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COP
COPy,
COP.
HX
dc

dh

Qc

evap
cond
sup
sub
sat

ave

Nomenclature

: specific heat at constant pressure

. coefficient of performance

. coefficient of performance of heating
. coefficient of performance of cooling
. Heat Exchanger

. volume flow at cooling

. volume flow at heating

. cooling capacity [kW]

. heating capacity [kW]

Subscripts

* evaporator
. condenser
. superheat
. subcool

. saturation

. average
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SUMMARY

In this paper, the results of the performance operation of the heat pump
that uses seawater heat source in Jeju and based on the results, it was
presented a heat pump that is suitable for local seawater temperature through
analysis study of the combination heat pump system.

Seawater of Jeju, It has excellent characteristics as a heat source of the
heat pump and it is sufficient to take advantage of as a unit heat source of
Jeju thermal energy network so the experiment was conducted by installing
20RT unit scale of the heat pump.

Demonstration plant is located in Korea Institute of Energy Research Jeju
global research center. It was constituted by seawater heat exchanger, a heat
pump unit (compressor, condenser, evaporator, electronic expansion valve),
thermal storage tank and Fan Coil Unit and so on.

We went intensive demonstrated operation in the summer season(June ~
August) and winter season (November ~ February). It is results that cooling
COP indicates the range of about 2.95 to 3.60 and heating COP indicates the
range of about 2.9 to 3.55.

Based on the result, the analysis data and the experimental data was
confirmed to be within 10% error.

In addition to single heat pump, it was assumed the heat pump of three
forms (@ Tandem Heat Pump, @ Cascade Heat Pump (410a-134a), @
Cascade Heat Pump (134a-134a)). It analyzes the system by the combination
of the heat pump , and select the best heat pump unit in accordance with the
regional water heat source temperature and the heating temperature.

The analysis results, it is less than the heating temperature 50C with

- Vi -



seawater temperature 10C or more, showing a good efficiency tandem heat
pump, cascade heat pump, if the temperature of the seawater is very low,

when the heating temperature is high, showed a relatively good efficiency.

- viii —
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Fig. 1-1 Schematic design of a seawater heat pump system



e A=Al

Som Kang et al

<)

[e)

T

Kim et al.

"
ot
<0
!

)

Jo

1€ Fd=d

A X

o oﬂ

™
ERPNCE RN

=

pzs

YA 2 7199

3t th Okamoto™ H& Alulutd el ofFtolg

3

Fr o™ Song et al

P
T

b et

°©

S

3y

TE
=
=
=

L
al
P
T

o

ki3

7kl

E

b

Algdeldat A

Jo

H
el
w

)

o

AFE o] Fol X} Baik et al.

H
ﬁu
|
o

o

oo

el

cul

&+

1o

Ll

—_
fi%e)

uze]
X
]

o

ol
WU_.O

file)

olo

o
o

&
o

!

B

B

—
fite)
n

B/

o)A M

o AlE

of tH

o

!

A 317 9

3Rt Park et al.

S

=

=

SE

A 2l

=0

ar
ﬁU..O

=]

i
e

©

o
al]

e

B

O

ar

il A=A

9|

_(H

o} H 7]

i<

kel
L

Li Xiang et al.

s

SRR

Alz=dlo A wl# Y EZ AZAE Genetic Algorithm

1

9
i

3t 2™, Xuejing et al.

S

SEERIE

g

1]

=i
=X

=3
=

X
fig

o 44

5} ot
€l
=

<]

Ea

]

=

=

7}
DS

2

]

)
'LO

J
=

PN
T

1

o A% gl o

CRIk



B
NJo

=K

=
o)

——

4

<0
@:

=
T

F71 <lsf A

)

R

o

of
o

0

H)
B

|
T
)

olo

ol
o

&

o

Al
=

TAE el

FERHA

|

A

|

Farol 4 1) 7] 2 74l

5|
pul

Eis

A el 914
HES FSskth

A=A

.
a

el
Njo

At

)

Aol A

e}
=

)

Alz=®le] =9 AH] AR oW Table

o

I

2 15, Fig. 2-1



Couoling &
Heating Mode Control Vavles Buffer Tank Fan Coil Unit 1,2 Heat Source Tank Heat Storage Tank

=

Heat Pump System Controller Water Circulation Pump Seawater Strainer Seawater
Heat Exchanger Circulation Pump

