I%UHRY House VeEnTiLATION GUIDE
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ontrolling the in-house environment for best bird performance is a key to success in
Cpoultry production. Producers who do ventilation right get better feed efficiency, better
growth rate, lower mortality, fewer downgrades, and better returns from their flocks.
This publication gives you the practical information you need to do ventilation right.
Here’s what you get:
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Ventilation Goals >» 2
I H A

If you don’t know where you're trying to go, you can’t get anywhere. Here’s a list of
prioritized aim points. Optimum temperature tops the list, but other environmental

factors must not be neglected.
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How Birds Work and What They Need >» 3
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Explains how birds react to heat (or the lack of it), temperature, humidity, winds, etc.,

and what they need for best possible performance.
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How Ventilation Works >» 7
BEREEARLER

Reviews ventilation basics: air exchange rates and airflow patterns; importance of on-

target temperature; operating principles of conventional and fan-powered ventilation

setups; and evaporative cooling fundamentals.
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Making Good Ventilation System Decisions >» 15
M I KR e e

Outlines benefits of conventional vs modern ventilation systems; importance of house
tightness and orientation; guides to good choices in control systems, fans, shutters,
baffles, insulation, backup systems, and evaporative cooling options.
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Managing a Modern Tunnel House
B IARIE

Lists key points for minimum, transitional, tunnel and evaporative cooling manage-
ment; plus tips on perimeter inlet management, monitoring in-house environment,
and a convenient 10-point tunnel-house management guide sheet.
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Example Tunnel House Design
BRI R HEA
Recommended design specifications and plan for a typical modern broiler house
with evaporative cooling.
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For Your Information
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Plain-language explanations of ventilation terms.
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Ventilation Goals & X H#x

Except with very young birds and/or very cold weather, temperature con-
trol is the primary goal of ventilation. At each stage of a bird’s development,
there is one optimum performance temperature zone at which the bird makes
best use of feed energy for growth, as shown in the diagram below. Venti-
lation prevents heat build-up and keeps birds in this optimum performance
zone by exhausting warm air from the house, by effective cooling through
tunnel ventilation, and by lowering the actual air temperature through
evaporative cooling. The target temperature for best broiler performance
changes during a growout, typically from around 90°F on day one to near
70°F just before catch, and ventilation must be adjusted accordingly.
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Ventilation is the only practical way to lower too-high humidity, which
is most often a winter problem and can affect bird health. Even when ven-
tilation is not needed for heat removal, we must maintain at least a minimum
rate of ventilation to prevent wet, caked litter and ammonia problems.
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By breathing, birds take oxygen out of the air, so fresh air must be brought
into the house to replace that oxygen. Ventilation to provide fresh air is
needed in all seasons and in hot and cold weather.
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The flip side of bringing fresh air in to replenish oxygen is getting rid of
the birds” “exhaust fumes,” mainly carbon dioxide. The most common toxic
gas problem, however, isammonia coming from too-wet litter, which leads
to health problems and lowered performance. Proper ventilation heads off
buildup of ammonia by controlling relative humidity.
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If any one of the above factors goes wrong for any length of time it means
trouble. Fortunately, in most situations bringing in fresh air and exhausting toxic
fumes are accomplished by ventilation aimed primarily at controlling temper-
ature and moisture. Don’t forget that the good in-house environment has to
be distributed evenly throughout the house. Pockets of dead air, drafts, cold spots,
or hot spots can lower flock performance and even cause mortalities.
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OPTIMUM PERFORMANCE
TEMPERATURE ZONE
At each stage of a bird’'s development, there is one narrow temperature range where
maintenance energy requirements are lowest and the bird can make maximum use of
feed energy for growth,
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How Birds Work andWhat They Need
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Very young chicks have little ability to regulate their internal temperatures,
and they need warmth — an air temperature around 90°F. As the birds grow,
their “comfort zone” temperature range widens a bit and drops so that at
catch time they’re most comfortable at near 70°F. This means that early in a
growout, our main concern usually is making sure the birds are warm
enough. As the birds grow, too much warmth, which can happen even in
winter, is a more common problem. Our goal in ventilation is to maintain
in-house temperatures within the birds” comfort zone-not too warm, not
too cold-at all times during the growout. To do this, we need to understand
how birds, heat, and humidity interact.
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Birds convert feed and water into energy they use to operate their organs

and muscles, to keep themselves warm, and for growth to produce weight
gain. However, they aren’t

100% effICIGIlt llttle ma- . 2-3 heaters
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quite a bit of excess heat
along with quite a bit of
moisture (in fecal matter
and by breathing).
KRN L 1 e
TAREANLAIEAT, SRR
AT R T A
Ko EARMIAE100% 5K fE
P, Priler=bE—d%
AR I Gl
PIFIREI

