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Evaluation of Ventilation Rate and External Air Mixing Ratio in
Semi-closed Loop Ventilation System of Pig House Considering Pressure Loss
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ABSTRACT

The increase in the rearing intensity of pigs has caused deterioration in the pig house’s internal environment such as temperature, humidity, ammonia
gas, and so on. Traditionally, the widely used method to control the internal environment was through the manipulation of the ventilation system.
However, the conventional ventilation system had a limitation to control the internal environment, prevent livestock disease, save energy, and reduce
odor emission. To overcome this problem, the air-recirculated ventilation system was suggested. This system has a semi-closed loop ventilation type.
For designing this system, it was essential to evaluate the ventilation rates considering the pressure loss of ducts. Therefore, in this study, pressure loss
calculation and experiment were conducted for the quantitative ventilation design of a semi-closed loop system. The results of the experiment showed
that the inlet through which external air flows should always be opened. In addition, it was also found that for the optimum design of the semi-closed
loop ventilation system, it was appropriate to install a damper or a backflow prevention device rather than a ventilation fan.
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Fig. 1 Schematic view of ventilation system in pig house
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Air recirculated ventilation system (ARVS) 1

Design of each module [:> Integration of each module |:>

Design of semi-closed loop
ventilation system
(In this study)

:> Optimization of ARVS

Previous research
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1) Quantitative evaluation of ventilation
rate and external air mixing ratio

2) Suggest a standard of ventilation rate
control considering pressure loss

Fig. 2 Flow chart for this study
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Fig. 3 Airflow diagram of recirculation ventilation system

Table 1 Ventilation fan types and specification
Fan number Fan model Power maximum air volume Fiqure
(Manufacturer) (CMM™) g
COCO-550A i )
# (DONGSUNG COCOFAN) 220 V 60 Hz 100 el
#2 TFB-F30-FS 220 V 60 Hz 100
(Fanzic)
#3 TFP-F30 BSE 220 V 60 Hz 30
(Fanzic)
DLF-350

# (DAELIM ENERGY) 220 V 60 bz 30
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. ) ' Model I ,
Airflow measuring equipment (Manufacturer) Specifications Figure
Wind speed range :
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. . ) DPT-R8
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Table 3 Experimental conditions to evaluate the ventilation rate and external air mixing ratio according to the fan combination

Fan combination Standard ventilation External air mixing ratio (%)
Fi#1 + F452 100
Fi#1 + F#3 , o , 80
Required ventilation rate for pig nursery 60
FH1 + FH2 + F#3 100 CMM (0.4 * min™)
- o o 40
- Minimum ventilation rate in piglets nursery - 2
FH#1 + F#2 + F#3 + F#4 0
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Table 4 Results of the measured and calculated pressure loss of ducts using fan #1 and fan #3

No Fan condition (%) Ventilation rate measurement (CMM) Load (Pa) Pressure loss of ducts calculation
FH1|FH2 [FH3 |F#4 | M#1 | M#2 | M#3 | M#4 | M #5 M #1 - M #4 Re A | loss (Pa)
1| 100 - 0 - 1005 | 617 61.7 522 0 26.50 177,609.02 0.02 25.05
2 | 100 - 30 - 1005 | 617 60.2 53.0 0 25.63 180,330.99 0.02 25.83
3 | 100 - 40 - 1005 | 620 61.0 536 0 24.98 182,372.48 0.02 26.42
4 | 100 - 50 - 1005 | 621 60.4 54.1 0 24.45 184,073.71 0.02 26.91
5 | 100 - 60 - 917 | 616 61.2 55.5 0 14.88 188,837.17 0.02 28.32
6 | 100 - 70 - 912 | 628 625 56.6 0 13.60 192,579.89 0.02 29.46
7 | 100 - 80 - 916 | 640 62.7 58.8 0 12.22 200,065.33 0.02 31.79
8 | 100 - 90 - 912 | 644 62.8 61.4 0 10.09 208,911.75 0.02 34.66
9 | 100 - 100 - 910 | 648 616 66.4 0 6.87 225,924.11 0.02 40.54
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Table 5 Ventilation amount measurement results according to the control conditions of fan #1 and fan #2

