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Analysis of the Thermal Environment in the Laying House
Kim, Y. B, Lee, S. K, Kim, 8. T., La, W. J. and Chang, H. H.*

Division of agricultural systems engineering, Institute of Agriculture and Life sciences,
Gyeongsang national university, 900 Gazwadong, Chinju city, 660-701, Korea,

Summary

In this study, the thermal environmental factors in a layer farm such as dry bulb temperature,
relative humidity, black globe temperature and illumination intensity were measured and analyzed
to serve as basis for effective design and plan of poultry houses. The correlation analysis between
the different factors was also done. Heat Index as measure of the thermal stress was also
calculated and analyzed.

A 1,000 m? laying house, 4 meters high with 52,000 layers in six-stage type cages was used in
the measurement of the different environmental parameters. The results were as follows;

1. The temperature of the inside air and materials was directly related to the increase in aerial
temperature based on the dry-bulb, black globe temperature reading. The correlation factor of
the outside to inside air based on dry bulb setting was very significant at 0.927. The dry bulb
temperature for inside temperature ranged from 19.9~28.8°C with SD +2.2°C while that of the
outside air was 16.2~33.1°C, SD +3.5°C. In addition, the témperature of the inside air was
very stable.

2. The black globe -temperature of the inside air ranged from 20.1~28.8°C, SD+ 2.3°C while that
of the outside air was 16.2~47.5°C, SD+ 6.0°C. :

3. The relative humidity of the outside and inside air was 72.4~100 and 50.2~85.6 % with an
average of 89.2 and 71.7 %, respectively.

4. The illumination intensity in the laying house was less than 7 lux, with an average of 1.2~2.5
lux relative to height indicating that the laying house was well isolated from outside radiation.

5. The heat index of the inside air of the laying house had a high variation from 20.5°C, SD+
2.5°C while that of the outside air was 13.1~45.5°C, with an average of 21.6°C, SD+ 6.3°C

(Key words : Thermal environment, Laying house, Relative humidity, Heat index, Black globe

temperature)
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Description

Table 1. Description bf factors
Dry bulb temperature of outside air(l m from bottom)
Dry bulb temperature of air on upper position(2 m from bottom)

Factor
TDBOUT

TDBU

Dry bulb temperature of air on mlddle position{l m from bottom)

TDBM
TDBL
TBBOUT
TBBU
TBBM
TBBL
TBOTTOM
TWOODU
RHOUT
RHU
RHM
RHL
HIOUT
HIU
HIM
HIL
LU
LM

Black globe
Black globe
Black globe
Black globe
Temperature

Dry bulb temperature of air on lower position(0.1 m from bottom)

temperature of air outside(! m from bottom)
temperature of air on upper position(2 m from bottom)

temperature of air on middle position(I m from bottom)
temperature of air on lower position(0.1 m from bottom)

of building bottom
Temperature of wood of cage on the height of 2 meters
Relative humidity of outside air(l1 m from bottom)
Relative humidity of air on upper position(2 m from bottom)

Relative humidity of air on middle position(I m from bottom)
Relative humidity of air on lower position(0.1 m from bottom)

Heat index of outside air(l m from bottom)
Heat index of air on upper position(2 m from bottom)

Heat index of air on middle position(l m from bottom)
Heat index of air on lower position(0.]1 m from bottom)
upper position(2 m from bottom)
middle position(l m from bottom)

Intensity of illumination on
lower position(0.1 m from bottom)

Intensity of illumination on

Intensity of illumination on
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Table 2. The effect of heat on chicken

C}llu‘cken Hen body
t em;;z%ue temperature Effects on chickens
degrees(C) | degrees(C)
Increased water
21.1 41.17 consumption
23.9 41.22 Reduced egg size
26.7 41.27 Hens begin to pant
Decreased food
294 4144 consumption
Decreased egg
322 41.55 production
35.0 41.72 Hens lose weight
37.8 42.33 Hens start to die

Table 3. Possible heat disorders depending on heat index

Category Heat Index Possible heat disorders for people in high risk groups
Extreme | 130°F or higher .

Danger | (54°C or higher) Heat stroke or sunstroke likely.

