What is the purpose of an evaporative cooling system?

» The purpose of an evaporative cooling system is to maintain a house
temperature of 30°C or lower during hot weather

=
Itis not... Or...
» To maintain an actual house temperature in the seventies... » to totally eliminate heat stress
» Rather to keep heat stress to manageable levels so that performance is
minimally affected during hot weather.
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Because the fact is no matter how good an evaporative cooling system is,
there will be days when our birds will get hot...




As water evaporates into the air, heat is air essentially “removed”
from the air...

» In fact, for every liter of water we can evaporate into the air...

» 2,200 Btu’s of heat is essentially “removed” from the air.
Same amount of heat as produced by 75, 2.2 kg chickens

» As heat is “removed” the temperature of the air decreases.

Gromeia
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How much water you can evaporate into the air depends on how How much water you can evaporate into the air depends on how
much water is already in the air: much water is already in the air:
» Dryer air (low RH): » Dryer air (low RH):
Can hold more water and therefore has a higher potential for cooling Can hold more water and therefore has a higher potential for cooling
» Humid air (high RH):
Can hold less water and therefore has a lower potential for cooling
A\
9 10
There are charts that illustrate the maximum amount of cooling Maximum amount cooling produced through the evaporation of
that can be produced through the evaporation of water into the air water into the air as a function of relative humidity @ 32°C
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Air temperature also has an effect on the amount of water you can
evaporate

» Warmer air can hold more water than cooler air therefore evaporative
cooling is more effective at higher air temperatures

Gromeia

Maximum amount of cooling produced through the evaporation of
water in to the air as a function of temperature

Relative Humidity (%)
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Maximum amount of cooling produced through the evaporation of From this chart we can determine the maximum temperature
water into the air as a function of relative humidity reduction that can occur using evaporative cooling
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For instance, when it is 32°C and 40% RH
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The chart can be modified to show air lowest achievable air
temperature possible through the use of evaporative cooling

Gromain
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So instead of this... We get this
P 100 [ 267 | 278 | 280 [ 300 | 311 | 323 | 333 | 345 | 355 | 267 | 378 | 380 | 400
95 95 25.9 27.0 28.1 29.3 0.4 31.6 32.6 33 4.8 35.9 37.0 38.1 9.3
90 90 252 | 26. 274 | 285 | 206 08 | 310 | 330 41 | 352 | 36.3 7.4 8.5
85 85 24.4 | 25. 26. 278 | 289 01 | 311 2.2 3. 34.4 5.5 5.9 0
80 8o 23 24.8 25.9 27.0 28.2 29.4 30.4 315 31.8 33.0 341 35.2 36.3
75 75 23.0 24.1 25.2 26.3 27.4 28.6 29.6 30.0 311 322 333 34.4 35.6
g 7 9 £ 7 222 | 233 | 244 | 256 | 267 | 270 | 282 | 20. 04 | 315 | 326 3. 41
‘z’_ 65 9 9 9 9 6.0 6.0 6 6 6 ‘z’, 65 21, 226 | 23 248 | 252 | 264 | 274 | 285 | 206 0. 311 322 3.
= 60 6.0 6.0 6 6.6 6.6 6.6 6 £ 60 20 21.8 23.0 24.1 24.4 25. 26 27.8 28.9 29.2 30.4 315 326
55 6 6 6 8 8 E 55 200 | 211 [ 222 [ 226 | 23 249 | 259 | 263 | 274 | 28, 206 | 30: 1.1
5 50 2 50 102 | 204 | 207 | 210 | 230 | 242 | 245 | 256 | 267 | 278 | 281 | 20. 304
z s 2 45 [Bs | Bo | oo | et | o= 237 | 248 | 250 | 263 | 27.4 | 285 | 280
1 40 E 220 23.0 23.3 24.4 25.5 25.9 27.0 28.1
% 35 =2 35 0. 17.4 185 18, =00 = 215 22.6 23.7 241 252 26.3 26.7
£ 30 g 30 155 | 34 170 Hi | 208 | 219 | 222 | 23. 23. 248 | 250
25 25 [ 4B | a5z | 6= | 274 | 170 o | 1. 204 | 215 | 218 | 230 | 233 | 244
20 20 14 144 156 155 17.0 .5 185 19.6 20.0 211 21 226 23.0
15 15 26 | 137 4.1 152 150 8 17.0 18.2 185 196 | 207 211 22.2
10 10 8 | 1=e | 13 e 14.8 16. 16. 17.8 18.1 193 | 106 | 207
5 5 10.4. 115 .8 120 13 P 14.8 15.9 163 17.4 17.8 18.1 19.3
o o & 10.0 EERY 115 126 131 14.1 145 14.8 15.9 16.3 17.4. 17.8
267 =78 =289 30.0 g11 322 333 344 356 367 37.8 38.9 40.0 267 =78 =285 300 311 322 333 344 356 367 37.8 38.9 40.0
Temperature (C) ! Temperature (C) !
But... Respiratory heat loss Vs. Relative humidity
» Do we really want the “lowest achievable” air temperatures when using 70
evaporative cooling”? 60
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» To achieve maximum amount of evaporative cooling we would have to 10
evaporate the maximum amount of water into the air resulting in a 0
relative humidity of 100% 65 70 75 80 85 90 95 100 105
This will actually increase heat stress. Relative Humidity (%)
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Do we really want the “lowest achievable” air temperatures
when using evaporative cooling”?

