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e e e

Figure 2 Configuration of Smart Broiler Farm based on

Smart Farm Korea
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874017} &0l sk th(Park et al, 2015). Wl WA AFAL B4 T
7] ¥ air exchange)7h ole] B2 1% A HL 4] 3 met
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of 3 Azt ZEoll ¥ A2 offol 2o

C
Equation 1. 7=1—( C”)x 100 (Kwak et al., 2015)

7

where,
n. removal efficiency, %
C; : gas concentration at inlet (ppm)

C

[

: gas concentration at outlet (ppm)
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Figure 4 Concept diagram of closed smart poultry house
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Figure 5 Simplified configuration of closed poultry house
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B AFddAM e F4 232t 9y AntE A FES T A
=

© T8 F4HClHS 2%, §%, dEYo}, ojitste s s=E SAHT
T AdE AAE A w=E=(Sensor node)dl] AZAS AL, F24] AW &
Eyol Eol7] B35 Tyl flal Al Aol A A =T

i)
B\
o
g
o
12
x2
v

(b Humidity and
temperature  sensor

(c) NH: sensor (d) CO; sensor
(KSF-NH3-100) (KSF-NH3-100)

Figure 7 Overview of sensors used
in the experiment (a) Sensor node
(b) Humidity and temperature sensor,
(c) NH; sensor, and (d) CO; sensor
(Korea Digital, South Korea)
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3.31.1. 2%

Table 1 Device specifications of humidity and temperature
transmitter(KSH-7310)

Parameter Description

Humidity: capacitance method
Sensor Type
Temperature: semiconductor method

Humidity: 799% RH
Detection range
Temperature: —40760C

Humidity: +3% (10790% RH)
Uncertainty at 25C
Temperature: £0.3C

3.3.2. 718 AA

3.3.2.1. dEYo}

Table 2 Device specifications of NHj3 sensor
(KSF-NH3-100)

Parameter Description
Sensor Type Sensor transmitter
Mass 250g
Target NH;
Detection range 07100 ppm
Response time 35s
Resolution 0.1 ppm




3.3.2.2. oj1tE A

Table 3 Device specifications of CO; sensor (KCD-HP100-3F)

Description
Sensor transmitter (NDIR)
250g
COy
073,000 ppm
69s
10 ppm

Parameter

Sensor Type
Mass
Target

Detection range

Response time

Resolution

333. ¢4 AA

¢lo

AW Fx9 & pH Wsle] wap dryol A3 E&5 Yol

+ Thermo Scientific Orion Versa Star

rulo
H:I

17| 918 pH/ISE &
=

Pro Meterg A}-&3}

EEe] o] =

[ex]
s

_28_



Table 4 Device specifications of pH meter

Parameter Description
Accuracy +0.002
1to6

Calibration point

Range -2.000 to 20.000

Resolution 0.1/0.01/0.001

3.3.3.2. EC (A71A&xx%)
5 011510MD (Thermo Scientific)

NP QAAshs B EC 24 1
rion Versa Star Pro Meterol QZdste] &% &

stst7] flaE EE "ol =l 23t drjdEs

Ao AFEE 9& 172420t 2§ FxolA wA ZTHol

b oAl el o] ECE St

Table 5 Device specifications of EC meter

Parameter Description
0.5% of reading *1 digit >3 uS;
Accuracy
05% of reading +0.01 xS <3 uS
up to 6

Calibration point

Range

0.001 xS/cm to 3000 mS/cm
0.001 S minimum, auto ranging up

Resolution
to 4 significant digits




34.1. 4 23 ¥H

Control node Nozzles
o0
—c _
_—1 Cooling pads
' ................
1
vy b
Pump Water IN
O e rainer & Water Valve
Scrubber
Figure 8 Overview of scrubber
WY 20 §ANG] AAE 54 saeWE wF 29 A=, W

EZFE, BY, Wy, HE 2B Ao =Ew A48 vH(Fig. 7). Al
==(Control node)= F4] 2a2HE AR Aojd & U= FAZ
w=E9 FRFE 245H7] A AC 7P E =etol B (o]g QINH)E Ao
LB Qre] AASFATE %9 A7)+ 900 x 1,000 x 400 mm=E 39
F3= 360 LAIRE &2 260 L Ao 29 si=+ Zo] 600 x 900
mm, 77 150 mmE AF&3A T B Ao = F4 23y dEY
of A7t a5 Hrlstr] Y& F 12413 B¢ 2 2FYHE FEEA
&2 A5 Slal IAWMEE ARt 54 a2

R
of &t AAL Wil FdE s THe W AAs

’

342, ANY 2vtE SAA WP 7] EETY 7

U g 2vtE SAAS @ Fd AXH Fx27] ¢t U+ fans o] &
ste] 27 ¢3S 81 (Fig. 9, ZoAd & SA ductE £33t =g &
712 AHE A G971t Fan Alo] HE o AA} o] Az

- 30 - ' ’H k'_' ]-'H o)



HolF &5k Veer Aeet Ak s 27] <kl = fane] AFEE

Table 6.3 #t}.