A rule of thumb says
birds will produce about 5
Btu’s of excess heat per
pound. This means that the larger the birds grow, the more heat they put
out. If we have 20,000 four-pound birds, for example, they will add around
400,000 Btu’s per hour to the house, or as much heat as two or three forced-
air furnaces running continuously. The amount of moisture produced also
varies with age. The same flock of four-pound birds may produce 1,000 gal-
lons of water per day, depending on the temperature. Other things being
equal, in-house air temperature and humidity both tend to rise as the
growout progresses.
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With very young birds, especially in cooler weather, we usually have to
provide supplemental heat. However, as the growout progresses the birds
increasingly help keep themselves and the house warm with the heat they
generate. As birds grow larger, and especially in warm weather, ventilation
is essential for heat removal, to keep the in-house temperature from rising
to a point where birds cannot continue getting rid of their excess heat
and their internal temperature goes too high.
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Temperature and humidity work together to de-
termine bird comfort, but for simplicity in the fol-

lowing paragraphs we’ll look at temperature first, éé g
then humidity, and then explain how their interac- }J‘r’
. . T
tion affects birds. AT,
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Birds are basically air-cooled. That is, air moving over the birds picks up
their body heat and transfers it to the environment. Birds do not sweat, and
so do not enjoy this kind of built-in evaporative cooling system. They do
get some evaporative cooling effect through breathing and panting (ex-
plained below). However, they rely mainly on direct body-to-air heat transfer
for cooling. If you see birds lifting their wings, they’re probably not trying
to fly. They’re feeling hot and exposing more of their bodies to the air to
get rid of the excess heat.
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Ventilation—neededin
summer and winter
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As temperaturesrise
birds’ heat-shedding
ability startsto drop
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For fully-feathered birds to stay comfortable, there has to be a substan-

tial difference between house air temperature and
their own internal temperature, which normally
is above 100°F. As the in-house air temperature
rises higher and higher, the birds” heat-shedding
mechanisms become less and less effective. The
birds’ internal temperatures then begin to rise, and
they slow down or stop eating and growing. If the
situation isn’t controlled, they eventually will die.
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Under most conditions as birds give off heat, the house temperature can be
kept from rising too high by exhausting warm air and replacing it with

100°F

g g 80°F

TENT

Starting heat stress

cooler outside air. Since birds get rid of excess heat mainly by warming the
air around them, the more rapidly that air is replaced the more excess heat
they can lose. In most poultry houses, for outside air temperatures up to
the low 80°F range, the ventilation system can be operated so that the
warmed-up in-house air is removed at the proper rate to maintain overall
house temperature within the birds” comfort range.
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In addition to simply changing house air, getting wind on the birds can
help them cope with high temperatures. The wind-chill effect of moving air

creates a lower effective temperature

90°F feels Iikg 80°F
to the birds

iy

for them. For example, if you have air
in the house at 90°F (and average hu-
midity) moving at 500 feet per
minute (about 5.7 mph), it will feel to
fully-feathered birds like about 80°F
air. The effect is even greater for
younger birds, which may be chill-
stressed. Tunnel ventilation creates the
most effective wind-chill cooling. In
non-tunnel houses, stirring or circulation fans can help.
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Keeping birds cool at
night helps them stand
high daytime heat

>

In very hot weather, evaporating water into the air can provide additional
cooling. Very fine droplets are sprayed into the air, or water is evaporated
by airflow through a wetted pad. As the water evaporates, the air tempera-
ture is reduced. Evaporative cooling depends on fans providing proper air-
flow in the house, and works best when relative humidity is not too high.
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Birds can tolerate higher temperatures
during the day if nighttime temperatures
drop 25 degrees or more below daytime
highs. During the cool nighttime birds
can get rid of excess body heat built up
during the day. Running fans to get air
moving over the birds during the night
can help by reducing the “effective”
nighttime temperature. The birds then
can start the next day fresh, which helps
keep performance up and lessens the risk
of possible mortalities if daytime temperatures are very high.
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Birds also lose some body heat through breathing.
This is why you'll see birds begin to pant when they R e
feel over-heated. It's like a back-up cooling system, that i‘ ﬁ‘ SRER VLS E 2R
usually kicks in at about 85°F. What's happening is the = _
birds are trying to maximize the evaporative cooling ef- Birds also get ridof
fect they get from the air passing over the moist linings some excesseat
of their airways and lungs. This cooling method works through breathing
best when the air is relatively dry. If the air is already e —

holding a great deal of moisture, it can’t readily evaporate the birds’ moisture,
and the evaporative cooling effect doesn’t work as well.
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An old rule of thumb used by grqwers says that if in still air the in-house
air temperature is in the 80’s or abovVe and the temperature and relative hu-
midity numbers add up to 160 or more, birds begin to have trouble shed-
ding their excess body heat. That is, temperature plus humidity gives you a
heat stress index. For example, if air temperature is 85°F at 70% humidity (85
+ 70 = 155) the birds will be . 100°F

