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SUMMARY

This study was conducted to develop optimum model for cold storage facility that
could offer safe storage environment for green grocery and improve irrational design
of the conventional container—type cold storage facility. A Neuro—Fuzzy control system
with learning ability was developed for cold storage facility and dome-type cold
storage facility was also developed by using 3-D CFD simulation. The results are

summarized as follows.

1. Neuro—-Fuzzy algorithm and single chip Neuro—Fuzzy micro controller were
developed.

2. Dynamic characteristics and hunting of Neuro—Fuzzy control system were more
efficient than On-Off and Fuzzy control system. Dynamic characteristics of
Neuro—Fuzzy control system were faster than On-Off control system by 1,555
seconds(123% faster) and Fuzzy control system by 460 seconds(36.4% faster).
When system was arrived at steady state, hunting was £0.5C in On-Off control
system, £0.3C in Fuzzy control system, and £0.2C in Neuro-Fuzzy control
system.

3. Characteristics of three different control system were compared. For the set value
of humidity 70%RH, variation of RH of On-0Off control system was in the range of
65 to 75%, Fuzzy control system 67 to 73%, while Neuro—Fuzzy control was only
70 to 72.5%.

4. Neuro—-Fuzzy control system were tested for storage of onions and showed a
uniform temperature distribution.

5. CFD simulation model was verified experimentally using dome-type cold storage

facility 6mx6mx5m
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Table 1. Specification of cold storage facility.

Model AV5535E
Electric power 380 V 3 pn 60 Hz
Compressor Electric consumption 7.5 W
Voltage range 340 - 420 v
Star type
Motor wiring method (38Ov—3>\;\[/3ays)
Model CuUC-T22
Electric power 220 V 3 pn 60 Hz
Electric consumption 0.4 pW
Unit cooler Voltage range 200 - 240
/Evaporator S S 4
Fan diameter 550 mm
Air volume 70 w?/ min
Defrost heater 3.7 kW
Material Polystyrene form
Thickness 100 mm
Insulation
Density 0.2 kg/m®
Temperature range -118 ~ 82 ¢
Steel plate Thickness 0.5 mm
Structure Width 1,000 7
Panel Weight per area 0.28 kg/m2
Heat transfer rate 0.028 kcallm - h- C
0 I W6,000xL6,000xH5,0
Size vera 00
Comm) Door W1,000xH2,100xT100
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Table 2. Specification of experimental equipment

Flow rate Linear
Capacity 5.0 USRt
EEV Driving method 4-phase stepping motor
Rated voltage DC 12V
Maximum operating pressure 30kgf/cm
Size 57%x57x8 mm
Type Ultra sonic
Quantity of humid 2.5kg/h
Humidifier Voltage AC 220V / 60HZ
Number of vibrator 5EA
Type of water supply By Solenoid Valve
Weight 10.5 kg
Range 20~95%
Humidity sensor
Accuracy +3%
Range 0~30 kgf/cm
Pressure gage Accuracy +0.25%
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Table 2. Specification of experimental equipment (continue)

Channels 8 ch
Input 0~10V
Resolution 0~4% full scale
Accuracy 1%
Data logger Memory 128KB
Conditions -20~70C, 0~95%RH
Interface RS-232
Size 48x34x17mm
Weight 30g
Type Hot wire type
Range 0~20m/s
Accuracy 2% FS
Anemometer 1 Conditions -20~60C, 0~95% RH

Power supply

15+£10% VDC

Output 0~10V
Type Dia type
Range 0.2~40ms
Anemometer 2 Accuracy +0.25% FS
Resolution 0.01 m/s
Type NTC, PT100
Temperature Range -30TC~120 T
Accuracy +0.17C
Accuracy +0.5%
Repeatability +0.1%
Linearity +0.5%
Flow range 2.26~30 LPM
Flow converter Pressure max.5,000PS|
Temperature -40~+1007C
Size 95x95x90mm
Power supply DC 24V
Output DC4-20mA,2wire
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Fig. 37. Computational meshes of pallet Fig. 38. Computational meshes
storage (front view) of bulk storage. (side view)
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Table 3. Boundary conditions

X 4.71
Wind velocity| =X -4.76
et (m/s) . 170 RPM 3,487
-z -4.69 P i
Temperature -1 ré)]p?;rges Blade o5
(C) (272.15 K) angle
Wind velocit
(A 2.82 Heat 144 kcal | h
+X 1.00
Outlet Heat flux from wall —X 2.20
Temperature 1 ( Wm?) +7 1.77
() (27415 K) -z 0.40
Heat flux from ceiling 53
and floor ( W m?) '
Density Breath
( kg/m®) 7,830 heat 6.22 W m?
Properties|™ g5 ocific Properties of .
of fan heat 452 Jlkg - K onion Density 534.19 kg/m?
Degree of Specific
heat flux 73 Wim K heat 3.770 Jlkg - K
. 439
Age gy 22 Uyoz JAFPHAT
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Fig. 42. Velocity and temperature distribution when stores are stored at center of
room
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(a) Velocity distribution (b) Temperature distribution