Figure 9 Fan in air handling unit

Table 6 Specification of fan installed in air handling unit

Parameter Description
SWSF-2.5DS
Model (Seawon Fan Machinery Co., South
Korea)
Area of outlet 380 cm?
Air volume 34 CMM
342.1. WAY 20 E SAN WR 3V EETE EF 24

6 = =
e EETE Outlet 122 Al AU oo = EETE Outlet 6
o2 Atk 6709 EET kel A (mm) 1A= Fig. 99 2ol
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ER AT,

Qutlet 3 Outlet 1
176 370

188 227
o o *

Outlet 2

Outlet 6 Outlet 5 Outlet 4
236

64 254
e L o

Figure 10 Locations of six outlets in the closed smart poultry

house (in mm)

. e -
4 EETY $55 548

zd
tH(Table 7).
Table 7 Device specifications of anemometer
Parameter Description
Model Testo 435 (Testo, Germany)
Detection range 0760 m/s
Resolution 0.01 m/s

S o] &3l 7t 979 A A
A3 tH(Fig. 10). Fan®] %8 AC
Alojsth Do 2~

B o 60 Hz7hA &9 o

o

o 2
of

ol

ftlo

utE A AXE JIHEE HA 0
So| = 20 HzHH 60 Hz7hA frequency S 10 Hz

. N
A8 S F3l

Haom, & AN A

vA o 2wt Aot oh(Fig. 11). & 3 ®HE

T 4grs =55

of,
4

)
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Figure 11 Measuring

point of air velocity

Figure 12 Measuring air

velocity at outlet

4We FEAZ o §3tel 4 EE T 97 AA

ot
o
X
22

A& A tH Appendix ATE). %<&

= —dz(measured air velocity in m/s)(60 Zﬁ)

air volume rate at each outlet point

where,

d = diameter of outlet

33 - = A 2] 8 5



Table 3.= & 6719 EETodA F5H SAGS FTHFoz AXbsta

BA
7} Hzoboh 39 959 2399 BEghe teri

Lo

Table 8 Average air volume of outlet 1 to 6 using different fan inverter
frequencies

(unit: CMM)

Hz/

Outlet 1 Outlet 2 Outlet 3 Outlet 4 Outlet 5 Outlet 6 Average
QOutlets

20 Hz 1375 11.78 11.74 1265  11.98 13.69 12.60

30 Hz  21.01 1826 1829  21.08  19.24 21.32 19.87

40 Hz 2923 2833 2646 2868  29.16 217.88 28.32

o0 Hz 4334 4039 36.36 39.27  38.20 37.59 39.22

60 Hz 4669  40.57 3939 4125 4232 44.38 42.43

Average air volume at outlet 1-6
45
40

» \—N
e . —— — *

W
v

(umuy ) awmpoa ary
b2

Outlet 1 Outlet 2 Outlet 3 Outlet 4 Outlet 5 Outlet 6
Outlet Numbers

~8—20Hz =—4#=30Hz —b—40Hz —@—=50Hz -—E=—G0H:z

Figure 13 Changes in air volume at different outlets using different fan

inverter frequencies
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1260 CMM¥ ] Outlet 1-69] F#Fo] Hlw A H]| =8 A =5 A
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Z7Vete= AS 4 = dAr. Outlet 1, 23 49 Ht F=Fo] 39.22

CMM3 4243 CMMZ fans Tz ®W w9 FASeH, o=

(Fig. 11).
H Ao = 12.60 CMM, 28.32 CMM, 42.43 CMM9] fang A A3t
F2 a3l dryol A7t g3 E ARt

343. =&

a7 ASREE, £3] A AR EHA R =ES AFESEA T A &
] =&(JC29-180-32)2 Ut FF A A& = v Y8k (atomization) ¥
Eo] ofd, HA&E AuloA ZFolE ¢ Qe =Folth webA o)

ALk ol e, AR Al 120° cone BFO R EALETE AFS 7|3 5 A
AR U Rl A A sk B, v A A, AL R WA Go] FT
o5 A, mZol Eo] THE wf o]EAR <l 7 wHIe NS
ol v
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Ko}
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Figure 14 JC28-120-32 nozzle
(Jae Woon Nozzle)

=Z 9] ALY ob# Table 9.9F #T}.

