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THE ESTIMATION METHODS OF BIOCLIMATIC COMFORT IN
POULTRY HOUSES AND MAXIMUM VENTILATION RATE FOR
SUMMER

*
Salim MUTAF

SUMMARY

The aim of this study was to analyse comparatively the estimation
methods of bioclimatic comfort in poultry houses and to describe the mean
radiant temperature, : :

The inside (Ti) and mean radiant (MRT., MRT_, I!‘TRT) temperatures in
uninstlated poultry house (h,) were found hig]|her tﬁan ad-équatgly insulated
poultry house (hl) betwaen 12—52|:|.m. (P< D0.05; P< D0.01).

For the determination of bicclimatic comfort in adequately insulated
poultry houses only inside dry-bulb anmd wet-bulb air temperai;ures and enthalpy
should be used. In uninsulated poultry house, in addition to inside dry .-bulh
and wet-bulb air _temperatures‘ and enthalpy, inside surface temperatures should
be taken into account and mean radiant temperatures (MRT., MRT.) restimation

1 2
methads should be employed.

INTRODUCTION

Today, with genetically superior laying hens and scientifically
balanced feed rations, it is only with an optimum climatic
environment that maximum use of their genetic potential and feed
conversion cdn ba realized. The climatic environment components
are air temperature, ' relative humidity and radiation. The
environmental temperature should be defined as mean radiant
temperature of the environ.ment, which would inc_:lude' all of the
variable climatic factors of not only dry-bulb temperature, but also
wet-bulb ' temperature ' radiation and temperature of surroundings.
The humidity level of environmental air has a significant effect
on the rate of heat loss from laying hens particularly at high

ambient temperatures.

The aim of this study was to analyse comparatively the
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estimation methods of bioclimatic comfort in poultry houses and

~ to describe the mean radiant temperature.

MATERIAL AND METHODS

This research had been conducted in two poultry houses

that had different construction and insulation materials (Table 1).

Table 1. Propertieé. of the houses.

k va es_l e

House Long axis (kealm “hr . "C )
T Wall Roof
I East - west 1,80 0,96
-2 East - west 2,60 4,70

Inside-outside dry-bulb and  wet-bulb temperatures were
recorded all time in July and August. '

In order to calculate the inside surface temperature of
building elements on the tropic days (high temperature =z 30°C)

the following formula was used:

" Tiy = Ti - Ri SHTs s (1)
Where;

Tiy = Inside surface temperature (CC)

Ti = Inside air temperature {OC)

Ts = Sol-air temperature (QC)

Ri = Inside air film resistance ( 5 : mz.hr.OC.kcal_I}

: oo :
R = Resistance I-L = Ri + ZR + R}b,lng.hr.ﬂ(:.kcal_'l)
k

The sol-air temperature was calculated by the following formula:

Ts =T + l.a (2)

: 0
%

Where;
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Ts = Sol-air temperature (°C)

To = Qutside air temperature (OC)
I = Solar radiation (kcal._m'z.hr_lJ

a = Solar absorptivity of the outside surface

3 Qutside air film conductance (kcal.m‘z.hr'l.oc'l)

The mean radiant temperature_.was calculated by the following

formulas; _
Tiy; B+ Tiy, 84+ ,,. + iy 8 -
MRT, = el e Remleee ARy
_ 360 = :
L Sx TP+ Tiy :
MRT,, = Sesciy-cte- _ (4)
Ti + 2 Tiy, 4
MR e 2ot o . (5)
3 :
Where; s 4
MRTI, MRT2, MRT3 = Mean radiant temperature (OC)
T‘iyl Ao = Inside surface témperat_ur_es (°c)
By : = Surface exposure angle in degress
Ti = Inside temperature °c)
Tiyo = 'Average inside surface temperature %c)

The enthalpy of an air-vapor mixture was calculated by the following

formula:

i =024 ¢, + (595 + 0.47 t ) X ' 6)
Where; .

RS e e

0.24 = Specific heat of dry air (kcal.kg™ . deg.)

g Dry-bulb air tempelratur'e (°c)

db
595 = Latent heat of evaporation at 0?C [kcal.kg'l.)