OK. But if the relative hu- . %‘@Eiﬁ%%ﬁﬁ%% Pt
midity goes to 80% (85+80 HH 80F % &4\ A4 N

= 165), you're likely to be [{f N High humidity makes
losing feed efficiency be- [|]] 100% N it harder for birds to
cause of overheating. Note U} 0% get rid of excessheat
that this rule of thumb [HR ——
works only for still air; that  [J[]

is, in conventional open- U
sidewall ventilation or in
cold-weather power venti-
lation when air is not moving over the birds. It does not apply to tunnel
ventilation because of the wind-chill effect.
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In cold weather when heaters are being used, not only the birds but the
house heaters add moisture to house air, since water vapor is one of the com-
bustion products from burning propane. This is a small amount compared
with the moisture coming from the birds, but the combination can produce
high house humidity if the ventilation rate is too low. This means you can
have a heat stress problem with the birds when you would least expect it, if
the temperature/humidity index goes above 160. Too much moisture contrib-
utes to litter caking and ammonia problems.
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Temperature + humidity = 160 or more = heat stress
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In warm weather, humidity is not often a problem, except in connection
with rainstorms on hot days. For example, after an afternoon thunderstorm
on a July day the air temperature may reach 90°F, with relative humidity
above 90%. You must have maximum air exchange and air movement un-
der these conditions.
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How REeLarive Humipity WOoRKsS
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It's very helpful to understand exactly what “relative humidity” means.
When water evaporates, it passes into the air as water vapor. You can’t see
it, but gallons and gallons of water are floating around in the air all the time.
In the poultry house, what matters most isn’t simply how many gallons of
water are in the air, but how close the air is to holding all it possibly can —
that is, to being saturated with water vapor. The idea of “how close to
saturation,” stated as a percentage, is what we mean by the term relative
humidity.
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If the air is holding half its maximum water vapor capacity, that’s 50%
relative humidity. If the air is holding three-fourths of its capacity, that’s 75%
relative humidity. When the air is saturated with water vapor, holding all it
can, that’s 100% relative humidity.
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The key thing to realize is the saturation amount (in quarts or gallons per
so many cubic feet of air) changes depending on the air temperature. This
is why we use the term relative humidity. Warm air can hold a lot more mois-
ture than cold air. This means that warmer air can absorb a lot more mois-
ture from the birds and the litter without approaching saturation than would
be possible with colder air. Also, if you have cold air at high relative hu-
midity, warming that air automatically lowers its relative humidity.
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This is what makes winter ventilation possible. When your ventilation
system brings cold winter air into the house, this air gets warmed up once
it’sin the house. That means its relative humidity drops, which in turn means
its water-holding capacity goes up, so it is able to pick up moisture from
the litter and carry it on out of the house. An approximate rule of thumb is
that a 20-degree rise in air temperature cuts relative humidity about in half
(and vice versa).
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For example, the air in a typical 40 x 400-foot poultry house at 60°F will
have a maximum capacity of about 16 gallons of moisture (100% relative
humidity). If the temperature is raised to 80°F, this same air can hold about
30 gallons max. Raising the air temperature increases the absorbency of the
air. It is like switching from a single-layer paper towel to a double-layer
super-absorbent towel. At 80°F the air is more absorbent and can hold almost
twice as much water vapor as the same air at 60°F.
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On the other side of the coin, if the house air is 80°F at 50% relative hu-
midity (holding 16 gallons, half the maximum at that temperature), and the
temperature drops to 60°F, the relative humidity will jump to 100%. That’s
because 16 gallons is the maximum moisture capacity of this volume of air
at 60°F.
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Air at 60°F and 100% relative humidity

% holds 16 gal water
4; wa\ig — maximum capacity
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For every 20-degres
rise in air temperature, Air at 80°F and 100% relative humidity

water-holding
capacity doubles

— holds 30 gal water

— maximum capacity

Air at 80°F and 50% relative humidity

%@?‘ holds 16 gal water
M) —50% of
N

maximum capacity
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How Ventilation Works
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In simplest terms, ventilation means moving outside air into the house, and exhausting inside
air out of the house. Ventilation also includes circulating air inside the house, which can be
extremely important. Ventilation is a continuing, daily essential in poultry production
throughout the year. How- ever, winter and summer ventilation requirements are very
different. Ven- tilation needs also change according to the age of the birds.
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In this section, we look at how ventilation needs change in warm versus cold weather
and as birds grow, and at how different ventilation setups or systems work to meet those
different needs. This section covers only the basic principles involved — see following
sections for more details and fine points regarding equipment and systems management.
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The amount of air your ventilation system needs to move into and out of the house
depends on outside weather conditions and the age of the birds. Generally, the warmer it
is and the larger the birds are, the more air the ventilation system needs to move. You need