Table 9 Nozzle specifications

Parameter Description
JC29-180-32 (Jae Woon
Model
Nozzle, South Korea)
Spray angle Full cone, 120°
Maximum foreign object passing
. . 11.1 mm
orifice diameter
k constant 56.1
flow rate 0.01 m/s

36 - S B8 i)



Table 10 Average flow rate of nozzle at wet scrubber

Average
Hz LPM

(LPM)
60 Hz 1.47 1.34 1.26 1.35
50 Hz 1.24 1.03 1.09 1.12
40 Hz 1.02 0.98 0.89 1.02
30 Hz 0.85 0.92 0.88 0.88
20 Hz 0.57 0.49 0.56 0.54

=F, 29 s FE 3E 1
i+ FarmOS® &S KUl A&ttt 524 223w 449 J=x+=
3% 380V &(Fig. 15a), IHE &} A Alo] o] Adste] HEZ7 =
=2 HUle B9 §%#& x4 th(Fig. 15b).

1

T 499 e AASY =F9 7 FFS ol yE It (Table
10). & Ao = 24 Vs Wl 5 054 LPMY-¥ 1.35 LPM7}A] f %
S ZA35te] dryol A7 s dolH ) F2 23w o] A

28 =3kg FHxzo] AlkS Table 11.9] YEY

3 " _17 §
_37_ -"'H._E 'I'.I_... L



(k) Control node in
the wet scrubber

(a) Watr DumD in the
scrubber
Figure 15 Overview of supplementary equipments in the
wet scrubber (a) water pump in the scrubber, (b) control

]_

node in the wet scrubber
Table 11 Specifications of water pump
Parameter Description
PH-600i (Wilo, Germany)
Model
330V 60 Hz
Power 600W
Total head 11m
Maximum pump capacity 320 //min
Maximum allowable pressure 4 bar
35.2. &4 dHeH HAE ¥
aAdlole A5 A, 7 SIKo] AXF AN Lol HA AFED
A &) 7](Kitagawa, Japan)¢t 3L 9FE Yo
" ,ﬁ 2 r] BF
| e 1

A7) g8l Lo 44
— 38 —



Figure 16 Ammonia gas

detector with glass tube

o)

AAE WEolE AN =E(Fig. 14a)9t gEuo}, ojatdiets &-HFk
AN AE NS AR, b 2ame Aur] del 0, 28
oHH 2z ME THF Fx7) el IR A8 (Fig. 17), % 571
o] AM MEZE M3t} Returning duct® % Zo] 165m, 274
400mm=, AIAF el AA T A AE 3= AL G 71E HE §

ToF $37F, 183l returning duct®] 7FE oFEo] A %) tH(Fig. 15).
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Figure 17 Returning
duct inside the

closed smart poultry house

(a) Sensors before (b} Sensors in the air
the scrubber handling unit

Figure 18 Installed sensors with sensor node
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Figure 19 Simplified configuration of closed smart
poultry house including scrubber, sensor nodes, sensors,

and air handling unit with scrubber
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3.5.3. &7 o]y T4l

il

2}9-= Al¥ DB(Database)Z 7% o], DB

o 5 FarmOS UIZ AA|7to = &Rlo] 75 stth(Fig. 17).

Figure 20 FarmOS Ul showing all the real-time data of
temperature, humidity, carbon dioxide, ammonia concentration in

ppm
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Ammonia Concentration Measured at Sensor Position 2
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Figure 21 Ammonia concentration measured at sensor position 5
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Figure 22 Ammonia concentration measured at sensor position 2
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CO; Concentration at Sensor Postition 2
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Figure 24 CO: concentration at sensor position 2

CO, Concentration at Sensor Position 5
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Figure 23 CO: concentration at sensor position 5
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CO, Concentration at Sensor Postition 2
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Figure 24 CO, concentration at sensor position 2

Table 12 Removal efficiencies of NHy and CO.