- 0.47 = Specific heat of water vapor [kcal.kgnl.deg.)

X

Humidity ratio of air (kgkg . dry air).
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RESULTS AND DISCUSSION
Inside And Mean Radiant Temperatures

The inside and estimated mean radiant temperatures were

summarized in Table 2,

-The inside (Ti) and mean radiant [MRTI, MRT2, MRT)
temperatures of uninsulated poultry house (112) were found hxgher
than those of insulated poultry house (h) at 12-6 p.m. (P< 0,05;
P <0.01). : '

In July and August the average inside temperatures at
12-6 p.m. were calculated as. 30.87 + 0.65°C, 29.43 + 0.67°C for
insulated poultry house (b)) and 34.74 + 0.74°C, 32.56 + 0.64°C)
for uninsulated poultry house (h ). The average mean radiant
temperatures at 12-6 p.m. were calculated as 3213 + 0.53°C (MRT)
31.24 + 0.60°C (MRT ) 31.85 + 0.54°C [MRT3J in July, 30.41 + 0.54° C
{MRTJ 29.72 4 062 C (MRT2 3098+ 0.55°0 (MRT} in August
for insulated pouItry house (h) 39.37 + 0.83°C (MRT)35 85 + 0.60°C
(MRT,), 37.70 + 0.63°C (MRTSJ in _]uly, 36.69 + 0.83°C (MRT),
3358 » 8577C (MRT,), 35.26 + 0.65°C (MRT,) in August for
uninsulated poultry house (hz)_.

: The differences between inside {Ti) and mean radiant
temperatures (MRTI, MRTQ, MRT3) for insulated poultry house (hl)
were found insignificant but these differences for uninsulated poultry
house (h2} were found 51gn1f1cant at 12-6 p.m. In uninsulated poultry
house (hz) the differences between Ti - MRT and MR"II - MRT
were insignificant but the mean radiant temperatureb {MRT MRT)
were found significantly higher than inside temperature (T]]{P< 00..‘!

P-<0.01).
Bioclimatic Con"tfo_rt |

The results of bioclimatic comfort were summarized in Figure
I 2, 3, 4.

The upper and lower optimum housing temperatures of 29.5-
15.0°C provide the desirable temperature range for adult egg- Iaylng
hens housing. The relative humidity appears to have no effect on
performance at _housing _temperatures below _____2_6.‘{__!_3,__afthough it
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Table 22 Inside and mean radiani

lemperalures

e e House ! House 2
' Ti MRT, | MRT, | MRT, Ti MRT; | MRT, [ MRTy
299 | 2280 | 2236 [2268 |2248 |23m | 2:8s | 2278 | 2222
L9 | 2188 [2190 |2189, |21.01 [2222 | 2252 | 2230 |2243
J 600 [2232 2295 |2253 |2287 |2305 | 2560 | 2376 | 2478
iy 892 [ 2309 |[2503 | 2431 |[2485 | 2570 | %036 | 26.86 | 28.79
e 1022 | 26.44 2829 | 27.00 | 2794 | 2917 | 3559 | 3075 |33.38
Y 1220 | 2901 | 3069 | 2952 |3038 | 3263 | 3536 | 3429 | 3704
1420 [ 31.03 | 3259 | 348 [3222 | 3515 |4n14 | 3660 | 39.02
:e‘—’b 31.94 | 3309 | 3231 | 3282 | 3606 | 39.83 | 3695 | 3B.44
8% | 3180|3206 [3165 | 3190 | 351 3704 | 3555 |3629
2020 | 2984 | 3002 |29.88 |29.95 |32.56 |32.04 | 32.37 _‘Eﬁ
2222 | 27.39° | 26.86 | 2322 |2461 | 2909 2710 | 28.53 |27.59
2422 | 2481 | 2413 _2:..231 12427 | 25064 | 2271 | 2444 | 23.26
292 | 2330 [2233 2303 |2257 |22.35 | 2097 | 21.96 | 2130
A 42 9297 |2223 | 2227 | 2226 | 2156 | 2192, | 2167 | 2166
u 692 ! 2233 | 2280 |22.48 | 2276 | 22.41 | 24.75 | 23.01 | 24.00
. 899 | 2347 |2396 |23.70 | 2407 | 24.66 | 2880 | 25.68 | 27.37
- 102 f2537 | 2664 |2550 |2572 |27 |333; | 2913 |3ts0
Dl o [ onse [2ees | 2794 | 286 | 3074 | 3626 | 3203 | 345
5_ 129 | 2535 | 3065 |29.75 |3045 |32.85 | 3829 |34.26 |36.48
8 1622 | 3042 | 3128 [3067 {3109 |3373 |3765 | 3467 |3622
182 | 3036 | 3086 | 3049 |3071 |3288 |34 | 3322 |33.87
2022 [ 2922 | 2926 |2920 [2917 | 3063 | 3051 |3056 | 3044
22%2 | 2731 | 2638 |27.03 | 2656 |27.58 | 2605 |2717 | 2647
242 | 2814 | 2428 | 2484 |2435 J2455 | 2252 | o0 |esan
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Fig. 3. Psychrometric results during July in poultry house number 2.
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may affect performance at higher housing temﬁeratures {1).