the proper air exchange rate for whatever conditions exist at the time. You might need to
completely change house air on average once a minute or even less, or every five minutes or
ten minutes, or longer. In a house using fan ventilation, the installed fan capacity in cubic
feet per minute determines the maximum possible exchange rate; in a naturally ventilated
house, outside wind conditions determine the maximum air exchange rate.
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Also, the type of airflow pattern created in the house can make a critical difference.
That is, the number, size, and placement of inlets; the incoming air velocity; the way
outside and inside air are mixed; and the velocity and path of the air stream (or streams)
through the house all need to be matched to the needs of the birds. The critical decision
usually is whether we need the accelerated heat removal and wind-chill effect of flowing
outside air di- rectly onto birds; that is, whether they need to be protected from chilling, or
need wind-chill cooling.

AR, AFREL A A B RE RIS SCREPE RAN], D, Hde, RMRNL R 7 E, 3
RS, WA RE T, 557 R 7 U E 3 L S ) A SR AL RC . %
SRR FRATTE A 75 LRI A BRI AR 2O R LR A RN, B, K&
Je i B 117 RS A2 5 BV AR

XU R AIR i

Ventilation needs
depend onweather
and age ofbirds
< EEEEE——

25

REEMES: AT A
i
Key concepts:
air exchange rate
&
airflow pattern
EEEE——
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i

How air moves through
the housecan matter
as much ashow much
air is moved (cfm’s)
<
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The age or size of the birds and the air temperature mainly determine
how much, if any, heat removal from the house or birds will be needed. This
in turn determines what kind of air exchange rate and airflow pattern will
be needed. These factors typically fall into three common ventilation sce-

narios:

KEMFR . KM RE BRI e A AER R E, QRTINS XL

BV R T L
o

BT o TP 2R R A AN U

Heat Air exchange
removal rate Airflow pattern

1. Cool weather Bring air in high above birds for
and/or No Low mixing; do not flow air directly
young birds onto birds.

2. Mild weather Same as 1. Bring air in high for
and/or Moderate Moderate mixing; do not flow air directly onto
larger birds birds.

3. Hot weather Flow high-velocity air directly
and/or Max Max across birds for accelerated heat
large birds removal and wind-chill cooling.

LYRXRBRADABESIR
Ae, SREEEM
FBRAEEN
Airflow directly onto
birds can be harmful
if birds are small
or air is too cold
EE——
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VIEEPS
Best bird performance
occursonly at a specific
temperature, depending
on feed, breed andsex
E—

BEE R ERAC, RAERE T
B, P izl Bt
Optimum temperature
drops during growout,
while flock heat output
increases steeply
EEEE——

B IR %0 U PR A EE ]
e W ST RO ]
Temperature experi-
encedby birds is what
matters, and may be
very different from
thermometer reading
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THE MovING TARGET: TEMPERATURE FOR BEST BIRD PERFORMANCE
BERE: FEBERINIRE

At each stage of a bird’s development, there is a fairly narrow “comfort zone”
for optimum performance, where the bird can use the most of its feed en-
ergy for growth. If the temperature is too low, birds increase their feed in-
take but have to use more of that feed energy to keep their bodies warm. If
temperature is too high, they reduce feed intake to limit heat production.
The exact comfort zone temperature varies from flock to flock, depending
on breed or bird genetics, bird sex, and feed formulation.

EXR BRI B, WA MRIFER BRI “HIEX” , AKX
I K B RETE BRI KB O o SR BEI AR, S 18 k£ {H 75 2245
FHEEEOR ORFFARIE, W RIS sy, RSkt LR B R, ANIA]
fogsetle, PRI, PR, HEZMRTIE X A K.

This optimum temperature zone is a moving target, changing as birds
grow. Typically, a broiler growout starts around 90°F, with target tempera-
ture declining to near 70°F by week 6. The exact temperature profile will
vary, as explained above, from flock to flock and from company to company.
The chart below shows a generalized example optimum temperature regime.
On any given day, a manager should be aware of what the target tempera-
ture is on that day, and make sure the ventilation system is set up to main-
tain that temperature as closely as possible. Maintaining optimum tempera-
ture is most critical early in a growout. Performance losses in young birds
cannot be made up later. The table shows typical flock heat produced week
by week, indicating how ventilation rates need to be increased progressively
during a growout to exhaust the bird heat and maintain target temperature.

BiE K& AR, EANBAEREX S MR, Y, XEE
OF I TFaA s, MAEZR6E Il N B 2 ImIE70F 1. ffD) i A i 2R 1 2
AN, ERTR, R S EEAA T FARETANE . N8R —
I X R R R R B VA T AR R, SN ANIE 2 R 1 H bR
B, Jf HLAf e 0 AR G0 B PR R B B . PRI R AR K B
KW N, DA 0 R I AN ] BEAE UG 9k b o B3R W on LR (1) K
BR JEIE A, R T A S B AE K R e 328 5 88 T R R HE Y
P YRR H AR .