Water flow rate

1.35 1.02 0.54 1.35 1.35
(LPM)
Air flow rate
42.43 42.43 42.43 28.32 12.60
(CMM)
NHs 7 (%) 10.72 39.39 16.54 23.99 22.42
COz 7 (%) 29.15 29.13 29.88 28.62 27.71
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Temperature at Sensor Position 5
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Figure 26 Air temperature measured at sensor position 5
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Temperature at Sensor Position 2
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Figure 25 Air temperature measured at sensor position 2

oK

7] &

2+

054 LPM =& o= 77} 4243 CMM fanl. 2 -5 3= o
=7 Frbete 2AE RGom, ol wEe f3o] FlEFE
At ek mebd, wEe) f

sola & ggieh

)

-

o

7] 2% <

rlo
ofk
o
all
i
P
o

Humidity Measured at Sensor Position 2

0 20 120 60 80 100 120
Time (min)
—— LISLPM, 4243 CMM  —o— LOZLPM, 4243 MM ——0.84 LPM, 4243 OMM  —— L35LPM 2832 OMM  —s— L35 LPM, 12.60 CMM

Figure 27 Humidity measured at sensor position 2
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Humidity Measured at Sensor Position S
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Figure 29 Humidity measured at sensor position 5
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Figure 31 Sensors covered

with dust and particulate
matter during the

experiment
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APPENDIX A. Air velocity and air volume in 20 Hz fan inverter frequency

at different points of outlet

(unit: m/s)
Point/Outlet Outlet 1 Outlet 2 Outlet 3 Outlet 4 Outlet 5 Outlet 6

4.32 3.63 461 4.60 4.36 0.74

1 4.60 3.72 4.64 4.05 3.98 1.27
4.84 3.45 4.59 4.50 4.65 1.24

4.78 4.77 4.59 493 471 4.68

2 4.78 4.87 4.90 5.02 4.84 2.94
471 473 4.75 491 4.88 4.38

4.67 4.85 4.70 4.73 4.56 493

3 4.56 4.62 493 4.75 417 491
4.62 4.81 4.65 4.87 4.77 4.95

4.47 3.81 1.53 4.45 1.98 4.46

4 4.66 3.82 3.36 2.21 1.22 4.56
4.60 4.49 1.30 4.43 411 4.84

4.70 0.60 0.80 0.60 1.07 4.46

5 471 0.45 0.88 0.73 1.09 4.50
4.56 0.71 0.81 1.40 1.17 4.58

4.55 4.40 4.66 4.73 3.64 493

6 451 4.74 4.68 451 3.92 4.68
453 4.67 4.49 452 413 4.82

0.84 0.77 1.39 3.07 1.51 4.48

7 0.93 1.02 1.22 0.78 3.22 3.95
0.89 1.33 2.43 4.29 3.79 4.25

4.83 4.86 4.79 4.68 4.72 5.29

8 4.80 4.79 453 494 491 5.18
4.86 4.77 4.77 4.86 4.80 4.96

5.37 4.96 5.27 4.76 5.14 5.43

9 551 5.16 5.09 5.04 5.03 5.32
5.36 5.10 5.18 4.95 5.25 5.38

Average alr 432 370 360 397 376 430

volume
Total Average 3.96
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(unit: CMM)

Pomt{Outle Outlet 1 Outlet 2 Outlet 3 Outlet 4 Outlet 5 Outlet 6

13.75 11.56 14.68 14.65 13.88 2.36

1 14.65 11.84 14.77 12.90 12.67 4.04
15.41 10.98 14.61 14.33 14.81 3.95

15.22 15.19 14.61 15.70 15.00 14.90

2 15.22 1551 15.60 15.98 15.41 9.36
15.00 15.06 15.12 15.63 15.54 13.95

14.87 15.44 14.96 15.06 14.52 15.70

3 14.52 14.71 15.70 15.12 13.28 15.63
14.71 15.31 14.81 15,51 15.19 15.76

14.23 12.13 4.87 14.17 6.30 14.20

4 14.84 12.16 10.70 7.04 3.88 14.52
14.65 14.30 4.14 14.10 13.09 15.41

14.96 1.91 2.55 1.91 3.41 14.20

5 15.00 1.43 2.80 2.32 3.47 14.33
14.52 2.26 2.58 4.46 3.73 14.58

14.49 14.01 14.84 15.06 11.59 15.70

6 14.36 15.09 14.90 14.36 12.48 14.90
14.42 14.87 14.30 14.39 13.15 15.35

2.67 2.45 4.43 9.77 4.81 14.26

7 2.96 3.25 3.88 2.48 10.25 12.58
2.83 4.23 774 13.66 12.07 13.53

15.38 15.47 15.25 14.90 15.03 16.84

8 15.28 15.25 14.42 15.73 15.63 16.49
15.47 15.19 15.19 15.47 15.28 15.79

17.10 15.79 16.78 15.16 16.37 17.29

9 1754 16.43 16.21 16.05 16.02 16.94
17.07 16.24 16.49 15.76 16.72 17.13

Average 1375 11.78 11.74 12.65 11.93 1369

air volume
Arxll‘grtslge 12.60
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APPENDIX B. Air velocity and air volume in 30 Hz fan inverter frequency
at different points of outlet