Fig. 2-1 The main equipment of seawater heat pump system



Table 2-1 Main specifications of seawater heat pump system

Title Specifications
Heat Pump Bitzer(semi-hermetic model: 4FE-35Y), 20 RT , R-134a
Seawaer

3
Heat Exchanger 58767 kcal/h, 20 m™/h (seawater)

Strainer Capacity: 20 m*/h, Pressure: 7.5 kg/cm®, Material: STS 316L
UV Sterilization Capacity: 20 m*/h, Power Cons.: 75 W, UV Output: 25 W
Water 540 LPM, H = 17m, 2.2 kW

Circulation Pump 1

Water

Circulation Pump 2 260 LPM, H

10m, 1.5 kW

Heat

Diameter: 1762 mm, Height: 3048 mm, Capacity: 8 ton
Storage Tank

Seawater

Intake Pump 190 LPM, 25 kW

FCU 1 Capacity: 43,000 kcal/h, Air Vol.: 260 CMM (2ea)
F.CU 2 Capacity: 11,140 kcal/h, Air Vol.: 226 CMM (10ea)
Buffer Tank Capacity: 2 ton
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Fig. 2-2 Design conditions of heat pump (cooling operation)
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Fig. 2-3 Design conditions of heat pump (heating operation)
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Table 2-2 Design specifications of the compressor in cooling operation

(Bitzer's Program)

Compressor Selection : Semi-Hermetic Reciprocating Compressors

Compressor Model 4FE-35Y
Refrigerant R134a
Evaporating SST 3T
Condensing SDT 37C
Liquid Subcooling 0K
Suct. Gas Superheat bK
Power Supply 380V - 60Hz o
Lol S g
3 74‘
Useful Superheat 100%% ol
L Mator 1

Capacity Control 10096 |

40, /’

Mator 2

Cooling Capacity 73.9 kW [ PR3

20 &

L | "
Evaporator Capacity 73.9 kKW L]

0—40 -30 -20 -10 0 0 tu [’c] 30
Power Input 16.83 kW
Current (380V) 319 A
Condensing Capacity 90.8 kW
COP/EER 4.39
Mass Flow 1748 kg/h
Operating Mode Standard
Discharge Gas Temp. 56.2C

R134a

t,=20°C
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Table 2-3 Design specifications of the compressor in heating operation

(Bitzer's Program)

Compressor Selection :

Semi-Hermetic Reciprocating Compressors

Compressor Model 4FE-35Y
Refrigerant R134a
Evaporating SST 3T
Condensing SDT 54C
Liquid Subcooling 0K

Suct. Gas Superheat bK
Power Supply 380V - 60Hz
Useful Superheat 100%%
Capacity Control 10096
Cooling Capacity 56.7 kW
Evaporator Capacity 56.7 kW
Power Input 21.0 kW
Current (380V) 374 A
Condensing Capacity 776 kW
COP/EER 2.70
Mass Flow 1617 kg/h
Operating Mode Standard
Discharge Gas Temp. 75.3C

t.[°C]

a0

% v R134a
74..
&0
\8 Mator 1
LA L
40 V4
Mator 2
P
» 7 8, > 10K
_..--""'"--j
--""-F-'-F
L, = 20°C
0
-40

-3 -20 -10 0 o tn [’C] 30

_11_
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Table 2-4 Evaporator design specifications (cooling operation)

Model : AC-120EQ-120H-FS1S2 ThreaExt2

Unit Hot Side Cold Side
Fluid Water R134a
Mass Flow Rate kg/s 3515 0.4802
Fluid Condensed / Vapourized kg/s 0 0.3739
Inlet Temperature T 12.0 4.2
Dew P. T - 3.0
Outlet Temp.(Vapor/Liquid) T 7.0 8.0
Operating Pressure(In/Out) bar(A) - 4.02/3.24
Pressure Drop kPa 10.3 78.7
Velocity Connection(In/Out) m/s 1.87/1.86 9.75/16.7
Heat Exchanged kW 73.90
Margin % 35
Mean Temperature Difference K 4.0
Relative Directions of Fluids Counter current
Number of Passes 1 1
Material Plate / Brazing Alloy 316 / Cu
Design Temperature T -196.0 / 150.0
Length x Width x Height mm 341 x 192 x 617
Physical Properties
VT T G
Density 999.5/1001 1289/1274 16.11/15.13
Specific Heat 4.201/4.208 1.309/1.325 0.9137/0.9031
Viscosity 1.24/1.43 0.261/0.252 0.0129/0.0131
Th. Cond. 0.590/0.582 0.0938/0.0922 0.0118/0.0122
Dew P. 3.0
Critical Pr. 40.55/40.55
Critical Temp. 101.0/101.0
Latent Heat 193.1/190.2
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Table 2-5 Condenser design specifications (cooling operation)