Enthalpy losses in the respiration air are based upon research
findings that exhaled air may be assumed to be about 1.9°C below
body temperature and 90 % R.H. {2). At body temperéture of _41.10C
the exhaled air Itemperat;.lré would be 39.2°C and 90 % R.H. From
the psychrometric chart or from calculation of equation 6 the

enth.aipy of the exhaled air is 34.78 l(cal.l-:g-l .dry air.

The maximum enthalpy of the inhaled air of insulated poultry
“house (hI)-i,n July and August respectively at 32°C (Ti) and 43 %
RH, would be 15.55 kcal'.kgul.dry air while that for air at 33°C
(MRT,) and 46 % RH, would be 16.77 kealkg .dry air, at 30°C
(Ti) and 47 % RI—Ii would be 14.8] kc_al.kg-l .dry air, while that -for
air at 31°C (MRT)) and 50 % RH, would be 16.03 keal.kg .dry air
in Fig. I, 2. | ' :
max.A . (Ti) = 34.78 - 15.55 = 19.23 kcal, kg Ldry air, at 18,00
max.4 ;  (MRT,) = 34.78 - 16.77 = 18.0l k_cal.kg" .dry air; at 14.00

l S5
max. A (Ti) = 34.78 - 14.81

]

19.97 kcalkg .dry air, at 18.00

max. 4 . (MRTI} = 34.78 - 16.03
1

il

18.75 kecalkg .dry air, at 14.00

. The maximum enthalpy of the inhaled air of uninsulated
poultry house {h2) in July and August respectively at 36°C (Ti)
and 32 % RH; would be 15.86 kcal.kg ™. dry air while that for air
41°C (MRT)) and 33 % RH, would be 19.66 kcal kg .dry air, at
34°C (Ti) and 35 % RH, would be 15.30 kcal.kg” dry air while that
38°C (MRTIJ and 37 % RH would be 18.49 kcal.kg™ dr}' air in Fig.3,4,
max. A, (Ti) = 34.78 - 15.86 = 18.92 kcalkg .dry, at 16.00
max. 4 ; (MRT) 34.78 - 19.66 = 15.12 Ikcal.kg“l.dry air, at l4,00

1 !
max. A, (Ti) . = 34.78 - 15.30 = 19.48 kcalkg Ldry air, at 16.00

max. o (MRT) = 34.78 - 18.49 = 16.29 kcalkg .dry air, at l4.00
1 - 2
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Heat removed by the lungs is equal to the'enthalpy difference
between inhéled and exhaled air.The heat removing by the respiration
of adult egg-laying hens was’ calculated as 19.23 - 19.97 kcal kg_.l
dry air (ﬁj}, 18.01 - 18,75 kca] kg ]clry air (f.‘. ) for insulated poultry
house (h) I8. 92 - 19.48 kcal kg clry air (ﬂ] 15,12 - 16.29 kcal.kg I.

dry air (& J for uninsulated poultry house (h2
. : -
The differences between:A i -4 . for insulated poultry house

(h} were msugmflcant but these dlfferelnces for uninsulated poultry

house' (hz) were significant,

When the ‘enthalpy of inﬁaled air is low, then. more heat
will be removed by respiration. Therefore the enthalpy of inhaled
air is more important than temperature. In order to raise the heat
of inhaled air to the exhaled air state, the necessary quantity of

heat is;

£ keal.min ™. . ' g k)

Q = Quantity of heat (kcal.min™'.)

