BIH = B3 7 5 L

ra
T

Jlo

puse

PN PN 1

B L B2 Bt

124

20014F



ol = LB HIEEBE wmXoz RS

20014 12AH

S@HiEY TEETEM WS RS
FHELEER £
%= = £
ES 8 £

KB KB

20014 128



Development of an Agricultural Cool Storage

Room Model and Heat Performance Analysis

Seok-Woo Kim
(Supervised by Professor Myung-Taek Hyun)

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF
THE REQUIREMENTS FOR THE DEGREE OF MASTER
OF ENGINEERING

DEPARTMENT OF MECHANICAL ENGINEERING
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY

2001. 12.



x:(n

i

i

— ™M o 10 10 o0 o0 oo

A& o]

Io.

0

X
@O

N

XO
s
0

:

A%

ol

D A

(]
—

2) CONLTOl DOX AL F| wereeseesseessessessesssssssssssssssssisssssssss st

—
—

[9p)
—

it
G

o
il

o0
—

o
e
K
ey
T

B

00
—

™
s
o
<M

(©)]
—

E

9]
N

o

)

sl

O
(&N

o

)

(@)
N

)y

4) Ao

—
ae]

—
o

Lo
9]

Q
9]

T

K

T

pa

A

3) A& el

N
~

.
]
K
oI

o

Lo
<~

i
Ak

2



List of Table

Table 3_1 Refrigerator Speciﬁcaﬁon ............................................................................... 12
Table 4-1. Power consumption for various experimental conditions ==« 30
Table 4,3 Geometry parameters Of Simulation model ............................................... 35

List of Figure

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

2_1 Structure Of PHOENICS ..................................................................................... 4
2-2 Schematics of internal heat transfer in a cool storage room -« 6
2-3 Computational meshes of a co0l StOrAZe TOOM - swssrrersssermssseremsscreunnacs 7
3,1 Schematics Of a COO] Storage TOOITY trertresseesseresensstesserastensenstuntttuentunteseenseennnes 9
3-2 Photograph Of CONLIOl BOX wssereeemsssssreeemmssssrieemsssssssessissssessss s 10
3-3 Circuit diagram of FEfFiGEIALOr - s srrrermssssrrrmmmssserisemissssssniiissssneies 11
3_4 Thermistor pOSitiOI’lS iI'l a COOI Storage TOOIT] *rerrrerreerrereresensssnsernennntnnnnenns 14
3-5 Positions of thermistor in a cool Storage o0 s wwweserssmsessssessenseeens 15
3,6 PhOtOgraph Of thermistor installation ............................................................ 16
3-7 Measurement apparatus for temperature and humidity «-weereeeereeeeeereee 17
3-8 Measurement apparatus for POWEr CONSUMPLON - s rersssseeessssesemesssec. 17
4-1 Variations of outside temperature (June 25, 2001) wsereesererenssesesesniencees 20

Fig. 4-2 Temperature variations with setting temperatures for temperature

BT E T LT T 22



Fig. 4-3 Temperature variations with temperature deviations for setting
temperature:4 OC .................................................................................................................... 25

Fig. 4-4 Temperature variations with ventilation time for setting temperature=

4C and temperature deviation=+17C wwwrrrrrerssrsimmiemsisiisieisis s 28
Fig. 4-5 Iso-therm lines on y—z plane (X=0.85m) wwessreesssrcemsssemssnreesssnsensanaee. 32
Flg 4_6 Iso—therm lines on xX-y plane (Z:Im) ........................................................... 33
Fig. 4-7 Temperature diStributions on y—z plane - ssseeeeesssscesemmsicrenninsnans 34
Fig. 4-8 Temperature diStributions on X—y pPIANE - wseressseceessereesseremsnesensnaan. U
Fig. 4-9 Schematics of simulation model for gap=0.5m «weeoeeeeereerserssesseseeneenns 36
Fig. 4-10 Schematics of simulation model for gap=1m s seeesseeressceessecemenaae. 37
Fig. 4-11 Velocity distributions on y-z plane for gap=0.5m (x=1.4m, 4m) - 40
Fig. 4-12 Velocity distributions on x-y plane for gap=0.5m (z=1m, 2.8m) - 40

Fig. 4-13 Temperature distributions on y-z plane for gap=0.5m (x=1.4m, 4m) 41
Fig. 4-14 Temperature distributions on x-y plane for gap=0.5m (z=1m, 2.8m) 41
Fig. 4-15 Velocity distributions on y-z plane for gap=lm (x=1.4m, 4m) - 42
Fig. 4-16 Velocity distributions on x-y plane for gap=1m (z=1m, 2.8m) - 42
Fig. 4-17 Temperature distributions on y-z plane for gap=lm (x=1.4m, 4m) --- 43

Fig. 4-18 Temperature distributions on x-y plane for gap=1lm (z=1m, 2.8m) --- 43



SUMMARY

The low temperature storage method has been used to increase the value of
agricultural products by reducing quality deterioration regulate consignment
time by controlling respiration rate of agricultural products. The respiration rate
of agricultural products depends on several factors such as temperature,
moisture, gas composition and microbe inside the storage room. Among those
factors the temperature is the most important factor, which affects respiration
rate and causes severe damage.