(unit: m/s)
Point/Outlet Outlet 1 Outlet 2 Outlet 3 Outlet 4 Outlet 5 Outlet 6

7.27 4.64 6.99 7.16 6.77 1.30

1 7.18 4.37 6.90 711 6.78 1.67
7.06 5.88 7.33 6.79 6.43 1.50

7.66 7.08 7.48 7.64 7.40 5.79

2 7.40 7.20 7.40 7.50 7.39 6.53
7.40 7.30 721 7.55 7.48 6.11

7.22 7.24 7.32 7.45 7.48 7.54

3 7.23 7.19 7.20 6.95 7.47 7.86
7.06 721 751 752 7.44 7.30

7.58 7.24 511 6.43 6.14 7.40

4 7.02 6.81 3.57 6.93 5.29 7.47
7.14 6.68 1.59 6.98 2.33 6.69

7.30 6.94 1.34 1.52 1.53 6.91

5 7.25 1.27 1.25 1.45 1.50 6.98
7.04 1.29 1.11 1.51 1.81 7.19

7.00 1.05 6.91 6.94 6.09 7.15

6 6.58 6.99 6.86 7.30 6.33 7.40
6.08 6.99 6.59 7.36 7.32 7.33

1.03 713 4.76 6.59 2.81 711

7 1.07 2.51 291 6.15 5.52 6.91
1.13 0.68 3.50 6.92 4.58 6.93

7.47 3.76 718 7.68 7.69 7.95

8 741 7.44 7.22 7.85 7.56 8.01
7.64 7.33 712 7.66 7.66 7.86

7.56 7.09 7.65 7.82 8.12 8.56

9 8.25 793 7.59 8.05 8.23 8.83
8.15 7.61 7.50 7.96 797 8.51

Average air
it 6.60 5.74 5.74 6.62 6.04 6.70
Total Average 6.24
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(unit: CMM)

Point/Outlet Outlet 1 Outlet 2  Outlet 3  Outlet 4 Outlet 5  Outlet 6

23.15 14.77 22.26 22.80 21.56 4.14

1 22.86 1391 21.97 22.64 21.59 5.32
22.48 18.72 23.34 21.62 20.47 4.78

24.39 22.54 23.82 24.33 23.56 18.44

2 23.56 22.92 23.56 23.88 23.53 20.79
23.56 23.24 22.96 24.04 23.82 19.45

22.99 23.05 23.31 23.72 23.82 24.01

3 23.02 22.89 22.92 2213 23.78 25.03
22.48 22.96 23.91 23.94 23.69 23.24

24.13 23.05 16.27 20.47 19.55 23.56

4 22.35 21.68 11.37 22.06 16.84 23.78
22.73 21.27 5.06 22.22 7.42 21.30

23.24 22.10 4.27 4.84 4.87 22.00

5 23.08 4.04 3.98 4.62 478 22.22
22.42 411 3.53 4.81 5.76 22.89

22.29 3.34 22.00 22.10 19.39 22.77

6 20.95 22.26 21.84 23.24 20.15 23.56
19.36 22.26 20.98 23.43 23.31 23.34

3.28 22.70 15.16 20.98 8.95 22.64

7 3.41 7.99 9.27 19.58 17.58 22.00

3.60 217 11.14 22.03 14.58 22.06

23.78 11.97 22.86 24.45 24.48 25.31

8 23.59 23.69 22.99 24.99 24.07 25.50
24.33 23.34 22.67 24.39 24.39 25.03

24.07 22.57 24.36 24.90 25.85 27.25

9 26.27 25.25 24.17 25.63 26.20 28.11
25.95 24.23 23.88 25.34 25.38 27.10

Average air volume 21.01 18.26 18.29 21.08 19.24 21.32

Total Average 19.87
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APPENDIX C. Air velocity and air volume in 40 Hz fan inverter frequency

