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## 5170465121 : MAJOR MECHANICAL ENGINEERING

KEYWORDS: INCUBATOR / AIR CONDITIONING / CHICKEN EGG / DESIGN
WIROJ EKWONGMUNKONG: OPTIMUM DESIGN OF AN AIR
CONDITIONING SYSTEM FOR INDUSTRIAL INCUBATORS.
ADVISOR: ASST.PROF. TUL MANEWATTANA, Ph.D., 79 pp.

Incubator is a device that provides the suitable air condition for hatching and
increases the amount and quality of hatched chickens in response to the market.
However, Thai suppliers have to purchase imported incubators in high price and
these incubators are not designed for Thailand’'s climate, which will increase the
energy consumption. Therefore, designing incubators for domestic use will save the
energy and reduce the cost of purchasing imported incubators

The objective of this research is to design air conditioning system of
incubators with the capacity of 103,680 eggs at a time and the size of 5.35 x 5.35 x
2.48 meter (W x L x H) to maintain the suitable air condition for hatching and
compare this designed system according to design criteria for the most suitable
system

The result shows that the most suitable system contains two parts. The first
part contains heating coil, water spray, and the second part is a dedicated outdoor
air unit that includes air filter, cooling coil, heat pipe, run around coil heating coil and
water spray. The system will be able to adjust the air condition in the incubator to
maintain the range of 36.5-38.0°C , 50-65%RH and maintain the acceptable Carbon
dioxide level according to design criteria. It can manage the air condition in the
incubator’'s peak load with easy care, the lowest life cycle and electric consumption

cost.

Department : __Mechanical Engineering Student’s Signature

Field of Study : Mechanical Engineering Advisor’s Signature
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FIN3°9% 9.1 FvatenisAtanIsantazananania luginldSewls DSA 71 26.7°C uay

50%RH 2e9szuufuainianeluginlduuyui 1

1Bun bIFrYilaviatety ANANY AMNIPHAN

5 NILUIUNIT
U ANA JELNE T RH W h T %RH w h

15uanae

m~3/hr m3hr | C | % | kgkg |KIKg| C | % | kgkg | KIKg

1 25,000 188 38.0 | 59.8 [0.02531|103.27| 37.9 | 60.0 [0.02531|103.19|MAau5aL
2 25,000 188 38.0 |59.8 [0.02531(103.25( 37.9 | 60.0 {0.02531 | 103.19 | maNEaU
3 25,000 188 38.0 |59.9 [0.02531]103.23[ 37.9 | 60.0 {0.02531|103.19 | AANBaU
4 25,000 188 37.9 | 60.0 [0.02531[103.20| 37.9 | 60.0 [0.02531|103.19 [NANFaU
5 25,000 191 37.9 |1 60.0 [0.025311103.18| 37.9 | 60.0 |0.02531|103.18 mﬂifﬁiﬁ
6 25,000 207 37.9 | 60.1 |0.02531[103.15| 37.9 | 60.0 |0.02530 [103.15| aulseiin
7 25,000 223 37.9 160.2 [0.025311103.12| 37.9 | 60.0 |0.02529|103.12 @Lﬂi‘?ﬁi’]
8 25,000 239 37.8 160.3 [0.025311103.09| 37.9 | 60.0 [0.02528|103.09 @Lﬂ?ﬁﬁﬁ
9 25,000 287 37.7 1 60.6 [0.025311102.99| 37.9 | 60.0 [0.02526|102.99 ﬂLﬂTgﬁﬁ
10 25,000 319 37.7 160.8 [0.025311102.93| 37.9 | 60.0 [0.02524|102.93 mﬂi?ﬁi’]
11 25,000 446 37.4 | 61.6 |0.02531|102.68| 37.8 | 60.1 |0.02516 [ 102.68| aulseiin
12 25,000 574 37.2 162.4(0.025311102.43| 37.7 | 60.1 [0.02509|102.43 @Lﬂ?ﬁﬁﬁ
13 30,000 749 37.1 162.9 (0.025331102.33| 37.7 | 60.1 [0.02506|102.33 ZQL‘]J?ET‘L%
14 30,000 877 36.9 | 63.6 [0.02533]102.13| 37.7 | 60.1 [0.02500|102.13 m‘ﬂi?j‘f:’}
15 30,000 940 36.8 | 63.9 |0.02533[102.02| 37.7 | 60.1 |0.02497 [102.02| aulseiin
16 30,000 1004 36.7 | 64.3 {0.02533|101.92| 37.6 | 60.1 [0.02494|101.92 mﬂi‘ﬁ‘ﬁ’]
17 30,000 1004 36.7 | 64.3 [0.02533]101.92| 37.6 | 60.1 [0.02494|101.92 mﬂﬁﬁw
18 30,000 1036 36.6 | 64.5(0.02533|101.87| 37.6 | 60.1 [0.02492|101.87 mLﬂiﬁﬁﬁ
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Bnamsszingenmady | 1Binninsszang Bunninssying