Two types of experiments have been conducted to get the optimal
parameters:

1) The experiment of measuring the electrical power consumption under the

various setting temperature at fixed temperature deviation.

2) The experiment of measuring the electrical power consumption under the

temperature deviation at fixed setting temperature.

The results of these experiments show that the electrical power consumption
on economical operations economic operation decreases as setting temperature
increases.

In the ventilation experiment, the case of ventilating four times a day(every
six hours a day) with ten minutes operation each time, showed as much
electrical power consumption as non-ventilation case.

The large air contacting area of products increases the storage quality,
because the airflow between products helps to remove the heat from the

products by convective heat transfer.
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Fig. 2-2 Schematics of internal heat transfer in a cool storage room



(a) x-z plane

(b) y-z plane

Fig. 2-3 Computational meshes of a cool storage room
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Table 3-1 Refrigerator specification

Model KUC-MO030
Electric consumption 0.2kW
Power supply 220V 60Hz
Unit cooler Volt range 220V ~ 380V
Fan diameter 500mm
Air volume 56 m’/min
Defrost heater 3.2kW
Model CU-PA0S0
Electric consumption 0.1kW
Power supply 220V 60Hz
Condenser unit
Volt range 220V ~ 380V
Fan diameter 400mm
Air volume 90 m’/min
Model PA0O50SM
Electric consumption 3. 7TkW
Compressor unit
Power supply 220V 60Hz
Volt range 220V ~ 380V

- 12 -
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Fig. 3-4 Thermistor positions in a cool storage room
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Fig. 3-7 Measurement apparatus for temperature and humidity
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(c) Temperature deviation=+3T

Fig. 4-3 Temperature variations with temperature deviations

for setting temperature=4TC
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(d) Six times ventilation a day (20 minutes operation each time)

Fig. 4-4 Temperature variations with ventilation time for setting

temperature=4C and temperature deviation=+1T
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o LEAAE A ALFF AL & 5 Ak Y o g @ FAHE A

F 713kl wmE AAEe] AGAdE oA s Welojor & Aol

Table 4-1. Power consumption for various experimental conditions

. . Power
Parameter Experimental condition ]
consumption
1C(Deviation: £27C) 59%kW
2C(Deviation: £27TC) 58kW
3T (Deviation: +2C) 57kW
4C(Deviation: £27C) 49kW
Setting temperature 5C(Deviation: +2T) AkW
6C (Deviation: +2C) 40kW
7C(Deviation: £27C) 33kW
8 C(Deviation: +2C) 32kW
9C (Deviation: +2C) 21kW
+1 C(Temperature: 4C) 53kW
Temperature deviation +2°C(Temperature: 4C) 49kW
+3C(Temperature: 4C) 41kW
Every six hour a day(four times a day)
Vo , e SAKW
(10 minutes operation each time)
Ventilation fime Every fou.r hour a day(six time§ a day) KW
) (10 minutes operation each time)
(Setting temp of all = T " , )
conditions | 4C+1C) very SlX. our a day ‘ our t1me§ a day COKW
(20 minutes operation each time)
Every four hour a day(six ti day)
Ty | y.s1x 1mes. a day —_—
(20 minutes operation each time)
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Fig. 4-6 Iso—therm lines on x-y plane (z=1m)
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Fig. 4-7 Temperature distributions on y-z plane
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Fig. 4-8 Temperature distributions on x-y plane
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Table 4-3 Geometry parameters of simulation model

Storage size(20% of total capacity)

) Difference
Cooler type | Gap size
of gap
W(m) L(m) H(m) Number
KUC-MO030 Im 3 15 2 2 +0.5m

KUC-MO030 0.5m 3 2 1.5 2
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Fig. 4-9 Schematics of simulation model for gap=0.5m
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Fig. 4-10 Schematics of simulation model for gap
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Hewdy

Fig. 4-11 Velocity distributions on y-z plane for gap=0.5m (x=1.4m, 4m)
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Fig. 4-12 Velocity distributions on x-y plane for gap=0.5m (z=1m, 2.8m)
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Hewdy

Fig. 4-13 Temperature distributions on y-z plane for gap=0.5m (x=1.4m, 4m)

FNOlE Al

Huwdy

Fig. 4-14 Temperature distributions on x-y plane for gap=0.5m (z=1m, 2.8m)
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Huwdy

Fig. 4-15 Velocity distributions on y-z plane for gap=1m (x=1.4m, 4m)

Huwdy

Fig. 4-16 Velocity distributions on x-y plane for gap=1m (z=1m, 2.8m)
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Fig. 4-17 Temperature distributions on y-z plane for gap=1m (x=1.4m, 4m)
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Fig. 4-18 Temperature distributions on x-y plane for gap=1m (z=1m, 2.8m)
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