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Analysis of Heating Load of a Naturally Ventilated Broiler House using BES Simulation
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Abstract

Most of the broiler houses in Korea have experienced problems on controlling the environmental conditions
such as suitability, stability and uniformity of rearing condition inside the broiler house. It is very critical which
if not properly controlled, would cause serious stress on the chickens. It is therefore urgent to develop optimum
designs of naturally ventilated broiler house which is appropriate to the four seasons of Korea. Field experiment
for this matter is very difficult to conduct due to the unpredictable and uncontrollable weather condition. In this
study, the heating load of a naturally ventilated broiler house was calculated using TRANSYS 15 BES program
while internal climate and thermal condition were computed using Fluent 6.2. The computed resulted of the con-
ventional ventilation system (A) and upgraded ventilation system (B) (Seo et al, 2007) were compared with each
other for cold season. The results of the Building Energy Simulation(BES) indicated that the system B, the upgraded
ventilation system made 8% lower total heating load and 47% lower at only the broiler zone compared to the
conventional broiler house. Considering the entire broiler house, the existence of middle ceiling made the heating
energy 11% lower required than without middle ceiling. Accordingly, the system B with middle ceiling was found
to save heating energy by 20% in average. This study showed that the BES program can be a very powerful to

effectively compute the energy loads of agricultural building while the energy load is very close related to
ventilation efficiency.

Keywords : Broiler house, CFD, Energy load calculation, Heating energy, TRNSYS, Ventilation efficiency
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Table 1 Reference conditions for heating energy

estimation
Item Reference condition
Initially internal value N
(temperature/humidity) 521 /70%
temperature & humidity
Outdoor state of a each day(PAS)

Period and pattern of 1 period(1/1~2/10)

conditioning 6 period(11/1~12/10)
Ventilation 273.0(m’* s
crano (A value through the eaves)
THP : 1334 W
Heating value of a chicken SHP : 6.964 W
IHP:6.972 W
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Table 2 Thermo—physical properties of wall materials

(& %, 2004)
Materials [Thermal conductivity] Specific heat | Density
’ WulKY [ kg-1KD | (kg m®
Steel 44.94 0.4598 7860
Expanded polystyrene 0.029 1.254 38
Plywood 0.186 1.2958 550
Glass fiber 0.036 0.96 70
Sand 1.51 1.672 1860
Air Tayer resistance |FOZontal(10~ 300 mm) : 0.047 nf hr K™
k A€ perpendicular(10~ 20 mm) : 0,036 nt br K kJ”

Table 3 Composition and thickness of each walls

(unit : mm)
Wall Composition
glass fiber(100)
S steel(50)

Side wall expanded polystyrene(600)
steel(50)
steel(50)

Front/rear wall expanded polystyrene(600)
steel(50)

Side wall plywood(10)

Side window expanded polystyrene(0.5)
Underground floor sand(500)
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Table 4 A calculation of peak heating energy

Ari;?(fn?)wh (of Ehw,l) Heat loss(W)

Roof 440.3 5.00 2696
Front/rear wall 40.0 2.22 551
Side wall 94.5 0.30 9489
Side window 133.0 0.23 17576
Total 30312
A whole broiler house(W) 60624
A whole broiler house(k] hr™) 21846

A peak load per PAS(GJ) 210
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Fig. 4 CFD computed air flow of conventional
broiler house(system A) @ the maximum
air velocity shown at the figure was 3.46
m s and the skip ratio is 5

Fig. 5 CFD computed air flow of upgraded broier
house(system B) : the maximum air velocity
shown at the figure was 3.46 m s™ and
the skip ratio is 5
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Table 5 CFD computed average air temperature
and ventilation rates computed by TGD method

Ventialtion rate Air temperature(C)
TGD method whole volume | broiler zone
SystemA | 0.134(min™) 244 215
SystemB | 0.132(min) 24.6 25.1

-1°C : 30°C
Pig. 6 CFD computed dlstnbut1on of internal air
temperature of system A

Tzt =A A50d Al 2008
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Fig. 7 CFD computed dlstnbutlon of internal air
temperature of system B
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Table 7 A required heating energy for non-ven-—

tilation state

(unit : GJ)

Without middle ceiling

With middle ceiling

1 period 6 period 1 period 6 period
system A 63.6 52.1 57.5 476
system B 54.6 47.8 476 42.3

Table 6 Comparison of required heating energy according to ventilation system using TRNSYS

Without middle ceiling With middle ceiling
Growth period 1 Growth period 6 Growth period 1 Growth period 6
total(Gl) | broiler zone(G)) | totol(Gl) | broiler zone(GI) | total(G]) | broiler zone(Gl) | totol(G]) | broiler zone(GI)
system A 67.0 311 54.8 27.6 60.2 31.0 49.8 276
system B 59.5 15.1 52.0 15.9 514 15.0 45.6 158

