaff board (see
figures 9-11) . Cupolas on existing structures should be closed so they will not
act as chimneys and cause slots to backdraft. A louver should be installed in
each end of the loft.
A type of inlet similar to the slot
can be made by drilling 1%-inch holes
in the ceiling as close together as possible at the point where the ceiling joins
the walls. Across the ends of the building, drill holes only in every other
board in order to avoid weakening the
tie between the floor and the end of the
building.
li is essential that some pari of the
exhaust system operate all the time to
prevent a possible reverse flow of air
from the shelter to the loft. This reverse
flow will cause condensation in the loft.
And because of this requirement, the
slot intake can be used only with a fan
system.
The fan system should consist of two
fans or more, with one of the fans running continuously during the ventilation season. A two-volume fan can also
be used if the fan will operate at low
volume without turning off during cold
weather. If your fan system will not
meet these conditions, don't use a slot.

Vapor
Barrier

Fig. 11. Slot for insulated frame wall and
ceiling.
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Bore holes in alternate
boards at end-walls.
Mow Floor/
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upward. Fig. 13 illustrates a constructed
intake.
The inside openings should have a
sliding damper or a hinged cover so
that you can restrict the amount of incoming air on very cold or windy days.
Screen the outer opening with hardware cloth no smaller than %-inch mesh
but small enough to keep out birds and
rodents.

End
Wall

Manufactured intake-Many companies manufacture specially constructed
intakes with automatic devices to prevent backdrafts. Contact your local
dealer for more information.

Figures 9, 10, 11, and 12 illustrate
types of slot intakes used with various
types of construction.

Tip-in windows-Window ventilation
is desirable in moderate weather. However, it is unreliable during cold windy
weather, when the windows might act
as outtakes rather than intakes. In addition, you may cause drafts if you do not
regulate the windows properly. If you
use tip-in windows with side shields,
it may be advisable to place a vertical
board at the top of the window to direct
the incoming air straight up to the ceil-

Side Wall

Fig. 12. Bored hole intake.

Constructed wall intake-A cross
section of a standard-size intake is usually 60 square inches; that is, it measures 4 x 15 inches, 3 x 20 inches, or 6 x
10 inches. The number of intakes is related directly to the amount of outgoing
air regardless of the type of system
used. You can determine the number of
intakes as follows:
Dairy barn-one intake per 3lf2 cows
Poultry house-one intake per 125
square feet of floor space
Hog house-one intake per two farrowing pens
The outside entrance of intakes
should be above the snow line and
where possible should be 5 feet below
the inside openings. But if this arrangement places the inside openings closer
than 12 inches to the ceiling, you will
have to reduce the 5-foot interval. The
greater the distance between inside and
outside openings, the less chance that
warm air trapped at the ceiling will
backdraft through the inlets.
Insulate all intakes to prevent sweating, and have all incoming air directed

t
.t

Fig. 13. Constructed wall intake.
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to a minimum and poor ventilation results.
In a forced air system, however, outside temperature is not a power factor.
A fan exhausts warm or cold air with
equal ease. Thus a properly designed
exhaust fan system should work satisfactorily either in cold or mild temperatures.
Straw Loft

A straw loft that is· constructed correctly will give satisfactory results under certain temperature conditions. In
this system, straw is used in the ceiling
both as insulation and as a filter for
warm moist air before it flows out the
doors at each end of the gable. Figure
15 illustrates a properly constructed
straw loft.
Important points of construction are
as follows:

Fig. 14. Tip·in window inlet.

1. Use a mm1mum depth of 3 feet
of straw placed on 4-inch ceiling
boards spaced 1 inch apart.
2. Board solid the bottom of the ceiling joists in a distance of 4 feet
from the sidewalls.

ing (figure 14). The upper part of the
board should not come closer than 12
inches to the ceiling. Considering the
usual width of animal shelter windows,
a tip-in distance of about 2 inches is
generally enough.

3. Use a vapor barrier paper on the

OUTTAKES

4. Fill in between the joists with 4
inches of commercial insulation or
6 inches of home-processed insulation.

Two methods of removing foul air
from a shelter building will be discussed: the straw loft, which is a natural draft system, and the exhaust fan,
which is a forced air system.
In a natural draft system, gravity
furnishes the power. The cold air outdoors, which is heavier than the air indoors, forces its way through intakes
and pushes out the warm air. The
greater the difference in temperature,
the harder it pushes and the faster the
air changes. However, when the outside
and inside temperatures approach each
other the rate of air change slows down

joists before boarding the 4 feet
solid.

