Hot Weather Ventilation Principles
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Keeping birds cool during hot weather is all about air speed...
IR DR T SR O HREAE T 48 1) 2 AR T ek 2
not the evaporative cooling pads
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Let’s take a look at a very good example of this fact
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Broiler farm growing +3.6 kg bird (11 birds per m?, July — August flock )
NS, XGYE +3.6kg, TAFRE LN 11 WK, fRFRRE: 7-8 H

Outside temperature during the last three weeks of a 59 day-old flock

59 H W XSGR 77 85 = JA ) =AML

Outside temperature/Rh during the last three weeks of a 59 day-old flock
59 H W& XS T I i 5 — A I = AMH XIS

Inside temperatures during the last three weeks of a 59 day-old flock

59 H W AR I7 85 e = JA I = R

Inside and outside temperatures during the last three weeks of a 59 day-old flock

59 HUSXSHEAI% 8 Jm =4 (0 = W AN

Evaporative cooling system usage...
2R AoKA IEH
Only a total of 9 hours, over the course of three days

=RWIFE 9 /Mt

Inside and outside temperatures during the last three weeks of a 59 day-old flock

59 HUSXSHE IR 8 Jm = J4 (0 = WAL

Litter was dry...
R T
Even in front of the pads

EIMs R 7Y AT A 3R R T

Birds were clean...
KOAR 15
Paws/feet looked very good

W VHR LS b AR T

Performance?
P REFE AR I



Best performance of any the 15 farms he was competing against for that week.
XFECHT 15 N RIS BRI Fabn A -

3% total mortality JET-%: 3%

Second highest weight=3.8 kg % S E &: 3.8kg

5 grams below heaviest (which 3 days older) Wi E %t 5g (HEMZIET 3 K)

Best feed conversion by 8.5 points I if AR AL, 8.5

Condemnations were % that of any other farm L % & HAh A& 7 11—

The key is the house had an average air speed of 3.5 m/sec (700 ft/min) WIHEFFIFEFR 3 E I
DT IX N 2 2 SRR N 3.5m/F,

and most importantly it was very uniform from wall to wall

Fi L) A T et 2 TR P JRG FE ORAF — 2L

To understand why they used their evaporative cooling pads so little we need to review how a
bird deals with heat

TR A 2R SR I (e X 2%, BATH ESE — T XX iR A RN -

Heat stress is essentially an internal problem caused by the consumption of feed

15 AR S NL AR B R i — A Y ER s A 4 51 A S ) 7L

Feed is a basically a fuel...
TRPRLEAS b A] DL fife — Fhiiet

Birds consume/burn feed which has an energy density similar to that of chocolate cake with
frosting.

X HRE I R ELAT BRI 52 BRSO R B

How much fuel does a bird consume on a daily basis?
Ay 5 5 T/ 2

A 2.7 kg broiler is supposed to eat roughly 160 grams of feed a day
— 3 2.7kg WX HRER 7 & 160g Tkl

In terms of calories...

S A E
Broilers Humans
Consume 264 calories per Supposed to consume 55
kg of body weight. calories per kg of body weight.
SPL)
RO TR E T EH AR 264 R AIREE
NS

B TR B ELHAE 55 R B RERE

To put this in perspective...
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| would need to eat roughly 20 Big Mac meals each day.
AR TG ENZ P 20 1h 32 M5 EBE

Or 200 cans of Coke
B 200 HERT R

Or 227 medium sized apples
B 227 DA RN RSER

Or if | ate chicken feed...
A SR A RS TR B

| would need to eat roughly 6.4 kgs of chicken feed each day.
TR F7 EAF RN 6.4kg XY THEL

How does a broiler use this feed energy?
PRINE A2 G e {5 FH X e Rl R & (1) 2

Roughly 35 — 40 % of the energy is used to power the basic functions of life:
35%-40% IR HEFF HE A ) A= A AR AE

Grow, move around, breath, pumping blood, maintain body temperature, etc.