Danger 105 ~ 129°F Sunstroke, muscle cramps, and/or heat exhaustion likely.

g 41 ~ 547C) Heatstroke possible with prolonged exposure and/or physical activity.
Extreme 90 ~ 105°F Sunstroke, muscle cramps, and/or heat exhaustion possible with
Caution (32 ~ 417C) prolonged exposure and/or physical activity.

Caution (gg - ggg ) Fatigue possible with prolonged exposure and/or physical activity.

— 180 —



dd 9717259

o] Yeld ule} 2
7} 16.9°C, T&HA7F 3.5CC
= A ae

>
=S ]

o
ol

S
il‘
©
Y
i

o] 2237,

=x}7) 89T,

M

[od
Lﬂr

rlo
bt
'
g o mx Mo
=
ot
-4
> ['}O
k1

LT

=1
FiN
we)

A% 5 A

B
N
o
ofm
2
gy

5,
=
rﬂi&[.};_o,hg
2 b xR
NI
o mx HOBE O o
SN TR U

17

T a8 £

4z

2A XA 7F wg F El A

AdEEE J71ATL —0.7329] 3
AFiE 7HAL Arh 947}% 7} &estd
ARAdF=E dbd7tes dgol ARt Auiad
WE=rt Hd 71.7%, EEAHA 102% 24
2 9 FrAoZt Fsg Helr] Wi
g7 &re] g3 AA = AA wohI Holok
g Adzxs 471AFEEg 0608, 9

7N1ZF259 06139 AoATHAE HE
W lom, ol Faido] e F Ho
AE AE YEW Fa gtk

S, AW AF-Ene AU AdF
ol dig & Wssde] AaaA FoA4
S #F3l7] Yt FLWMFEH BA
&l FAAHE 29 & 6~97b4 eI v}

Table 4. Correlation coefficient between thermal environmental factors

TDBOUT

RHOUT |TBBOUT

TDBU RHU TBBU (TWOODU| LU | HI-U

TD BOUT
RHOUT
TBBOUT
TDBU
RHU
TBBU
TWOODU
LU
HI-UPPER

1.000
—0.879
0.973
0.927
—0.732
0.932
0.942
0.608
0.842

1.000
—0.873
—0.881

0.926
—0.873
—0.879
—0.620
—0.810

1.000

0.870 1.000
—0.768 | —0.823 1.000
0.872 0.997 | —0.807 | 1.000
0.882 0995 | —0.799 | 0.997 1.000
0.613 0.692 | —0.658 | 0.677 0.669 1.000

0.788 0.955 | —0.804 | 0.958 0.949 0.639 | 1.000

Table 5. Analysis of variance and correlation coefficient for TDB

Multiple o Corrected L
Determination L Standard Observed Significant
ggg&lliﬂg; coefﬁcient Dgt:;g—llﬁgg? n error Number F value value
0.9915 0.9830 0.9826 0.2938 211 2377.688 24E-179
Table 6. Results of regression analysis for TDB
. Standard Low High Low High
Coefficient error t value | P value 95% 95% 99 0% 99.0%
Y intercept| —0.7328 1.1318 —0.6474| 05181 | —2.9642 1.4987 | —3.6755| 2.2099
TDBOUT 1.3350 0.0324 41.2406 | 0.0000 1.2712 1.3988 1.2508 1.4191
RHOUT 0.2228 0.0135 16.5166 | 0.0000 0.1962 0.2494 0.1878 | 0.2579
TBBOUT —0.4709 0.0166 |—28.4197| 0.0000 | —0.5036 | —0.4382 | —0.5140{ —0.4278
LU 0.1068 0.0293 3.6419 | 0.0003 0.0490 0.1646 0.0305 | 0.1830
RHU —0.1898 0.0072 | —26.3526| 0.0000 { —0.2040 | —0.1756 { —0.2085| —0.1711
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Table 7. Analysis of variance and correlation coefficient for RHU