at different points of outlet

(unit: m/s)
Point/Outlet Outlet 1 Outlet 2 Outlet 3 Outlet 4 Outlet 5 Outlet 6

9.22 7.95 9.55 9.86 8.02 2.39

1 8.90 8.48 9.04 10.23 9.87 7.36
8.11 9.11 9.33 10.43 9.13 4.28

9.56 9.57 9.98 10.18 9.57 8.79

2 9.41 9.22 9.50 9.96 9.79 8.79
8.67 9.80 9.70 9.86 9.81 7.07

9.45 9.46 9.95 10.31 10.09 10.39

3 10.08 9.67 9.89 10.05 10.44 10.07
9.94 10.03 9.44 10.08 10.33 9.31

9.94 9.54 3.72 8.50 7.76 10.04

4 10.60 10.28 9.78 9.67 10.19 10.68
10.36 10.85 10.04 9.52 9.45 9.67

10.26 1.60 1.90 1.56 351 8.06

5 1151 10.46 5.30 7.09 7.32 10.55
10.94 10.92 141 8.57 8.70 9.07

7.77 9.40 8.94 9.62 8.84 9.62

6 10.15 9.64 9.22 9.37 9.77 0.95
10.16 9.30 9.56 9.88 9.56 10.04

1.49 7.28 3.01 7.24 797 8.67

7 9.53 4.62 8.68 4.60 7.66 9.86
2.11 6.11 8.58 8.76 8.65 9.66

10.13 9.88 9.93 10.31 10.04 10.48

8 9.98 9.71 9.25 9.72 10.77 10.47
9.55 9.81 9.23 9.54 9.97 10.36

11.05 10.48 10.43 8.94 10.36 11.17

9 9.58 9.26 9.47 9.95 9.80 9.91
9.40 9.48 9.56 9.37 9.87 8.73

Average alr 9.18 896 831 9.01 9.16 876

volume
Total Average 8.90
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(unit: CMM)

Point/Outlet Outlet 1 Outlet 2  Outlet 3  Outlet 4 Outlet 5  Outlet 6

29.36 25.31 30.41 31.39 25.54 761

1 28.34 27.00 28.78 32.57 31.43 23.43
25.82 29.01 29.71 33.21 29.07 13.63

30.44 30.47 31.78 32.41 30.47 27.99

2 29.96 29.36 30.25 31.71 31.17 27.99
27.60 31.20 30.88 31.39 31.23 22.51

30.09 30.12 31.68 32.83 32.13 33.08

3 32.09 30.79 31.49 32.00 33.24 32.06
31.65 31.94 30.06 32.09 32.89 29.64

31.65 30.37 11.84 27.06 24.71 31.97

4 33.75 32.73 31.14 30.79 32.44 34.00
32.99 34.55 31.97 30.31 30.09 30.79

32.67 5.09 6.05 497 11.18 25.66

5 36.65 33.30 16.87 22.57 23.31 33.59
34.83 34.77 4.49 27.29 27.70 28.88

24.74 29.93 28.46 30.63 28.15 30.63

6 32.32 30.69 29.36 29.83 31.11 3.02
32.35 29.61 30.44 31.46 30.44 31.97

4.74 23.18 9.58 23.05 25.38 27.60

7 30.34 14.71 27.64 14.65 24.39 31.39

6.72 19.45 27.32 27.89 2754 30.76

32.25 31.46 31.62 32.83 31.97 33.37

8 31.78 30.92 29.45 30.95 34.29 33.34
30.41 31.23 29.39 30.37 31.74 32.99

35.18 33.37 33.21 28.46 32.99 35.56

9 30.50 29.48 30.15 31.68 31.20 31.55
29.93 30.18 30.44 29.83 31.43 27.80

Average air volume 29.23 2853 26.46 28.68 29.16 27.88

Total Average 28.32
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APPENDIX D. Air velocity and air volume in 50 Hz fan inverter frequency

at different points of outlet in Hz

(unit: m/s)
Point/Outlet Outlet 1 Outlet 2 Outlet 3 Outlet 4 Outlet 5 Outlet 6

12.09 10.29 12.20 11.84 13.76 3.80

1 14.34 11.69 12.06 12.91 12.46 5.83
14.96 13.44 14.56 13.91 11.50 5.23

12.78 12.31 12.45 12.34 13.64 12.56

2 15.19 15.04 12.28 12.71 11.76 10.13
15.78 14.27 15.14 15.30 12.79 12.81

12.18 12.58 11.72 12.43 13.59 13.54

3 15.48 14.30 12.71 12.45 12.17 13.20
14.87 14.72 15.28 14.83 12.37 12.65

12.81 10.89 4.93 12.03 10.66 12.81

4 15.63 14.18 13.20 13.67 12.07 12.65
15.17 14.20 11.16 13.57 12.49 12.33

12.36 6.59 2.40 2.56 3.84 12.27

5 14.31 9.71 2.39 10.17 11.87 12.62
15.37 11.79 217 3.76 11.55 12.29

11.64 11.76 11.17 13.13 12.16 11.64

6 13.99 14.21 12.60 12.41 11.97 13.64
14.18 14.30 13.87 14.11 11.71 12.91

3.24 5.37 4.08 9.87 9.61 11.60

7 10.50 13.06 12.40 11.29 12.38 13.14
8.59 13.82 13.65 13.22 10.06 11.85

13.13 12.02 12.21 13.69 14.49 13.72

8 15.77 14.89 13.78 12.90 12.87 13.66
15.44 14.57 15.55 15.75 12.92 11.91

14.11 13.10 12.45 13.76 14.29 14.71

9 16.85 15.64 16.05 12.24 12.80 12.76
16.77 15.45 15.29 16.16 12.13 12.48

Average air 1159 1055 9.29 11.29 11.78 11.85

volume
Total Average 12.32
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(unit: CMM)