A, TESD, W, MUBEIA, 4ERFAIR SR

The remaining 60 - 65% is essentially put off in the form of heat.
Pl % 60%-65%FE A LLFAE T AR 2
Heat a bird must rid itself of in order to maintain a proper body temperature and survive.

RGN ZFRE A B AR i AR, 4ERF A7

In a way, a chicken is not really that different from an automobile engine
FRREEE B, XS 5RERSINA LS

The typical automobile engine is only about 25% efficient.
BRI RN A 25%

The remainder of the energy goes out the radiator and tail pipe

FLAR B e B IE I HICAERAT R E HEIH 2%

And like an automobile engine...

PRI R

What produces more heat...per kg

trafer 2 I E

As you might suspect bird body temperature tends to follow feed consumption

PRABVE 25 IS AR AR E 2 SR AR RO G

Water/Feed consumption patterns for birds on a restricted lighting program

FE TR B 6 IR 1) TR X R K /B R e X

Bird temperature logger

PRI AT A

Room temperature patterns
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Room and body temperature patterns

il 5RO

If you restrict feed...restrict heat production

Etillbrin g P GH Pk

Body temperature patterns: unrestricted feed

A RN T ARG

Body temperature patterns: restricted feed

PR RO N RIRA OGS

But of course if you restrict feed, you restrict growth

LR Stilbinegoas o S U2

How much heat are we talking about?
PATRB I EA 202

At 21 C a 2.2 kg broiler (consuming approximately 90 grams of feed per day) produces
approximately 60 Btu’s of heat each hour...
FE 21 BRIRFERS, REE N 2.2kg ARG CRERTHAEL 90g Tk /NI 7= AE4) 60BTU [##4
=

Same heat as produced by a 25 watt incandescent light bulb
L&A T — 25 T AT AR

Same heat as produced by 60 matches

SEF T 60 R KSR RE LR I E

12 m X 150 m Broiler house (23,000 — 3.5 kg birds)
12 2K*150 K94 (497 23,000 H 3.5kg 9D P24 AR B
120 liters of gasoline per hour #E/NiF 120 FHA

Thermal images are very telling of the amount of heat broilers are generating

FARSBARL (1 7 H IR 7 2R 1 A 1 10

How does this compare to us?
X HIRATAN R A R E A L RAT AT ?
Seated at rest the average adult male will produce approximately 340 Btu’s of heat each
hour...
R 55 1A IR RN /NN BE A 340BTU AR
1/7 of the heat per kg produced by a broiler
FEPIXGREA Ak B P A GE 1 1/7

Whether it is winter or summer they must get rid of this heat to survive
TR AL B ZRIE L A =0 H T SR I 1 P B R YERF A AT



How does a bird rid itself of this excess heat?
A EREA BB IR 2L 2 R ?
A bird rids itself of this excess heat primarily in two ways:
PR IERA :
1) To the air around it
FETBCE A B i s A
2) Through the evaporation of moisture off of its respiratory system

L PR R G AR I)

Five pound bird at 21 C—50% Rh producing 60 Btu’s/hr
FBEIIASTE 21 B, SO%MAHXTERE T, &R/ 60BTU #AiE

25 Btu’s/hr is lost to the air surrounding the bird (40%)
25BTU (40%) 2 REI 4 & B i <

35 Btu’s/hr is lost through the evaporation of water off of its respiratory system (60%)
35BTU (60%) it PR 5 4t 25 K IR 7K 70 BE T

How do we compare?

BRI R A ?

Seated at rest the average adult male will produce approximately 340 Btu’s/hr

JRA 5 7 ARG IR R N RN R 2R 340BTU FA

28% is lost due to the evaporation of water from our respiratory system and skin
(perspiration)
28% 8 I I 58 Gt 25 I 7K 23 0 R SRR T

72% is lost to the air surrounding us
72% 5 R AR R 1 s <

This is a very significant difference

NEME BRI E R T X EZRRKR

Generate a lot more heat and are MUCH more sensitive to humidity than we are

FEPERRERANZEZ, I HAHE R g

Lets take a closer look at how temperature and humidity affect heat loss from a bird...

