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COP.

COPy

Q1

Q2

X2

Nomenclature

. Coefficient of performance

. Coefficient of performance in refrigeration

. Coefficient of performance in heating

: Power consumption

. Inhalation calories

: Emission calories

: Dehumidification, [kg/h]

. Dry air specific gravity, [kg/m’]

. Dry air airflow, [m*/h]

. Absolute humidity of the cooling coil inlet air, [kg/kg]

. Absolute humidity of the cooling coil outlet air, [kg/kg]
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SUMMARY

An experimental study is conducted to develope a horizontal-vertical type
underground air picking system. The experiment, which is processed with
change of temperature and humidity, conducted to improve effectiveness and
to develope a system that will use ground air source and can be applied to
horticulture facilities in Jeju Island. Temperature and humidity was adjusted
several times during the experiment which was modify underground air
conditions.

For the heat pump cycle, multiple evaporators and condensers were used
with one compressor in the developed system. While passing several
condensers, the temperature of dehumidified underground air which just
passed through multiple evaporators rises.

The experiment for the developed heat pump system is conducted in two
ways, the series evaporating cycle and the parallel evaporating cycle. The
temperature of dehumidified air rose when it passes through the condensers
in the experiment of parallel, series evaporating heat pump system.

As results, the heating performance showed about a same level of capacity
on average heating system compare to the general unit heaters. However, on
the test of series heat pump cycle, the dehumidification did not occur at the
third evaporator. In the parallel and series heat pump system, the temperature
of air that just completed dehumidification in a evaporator goes up when it
passes a condenser. The parallel evaporating heat pump system showed 2.44
in COP, and the series system showed 2.01 which is 18% decreased
numerical value compare to parallel one. Also the capability of
dehumidification of parallel heat pump cycle was 0.93 kg/kWh, but series
cycle had 0.69 kg/kWh. The result indicates that the parallel heat pump cycle

system has much efficiency than the series pump system.
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Fig. 2-1 Psychrometric change in the status of the process

Drybulb temperature

Table 2-1 Psychrometric state changes

Absolute humidity

Dry bulb Wet bulb Dew point | Absolute | Relative Enthal Specific
temperature | temperature | temperature | humidity | humidity ) DY Solume Variation
® " ") x) (©) )
P->E T T = = l T T Heating
Cooling
P->H
l l l l l l l dehumidification
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Fig. 4-1 Picture of environmental chambers
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Fig. 4-3 Apparatus for the capacity measuring and environment control device
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Table 4-1 Specification of thermocouple

Type T Type
Manufacture Setra

Range -200C T 375TC
glass AWG28(0.320mm)

Table 4-2 Specification of digital pressure transducer

C3 e

JE=Q

Type Gage pressure
manufacture Setra

Model C206

Range 0 to 1000psig
Accuracy £0.13% FS
Excitation 24V (DC)
Output 4 to 20 mA
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Table 4-3 Specification of Hygrometers

Type GOHO-420

Manufacture GINICE

Model Duct humidity sensor

Precision 20-90% (20TClA +3%RH ©|W)
Source 15-30 VDC

Output 4-20 mA

Table 4-4 Specification of watt meter

Type KTG-126

Manufacture Light Star

Model Watt Transducer

Load 0-5002

Accuracy £0.25%

Source AC 110/220V = 10%(50/60Hz)
Output DC 4-20mA 21(+), 22(-)
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Table 4-5 The experimental environment conditions air

Inlet air temp
(C)

Relative humidity
(%)

Air flow rate

(m®/min)