Multiple I Corrected
correlation Deter;?man;)n Determination | Standard (I)\?S;rggf F value | Significant
coefficient coethcien coefficient error u
0.991237 0.98255 0.982125 1.360174 211 2308.623 | 4.7E-178
Table 8. Results of regression analysis for RHU
: Standard Low High Low High
Coefficient error t value |P value 95%, 95%, 99 0% 99.0%
Y intercept| —28.1730 | 4.8622 —5.7942| 0.0000 |—37.7594 | —18.5866| —40.8150| —15.5310
TDBOUT 6.0523 0.1736 34.8724 | 0.0000 5.7101 6.3945 5.6010 6.5035
RHOUT 1.2834 0.0325 39.4378 | 0.0000 1.2192 1.3476 1.1988 1.3680
TBBOUT —2.1472 | 0.0811 |—26.4703]| 0.0000 | —2.3071 | —1.9872| —2.3581| —1.9363
LU 0.0467 0.1400 0.3337 | 0.7390 | —0.2294 0.3228 | —0.3174 0.4108
TDBU —4.0681 | 0.1544 | —26.3526] 0.0000 | —4.3725 | —3.7638| —4.4695| —3.6667
Table 9. Statistical values of the variances (Unit :'C, RHU-%, LU-Lux)
TDBOUT | RHOUT |TBBOUT| TDBU | RHU | TBBU [TWOODU| LU |HIOUT| HIU
AVERAGE| 223 89.2 23.6 24.3 71.7 24.4 24.2 1.2 21.6 250
MAX 33.1 100.0 475 28.8 85.6 28.8 28.6 3.0 455 29.7
MIN 16.2 72.4 16.2 19.9 50.2 20.1 20.1 0.0 13.1 205
STDEV 35 6.9 6.0 22 10.2 23 2.2 1.0 6.3 2.5
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Fig. 1. Dry bulb temperature variation depending on time.
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Table 10. Statistical values of the dry bulb temperature (Unit : C)
TDBOUT TDBU TDBM TDBL
AVERAGE 223 24.3 24.8 23.0
MAX 33.1 28.8 29.3 27.1
MIN 16.2 19.9 19.9 18.7
STDEV 3.5 2.2 24 2.1
19.9~282C HHddlA WHetxm Ak 71 yEY wiel 2o rEF 259 HS 162
T257} Forzb FastA vt AW A ~475C, AFAANFE BlHFoZEE 2 m
= HuA Aot A e HWolw wHiygr  $IX9 AHS 20.1~288T WHAA W3
o2RE I1md AXY 2m A AFL ¥ Ut BEAEAE AHEE 27 60, 23C
g e Az U 2A AARAANEE 97] e FEgE 0|
9719l AS duzrt AAM BEHAZ  § HA #e RS & 7 Uk JAEE A
3.5CAd w3 AdAANREE vgdozR HEW F 11 YERH vheh o] & Zpolrt
H 2m HA9 AS$ 22T2AM Fopt ¥z gle A& ¢ + %
7 A4ds] A4 HE 4 = U FEAR
o] oz AFLT &L Hudd  Table 11. Statistical values of the black
% 103 2o BFeE, AHLALE, EE globe temperature  (Unit : C)
W 25 vtgAARYH =o] 2m YA A TBBOUT| TBBU | TBBM | TBBL
A 2 H3x= 9= Ao h=h o)
Felal & Wighs gle o2 & 5 3o AVERAGE| 236 244 | 248 | 233
3 2oec MAX 475 28.8 | 290 | 27.0
MIN 16.2 20,1 | 201 | 19.1
1T o4 al = Z= 3
 HTEED @A ARE WEITE R gppy | 60 | 23 | 23| 19
Z2E2M SR/ F9 ZTFeEE 19 29

Temperature( C)

5 —{3—TBBU - ~TBBM w3 TBBL ~ —4—TBOTTOM  ———TBSL  ~-ws—-TBBOUT
0 Loty RECIETRITRIRITNIS] Ll
QO O O O QO O O 0O 0 O 0O Q O O O O O O O 0O o 0O o O 9O O
- M 0 ~ o e o 0N M~ o~ O W ~oO — (SR @M u ~ O — M wn
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Fig. 2. Black globe temperature variation
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Table 13. Statistical values of illumination 6. X5
intensity (Unit:Lux)
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Fig. 5. Heat index variation depending on time.
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Table 14. Statistical values of heat index

& g Aok e} F§ dAe7h 27-32TC
(Unit : C)
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