AEFATTRAR — T T B AR E Qe 2 M 0 AR AR i

Heat loss from a 2.2 kg broiler at 21 C, 50%
2.2kg MS7E 21 FE, AHXIREE A 50% 1) #vE i R L

What happens when we increase air temperature to 250C

SRR R 2 25 R RAEAT ATE L

Heat loss from a 2.2 kg broiler at 21 C and 250C, Rh=50%
2.2kg XG7E 25 &, MXHREEN 50% K AR RGO



House conditions / Heat removal #3445/ #h &8 2k
But heat loss to the air is not a birds only way birds lose heat...

R A AP IEAE XS PR Y ME— 4%

Heat loss from a 2.2 kg broiler at 21 C and 250C, Rh=50%
2.2kg XSTE 21 /25 FE, FHXTEE N 50% M) H i 2 15100

House conditions / Heat removal X585/ #Eiit 2k

Bird body temperature vs Air temperature 3G 5 = IR ARSI

What happens at even higher house temperatures? =i 8 & HIE L N2 KA 42

Heat loss from a 2.2 Kg broiler 2.2kg PN H B 2 175 1L

House conditions / Heat removal %<5 P45 /# it 2k

Heat loss from a 2.2 Kg broiler 2.2kg AI¥S & i 5175 It

If a bird cannot get rid of all the heat it is producing... 15— R3S TEIk 7 A4 i HVE B 2=
Body temperature will increase, 1&IR<= T

Bird and house temperature X34 5 = i AF AL 1 I

If a bird cannot get rid of all the heat it is producing... 15— X8 TG0 77 A4 () S BRI 25
Body temperature will increase, 1&IR<> Tt
Feed consumption will decrease, TA£}HFE= 2 N %
Growth rate will decrease, ZF /=38 & 212
Feed conversions will increase, 1k} 1k 218K
Eventually mortality will increase. BT 21

How does changing the humidity affect the heat loss from a bird?
T (1) SO 2 6T X6 ) BB 2 P A A 5 2
Study at looking at how relative humidity affects heat loss from a 2.2 kg bird at 250C
W N 2.2kg WXGLE 25 LA T, I I A0ART 32 A ) 8 B FR) 5
Rh 50%, 70% and 90%
FXTHEEEHL 50%, 70%, 90%

Heat loss from a 2.2 kg broiler at 25 C 2.2kg ¥37E 25 B ) #E it 2%

If a bird cannot get rid of all the heat it is producing... 15— H X8 ToiE6 77 A4 ) B B 2=
Body temperature will increase, 12T+
Feed consumption will decrease, 1k EFEE < %
Growth rate will decrease, =77 & 2 12
Feed conversions will increase, Tal$}#54k 3 218K



Eventually mortality will increase. ZET- 231
Increasing Rh from 50 to 70 % when it is 250C
TEEIEN 25 FERT, K AR BE B 50%38 I % 70%
Feels the same to the bird as raising the air temperature from 25 to 300C when the Rh is 50%
FAXTIEE N 50%HT, iR H 25 BEHE m F 30 XS TR
Humidity is equally important to young birds % /& X /N A [] b 22 %L
Effective temperature for day-old chicks 1 &4 XS i) Sz ik,

Target temperature/Rh H bR /¥ &

Age Temperature Rh
Day old 300C 50 —70% Rh
1 H# 30 f FHXS R E 50-70%

Target temperature as a function of Rh

R T 1 bR

Age Temperature Dry Bulb Temperature at Rh%
H#e e AN JE T 3R T

How does changing the humidity affect the heat loss from a bird?
T PR T AR 2 o X PR AR R O PR AR A A 5 2
Study at looking at how relative humidity affects heat loss from a 2.2 kg bird at 250C
HEFCT 2.2kg WXSAE 25 FEZIR T, TR I Q0 fa] 52 AH GHE B2 1 520
Rh 50%, 70% and 90%
FHXHEEE 50%, 70%, 90%

Heat loss from a 2.2 kg broiler at 25 C 2.2kg &7 25 FEI FI#E R

What happens at high house temperatures (300C) with very high relative humidity?
£ 30 JZ i mie R AR I T R A AtE L ?

