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Table 1. Boundary conditions of animal occupied zone (Du
etal., 2019).
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Table 2. Dimension of inlet and outlet when operating
tunnel-exhaust fans.

Installation number

Parameter Size (EA)
Exhaust fan l4mx14m 12
Slot-opening 0.5mx025m 40
Winch curtain 240mx12m 2

Table 3. Dimension of inlet and outlet when operating
cross-exhaust fans.

. Installation number
Parameter Size

(EA)
X-direction Y-direction Z-direction Exhaust fan I.Imx1.1m 12
F D F D F D Slot-opening 0.5mx025m 20
11381.20 0.82  22005.50 3.23  7121.50 2.27 Winch curtain 564mx13m 1
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Table 4. Computational conditions of CFD simulation model.

Parameter

Condition

Computational state

Steady-state

Energy activate
Viscous model Standard k£ —¢€
) . Pressure (kPa) 101.325
Operating condition ) 5
Gravity (ms™) -9.81
Wall (°C) 27.0 (summer) 1.4 (winter)

.. Ventilation rate (m® s™
Boundary condition ( )

9.44 (minimum) 33.04 (normal) 56.63 (maximum)

Total heat generation (W m™)
(latent and sensible heat)

1690

Ventilation method

Tunnel and cross exhaust fan

Season

Summer or Winter

Ventilation rate

Min., Norm., Max.

Application of porous media

With or Without porous media
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Figure 1. Air temperature distribution using tunnel exhaust fan in summer. (a) : minimum ventilation rate with porous media, (b)
: normal ventilation rate with porous media, (c) : maximum ventilation rate with porous media, (d) : minimum ventilation rate
without porous media, (e) : normal ventilation rate without porous media, (f) : maximum ventilation rate without porous media.

Table 5. Air temperature distribution using tunnel exhaust fan in summer.

Porous Min. Ventilation rate Norm. Ventilation rate Max. Ventilation rate

media Avg. Std. P-value Avg. Std. P-value Avg. Std. P-value
With 32.41 1.04 31.24 0.92 30.50 1.27

. 0.005 0.000 0.000
Without 31.99 2.09 30.39 1.60 29.24 1.31
Difference 0.42 1.05 - 1.05 0.68 - 1.26 0.04 -

(@

I 40°C

32.5°C
25°C
17.5°C

10°C

®

Figure 2. Air temperature distribution using tunnel exhaust fan in winter. (a) : minimum ventilation rate with porous media, (b)
: normal ventilation rate with porous media, (¢) : maximum ventilation rate with porous media, (d) : minimum ventilation rate
without porous media, (e) : normal ventilation rate without porous media, (f) : maximum ventilation rate without porous media.
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Table 6. Air temperature distribution using tunnel exhaust fan in winter.

Max. Ventilation rate

Porous Min. Ventilation rate Norm. Ventilation rate

media Avg. Std. P-value Avg. Std. P-value Avg. Std. P-value
With 30.65 3.40 22.65 2.05 18.05 1.68

. 0.003 0.013 0.521
Without 31.60 3.84 23.12 2.27 17.95 1.97
Difference -0.95 0.44 - -0.48 0.22 - 0.10 0.29 -

Table 7. Air temperature change depending on the ventilation rate.

Al 7]

A Ventilation With porous media Without porous media
Tunnel exhaust fan in summer 0.24 0.34
Tunnel exhaust fan in winter 14.0 15.2
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Figure 3. Air temperature distribution using cross exhaust fan in summer. (a) : minimum ventilation rate with porous media, (b)
: normal ventilation rate with porous media, (¢) : maximum ventilation rate with porous media, (d) : minimum ventilation rate
without porous media, (e) : normal ventilation rate without porous media, (f) : maximum ventilation rate without porous media.

Table 8. Air temperature distribution using cross exhaust fan in summer.

Porous Min. Ventilation rate Norm. Ventilation rate Max. Ventilation rate

media Avg. Std. P-value Avg. Std. P-value Avg. Std. P-value
With 32.03 0.86 31.87 1.24 31.71 1.32

. 0.001 0 0
Without 31.66 1.57 31.22 1.57 30.82 1.48
Difference 0.37 0.71 - 0.65 0.33 - 0.89 0.16 -

I 40°C

32.5°C
(@) 25°C
i' 17.5°C
' 10°C

OB . . .. uub

(d) (e) ®

Figure 4. Air temperature distribution using cross exhaust fan in winter. (a) : minimum ventilation rate with porous media, (b) :
normal ventilation rate with porous media, (c) : maximum ventilation rate with porous media, (d) : minimum ventilation rate
without porous media, (e) : normal ventilation rate without porous media, (f) : maximum ventilation rate without porous media.

Table 9. Air temperature distribution using cross exhaust fan in winter.

Porous Min. Ventilation rate Norm. Ventilation rate Max. Ventilation rate

media Avg. Std. P-value Avg. Std. P-value Avg. Std. P-value
With 29.00 3.15 18.09 1.85 13.98 2.10

. 0.001 0.023 0.059
Without 29.98 3.24 17.69 2.08 13.62 2.13
Difference -0.98 0.09 - 0.40 0.23 - 0.37 0.03 -

Table 10. Air temperature change depending on the ventilation rate.

Al . . . .
AVentiation With porous media Without porous media
Cross exhaust fan in summer 0.07 0.18
Cross exhaust fan in winter 16.7 18.2

Journal of Animal Environmental Science Vol.23 No.3
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Table 11. Significance test of average air temperature difference in animal occupied zone by application of porous media.

Classification Ventilation rate Test statistic P-value
Min. 8.03 0.005
Tunnel exhaust fan in summer Norm. 136 0.000
Max. 120 0.000
Min. 8.58 0.003
Tunnel exhaust fan in winter Norm. 6.10 0.014
Max. 0.412 0.521
Min. 10.7 0.001
Cross exhaust fan in summer Norm. 28.6 0.000
Max. 50.3 0.000
Min. 11.8 0.001
Cross exhaust fan in winter Norm. 5.23 0.023
Max 3.58 0.059
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