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Estimation of THI Index to Evaluate Thermal Stress of Animal-occupied Zone
in a Broiler House Using BES Method
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Abstract

Thermal stress of livestock has been issued due to recent climate change trends and this causes reproductive disorders, decreased feed consumption,
immunosuppression, and increased mortality of animals. Concept of THI has been widely used to quantitatively evaluate the degree of thermal stress for
animals, however use of this concept is restricted for animals living in the enclosed facilities such as mechanically ventilated broiler houses. In this study,
time-based internal energy flow and variation trends of temperature and humidity were analyzed based on BES technique. Local weather data, insulation
characteristics of building materials, heat and moisture generation rate from broilers according to age, algorithm of ventilation operation were adopted
for boundary condition of the model to accurately compute THI values inside the mechanically ventilated broiler house. From the BES computation,
excess frequency of THI threshold in Jeju city was highest on the assumption that air conditioning equipments were not installed. When general raising
density (39 kg m™) was adopted, total 2,191 hours were exceeded. Excess hours of THI threshold were strongly related to the cumulative air temperature
(R*=0.87).
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Fig. 1 Research area for each administrative district to evaluate
THI index within broiler house

Table 1 Research area for each administrative district and location of weather station for acquiring weather data

Selected weather station for acquiring weather data
Research area Temperature, relative humidity, Solar radiation
atmosphere pressure

Anseong, Gyeonggi—do Cheonan Cheongju
Chuncheon, Gangwon—do Chuncheon
Jecheon, Chungcheongbuk—do Jecheon Wonju
Buyeo, Chungcheongnam—do Buyeo Daejeon
Iksan, Jeollabuk—do Jeonju
Yeongam, Jeollanam—do Gangjin
Sangju, Gyeongsangbuk—do Sangju Andong
Changnyeong, Gyeongsangnam—do Uiryeong
Jeju, Jeju—do Jeju
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Fig. 2 Standard design of broiler house published by Ministry of Agriculture, Food and Rural Affairs (2016)

Table 2 Physical properties of the materials used in broiler house

Materials (K‘j°;‘f1’”;‘_i1" iI‘(V_1) Thfﬂ"i‘gﬁaz?f)’”‘/ (i‘;":ig)
Sandwich panel (THK 100) 0.1368 15 100
Sandwich panel (THK 150) 0.1404 15 73.33
Reinforced concrete 7.92 0.84 2,800
Concrete 6.3 0.84 2,000
Gravel 7.2 1.0 1,800
Polyethylene film 0.8792 2.3037 0.96
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Fig. 3 Defined ventilation rate (AER; Air exchange rate per minute)
and optimum air temperature according to broiler age when
35,000 heads of broilers were raised

| Construction of weather database }7
= Airtemperature * Atmospheric pressure
= Relative humidity = Ground temperature
= Radiation = etc,

| Geometry design of broiler house }7

= Geometry design
= Definition of physical properties of materials
such as conductivity, thermal capacity, matenial
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(Table 3).
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—-| Definition of boundary condition ‘

= Rearing density (39 kg m?)
= Algorithm of ventilation operation
= Generation of latent/sensible heat from broilers

|Computation of internal energy flow | e e

= Based on thermal equilibrium equation
= Computation of real time variation of

density, etc.

Ventilation control

Evaluationof THI index

= Convertingabsolute humidity to relative hurmidity
= Computation of THI index
= Comparison with THI threshold

(periodic/continuous operation) (Camparison with aptimum air temperature far broilers according to age of days)

air temperature and humidity

Fig. 4 Research flow to evaluate THI in broiler house using BES method

Table 3 Designed broiler rearing periods in the BES model

Period 1

Period 2

Period 3 Period 4

Rearing periods 1, May~28, May

11, June~9, July

22, July~20. Aug. 4. Sep.~1. Oct,

e 285 A0 A2, 2018 © 79
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Table 4 BES computed air temperature and relative humidity in the broiler house according to rearing periods and research area

Period 1 Period 2 Period 3 Period 4
Research 1. ~ 28. May 11, June., ~ 9. July 22, July~20, Aug. 4, Sep.~1. Oct.
area Ave. Temp. Ave. R H. Ave. Temp. Ave. R H. Ave. Temp. Ave. RH. Ave. Temp. Ave. R H.