Heat loss from a 2.2 kg broiler 2.2kg 3 )& it 2

So how do we help remove heat from the birds?
BAVE LA Re TG HIA?

Lower the air temperature?
FEEAIR =i ?

Evaporative cooling
Pads/fogging nozzles produce cooling through the evaporation of water into the air which
increases relative humidity of the air

P /% S W AL TR 73 A 8 A PR (R AR 8 AR X P

6” (15 cm) evaporative cooling pad in operation



15cm 28 R A 3 25UR

For every 1 C cooling produced by the evaporation of water the relative humidity will increase
approximately 4.5%

WK 2R BRI 1 B, WRRE ST I 4.5%

So we are left with a choice...

BT EAERATT AT BLiE #% -

Evaporative cooling 7% & =\ 713
Evaporative cooling without air movement does not decrease heat stress in poultry.
RARA TR, FERICRIFALT
The key to bird heat removal is air movement.
Rata PR O BEAE T i i 2 A I
Increase the air movement over the birds...
%
Increase the transfer of heat from the bird to the air

R B P 5

Broilers RIS
1.75 m/sec ZSMIAEE: 1.75 K/FP

Broilers RIS
2.5 m/sec 2.5 K/Fb

Broilers AN
300C - 2 m/sec 30 & 2 K/

Broilers AN
300C - 3 m/sec 30 & 3 K/

Five pound bird 30 C T %Y, =i 30 &

Heat removal due to air speed 12 m X 150 m house — 2 kg birds (3 day period)
METARSTRMANMRR (12 K*150 KA, 2kg 19, 3 KRANAIZLD

Heat removal due to air speed 12 m X 150 m house — 2 kg birds (3 day period)
HERRE TR R (12 K*150 KAGE, 2kg XY, 3 RAHIEML)

Heat removal due to air speed vs Air speed 12 m X 150 m house — 2 kg birds

MEMRETRPNEER LR (12 K*150 K5, 2kg )
Five different 15 m X 150 m houses (3 Kg+ birds) 5 MRS FIxFEL (3kg LA EXE)

Body temperature vs Air speed XA 5 25 S RUE HE 1) OC R



Bird temperature — no air movement Jo &S IE H L M AAIE AZ AL i A
Bird temperature — with air movement 5 %5 S AL L AR AR 4k 34

Bird temperature Without air movement JGZ5 S I I T AR AL a3

House conditions With 4.5 Ib birds &7 fE ALK L (4.5 B555)

4.5 Ib bird temperature With air movement 4.5 B 7EH =SB B AL T AR A1 A
Respiration rate vs. Air speed WFIEANZ 578 S miEE FE 8 &R (i 30 £

Reduces the effect of high humidity /> 5 5 11 82

The higher the air speed the less important Rh becomes %5/t B R, 145 FEE ) 52 e ik /)N

Air speed also aides the removal of trapped heat from between the birds
AT A R TG H 2 18] 1) #E R

Hot air between birds ¥ - 2 [i] ) # i
Wind speed and bird heat removal X% 5 &I 2 1) % &

All these factors result in the birds feeling much cooler than the thermometer indicates

JITAT )3 S 2 X i LU T v ) S B i 2 2 3R 22

Cooling effect vs wind speed JX\i# X [ if5 52 M

Increased cooling effects result in improved bird performance [&IRRCRIF, SXiEAKMtERE
Broiler weekly weights PAIXS J&] B8 AR 4 34