Important: What matters is what is being experienced by the birds, not by the
manager or by a thermometer mounted four feet above bird level. Thermostats
and monitoring thermometers need to track temperature at bird level. Fur-
ther, the temperature the birds experience will be very different from the
thermometer reading during tunnel ventilation. The wind-chill effect of tun-
nel ventilation lowers the temperature experienced by the birds below the
actual thermometer reading. When we are tunnel ventilating, “target tem-
perature” means the equivalent temperature felt by birds. This is especially
important to remember early in a growout. It can be disastrous to wind-
chill stress young birds who need to feel higher temperatures than do fully-
feathered birds. (See pages 12 and 33 for more details on wind-chill.)

W REIRGE R I, ALK A AR mE MR
?F%ﬁmﬁ%ﬁ%&%%ﬁ%ﬁ%mﬁm AN, AR I K 8
A0 PR 5P S MR AN 1, IR 74 DR N 5 g ek i P L
MO ARG XN, ETBRIRTE " LS E IR, 100 5 B4 M
A B,y LA RS BN %0 8 L LR, Ry I AT NS
PAH LA T L B il . (LI2RI33 T G4 U 4o o

}
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K8 o AR B H bt 2 DX 4]
EXAMPLE TARGET TEMPERATURE ZONE
FOR BEST BROILER PERFORMANCE

F °C
o
H Example only: Exact
1 IS . S A A . B 204
' ' varies depending on !
g e 1 feed, breed and sex. !
_. ) F— o 2SS LT [ 26.7
TR%E H AR BEFERR ; ! S ! ! ;
KA 1] S b o ONJE S b 23.9
Maintaining target g ; ; , ;
temperature is [ S booeeeneee i SRR SRR 211
most critical IIIIIEIIIIIIEIIIIIIEIIIIIIEIIIIIIEIIIIIIEIIIIII
: 65 H H H H ! H 18.3
early in a growout 1 7 14 21 28 35 42 49

EEE—— DAYS

TYPICAL HEAT AMOUNTS PRODUCED WEEKLY BY 25,000 BROI LERS

Week: | 1stday 1 2 3 4 5 6 7

Btu’s: 10,000 | 102,000 | 230,000 | 367,000 | 498,000 594,000 | 650,000 (670,000
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A 25 B I 7 K
L T T
SO A LR

0. 12 DB E B B EK
AT IR U

LA IR R, S5

B (EFR (b R
S L A A T B
R AR %
24N IR BB

cold
air
ARA

FEL ) RWLIE X5 3R

HL KL AR GERE T IR s B G, I i 22 3 WL AR e ml ASE Ah 5
AN, X B AR RN, AR, K238 4 ) KU LA X
ARG IR R, KRR ML il XL, S8 & R, KRR
WG AR (AR, ARGl R g e R A PR XU RN
o

AEE PRI 8 N SEIL— > 023 ] DS A dbofe o) 25 0 1 A O Ak A
N B, R, BRI R i .

)i
BUE AR bl
\ AR (e
! i AR . ShJE
S B BT
WEHERA.

_________________

R RBL, PR E S NBNRG R LI E = TR ESH:
most commonly seen in three major setup configurations:
L SR/ N CnL 3 Al F ) BEMED) ——H A R
2. ST Rt FH A3 i R RN
3. B N——HIE P Z PR B
JITAT 3 = 30 DR B A A A7 st R AEAN [R5 T o 9 s 5 B AR R
SN, RIS RSN DA, B A R
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Spe /N RCH I TR) 3R Bl AR 2K 8 K R AR R, A AT e d /N 313
BRI1/10KIEAT, B R BAC B AR R, Tl B vH AR oF I AR J it 2
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EIEEXE AR AR

B PR H FR AL, SR e R A R R ROR LS AR TR R B AR
I DR R, A P B P SR A RO, IRy S )3 T (X
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WE R AR A 2 R, RRERGELT, AR LEtT T L)
553 b P IS BN B T 22 AT

BT AR T RIS, Bsh AU by AT ) KUEIE, 50098 R —
I3 BRI K 2 B T (AR

v AP I A KRN BE D4 P X B UL RN 10-12F, 1 IR s
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WP BT, AR/ XA P I U R Ay, DR R AT IAE AR T KOG T 12
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KRHH T BE CFE 7R SR f5 /N T KRG SR ey T B A% Bk 43 9 SR BRI DD

AL PBT ST LA RATT e S BRE 1 CAZRD) X, L EAEH]
G Hs L 738 RURT DU G PR B P AN S K B R D
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ARG NG (AORRECHRES) NS SN S &
W RS SR NERGUT RGUIHIMARLE AR DT MBI
s, RHERCE MG T SR SRR, i, 7 TR 46 KL
A TIREE NN AG KB UE R, HBEATXEEAER S L.

