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Development of CFD model for Predicting Ventilation Rate based on Age
of Air Theory using Thermal Distribution Data in Pig House
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Abstract

The tracer gas method has an advantage that can estimate total and local ventilation rate by tracing air flow. However, the field measurement using tracer
gas has disadvantages such as danger, inefficiency, and high cost. Therefore, the aim of this study was to evaluate ventilation rate in pig house by using
the thermal distribution data rather than tracer gas. Especially, LMA (Local Mean Age), which is an index based on the age of air theory, was used to
evaluate the ventilation rate in pig house. Firstly, the field experiment was conducted to measure micro-climate inside pig house, such as the air
temperature, CO, concentration and wind velocity. And then, LMA was calculated based on the decay of CO, concentration and air temperature,
respectively. This study compared between LMA determined by CO, concentration and air temperature; the average error and root mean square error
were 3.76 s and 5.34 s. From these results, it was determined that thermal distribution data could be used for estimation of LMA. Finally, CFD
(Computational fluid dynamic) model was validated using LMA and wind velocity. The mesh size was designed to be 0.1 m based on the grid
independence test, and the Standard k-o model was eventually chosen as the proper turbulence model. The developed CFD model was highly appropriate

for evaluating the ventilation rate in pig house.
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Fig. 1 Schematic view of target pig house
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Fig. 2 Determination of LMA according to tracer gas and thermal distribution
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Fig. 3 Information of sensors location for measuring air temperature, CO, concentration and wind velocity

Fig. 4 Measurement of air temperature,
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o}7] A, U= R 3
B AR (9F009), 1 11

PR BERE T
L= Pressure-based solverS ARE-
Qg AL ol
ek 31 I 1% & Behe 1 ol e 1225
kg/m’ 2.2 7HAskg o, 24*4 AlS= 1.7894x107 kg/m-s
© 2 7}A43sF9 k. CFD 342 93t 7]% Ql2Ix}F=Table 1
3} ey,

F 4 ), = d 57w, O

=4 7o 1(m> s

Aotelom, ajAlS 913t Solver &
Shck. et oH el

-2 SIMPL

L}, CFD 2 Z& =
A} Y] Axa7)o] nh2 Aute] %

9fstol AARYA AL HAlBlct
AL ZuH 44718 VR0 AAskon, A%
[0.1,0.2, 0.3, 0.4 m & 3 47}%] 27| tjsto] Hals1%

Mesh type : tetrahedron

Mesh size: 0.1 m
Fig. 5 Design of mesh for CFD validation
Table 1 Characteristics of the numerical procedure and constant input values
Factor Value Unit
Solver Pressure—based solver -
Numerical algorithm SIMPLE algorithm -
Discretization Second—order -
Time condition Unsteady state -
Wind velocity at side exaust fan 1.44 m/s
Wind velocity at chimney 2.79 m/s
Operating pressure 101325 Pa
Gravitational acceleration 9.81 m/s?
Air density 1,225 kg/m®
Air viscosity 1,7894x107° kg/m-s
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C= C’Ue AER(t—t,) (6)

7|, C= A - 55 (ppm), G AE HiF 27]
% (ppm), A ER-E 3715 (1/8), t= AIZE(S), ty= 271 Al
2 (s)olH

TR AlofA] 27] k8t 27]%2 A E Aol 7] wiiE
off Al - F == AREY] SFof whE A4 A FE=
ERHS o o QU 2 Aol A= o] 23t He 25 E
9 HlolEE A= 341 ez BAbslal (R ATRE vt

E A
FOR 27|k =9 3k ARk o, ZF S3of| st
LMA £ g8l (Fig. 6).

2. TXIIAQ} HEtA ExE E5H LMA AF ZAut H|w
B Ao G E2E F3 3| AP whel A
|4E 78] flete] EFAHS Bl 43 COx T
9 7|2 AakE up o 2 LMAS APgsel o, AR s
A HlaL Al = Uftell ©F 2,000 ppm ©] U7g gt
CO, 57} LA FASHE T e S-S AL V&
AlZFstlom, AlZte] g =AF S CO, 55 S5t

gt 317 27] AlFA 2] CO, X7 CO, HE7F 43
FE 9] CO, =71 X5 vt 8= w7z 9 A
P3O = 0] CO, w0 WhE LMA S =25}30T. vt
7|2 F 87)9] Aol A FAR O R R 5 F3TLMA
£ =&33ith B715 AYahaA e =g Z453
o, 27|7F [P E A 227 = AR oA Y] &=
g 257k 2R o) ALEeR el 387 4] &

£ 0|83 LMAE AF=E31%iTth (Fig. 7). Fig. 72 vl o2
B 1.6 moj| A 78 =AU CO B 255 ]85} l:._g
3 LMAS o1 9ok A1kE B 7+ )& of| A CO, Y
2ol o3t LMA ] Aao] SARHA ek AL sielat
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Fig. 6 Interpolation of measured value for determination of LMA
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Fig. 7 Comparison between LMA determined by CO, concentration
and air temperature
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Ao 7 Wt} HF @2} (Average error)= L& 0|83}
o LMA 31 EE351%S 49 COE o] 8319 A9 mch
AA A o7 0F3.75 s = W gho] =& E Sl om, Hat Al
22} (Root mean square error; RMSE)+=5.34 s 2 B 715 ¢]
o} Wb LMA 35S =314} sk g7t tisjjA] 5
S shushrhy S8 o] 8THLMA 7he S 2
T B A o' ke Al
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L
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7k ARSI AR Zujo| 2 CFD DY U5
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Fig. 8 Comparison of LMA according to mesh size of CFD simulation
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Table 2 Statistical analysis between measured and computed LMA
according to mesh size of CFD simulation

Mesh size 0.1 m 0.2 m 0.3 m 0.4 m
Average error (s) 58 10.5 85 8.4
RMSE (s) 75 12.4 10.1 10.0
B A4EYA BlAES Ao, HEAel Aol

24 Standard k-0 2@ AE AA|SF L. Fig. 83
dlo] Axp=7]of| whet 2F S Aol A AFYE LMA 7k
% A= Autel vl awsto] Uebd Zl o], Table 2+= —17\}5-7]
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740.1,0.2,0.3,0.4 m% uf P& A= 0 2

ko] Hat 22171 5.8, 10.5, 8.5, 8.4 s2E A O, B
At LA = 2+7.5, 12.4, 10.1, 10.0 s2 H7FE ATk Hat
Qatet Hat AlE LA o] AFA R vlasjd
7744 Blal A3e}-5AsiA 0.1 m A Aol A CFD A& 0]
A AW S 7P B Ao ® EA4 E Sl A%
371710.2,0.3, 0.4 m W= F =}o] §lo] CFD AlEH oA
Ao} A A5 AW7EFABH mE2E i ol A8
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Fig. 9 Comparison of LMA according to turbulence model of CFD simulation
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Table 3 Statistical analysis between measured and computed LMA according to turbulence model of CFD simulation

Turbulence Standard RNG Realizable Standard SST
model k—e k—¢ k—¢ k—o k—o
Error (s) 9.1 10.1 1.4 5.8 10.7
RMSE (s) 1.3 13.7 142 7.5 13.8
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