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Design and Development Air-Condition and Refrigeration System for Seed Storage
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ABSTRACT

Thailand has strong potential of seed production in Asian due to the supportive
environment and quality standard of detection for export. At present, Seed Production Agriculturist
group does not have cold room for the storage because the import humidity control and refrigeration
technology is expensive and also use high power consumption. Agricultural Engineering Research
Institute, Department of Agriculture has created and developed air-condition and refrigeration
system of seed storage, it was aimed to reduce cost and maintain high quality. The refrigeration
system could control temperature and relative humidity, operated by condensing and heat up by hot
gas from refrigerant for suitable environment of seed storage. The size of cold storage room’s
prototype is 2.2x4.0x2.2 m (width x length x height). Used polyurethane foam (thickness 50 mm) as
wall gain insulation, R-22 for Refrigerant. Compressor has motor 4 hp (380V/3Ph/50Hz) and
cooling capacity 5.85 kW. Fan of unit cooler has air mass flow rate at 0.6 kg.sec—l. The heating coil
capacity 6 kW was installed for dehumidification. The coefficient of performance testing was
determine low pressure of refrigerant to constant at 50 psi and high pressure have 3 level i.e. at

190-220 psi, 220-250 psi and 250-280 psi. Based on the testing has COP,_. was 4.02, 3.13 and 2.87
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respectively and electric power consumption was 0.46, 1.12 and 2.17 kW/hours respectively. The
results showed that the high pressure of refrigerant at 190-220 psi was the optimum pressure while
the average temperature and average relative humidity was 14.95+0.55 °C and 45.81+0.82 %RH
respectively. This prototype of cold room for seed storage can reduce machine cost and save
energy consumption of the dehumidifier. In addition, the cool room prototype is designed to be easily
transported from one location to another. Therefore, this machine is suitable for community
enterprises, agricultural cooperatives and private sectors, where high quality seed production and
cost reduction are required.
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Tablel Calculation load of refrigeration system

No. List Detail Refrigeration Load (Watts)
1 Wall Gain Load Polyurethane (50 mm) 596
2 Product Load (Seed 6,000 kg, 600 kg/day) 1347.2
3 Air Change Load 11.6 kJ/kg/24 hr 746.3
4 Personnel Load Number of personnel = 2 140
5 Lighting Load 15 Watts/m’ 44
6 Fan Motor Load Motor 0.3 kW x 2 878

Safety Factor 10% 450.2
Total Cooling Load 4,952
Main — Cooler Uit
Control Panel— with Exparsion Vaive

Capper tabe
Air Cooled

Condensing Unit

— Remote
Control Panel

Figure 3 3D drawing design for Container Figure 4 Piping diagram of refrigeration system
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Figure 5 (A) Structure (B) Insulation (C) Cooler unit

(D) Refrigeration system (E) Prototype’s container
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Table 2 The result of refrigeration performance testing.

Low High Relative Coefficient of Power
Temperature
pressure pressure Humidity Performance Consumption
co*

(PSIG) (PSIG) (%RH)* (COP) (kWh)
50 190-220 14.95+0.55 45.81+0.82 4.02 0.46
50 220-250 14.38+0.49 48.33+0.79 3.13 1.12
50 250-280 14.37+0.48 49.910.43 2.87 2.17

*Mean + SD
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Table 3 The result of power consumption testing between Container and Seed lab

ElL power of ElL power of
Room Sizing  Compressor Relative Total
Temperature Refrigeration Dehumidifying
Room (WxLxH) (380/3/50) Humidity El Power
(O system system
m HP (%RH) (Amp.)

(Amp.) (Amp.)

Container 2.2x4.0x2.2 4 15.10+£0.51 46.23+0.94 6.31 - 6.31

Seed Lab 2.9x4.8x2.8 4 14.76+0.23 47.34+0.95 6.5 5.3 11.8

*Mean + SD
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Figure 8 Refrigeration and Dehumidify system of Seed lab
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Table 8

Figure 9 (A) Storage at Container (B) Storage at Seed lab

Table 4 The germination percentage of soybean seed were analysis of variance Table § The germination percentage of rice seed were analysis of variance

with 3x8 factorial experiment in CRD. with 3x8 factorial experiment in CRD.
Source of Type ITI Sum of Source of Type III Sum of
df  Mean Square F Sig. df  Mean Square F Sig.

Variation Squares Variation Squares
Storage room (4) 19998.397 2 9999.198 1450050  .000 Storage room (4) 10951.679 2 5475.840 217.860  .000
Time to storage (B) 7342170 7 1048.881 152109  .000 Time to storage (B) 20017.574 7 2859.653 113.773 000
A*B 4182328 14 298.738 43323 .000 A*B 14334.071 14 1023.862 40.735 000
Esror 661.975 96 6.896 Error 2412925 96 25.135
Total 32184.870 119 Total 47716.249 119

Table 6 The gemmination percentage of morning glory seed were analysis of variance Table 7 The germination percentage of sesame seed were analysis of variance

with 3x8 factonial expeniment in CRD. with 3x8 factorial experiment in CRD.
Source of Type III Sum of Source of Type III Sum of Mean
df Mean Square F Sig. daf F Sig.
Variation Squares Variation Squares Square
Storage room (A) 2936.649 b § 419.521 34368  .000 Storage room (A) 87.632 2 43816 6.593 .002
Time to storage (B) 148.632 2 74316 6.088 .003 Time to storage (B) 593.216 7 §4.745 12751 .000
A*B 728718 14 52051 4264 .000 A*B 830.876 14 59.348 8930  .000
Error 1171.850 96 12207 Esror 638.025 96 6.646
Total 4985.849 119 Total 2145.749 119

Table 8 The germination percentage of mung bean seed wese analysis of

variance with 3x8 factorial experiment in CRD.

Source of Type III Sum of
daf Mean Square F Sig.

Variation Squares
Storage room (A) 4288 2 2144 278 758
Time to storage (B) 244398 7 34914 4534 000
A*B 188.746 14 13.482 1751 058
Etror 739.175 96 7.700
Total 1176.606 19
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Figure 10 Germination (%) of soy bean seed and storage period.
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Figure 13 Germination (%) of morning glory and storage period.
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Figure 14 Germination (%) of sesame seed and storage period.
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