S /N AR, 1R DX 205 KR RE D ARG G, FHALS 22 (R 3k XU o
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Sidewall air inlets Tunnel fans

k m‘
_( AR
Tunnel air inlets Sidewall exhaust fans
(normally closed) (also may be used in transitional ventilation)
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AR B A LIE

MK R, 5B R AR, BRAINEKRE M E SR
8700BTU# &, 78k ilie——TaF#REC FERRIE—NEKEBE AL
H.

>~No

FENS 7 L e ] PP AT EC I 2 £ 7 0 IR P 2, i vt BN A B
ARG, ERTE I TE I AN FE RN G5 0, G 18— S8 338 TR v
IO SE Bl BEJd D, BIAEAEROR, 33 A B ATEC R L RE IR FF X &
RILRLS.

B IE S ECIF P A 3= 7 S A 58 25 RSB AR I /N T R 1Y (10 27 52
FHEIR) AR J5 RAGR A, EMRmAKE R LS, X AR

GE SR B A AR R A AT A ARG K

ECHUR EA—Wpl 2 e aEhA 2 b—R TLU R = A
1. AN —— eSS TSR, SRS R, TRESA 2.
2. AN SAAHR T (RH) —— A BT
3. REGLAFIKI e R E50%270% 505 o

FERFERENFSTEE SSRGS RIS, RERCE, M ES
Ko B, G E95F, 50%AHNESE, 75%MAEEC RS, KA 128%,
RI83F, 15 i% il KAt 7 — AN 10-12 5 HIA 2 5, 4P 2814 71-
73F,

R LR AR W O M  EC R RESR A FH RIS . (EUSKR TS, a1, AEEK
P TRV AHH AT LAIE 390%, {HAE IR — M & M RI50% 8 LT, JR R A& 4% (7]
INF 8] 25 /<05 B 30 % I T-70F, BT LA20EF b T 390 ek /b T — 24 AH Wb J&
(RH) (WP, 6) , KIn&EK, WA NAKES HOR &M 22205,
EC/&AEH VI & SEZFR

AR TR RGN
Starting air System Resulting air temperature (F) for given relative h umidity

temperature (F) efficiency 40% RH 50% RH 60% RH

100 50% 90 92 94

75% 84 87 90

95 50% 85 87 89

75% 80 83 85

90 50% 81 83 84

75% 76 79 81
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CENTS/BIRD
® 1 T T 1 T 1 /
oy . COST ADVANTAGES OF CONSISTENT Conditions : Broil -
ON-TARGET TEMPERATURE CONTROL ers grown to 49
| | | days, meat sold for
4 [ [ [ $0.40 per pound, no
Target temperature dockage for non-
3 uniformity; feed
costs $278/ton
21 starter, $270/ton
grower, $258/ton
1 finisher. Source:
\ \ Veng, Hot climate
oL l T e B l l | | ventilation.
60 62 64 66 68 70 72 74 76 78 80 82 84
TEMPERATURE °F

ces in total returns for  consistent

-brooding phase birds.

The “cost of being wrong” — Cents-per-bird differen
on-target vs off-target temperature control for non

AR AR A A% AN, OREF HARIELEEAEG K [ (B R AR KA
W) WA, AHEFALGE AR, RSO ER H AR AR W] 2 (4 ]R]
o R mlE R S DU T XS RO, B, BRI SR8 F il
R4 T i S S8 F AR 5 F 4 17—

PRI S, AR R SR E SR AR S, 2 i I
s CHEIC R RN SRR P IR BEAE AR, U A 5E [ 2R R B AK
PN S (PN EE e ol D i 6 W L R R M A e o R e O
i, WD 1) 5 H AR AR A, XAHCRE RN, AR &K
(KT E28RATHEI AR i o

2 LG BB BRI RS, TS KBNS (4-815) , B IEIH XA
R DR WIAT I IR IS, IR AE 36 [ AR R B RNl
PIXS I B SE BRI 5%, 9 A G R 8 KU s [ 28 A VA A EE AL

PURIZIE b5 [0 Be LE X SR BA (MIB RE EUR, Xl 43S M A AT
TP T o P17 7 1 FE AR AR 0 e e R O BB o S BLo

HE L, WE BOR L8B3 2 A A R AEAR KRR B 5 R Gt
(M H AR IR, SRR, (RRFEZD BRI HAT R,

HOT-WEATHER PERFORMANCE: Tunnel + EC vs Conventiona | Ventilation

58-day Broiler Feed % Liva- % Condem- Live cost

broilers weight (Ibs)| conversion bility nations (cents/Ib)
Tunnel + EC 7.2 2.18 92.4 1.71 21.8
Conventional 6.85 2.24 88.1 1.90 225
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MONITORED IN-HOUSE TEMPERATURE VARIATIONS
Conventional vs Environmentally Controlled Commerci al Broiler Houses

100
Fan-assisted curtain sidewall  ventilation

95
W \I\A\ \ l |
;rf’o I\ / \ XF I\ I\ EXRATAI2ER, &4
S . ! BAENA SVFIEH A
Al LA .
a 80 BiRE
s |
: | A

75 1 !