Point/Outlet Outlet 1 Outlet 2  Outlet 3  Outlet 4 Outlet 5  Outlet 6

38.49 32.76 38.84 37.70 43.81 12.10

1 45.66 37.22 38.40 41.10 39.67 18.56
4763 42.79 46.36 44.29 36.62 16.65

40.69 39.19 39.64 39.29 43.43 39.99

2 48.36 47.89 39.10 40.47 37.44 32.25
50.24 45.44 48.21 4871 40.72 40.79

38.78 40.05 37.32 39.58 43.27 43.11

3 49.29 4553 40.47 39.64 38.75 42.03
47.35 46.87 48.65 4722 39.39 40.28

40.79 34.67 15.70 38.30 33.94 40.79

4 49.77 45.15 42.03 4352 38.43 40.28
48.30 4521 35.53 43.21 39.77 39.26

39.35 20.98 7.64 8.15 12.23 39.07

5 45.56 30.92 761 32.38 37.79 40.18
48.94 37.54 8.82 11.97 36.77 39.13

37.06 37.44 35.56 41.81 38.72 37.06

6 4454 45.24 40.12 39.51 3811 43.43
45.15 4553 44.16 44.93 37.28 41.10

10.32 17.10 12.99 31.43 30.60 36.93

7 33.43 41.58 39.48 35.95 39.42 41.84
27.35 44.00 43.46 42.09 32.03 37.73

41.81 38.27 38.88 43.59 46.14 43.68

8 50.21 47.41 43.87 41.07 40.98 43.49
49.16 46.39 4951 50.15 41.14 3792

44.93 41.71 39.64 43.81 45.50 46.84

9 53.65 49.80 51.10 38.97 40.75 40.63
53.40 49.19 48.68 51.45 38.62 39.74

Average air volume 43.34 40.59 36.36 39.27 38.20 37.59

Total Average 39.22
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APPENDIX E. Air velocity and air volume in 60 Hz fan inverter frequency

at different points of outlet in Hz

(unit: m/s)
Point/Outlet Outlet 1 Outlet 2 Outlet 3 Outlet 4 Outlet 5 Outlet 6

16.32 13.30 1551 1581 13.25 3.94

1 14.18 12.22 14.73 14.43 13.89 4.57
15.17 12.82 14.50 14.03 14.60 3.41

16.89 15.36 15.89 16.44 16.08 12.77

2 15.18 14.55 15.43 15.02 15.18 14.88
15.36 14.46 15.25 14.83 14.53 13.94

16.15 15.38 15.12 15.70 15.98 16.48

3 15.21 14.54 1553 14.58 14.71 15.65
14.83 14.86 14.93 15.22 14.95 15.72

17.09 14.28 413 13.27 14.40 1591

4 15.23 14.46 12.93 12.77 10.02 14.65
15.18 13.09 851 12.78 11.98 14.38

16.33 2.41 2.75 8.03 5.30 14.17

5 15.69 4.04 3.02 2.68 3.88 14.39
14.64 5.08 3.07 3.10 6.73 14.00

15.69 14.75 13.77 15.31 14.68 15.87

6 13.59 14.39 14.05 14.38 14.41 15.35
14.36 14.79 14.82 14.33 14.30 14.74

5.78 412 6.19 8.07 10.77 14.53

7 11.27 10.27 10.86 7.70 11.60 14.23
3.12 10.63 11.92 7.38 11.04 13.93

15.94 15.80 15.27 16.01 16.30 16.62

8 15.13 14.80 14.58 15.40 1541 15.78
15.58 14.81 15.12 15.11 15.09 15.98

18.16 17.26 15.87 16.85 16.98 17.90

9 16.57 15.76 15.74 15.42 16.28 16.80
17.32 15.81 1453 15.17 16.50 15.74

Average alr 1467 12.74 12.37 12.96 1329 1394

volume
Total Average 13.33
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(unit: CMM)