o 1% co2 Whunnuat amATiEe 0.5% ANA

(m"3/hr/103680egg) | (m~3/hr/103680egg) m~3/hr
1 4 129 188
2 5 130 188
3 5 130 188
4 13 138 188
5 15 140 191
6 17 142 207
7 26 151 223
8 33 158 239
9 45 170 287
10 61 186 319
11 91 216 446
12 151 276 574
13 205 895 749
14 276 426 877
15 292 442 940
16 316 466 1004
17 B854 501 1004
18 346 496 1036
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FLUID SIDE DATA

Fluid On Temperature (°C) 6 Fluid On Temperature(°C) 82
Fluid Off Temperature (°C) 12 Fluid Off Temperature(°C) 71
Fluid Flow Rate (I/s) 0.53 Fluid Flow Rate (I/s) 0.18
Glycol (EGS) (%) 0 Glycol (EGS) (%) 0
Max Fluid Pressure Drop (kPa) 50 Max Fluid Pressure Drop (kPa) 20
Actual Fluid Pressure Drop (kPa) [23.3 Actual Fluid Pressure Drop (kPa) 1.1

PHYSICAL COIL DATA

Fin Material and Type

Aluminium 0.25 louvre

Fin Material and Type

Aluminium 0.25 louvre

Coil Type Water Coil Type Water
Tube Diameter 12mm Tube Diameter 12mm
Tubes High 8 Tubes High 8
Finned Height (mm) 308 Finned Height (mm) 308
Finned Length (mm) 610 Finned Length (mm) 610
Fin Density (FPI) (Fixed) 0 Fin Density (FPI) (Fixed) 0
Circuit Type (Optimise) H Circuit Type (Optimise) H
Number Sections 1 Number Sections 1
Surface Margin 1 Surface Margin 1
Number Rows 3 Number Rows 1
Moisture Carryover Unlikely Moisture Carryover -
Number Sets of Connections 1 Number Sets of Connections 1

Inlet Connection Size (Calculate) |1 inch Inlet Connection Size (Calculate) |15mm
Outlet Connection Size (Calculate) |1 inch Outlet Connection Size (Calculate) |15mm
Duty Margin 1.1 Duty Margin 1.01

Coil Code

12WH8.2-12Tx1000
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Effectiveness (%) 37
Duty (kW) 2
FLUID SIDE DATA:
Fluid T1 (°C) 27.6
Fluid T2 (°C) 30.4
Flow Rate (I/s) 0.2
Glycol (%) 0

EXTRACT COIL SUPPLY COIL
Fin Type Aluminium 0.25 louvre |Fin Type Aluminium 0.25 louvre
Tube Diameter (mm) 12 Tube Diameter (mm) 12
Tubes High (mm) 8 Tubes High (mm) 8
Finned Height (mm) 308 Finned Height (mm) 308
Finned Length (mm) 610 Finned Length (mm) 610
No Of Sections 1 No Of Sections 1
No Of Rows 6 No Of Rows 6
Pressure Drop (Pa) 21.4 Pressure Drop (Pa) 21
FPI 4 FPI 4
Circuit Type H Circuit Type H
Coil Code 12WH4.6-8Tx610 Coil Code 12WH4.6-8Tx610