Fig. 44. Velocity and temperature distribution when stores are stored at right side of
room

(a) Velocity distribution (b) Temperature distribution

Fig. 45. Velocity and temperature distribution when stores are stored at center of
room widely
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(a) Velocity distribution (b) Temperature distribution

Fig. 46. Velocity and temperature distribution when stores are stored at the center of
room highly
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(c) Left side view for temperature (d) Right side view for temperature
distribution of stores distribution of stores

Fig. 47. Velocity and temperature distribution when stores are stored by pallet method

(a) Left side view for temperature (b) Right side view for temperature
distribution of stores distribution of stores

Fig. 48. Temperature distribution of stores when it is stored at the side of room
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(a) Velocity distribution

(c) Left side view for temperature (d) Right side view of temperature
distribution in stores distribution in stores

Fig. 49. Velocity and temperature distribution of 3.3 m height cold storage room
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(c) Left side view of temperature (d) Right side view of temperature
distribution in stores distribution in stores

Fig. 50. Velocity and temperature distribution for 4.0 m height cold storage room
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1.32C, AZE o222 0.85Co|A(2E 51(b) Zo] 4.0m¥ W FYEYe &
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(a) Velocity distribution (b) Temperature distribution

Fig. 51. Velocity and temperature distribution for 3.5 m width cold storage room

(a) Velocity distribution (b) Temperature distribution

Fig. 52. Velocity and temperature distribution for 4.0 m width cold storage room
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Table 4. Temperature distribution at different size of cold storage facility

The size of cold storage facility Temperature distribution (unit:C)
length | hight | width left side center right side
Chzsge 6.0m | 2.8m | 3.0m 0.18 1.71 0.82
change | 6.0m | 3.3m | 3.0m 0.35 3.75 1.08
of hight | 6.0m | 4.0m | 3.0m 0.45 1.6 1.15
change | 6.0m | 2.8m | 3.5m 0.25 1.32 0.85
of width | 6.0m | 2.8m | 4.0m 0.48 1.65 0.91

o AEojy BAY A2AFe dFA 9 dFA 9 FAA4 AF
a9 539 (a)= A=l gle W 25X} AEdolddd AFAE HAFa Y. 64
HelA =7t 718 BHA detde AL FUE Fejol 93t Wrle JFo] o A H
3 AstA ZAgstr] WEdl Aoz EAEr. MAHoRE HASA G A FX o HElaE
0.17C ©] At}

24 539 (b)= buk B2 AFHAS o AFA AFHAE ¥lwg Aeltt. bulk %
HY ALE A=X9 d=X9 2x}7} no storage$t pallet storage¥d ) Btk =LA e}
U= olf= bulk EIZ AL B¢ AZEH Gk JAFHA ] AL BAE SF L
ErA A A EHy] wjEoltt. BE 9] GdHA g2 #AlE 3 B 4 F4

E oAE WANYE 9902 ARdt AAFoR AZA9 =] FFoA

il

a9 539 (c)= pallet FElZ2 AZHAS uf S} FH9 FYPE HAF
o} pallet FEIZ AFT F5 W7|9te] 1E HFOSZ no storaged WY FUIE
o] 227} ofF F2 S UEE S ¢ F AY. JAAFOoRE HAESX 9} d X9 HF A=

0.28C °]it}.

_53_



278.00 T T — T 278 T
! ! —a— Measured ' —+_Measured

276.00 , . —=— Prediction 26 L - - - -+ - - - - - = Prediction | - -
l l o l

274 |

T o400 | - - - - [ T S O

. \./M/V\ba -
. . .

Temperature(K)
Temperature(K)

27000 | - - - - e 210

268

%800 L oo
12 3 456 7 8 9 10 11 12 13 14 15 16 17 18

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Measured Point Measured Point

(a) With no—storage. (b) With bulk storage.

s s & Measured | '
a6 "' | —a—Prediction | '
o o l
| Lo :

Temperature(K)

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Measured Point

(c) With pallet storage.

Fig. 53. Comparison between experimental data and prediction data
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Fig. 59. Skeleton of the dome-type Fig. 60. Shape of ceiling of the
cold storage facility dome-type cold storage facility

Fig. 61. Edge line of ceiling Fig. 62. Center line of ceiling

-

Fig. 63. Unit cooler Fig. 64. The cold storage facility
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Fig. 65. Measured and predicted Fig. 66. Measured and predicted
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Fig. 68. Measured and predicted wind
velocities at y=2m
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