Point/Outlet Outlet 1 Outlet 2  Outlet 3  Outlet 4 Outlet 5  Outlet 6

51.96 42.35 49.38 50.34 42.19 12.54

1 45.15 3891 46.90 45.94 44.23 14.55
48.30 40.82 46.17 44.67 46.49 10.86

53.78 4891 50.59 52.34 51.20 40.66

2 48.33 46.33 49.13 47.82 48.33 47.38
4891 46.04 48.56 47.22 46.26 44.38

51.42 4897 4814 49.99 50.88 52.47

3 48.43 46.29 49.45 46.42 46.84 49.83
47.22 4731 4754 48.46 47.60 50.05

54.41 45.47 13.15 42.25 45.85 50.66

4 48.49 46.04 41.17 40.66 31.90 46.65
48.33 41.68 27.10 40.69 38.14 45.79

51.99 7.67 8.76 25.57 16.87 4512

5 49.96 12.86 9.62 8.53 12.35 45.82
46.61 16.17 9.77 9.87 21.43 44.58

49.96 46.96 43.84 48.75 46.74 50.53

6 43.27 45.82 44.73 45.79 45.88 48.87
45.72 47.09 4719 45.63 4553 46.93

18.40 13.12 19.71 25.69 34.29 46.26

7 35.88 32.70 34.58 24.52 36.93 45.31

9.93 33.85 37.95 23.50 35.15 44.35

50.75 50.31 48.62 50.98 51.90 52.92

8 4817 4712 46.42 49.03 49.06 50.24
49.61 4715 4814 4811 48.05 50.88

57.82 54.96 50.53 53.65 54.06 56.99

9 52.76 50.18 50.12 49.10 51.83 53.49
55.15 50.34 46.26 48.30 52.54 50.12

Average air volume 46.69 40.57 39.39 41.25 42.32 44.38

Total Average 42.43
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Abstract

Performance Evaluation of Wet
Scrubber and its Affect on
Temperature and Humidity in

Closed Smart Broiler House

Doee Yang
Major in Biosystems Engineering
Department of Biosystem Engineering

The Graduate School

Seoul National University

As environmental problems arising from the enlargement of the
livestock industry become an issue, research on ammonia reduction
occurring 1n livestock facilities is very necessary. 78.7% of the total
ammonia emissions are from the agricultural sector, of which 97.8%
are from livestock manure. And the odor generated from livestock
farms affects not only the inconvenience of nearby residents but also
the health and quality of livestock, as well as the farm managers
and workers. Therefore, the goal of this study is to apply a wet

scrubber in the smart poultry house to reduce odor to mitigate
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ammonia and carbon dioxide concentration, and to examine the
suitability of the wet scrubber by understanding the temperature and
humidity changes at the smart poultry house.

In this study, the performance evaluation was conducted by
selecting the spray rate and air volume as variables to evaluate the
efficiencies of ammonia and carbon dioxide reduction. To identify the
problem of the wet scrubber, each driving condition was applied to
compare and analyze ammonia and carbon dioxide reduction for
about 2 hours of wet scrubber operation. The EC and pH of
scrubber water, ammonia, carbon dioxide, temperature and humidity,
were measured based on Sensor 2 installed in the middle of the
returning duct and Sensor 5 after passing through the wet scrubber.
The efficiency of ammonia reduction was about 39.4% when the wet
scrubber was operated at 1.02 l/min nozzle flow rate and 42.43
m®/min fan. In the case of carbon dioxide, it was confirmed that the
carbon dioxide was reduced by 29.9% when the wet scrubber was
driven with a fan at 0.54 1/min nozzle flow rate and 42.43 m”/min of
fan.

Additionally, the temperature inside the smart poultry house
increased as the nozzle flow rate decreased. However, when the wet
scrubber was operated under 0.54 1/min of nozzle flow rate with
4243 m*/min of fan, and 1.02 1/min of nozzle flow rate with 12.60
m’/min fan conditions, the relatively low humidity was observed. In
addition, it was difficult to reduce ammonia and carbon dioxide after

using the wet scrubber water for a long period of time, so frequent

7 b
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replacement of water 1s recommended to increase the effectiveness
of the wet scrubber.

Therefore, it 1s proposed to reduce odor by operating a wet
scrubber and minimize over-humidity by lowering the temperature
inside the poultry house. Moreover, it i1s also recommended to
manage livestock gases such as ammonia and carbon dioxide as well
as temperature and humidity by adjusting flow and air volume, with
a frequent replacement of wet scrubber solution for the efffective
odor reduction system. For further study, the wet scrubber can be
applied more effectively to the livestock facility if the problem of the
humidity control at the smart poultry house is identified in detail
and improved. Furthermore, this contribution would improve the
technology of smart livestock farms and their environment by

understanding the effect of ammonia and carbon dioxide mitigation.

keywords : Closed smart poultry house, Odor reduction, Wet
Scrubber
Student Number . 2019-26664
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