V = Respiratory rate (kg.minﬂl.)
ie = Enthalpy of exhaled air (kcal.kg_l.}
1, = Enthalpy of inhaled air (kcal.kg_[.)

Necessary quantity of ventilation heat in poultry houses

is caleculated by the following equation;

i

G = Vil = (kcalhr™} .live wt.) " C8)

Where; : 1 |
Quantity of ventilation heat (kcal.hr™ .kg '.live wt.)

QO
e
"

V = Ventilation rate {kg.h_r-[.kg_l.!ive wt.)

ii = Inside air enthalpy (kcal.kg_l.)
-1
iO = Outside air enthalpy (kcal.kg ".)

For tropic days (high temperature . =230°C);
— = £ - 9
Q = Qpi + Qpr . )
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Maximum Ventilation Rate For Summer Conditions

Maximum ventilation rate in the poultry houses at tropic

. days should be calculated by the following equation;

Q; +GRr s ok

0.29 (4,)

V =

Where; ]
Vv = Ventilation rate {m3 .hr-l.live wt.)

QTi = Sensible heat production of laying hens’(kcal.hr"l.kg.

live wt.)

QBR = Conduction and radiation heat gain through structure
elements (kcal.hr_[.kg'l.live' wt.) ;

A B Difference between inside and outside air temperature(DC] :

- Between 28-32°C ambient temperatures, 40 % of the total
heat diffused by the laying hens is sensible, while 60 % is latent
heat (3-4). The heat load from structure elements by conduction
and radiation in adequately insulated poultry buildings is about 65-
68 % of the sensible heat produced by the laying hens (5). In this
case Qrp QR is 2.4 kcal.hr‘].kg']. live wt. and summer ventilation

Fate is 4 moHe ks LHvE wh[6)

CONCLUSION

For the determination of bioclimatic comfort in adequately
insulated poultry houses only inside dry-bulb and wet-bulb air
temperatures and enthalpy should be used. In uniﬁsulated poultry
houses, in addition to inside dry-bulb and wet-bulb air temperatures
and enthalpy, ‘inside surface temperature should be .taken intu account
and the mean radiant temperatures (MRT],-'MRTS) estimation methods

“should be employed.

OZET

KUMESLEROE B1YOKLIMATIK RAHATLICI BELIRLEME YONTEMLERT VE YAZ OOUNEMI

MAKSIMUM HAVA DEBIST

Arastirma, kimeslerde bi?oklimatik rahatligy belirleme yontemlerinin
karsilastirmali analizi ve ortalama radyant sicaklifin tanimlanmasi amaci ile

yapilmigtir. ;
Kimes igi (Ti) ve ortalama radyant (MRT,, MRT,, MRT,),sicakliklar yapi

aiemanlarl yalitim: vyetersiz olan kimeste -fhz), Zyapz elenlari yalitima
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yeterli sayilan kimes'e (h ) oranla saat 1222 - 1622 arasinda daha yiiksek bulun-
mugtur (P <6.0%5; P< 0.01).

Klimeslerde biyoklimatik rshatligin belirlenmesinde, vyapi elemanlar:
yalatimi yeterli oldugunda yalnizca i¢ havanin kuru-islak termometre sicakliklari
ve antalpi ©lgUt olerak alinmali, yapi elemanlarr yalitimi yetersiz oldufunda
ise, ig havanin kuru-islak termometre sicakliklarina ve antalpisine ek olarak
yapl elemanlari ig yilzey sicakliklar:i da Blglit olarak . alinmaly ve ortalama
radyant sicaklik (NRTI. MRTz) belirleme ydntemleri kullanilmalidir.
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