\\
70
85012 34506 7 8 9101112131415 16 17 18 10 20 21 22 23 24 25 26 27 28
AGE (DAYS)
100
Negative pressure minimum and transitional fan ventilation
95
| el 3 KL N

90 . —y
& N REIET BARRE (&
5 g5 | L EP X 3D
g
o | 1!
o
= <
L
= 75 T

70 Il'

[e2]
(3]

012 3 45 6 7 8 910111213141516 171819 20 21 22 23 24 25 26 27 28
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BENEFITS OF HIGHER WIND SPEED FOR HEAT
REMOVAL UNDER CONTROLLED CONDITIONS

Air Bird weight Gain in pre- Feed conversion
velocity (Ibs) ceding week (Ibs) for that week RARJE, EREE, ,lﬁ[

After 4th week: *’Lﬁ%iﬁﬁ)ﬁﬁgﬁﬁ
600 fpm 2.826 1.276 1.495 3

400 fpm 2.803 1.252 1.482

still air 2.720 1.167 1.521

After 5th week: e———

600 fpm 4.284 1.458 1.712

400 fpm 4.235 1.432 1.698

still air 3.936 1.216 1.804
After 6th week:

600 fpm 5.737 1.453 1.966

400 fpm 5.559 1.324 2.080 N

still air 4.847 0.911 2.469 #IE, RGBT %L
After 7th week: PR RE B R &,
600 fpm 7.065 1.328 2.277 % EEE KB

400 fpm 6.654 1.096 2.610

still air 5.588 0.721 3.026

——

FM: ZEPIFERENELRMBFEI R4, F—HRNERFHEHER, g—REK
RAHE, ZTREEPISHERRTIF, ARSEF (UBRIERERRNERHWZSE

B RIFE: USDARBHIRLRE. Starkville MS.
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TYPICAL COLD-WEATHER TEMPERATURE CONTROL COMPARISON
Manual mechanical thermostats vs integrated electro nic controller
84

Manual mechanical thermostats +6-7 degrees F Integrated

82 S electronic
—~ 80 -~ S~ st \ " controller
’E: 78 [ERY '\ . P +2 degrees F
o L4 \) L B ' \) [ 4 ‘ \ P -
= y 1 y \ 1 » / ‘ o
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2 72143 A I
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a.m. Time p.m.
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TYPICAL COOLING PAD INSTALL ATIONS

//
6-inch pad, 60 in x 55 ft
on each side 4-inch pad, 60 in x 75 ft
insulated on each side
// ceiling |
...24n.if possible __.  —
18-in. minimum P —— >
~ 7 6inches -
' N }
face air clear opening ;
velocity never less than face air clear opening
350 fpm 48 inches velocity never less than !
; 250 fpm 52 inches !
framed ' framed
opening opening
54-in. min. 54-in. min.
o V.
N &
/ not to
scale -
bunched tunnel bunched tunnel curtain
curtain

Direct wall mount 4-inch
recirculating pad system

Doghous e plenum setup for 6-inch
small-flute recirculating pad system
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COOLING EFFICIENCY AND PRESSURE DROP COMPARISONS
Typical 6-inch small-flute high-efficiency recircul ating pad system

0.20

0.15

o
[
o

0.05

Pressure D rop (in. WG)

0.00 H H H : H
200 300 400 500 600
Air Velocity at Face of Pad (FPM)

= = = = = Typical 2-inch spray-on pad system Choosing a cooling pad system in-
90% : T T T : T T volves trade-offs of cooling efficiency,
i EFFICIENCY vs AIR VELOCITY l | stati ¢ pressur e, and require d pad area.
| | | | | : | As air velocity through a cooling pad
80% I 1T T | goes up, efficien cy goes down and
ey : ' ! ; static pressure drop increases. To get
c 70% f--———- d-————_1.6nchrecirculating pad ] lower air velocity, for higher efficiency
;8 | | I I | and low stati c pressur e, more pad
= ~ | | | l area is needed. Total house static
D 60% [-———-- I A e T-————- -————- Lo pressure drop should be kept below
E i e'inz\,,\s \i i i 0.10 inches.
“ so% I B A +--€r§y'6n>—<'};—————l— —————— Curves in this illustration are intended
| | | | h SN to show the typical relationships among
10% | | | : : .!\ ~.| thesefactors fo.r two representativg pad
200 400 500 c00 Systems. Particula r system s will have

similar curves, but growers should con-

sult and compare actual efficiency and
pressure drop curves from individual
manufacturers before making equip-
ment decisions.