» Can actually increase bird heat stress.
» No moisture removal from litter

This is why we use pads that are only about 75% efficient at
saturating the air with moisture

We give up a lit e air
for a lower RH
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So instead of getting 22°C...

We get this with a 75% efficient system
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Is a pad cooling efficiency of 75% good enough to meet our cooling What weather conditions would cause a problem for us?
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15 cm pad — Ideal outside conditions
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15 cm pad — Deadly outside conditions

Relative Humidity (%)
@
a

» Do not worry too much about these
situations because:
They tend to be rare and short lived
a few hours during a day...a few times a
year
Do not necessarily result in serious
drops in bird performance IF...

the evaporative cooling system is properly
designed and maintained!

you have sufficient wind speed!

the birds are evenly distributed
throughout a house!
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What do you do on a day when incoming air temperature is going
to be 32°C or higher (Deadly outside conditions)? You don’t have to worry about it...

-1 » Because the outdoor conditions required to generate an incoming air

& temperature above 32°C do not occur in nature
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As temperature increases over the course of the day...
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For every 10°C the outside air temperature increases, the
outside RH will be cut in half

Temperature / Rh

The cross-over tends to occur at 27°C — 80% RH

Temperature / Rh
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The cross-over tends to occur at 27°C — 80% RH Relationship between outside temperature and RH
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Hotter days tend to be drier than cooler days That being said
100 » Some days are more humid than others...
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32°C days with different levels of RH
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But at any given temperature...

» The variation in relative humidity tends to be relatively minimal in most
poultry growing locations.

Gromat
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Typically, around 30% variation

» For instance...32°C, 30% (very dry day) vs. 32°C, 60% (very humid day)
]

Though 30% difference in RH may not seem like much, but
it can make a big difference in cooling!
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Incoming air temperature with 15 cm pad system
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But in some climates, with rainy and dry seasons, it can vary 40%
or more

» For example...32°C, 10% vs. 32°C, 60%

To better understand the relationship between temperature, RH and
evaporative cooling...

» It is may be better to graph relative humidity vs. temperature

Gromat
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So instead of a graph like this for a 24-hour period... We get a graph that look
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Athens, Georgia — 2018
(Hourly temperature and RH) July 10, 2018
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July 7 — 13, 2018
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July - August 2018
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Can we meet our evaporative cooling system goals in Athens,
Georgia during the summer 2018?

» Namely to maintain a house temperature 30°C or lower

Let’s just look at all days where outside temperature is 27°C or
higher
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Comparing 32°C Days Incoming air temperature with 15 cm pad system
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Comparing 36°C Days Incoming air temperature with 15 cm pad system
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Comparing 30°C Days Incoming air temperature with 15 cm pad system
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There is an easier way to determine how a pad system will perform
over the course of a summer

Take this graph...
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Histogram of incoming air temperature when outside
temperatures are 27°C or higher

225 o Q o (8] (8] (8] Q (8]
= N = 3 © ~ < o

200 | N N & N B S IN] X

175

150

0 125

2

T 100

75

50

“ | I

o =nl
70F 7IF 72F 73F 74F 7SF 76F 77F 78F 79F 80F 8IF B2F B3F B4F 85F 86F 87F 88F

Histogram of incoming air temperature when outside
temperatures are 27°C or higher
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Will this relationship hold true for all locations? Various poultry producing locations in the U.S.
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100 267C 294C 322C 350C 378C 4060 100 S
90 . 90
. - 85
B . . . . 80
n ! 3  « a7 =
% 0 - ot 2 s : 2 z &
E t s e s H . g o
Zs0 1o : 4 3 H 1 E =
. a H . ) . H 2 50
PIREEE RN A IR ;=
§20 & 3 i i I i : %
o Hb oo b i
10 20
15
0 10
80 85 50 95 100 105 5
Temperature (F) o)
Temperature (C)

77

78

13



Incoming temperature distribution
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Florence, SC (2006 — 2015)
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