15

60

70

30

17

60

70

30

20

60

70

30

8.5
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Fig. 5-1 Pressure of the heat pump system cycle with outdoor
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Fig. 5-2 Temperature of the heat pump system cycle with
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Fig. 5-3 Dehumidification performance with variation of relative

humidity in 3 parallel connected evaporator (Tain=157C)
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Fig. 5-4 Dehumidification performance with variation of relative

humidity in 3 parallel connected evaporator (Tain=177C)
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Fig. 5-5 Dehumidification performance with variation of relative

humidity in 3 parallel connected evaporator (Tain=207C)
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Fig. 5-6 Total dehumidification amount with the relative

humidity variation at each suction air temperature

_40_



2L EEE 4R dE BERICT
" oMo, F R N - G N
oS g @ 1 ol CUG
B o 8 Eom T o OO e N
o — | 0 —
I T WS A O S
N B O ~ N i S o i
Gyl Ho oo ) Ho ) NS fro
S (G - T
ea e d  wm T e oo * oW oo
I I I - S B i
_— = o <t
e Ze®T53 22 ol
< — H o ov 6 elg =N X & B OB
T S AN N K 8 o = o 3
T T 5o
R S A o & S o
LI = o W E = Mﬂw o g w
o - N g eﬁc © oo A o ® Taw g P
7 W R NS 15 A R N S
m@Emjagﬂam%%%qzm__AWmﬂ
9 T 9oL R W T R o o, Y
P eElagn 80 Ny 25 g Moo
i o O I B S .
O . o
X T g Py o B P T R gt
e T S I C
= = N ®w %o 3 L T — =
T = s N IH < o Az Xog o NF O ON KX .
T T O A - S 3
! ; l 5 —
B O EECINIE ”__H PRI om
_— __,Cl ‘rltvl o .._m—lx_ %lu — %lu oO ‘rltvl ) A
S N oF B S = T S N HOS A MH N
Lo g T ey IR DM
ﬂ .H ! \ R R _—AL 0 ] N ol
o B o Y W oxm o oM E R d N R o
el i T oo 5 o~ o] Ho N o
oo @ O N T oo S T o Y
o W X w Mo oW = K T
Joor & I de BT ow W R W H B T W

3
2.46

[e)

L

-

1

7+ek W COP
717F &et7bE A A A

3t} Fig. 5-10

<]
S

==

253 o7 A=y

3 5%

5

tol Al
=1

°

2.34, 2.46,
— 41 —

A1) 9
P79 dRCOPE A

-

1

=

Xk
71 %7 15T H]

15CHin] 8%

=

=

o $COP

o] WCOP
71 EEH &

[}
=
-

1

20C

d

ol
=
[}

5T, 17C
°olm 20T



35 | = : =
—+— Suction Air RH60%

—o— Suction Air RH70% e
30 |- —+— Suction Air RH80% O/D B

25 | .

20

Temperature('C)

Suction 1st Evap nd Evap  3rd Evap 1st Cond 2nd Cond Discharge
Step

Fig. 5-7 Air temperature variation that is passing through each

heat exchanger(Tain=15C)
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Fig. 5-9 Air temperature variation that is passing through each
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Fig. 5-11 Dehumidification performance with variation of relative

humidity in 3 parallel connected evaporator (Tain=157C)
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Fig. 5-12 Dehumidification performance with variation of relative

humidity in 3 parallel connected evaporator (Tain=177C)
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Fig. 5-14 Total dehumidification amount with the relative

humidity variation at each suction air temperature
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Fig. 5-15 Air temperature variation that is passing through each

heat exchanger(Tain=15C)
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Fig. 5-16 Air temperature variation that is passing through each
heat exchanger(Tain=177C)
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Fig. 5-17 Air temperature variation that is passing through each
heat exchanger(Tain=207C)
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Table 5-1 Dehumidification performance of the heat system

Dimension Parallel Series
Suction dry bulb temperature (C) 17 17
Suction relative humidity (%) 69 70
1st Evaporator per dehumidification (kg/h) 0.10 0.54
2nd Evaporator per dehumidification (kg/h) 0.69 1.73
3rd Evaporator per dehumidification (kg/h) 0.42 0
Discharge dry bulb temperature (C) 35.1 33.8
Discharge relative humidity (%) 14.4 17.4
Air flow late (m"/min) 8.59 8.63
Power consumption (kW) 2.26 2.75
Total dehumidification (kg/h) 2.11 2.27
Dehumidification performance (kg/kWh) 0.93 0.82
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