(‘c) (%) (‘c) (%) (‘c) (%) (‘c) (%)
Anseong 274 61.0 208 70.6 31.8 73.0 28.4 ni
Chuncheon 217 64.1 29.9 7.5 32.2 774 28.5 72.6
Jecheon 26.9 61.7 20,5 67.5 31.6 70.9 28.0 70.0
Buyeo 217 66.9 30.0 74.5 32.6 73.4 288 7.0
Iksan 27.8 65.2 30.0 76.6 32.5 73.9 291 722
Yeongam 27.3 70.0 29.6 80.1 32.2 77.0 29.0 76.8
Sangju 27.9 57.6 30.3 66.2 32.6 67.0 285 731
Changnyeong 27.2 68.7 29.6 77.3 31.9 76.3 28.3 78.7
Jeju 275 67.6 30.1 76.9 32.9 73.0 207 73.9

Ave, : Average / RH, : Relative humidity / Temp, : Temperature
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Table 5 BES computed occurrence time of highest air temperature according to research area,

Research Occurrel.wce time ?,f highest Age of broilers Opt. aior Temp. Te‘omp. Rellélltive
area air Temp. (C) (c) (c) humidity (%)
Anseong 2016—08-20 17:00 28 235 36.5 53.2
Chuncheon 2016-08-12 16:00 20 25.5 36.9 60.2
Jecheon 2016—-08-20 15:00 28 235 36.5 40.8
Buyeo 2016-08-20 17:00 28 235 37.3 51.5
lksan 2016—08-20 15:00 28 23,5 37.2 56.4
Yeongam 2016—08-13 15:00 21 255 371 56.1
Sangju 2016—08-19 13:00 27 24.0 374 472
Changnyeong 2016—-08-12 17:00 20 25,5 37.3 56.7
Jeju 2016—08-14 15:00 22 25.0 36.3 66.7

Opt. : Optimum / Temp, : Temperature

Table 6 BES computed maximum and periodic cooling loads of the broiler house according to rearing periods and research area

Period 1 Period 2 Period 3 Period 4
Research 1. ~ 28, May 11, June, ~ 9. July 22, July~20, Aug. 4, Sep.~1. Oct.
area Max, Period. Max, Period. Max, Period. Max, Period.

(MJ hr™) (MJ hr) (MJ hr™) (MJ hr) (MJ hr™) (MJ hr) (MJ hr™) (MJ hr)
Anseong 1,094.1 158,959.0 1,336.7 231,018.8 1,463.3 205,302.3 854.5 168,363.8
Chuncheon 1,222.6 170,531.7 1,418.3 229,338.9 1,427.8 305,248.7 977.5 173,114.5
Jecheon 11217 145,668.4 1,339.3 217,254.7 1,480.3 284,890.2 891.9 152,511.8
Buyeo 1,121.6 166,984.6 1,449.3 235,901.7 1,533.7 329,753.6 859.4 180,284.8
lksan 1,095.9 176,709.9 1,337.4 2411241 1,530.4 317,618.9 964.2 194,909.6
Yeongam 989.4 160,696.0 1,277.4 229,635.6 1,396.6 302,997 1 955.0 190,526.5
Sangju 1,227.7 178,344.9 1,404 1 2471392 1,452.2 319,366.7 860.4 171,141.3
Changnyeong 1,058.4 1561,459.2 1,3711.7 224,803.9 1,437.6 206,730.2 862.6 163,706.1
Jeju 849.2 163,143.6 1,179.6 252,904.2 1,299.7 328,000.7 1000.3 220,441.2

Max, : Maximum cooling load / Period. : Periodic cooling load
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Table 7 Hours and days over THI threshold based on BES and NIAS methods and cumulative ambient air temperature and outdoor

radiation
P, BES method NIAS (2016) CL.Jmulative Cum.uIeTtive

e Hours over THI Days over THI Hours over THI Days over THI air Temp. radlat|92n
threshold threshold threshold threshold (‘c) (MJ m™)

Anseong 1,877 108 384 36 60,035.0 1,897.3
Chuncheon 1,995 M 503 40 61,318.8 1,829.5
Jecheon 1,745 107 288 32 58,076.0 1,840.7
Buyeo 2,032 M 514 4 61,646.7 2,208.5
lksan 2,122 M 621 4 63,128.9 2,070.5
Yeongam 2,151 110 557 43 61,752.4 1,157.6
Sangju 1,933 108 473 44 63,014.5 2,014.6
Changnyeong 2,012 109 456 40 59,070.6 1,930.9
Jeju 2,191 M 785 45 64,726.3 1,934.7

Temp, : Temperature / RH : relative humidity
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