2~ x3' Goble Door

Fig. 15. Straw loft construction.
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5. Cut a 2%-foot by 3-foot door in
each end gable. The doors should
be cut as high as possible.
6. Install one 12-inch-square roof vent
at the ridge for each 10 feet the
building exceeds 25 feet in length.
7. leave the gable doors open to allow humidity to escape. Otherwise
this humidity collects on cold rafters, condenses, and drips down
into the straw. If the building is
properly insulated and you place
enough straw on the ceiling, you
can leave the gable doors open
without the shelter becoming too
cold.
Exhaust Fan

An ideal exhaust system would be a
fan that would run continuously and
adjust itself automatically in small
steps according to the difference between inside and outside temperatures.
Unfortunately there isn't a fan that will
meet these requirements.
The closest approach to the ideal system is a designed fan system that will
exhaust the maximum needed when
temperatures are high and can be throttled down when temperatures are low.
A two-fan system will come the closest
to meeting the wide variation between
maximum and minimum output needed
in a shelter building during a typical
Minnesota winter.
A fan system is designed so that the
top capacity needed is at an outside
temperature of about 30 degrees above
zero. When the temperature drops to 15
degrees below zero the amount of exTable 3.

Type of animal
Dairy
Swine
Poultry
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haust should be throttled down to onefourth capacity for dairy barns and
down to one-sixth capacity in poultry
and hog houses-depending on heat
available. You can do this in most cases
by installing one fan with a capacity
of three-fourths the required air flow
and the other fan with a capacity of
one-fourth the required air flow.

Calculated Capacity of Fans

DAIRY EXAMPLE: The units in a dairy
born are figured on the maximum
number of 1,000-pound cows or equivalent that will be housed in the shelter. Say a dairy barn has 32 cows, 12
young stock, and 10 calves; what
capacity fans are required? Group
the 12 young stock at 2 per 1,000
pounds or 6 units. Group the 10 calves
at 5 per 1,000 pounds or 2 units. The
total units are:
32 (cows)
(calves)

+

6 (young stock)

+

2

= 40 1,000-pound units

40 units X 100 CFM (see table 3) =
4,000 CFM
TOTAl FAN CAPACITY

=

3

4 X 4,000 = 3,000 CFM
CITY OF lARGE FAN

CAPA-

14 X 4,000 = 1,000 CFM
CITY OF SMAll FAN

CAPA-

SWINE EXAMPLE: The units in a hog
house are figured on the basis of the
maximum pounds of pork that will be
in the shelter between November 1
and May 1. Say a hog house has 50

Amount of Air Flow Needed in Cubic Feet of
Air per Minute (CFM)

Airflow per unit
100 CFM
15 CFM
3 CFM

Basis for unit
1,000 pound cow
100 pounds of pork
1 hen
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fall pigs weighing 250 pounds each
and 50 spring pigs weighing 20 pounds
each. What capacity fans are required?
50 X 250 pounds = 12,500 pounds
total weight of fall pigs
50 X 20 pounds = 1,000 pounds total weight of spring pigs

+

12,500 pounds
1,000 pounds =
13,500 pounds total weight of spring
and fall pigs
13,500-:- 100

= 135 100-pound units

135 units X 15 (see table 3) = 2,025
CFM TOTAL FAN CAPACITY

=
2,025 =

% X 2,025

1,510 CFM
CITY OF LARGE FAN

4 X

1

506 CFM
CITY OF SMALL FAN

= CAPA= CAPA-

POULTRY EXAMPLE: The units in a poultry
house are figured on the basis of number of hens, allowing 2 square feet
per hen. Say a poultry house is 50 X
40. How many birds can be housed
and what capacity fans are required?
50 X 40
able

= 2,000 square feet avail-

2,000 -:- 2 (square feet per hen)
1,000 units that can be housed
1,000 units X 3 CFM (see table 3)
3,000 CFM = TOTAL FAN CAPACITY

% X 3,000

=

= CAPA-

=

= CAPACITY

2,250 CFM
CITY OF LARGE FAN

1!.1 X 3,000
750 CFM
OF SMALL FAN

Selection of Fans

Fans should be selected according to
the amount of air they will deliver
against an Vs-inch static pressure-the
equivalent of a mild wind. Free delivery ratings of fans are made while
the fans are operating in a vacuum. But
when a fan is installed in a shelter, it
is working under pressure and the free

delivery rating capacity may be cut
back as much as ene-fourth. This cutback in capacity depends on number,
size, shape, and pitch of blades and size
of motor.
In ~arge-size shelters the calculated
capacity to be handled by the big fan
may be divided between two or more
smaller fans. Extra capacity on the
large fan or fans will do no harm because they are set on a thermostat and
will turn off at a certain temperature.
However, the capacity of the small fan
selected should not be much greater
than the calculated capacity because it
should run continuously even during
cold temperatures.
Any reliable manufacturer's fans may
be selected that will deliver the calculated amount of air against an lfs-inch
static pressure.
Location of Fans

The main purpose of a fan in ventilation is to reduce the pressure within the
shelter lower than the outside pressure
so air will flow in the intakes.
Since a decrease in pressure at the
exhaust fan spreads rapidly to all parts
of the shelter, the belief that a fan is
effective only within a certain radius
is not true. Therefore, the location of
the exhaust fan is not at all important
as far as creating a lower pressure in
the shelter is concerned.
Since the fans only lower the pressure
in the shelter, they should be placed
side by side. The cold heavy air coming in the intakes first falls and then
starts to rise as it mixes with the
warmer air in the shelter.
Thus a rolling pressure wall moves
from the intakes to the exhaust point,
which is at the fans. Better ventilation
results if the pressure wall moves in
one general direction rather than in two
different directions because of fans set
on opposite sides of the shelter.
Since the prevailing winds in Minnesota are from the northwest during the
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Thermostat set
6°higher than
lowest acceptable
temperature which
regulates Fan A.