Six-inch small-flute high-efficiency
recirculating pad systems typically
achieve above 70% coolin g efficien cy
and acceptable house static pressures
with design air velocities between 335-
350 fpm. To get close to comparable
efficiency with a 2-inch spray-on sys-
tem, air velocity must be lower, typi-
cally 280 fpm or slower.
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Caulk or seal all carpentry joints Install flaps on sidewall & tunnel curtains

-5

Unsealed carpentry M
joints, such as at
sill plates, allow
outside air to be
pulled in behind
exterior sheathing,
causing slick litter

and chilled birds

Nail bottom
of curtain at

Sidewall curtain
top of wall

flap seals air
leaks at top of
curtain — should

have 10-inch
minimum overlap

curtain or solid
sidewall

-
siding

- IC

Tension cords
hold curtain
flap up when

curtain is closed

10-inch minimum
tunnel curtain
reverse pocket
flap seals air
leaks along
bottom of curtain

=
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g | FEHE NG AR B B BAR A, AR BT 380F SR, AT
THG, KIGEY, ZFiEwE 0 H SR maresv, £HELRAS T, FEHE
WA R AT BRI R T T A

PUBEANE | s NS 15T BN, M KL FI10000CFMI, #+63E T3%it B KL ZE
LI RURHE AT, B Sk L3 UL XS 7 Ao i, 7 3ot 330 JXURRF FE 4 A XU
23,800 cfm (JLLA L) , Ei[)95,200 cfmat #3k142.8 F v /N, B 604N83i~F
T AT, AT AT 2,48 RIS R

15 “F-J5 3£ /10,000 cfm x 95,200 cfm = 142.8 sq ft 3 X & i f
142.8 sq ft/2.44 sq ft = 58.5 ~ 60~/

1zl vent boxIF i LUP06 4 SIS 1, R IR ALl 1Rl L o)
s RN | BT, JUTH BRI A AR KR T B S BN, Sl
P, DUBRCELE TR, RO SUL TR AR, A B 2
We, HEEET S0

PUEIZETE by S AL AN R K BOA L I8 K, K2 B 5 53 AN 3N B3 8] 46 A 4%
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AR FTLUTURRRS 7 2, B T hilve S, JKE R, MR A T 5. I i &=
SRR 2 T I8 AR bR o TR 38 SR BB AN AT T AE B B KR HTE 1Y), AR ZELR R B
KO.105E~f /KA i s o R KA IR PR s 50, WS N HEAT, R &
it M it 2 RS U FURCBEAT R %, DA A o L R 7T 172 AR A
AR B AR AR RS, E A ARSI VRS PR, HOR IS A AL
I e B, T U I A AR A W RS A
H s Ee RLPEAEDE ) B, AR R R AR A, TP ORI B T 5 S 0] & I8 5038
W IR 2 0 75 Y
HENE ST s e s, WA — SRR, XL e % B
#HB RS W
AR BB ATIEI:
LUR sk T JUANIAE s ROt o SEBR R T i A% K 22 B R 4t
Design air Static pres- Min. length of
Pad type and velocity sure drop Total house System Total pad 5-ft pad on each
thickness through pad across pad static pressure! | efficiency area needed side of house
6-in small-flute | 335 350 fom | 0.04"-0.07" | 0.06" 0.09" 72-74% 567-542 sq ft | 55 ft
recirculating
6-in large-flute " " “ "
recirculating? 335-350 fpm 0.03"-0.04 0.05"-0.06 54-62% 567-542 sq ft 55 ft
g%;mmw 250-300 fom | 0.06"-0.09" | 0.08"-0.10" 68-74% 760-633sq ft | 75 ft
2-in spray pad | 280-310 fpm 0.03"-0.05" 0.05"- 0.07" 55-66% 679-612 sq ft 70 ft

PRE D EIRBNAA AR (ORI, B, B HE, RHLTE, AT 2348, B DA b5 A jOi Rl 2 A
.#o

2 6L KU A AEAS AT IR LU I ST IMR AT A (R T /b, (BB BUARAR R 23 LOKR 73 sk B AMHEREBRA HEXS A AR 7 o

40 ft by 500 ft dropped-ceiling broiler house

6-in small-flute recirculating cooling pads,
60 in x 55 ft each side (275 sq ft), dog-

house plenum design shown

Three 36-inch, 9,000 cfm
sidewall exhaust fans

Sidewall air inlets—8" x 44", 30 on each side, top of sidewall

Tunnel inlet clear framed opening less any air

Eight 48-inch
23,800 cfm
tunne| fans

Integrated electronic controller installed,

restrictions to be 234 sq ft (85% of 275 sq ft)
each side for doghouse plenum pad system

with static pressure-actuated vent boxes;
ceiling insulated to R-19
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