FLUID PRESSURE DROP

Extract (kPa) 5.2 Supply (kPa) 5.2
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Power supply

AC 220V, 50 Hz Single-phase

Power consumption 310VA
Atomizing mass 5.5(L/H)
Humidifying element 10

Water quality

Dimension 30*45*25 cm
PVC Pipe 2% 1inC * 2
Weight (Kg) 7.5

Cooling method

Water cooled

Operating water temperature 0<50

range (°C)

Water supply pressure 3-5 bar

Transducer element life (h)* 5000

Adjustable mist volume option

Control input terminal option

Adjustable wind volume option

Other Automatic water supply, water level

sensor, Drain piping, Overflow piping

Model TH10
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Air Flow Rate (m3/s) 0.29
Coil Height (mm) 308
Coil Width (mm) 610
Air Velocity (m/s) 0.63
Barometric Pressure (kPa) 101.33
Fin Material Aluminium
Fin Type Louvre
Rows 2

FPI 8
Effectiveness (%) 43.4
Pressure Drop (Pa) 10

AN9199 A.5 718N1TAIULTENALURI LA LN IR DU

518NN5AIUUTENAUUDILEUNSDIUUAUEWD amair

Nomianl sizes (W x H x D)

305 x 610 x25 (mm x mm x mm)

Gross media area (Sq.m) 0.35
Rated airflow capacity (CMH) 1020
Face air velocity (m/s) "R
Rated initial resistance (Pa) 50
Rated average efficiency (%) 25-30
Pleats per lineal foot 14
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Nomianl sizes (W x H x D) 305 x 610 x 525 (mm x mm x mm)

Gross media area (Sg.m) 1.98

Rated airflow capacity (CMH) 1275

Face air velocity (m/s) 1.91

Rated initial resistance (Pa) 250

Rated average efficiency (%) 37 (MERV 14)

Pocket per filter 3
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FLUID SIDE DATA

Fluid On Temperature(°C) 82
Fluid Off Temperature(°C) 71
Fluid Flow Rate (I/s) 0.18
Glycol (EGS) (%) 0
Max Fluid Pressure Drop (kPa) 20
Actual Fluid Pressure Drop (kPa) =~ [1.1

PHYSICAL COIL

DATA

Fin Material and Type

Aluminium 0.25 louvre

Coil Type Water
Tube Diameter 12mm
Tubes High 8
Finned Height (mm) 308
Finned Length (mm) 610
Fin Density (FPI) (Fixed) 0
Circuit Type (Optimise) H
Number Sections 1
Surface Margin 1
Number Rows 1
Moisture Carryover -
Number Sets of Connections 1

Inlet Connection Size (Calculate) |15mm
Outlet Connection Size (Calculate) [15mm
Duty Margin 1.01
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U SHR
(W/1000egg) | (W/1000egg) | (W/1000egg) (m3/hr/1 ,000 #ag)

1 22.0 0.0 22.0 0.00 1.80E-04
2 22.0 1.8 23.8 0.08 2.40E-04
3 22.0 3.7 25.6 0.14 2.40E-04
4 22.0 5.5 27.5 0.20 6.00E-04
5 22.0 7= 29.3 0.25 6.60E-04
6 22.0 9.8 31.7 0.31 7.80E-04
7 22.0 12.2 34.2 0.36 1.20E-03
8 22.0 14.7 36.6 0.40 1.50E-03
9 22.0 22.0 44.0 0.50 2.04E-03
10 22.0 26.9 48.8 0.55 2.76E-03
11 22.0 46.4 68.4 0.68 4.14E-03
12 22.0 65.9 87.9 0.75 6.84E-03
1) 22.0 92.8 114.8 0.81 9.30E-03
14 22.0 112.3 134.3 0.84 1.25E-02
15 22.0 122.1 1441 0.85 1.33E-02
16 22.0 131.9 153.8 0.86 1.43E-02
17 22.0 131.9 153.8 0.86 1.59E-02
18 22.0 136.7 158.7 0.86 1.57E-02
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