Weekly feed conversions [RIXS & Tal sl % {4 %

But, air movement is only effective if the birds are spread out

RAEEXEE S5 BOTR, S miEA ke fEH

Good example of the effect of density on cooling T7l F %5 &£ i} B 1) 52 1)

29 C—450 ft/min air speed 29 &, X# 450 % /7 b

Very little of the birds surface is actually being cooled /% X4 32 15 2= B
Birds at tunnel fan end are actually cooler... 7E JXUE 7 Ui A3 £ 5 3 4L

Another farm... H—/N K17



Walking through birds near tunnel opening... i X\ /T [ 38
Tunnel fan end of the house. &% A i JXUi& L

How much air speed should a house have?
X B e ) R R B AT A ?
The proper air speed depends on a variety of factors:
HIER RS LR RA L
Bird size X% H K/)
Density 1A 75 %% &
Climate (temperature/rh) i & /15 &
Bird age H &
Etc. HAth
But there are some general guidelines

FRIbZAh, A AR SR

General tunnel velocity guidelines
AT A ]
Broilers A%
400 - 800 ft/min
2.0—4 m/sec

Breeders Fi¥
400 - 600 ft/min
2.0—-2.75 m/sec

Breeder pullets 7 4f
350 - 450 ft/min
1.75-2.25 m/sec

Do we really need evaporative cooling? & & E ) 75 228 K 2K AT 2

As air temperature increases heat removal through air movement decreases
T I A A IE F D, R B AR IR R Y R R

Bird heat loss @ 600 ft/min (3 m/sec)
SRR CBARGUBIEE A 3 K/

Evaporative cooling purpose is to keep the air temperature 300C or lower
7R KT IR F i R R AR FFAE 30 JZRA T
So our air movement remains effective in removing heat from our birds

FEMARAET, 2B A R U NS R

Evaporative cooling should NEVER be used below 290C

AR T 29 B AEAE H 78 & KoK A
It is not needed if you have sufficient wind speed. 23S il 5 EW N, ANEEITE
Will inevitably lead to wet litter <> & HREE



Will actually lead to increased heat stress 21K =7l %) ¥ H ik Bl A 521
Nighttime temperature and relative humidity 7 [ 5 & FH X 1E /&

As temperature decreases relative humidity increases i 5[5,  AHXHE EEHE 0

At temperatures below 29 C...Relative humidity is typically above 80% & BE{% T 29 LRy, #H
X IE R 2T 80%

Pads produce little cooling and push the relative humidity near 100% 7% & 37K 77 2 i a5 %
IS, AR B2 2 = 31 100%

Respiratory heat loss vs. Relative humidity PEIR #5625 vs AHX R

Air speed vs. Bird age ZAIMIEEE vs 39 H H
For the last two weeks of a flock ALL tunnel fans should be operating before the evaporative
cooling is used.

TR R, 2R ORI 2o, 5 20T )8 B XL

Air speed vs. Bird age Z¥ S MEIE E vs 55 H H ik
For the first two weeks of a flock air speed should be generally limited to <300 ft/min (1.5
m/sec)

PR IRTRT PR, W R RIEE AR T 1.5 K/AD

For the weeks in between air speed should be increased weekly

R R U, % B 2 15 P

Just because evaporative cooling lowers the temperature R & 28 & /K 715 Be F# IR

Doesn’t mean you can run fewer fans.

FEA AR AT LD IE KA
Example of how pads shutting off fans can increase heat stress 54513 B £E T J5 7% K 2K A 1
5 0L T ISP R 2 389 IR 1) v il S .
Studying water consumption usage and patterns in breeder houses.
B T PRGNS 2 K Y FE
Normal water consumption pattern 15 &4t F 7K R VH #&
Hot bird consumption pattern =i 150 K 7K R VH #E
Spiking of water consumption on hot days i K 7K VH ¥ &= = 4

Spiking of water consumption and house conditions 7K ¥4 ¥ & i 4 5 3 45 1 I

Water consumption spikes occurred when temperatures were their lowest? 437 AKX 2 H B
T FE ) v U