Fig. 16. Two-fan system of ventilation.
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ventilation season, it is best to set fans
on the east or south side of the shelter.
The capacity of a fan is reduced if it
has to exhaust into a strong wind.
If the heat load in the shelter is concentrated in one end, it is advisable to
place the fans near that heat load. If
the fan l.s set in the cold end of a shelter, the humid air coming from the
warm end may condense on the walls
and ceiling in the cold end.
Both fans should be located as close
to the ceiling as possible.
The large fan should be equipped
with an automatic gravity Uouver tha,t
will close when the fan is not operating.
Install this on the warm side of the
fan. The small fan should be enclosed
in a duct (see figure 16) that extends
down to within 15 inches of the floor or
built-up litter. The duct should have a
door directly opposite the fan and also
a damper near the bottom which can
be adjusted to regulate the air flow.
This type of ventilation system will
remove heat rapidly from the ceiling
when the shelter temperature is above
the thermostat control setting on the
large fan. It will also remove air at a
lower rate from the floor level when
the shelter temperature is below the
thermostat setting.
The temperature of the shelter air is
lower at the floor level than at the ceiling level. And the difference between
the ceiling temperature and the floor
temperature increases as the difference
between the inside and outdoor temperature increases.
Most authorities agree that when aii·
is taken from the floor there is less loss
in heat by ventilation than when the
air is taken from the ceiling-even
when the ventilation rates are the same.
When temperatures outside are moderate, exhaust the air from the ceiling.
But when temperatures outside are low,
exhaust the air from the floor.

Thermostat Settings

The thermostat should be located
about 5 feet from the floor. It should
not be on a cold wall or directly over
the animals.
You will get the best ventilation by
maintaining the lowest acceptable temperature within the shelter. The lower
the temperature in the shelter, the
longer the fans can run at high volume
to reduce the humidity. The animals
become accustomed to the lower temperatures much more readily than the
operators.
The suggested temperatures for the
various animal shelters to produce good
ventilation areDairy-45 degrees
Swine-40 degrees
Poultry-36 degrees

Set the thermostat controlling the big
fan so this fan will turn off at a temperature 6 degrees higher than the lowest acceptable temperature. This will
provide a temperature difference so the
little fan will run continuously.
Operation of the Two-Fan System

When the outside temperature is
30 degrees above, the door in the duct
directly opposite Fan B (see figure 16)
will be open and both fans will run a
good share of the time. This is the temperature for which the top capacity of
the fan system was calculated.
When the outside temperature is 15
degrees below zero, the big fan will
operate only· a small amount of the
time. Then the door in the duct directly
opposite Fan B will be closed. The sliding damper in the bottom of the duct
will be partly shut to reduce the
amount of outgoing air. In this way the
little fan may run continuously without
reducing the shelter temperature beyond the lowest acceptable temperature.
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Experience will tell you how much
you should cut down the outgoing air
by the sliding damper according to the
outside temperature. If the air is restricted too much by the damper, the
temperature will rise and the big fan
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will turn on, run a short time, and then
shut off. In this way air will be mov- .
ing through the animal shelter at all
times, as it should be doing, since the
animals never stop giving off heat and
moisture.

Your County Extension Agents
A familiar expression heard on Minnesota farms
is "see your county agent." Every county in Minnesota has a county agricultural agent, and many counties also have home and 4-H Club agents.
Actually these county agents are part of a
four-way partnership among the United States Department of Agriculture,
the University of Minnesota, the county government, and farm people.
It is the job of the county Extension staff to
bring to farmers and homemakers the latest information on farming and
homemaking methods and to conduct 4-H Club work in the county.
local committees, cooperating with the Director of the Minnesota Agricultural Extension Service, hire these agents and
map out their programs.
Most county agents have their headquarters in
the county courthouse. They are available to answer your questions and
help solve your farming and homemaking problems.
This bulletin is one of many published by the
University of Minnesota Agricultural Extension Service as an additional service to bring up-to-date information to your attention. These Extension Service bulletins are distributed through your local county agents or through the
Bulletin Room, University of Minnesota, Institute of Agriculture, St. Paul 1,
Minnesota.

UNIVERSITY OF MINNESOTA, INSTITUTE OF AGRICULTURE, ST. PAUL 1, MINNESOTA
Cooperative Extension Work in Agriculture and Home Economics. University of Minnesota,
Agricultural Extension Service and United States Department of Agriculture Cooperating,
Skuli Rutford, Director. Published in furtherance of Agricultural Extension Acts of May 8
and June 30, 1914.
10M-1-55