- Fan condition (%) Ventilation amount measurement (CMM) Mixing ratio | Damper open rate (%)
I F# | F#2 [ FH#3 |F#4 | M#1 | M#2 | M#3 | M#4 | M #5 (%) Damper | Middle damper

1 100 0.0 - - 100.5 61.6 60.0 528 0.0 0 100 0

2 100 27.3 - - 100.5 62.9 576 54.6 27.0 26.9 70 0

3 100 455 - - 100.5 64.6 555 555 37.2 37.0 50 0

4 100 54.5 - - 100.5 64.6 51.0 555 39.9 39.7 50 0

5 100 63.6 - - 100.5 66.0 50.4 56.0 42.0 418 50 40

6 100 68.2 - - 100.5 68.7 135 571 68.6 68.3 60

7 100 80.1 - - 100.5 79.4 71 56.9 779 775 80

8 100 | 100.0 - - 100.5 81.2 3.1 57.0 91.2 90.7 100
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Table 6 Results of the measured and calculated pressure loss of ducts using fan #1, fan #2, and fan #3

N Fan condition (%) Ventilation anzgl’:/ln,\;)measurement P Load (Pa) Pressu(r:zklz;sasti ;: ducts
0.

Fut|Fu2FasFaalmut maz mas v ves| 0 M#t-wmaa|  Re )} '(‘;is)
1] 100 | 0.0 | 100 - 911 | 632 | 632 | 646 0.0 0.0 7.98 21979966 | 0.02 | 38.37
2 | 100 | 27.3| 100 - 912 | 645 | 58.7 | 65.0 | 27.7 30.4 7.80 221,160.65 | 0.02 | 38.85
3 | 100 | 455| 100 - 911 | 65.7 | 56.1 | 64.6 | 36.0 395 7.98 219,799.66 | 0.02 | 38.37
4 | 100 | 54.5| 100 - 921 | 682 | 51.7 | 639 | 444 44.4 9.03 217,417.93 | 0.02 | 37.54
5| 100 | 63.6| 100 - 911 | 693 | 486 | 639 | 479 47.7 8.40 217,417.93 | 0.02 | 37.54
6 | 100 | 68.2| 100 - 912 | 729 0.0 | 632 | 69.2 68.9 8.90 215,036.20 | 0.02 | 36.73
7 | 100 | 80.1| 100 - 911 | 79.1 0.0 | 634 | 781 7.7 8.71 215,716.70 | 0.02 | 36.96
8 | 100 |100.0| 100 - 911 | 83.1 0.0 | 64.1 | 931 92.6 8.28 218,098.43 | 0.02 | 37.78
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Table 7 Results of the measured and calculated pressure loss of ducts

Fan condition (%) Ventiation amount measurement Mixi.ng Load (Pa) Duct loss calculation
(CMM™) ratio
F#1 |F #2 | F #3 | F #4 M#2|M#3 (M #4 (M #5] (%) |M#1-M #4 Re A |loss (Pa)
1 100 | 545 | 100 0.0 70.0 | 522 | 632 | 46.1 | 50.7% 8.71 215,036.20 | 0.02 | 36.73
2 100 | 54.5 | 100 | 455 673 | 504 | 66.0 | 46.1 | 50.7% 7.04 224,563.12 | 0.02 | 40.05
3 100 | 545 | 100 | 72.7 68.7 | 486 | 66.0 | 46.1 | 50.7% 7.04 224,563.12 | 0.02 | 40.05
4 100 | 54.5 | 100 | 100 673 | 486 | 646 | 484 | 53.2% 7.86 219,799.66 | 0.02 | 38.37
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