Journal of the Korean Society of Agricultural Engineers, 50(1), 2008. 1

45



BES 7|9H&

o83t AHaRt7]4] SAXS] oy £4

A Q7S F8IhTable 7). o7|M:e 12
SR Fgrovt 7F I AT wgkEE F4a)
TEZ RS IS AlAR A, B2 A
St &, 4719 wi7)7E gl SAAF Uil
F71eATSE aEdt Aotk 7t AHEEA
B B AILE B W 271 AEL 93
gaA 9 9 Z3] ddde koA ik 1
At 18 A8 1A ook o SAXY] )
UAY g 71E9 8 A4S g9 g
A2 AdAE oF 4.7%, AAE BojAs oF 7.7%
A3t B3 W iR g A, Aa
8 Bo] Wheuin] aako] AlAR] AT OF 11.5%
E900m, Tl st deluR9] Zats oF 10.6%
£ HGrh ol 47E EdR 719 SAA] &
7] #2& AAE B AN 3 2AFS AT
o oF 20.0%<] oA A7 A3} A ez 7|
= e} Hagte] g7]9t o]Foix|= %75710171 o
ol &7]o st Q== AUz a7 it
Hop 37 ¢k Aow Jepgth E3 %*EETH
A&H dE HAo] Ye A= I aglom ot
ek

v. 8 8

AAEA SAXE A giimdz st
FluentE ArMEste] =23 23 3] 125 A4
o]%o] BES ZEIHE 0|83} dolux] Ba}
£ v BRI A lA el wileyA] &
TS AXRE A3t 7|2 SAA] F olur] &4
oA oF 90% Zirtel7h 74 TEAdo] W =3
I} S Z3lo] o]RoA= AL & 4 A E
3 AASE B3 FYEHE & e AR
4 ol oaZyn ALY 2= #Y9A 2 A
ol mig- gekst Aom Tl Eah AR
42l 4" dovrg B8Aez olgd vt
oH EE3lE AR Fadhs A & 4 Uit

BAE st 7129 AR FRAIAH A)
£ EESHHA ] A2E WA sk O
Aot 271 AR HAE %3l @] anE A4

ro

46

33} AAE A" BY CFD Zifs B 327} 4

oA FEs Wl SRR AR Gt
SEAT WA AZY LT F 11% 45N 4

UeS Hrh 3 TRNSYSE AMSH 524 & 2
3} AL F5ho] Al2H” B7F AJAE] Ao u]slo] oF
8.2%9] ouA] Heko] 7hadhe Byt B3 AL
of tisto] oF 46.9%2] ofuiA] ko] 71E3E Hod

)& gt @E«l iz ARgTeE A 2&=E
AT Ee Bt IR ARE FHeE

W3k Eo)7] et AARE A & 113 %
4 e o|A] Az 59E 2otk weEb 7189
£ Al2F B2 JWASHHA FAl] S AN
@ 7% oF 20.0%9] ovz Hzt A3t Y& AL
2 g9l
BES 7]¥H& HAR} Ysle 71z o712, o
(o]
]

o

—LJ

Aol B4, A £ 24, W 52 AR
2 e 4 ) el 25 4% 9 A4 A
o 321 @9 24 43 4 3ol Al 308 7

OF She 0% A1 501 shl WoldA a7

24 Qa2 249 4 92 Aoz vuLt 33

27149 W) 7zo] Bet Q7S Ejz & A4 @

7) 72 7ol tfelel CRDS} BES 71H& #AA%

o Tl BYsT B Al M BN Sle

FE% g9 A dole o] 2 JlolE T A
o= Werr)

)]l

Reference

1. 748, 1989, Trnsyse ©o|83t 54 d%-3l 4
AW el B A29) ARl Aetet
AR =8

2. 7], A, MsA, 2004, TRNSYSE
2L oYA &M, =AM
527-548.

3. Cho. S. and M. Zaheer-uddin, 2002, Predictive
control of intermittently operated radiant floor

olg3t
714, A&, po.

heating systems, Energy Conversion and Ma-

Pae3-3E =4 A50d A1, 2008



FAZ - olAE - B37] - MU - FBA - Jessie P, Bitog - 972 - AAA - siEh3t - 1714

nagement, 44, pp.1333-1342.

Hong, T., S. Chou and T. Bong, 2000, Buil-
ding simulation : an overview of develop-
ments and information sources, Building and
Environment, 35, pp.347-361.

Kim, Y. and J. Park, 1999, The newest air
conditioning equipment, Bomundang, pp.462-463.
Lee, I, B. You, M. Jung, J. Yun, J., Chum, K.
Kim and S. Sung, 2003a, Study on ventila-
tion efficiency of a naturally ventilated broiler
house—(I) Summer season, Journal of Livestock
Housing and Environment, 9(1), pp.9-18.
Lee, I, B. You, M. Jung, J. Yun, J. Chum,
K. Kim and S. Sung, 2003b, Study on ven-
tilation efficiency of a mechanically ventilated
broiler house-(I) Summer season, Journal of
Livestock Housing and Environment, 9(2),
pp.103-112.

Lee. I, S. Sase and S. Sung, 2007, Evalua-
tion of CFD accuracy for the ventilation study
of a naturally ventilated broiler house, JARQ,

10.

11.

12.

13.

41Q1), pp.b3-64.

SEL(Solar Energy Laboratory), 1994, TRNSYS
reference manual, University of Wisconsin
at Madison.

Seo, I, I Lee, H. Hwang, S. Hong, S. Lee,
K. Kim and N. Yun, 2007, Improvement of
ventilation efficiency of a naturally ventilated
broiler house in cold season, Biosystems
Engineering(AAS).

Statistical survey of livestock industry, 2006,
National Agricultural Product Quality Manage-
ment Service, Korea,

Yoo, H., S. Hyun and H. Hong, 2002, Effect
of various factors on the energy consumption
of Korean-style apartment houses, Korean
Journal of Air Conditioning and Refrigerating
Engineering, 14(11), pp.972-980.

Xin H., 1. Berry, G. Tabler and T. Costello,
2002, Heat and moisture production of broiler
chickens in commercial housing, Livestock
Environment, VI.

Journal of the Korean Society of Agricultural Engineers, S0(1), 2008. 1 47