Model : AC-120EQ-86H-FS1S2 ThreaExt2

Unit Hot Side Cold Side
Fluid R134a Water
Mass Flow Rate kg/s 0.4776 5.429
Fluid Condensed / Vapourized kg/s 0.4776 0.3739
Inlet Temperature T 56.2 29.0
Dew P. T 37.0 -
Outlet Temp.(Vapor/Liquid) T 36.9/34.3 33.0
Operating Pressure(In/Out) bar(A) 9.37/9.35 -
Pressure Drop kPa 2.26 38.3
Velocity Connection(In/Out) m/s 6.33/0.590 2.89/2.90
Heat Exchanged kW 90.80
Margin % 33
Mean Temperature Difference K 6.0
Relative Directions of Fluids Counter current
Number of Passes 1 1
Material Plate / Brazing Alloy 316 / Cu
Design Temperature T -196.0 / 150.0
Length x Width x Height mm 261 x 192 x 617
Physical Properties
VT R T
Density 1050/1146 40.00/43.73 994.7/993.4
Specific Heat 1.660/1.497 1.043/1.118 4.183/4.180
Viscosity 0.182/0.204 0.0164/0.0149 0.818/0.752
Th. Cond. 0.0720/0.0800 0.0168/0.0149 0.616/0.621
Dew P. 37.0/37.0
Critical Pr. 40.55/40.55
Critical Temp. 101.0/101.0
Latent Heat 165.3/165.4
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Table 2-6 Evaporator design specifications (heating operation)

Model : AC-120EQ-120H-FS1S2 ThreaExt2

Unit Hot Side Cold Side
Fluid Water R134a
Mass Flow Rate kg/s 3.371 0.3673
Fluid Condensed / Vapourized kg/s 0 0.2859
Inlet Temperature T 11.0 39
Dew P. T - 3.0
Outlet Temp.(Vapor/Liquid) T 7.0 8.0
Operating Pressure(In/Out) bar(A) - 3.72/3.24
Pressure Drop kPa 9.51 48.2
Velocity Connection(In/Out) m/s 1.79/1.79 7.54/12.8
Heat Exchanged kW 56.70
Margin % 50
Mean Temperature Difference K 3.7
Relative Directions of Fluids Counter current
Number of Passes 1 1
Material Plate / Brazing Alloy 316 / Cu
Design Temperature T -196.0 / 150.0
Length x Width x Height mm 341 x 192 x 617
Physical Properties
VT R T G
Density 999.7/1001 1291/1274 15.92/15.13
Specific Heat 4.202/4.208 1.307/1.325 0.9138/0.9022
Viscosity 1.27/1.43 0.262/0.252 0.0129/0.0131
Th. Cond. 0.589/0.582 0.0940/0.0922 0.0118/0.0122
Dew P. 3.0
Critical Pr. 40.55/40.55
Critical Temp. 101.0/101.0
Latent Heat 193.4/190.2
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Table 2-7 Condenser design specifications (heating operation)

Model : AC-120EQ-86H-FS1S2 ThreaExt2

Unit Hot Side Cold Side
Fluid R134a Water
Mass Flow Rate kg/s 0.4307 1.859
Fluid Condensed / Vapourized kg/s 0.4307 0
Inlet Temperature T 75.3 40.0
Dew P. T 54.0 -
Outlet Temp.(Vapor/Liquid) T 54.0/49.7 50.0
Operating Pressure(In/Out) bar(A) 14.6/14.6 -
Pressure Drop kPa 1.13 4.96
Velocity Connection(In/Out) m/s 3.67/0.574 0.995/0.999
Heat Exchanged kW 77.60
Margin % 63
Mean Temperature Difference K 84
Relative Directions of Fluids Counter current
Number of Passes 1 1
Material Plate / Brazing Alloy 316 / Cu
Design Temperature T -196.0 / 150.0
Length x Width x Height mm 261 x 192 x 617
Physical Properties
VT R T s
Density 945.6/1061 62.19/68.85 990.8/986.8
Specific Heat 1.861/1.639 1.137/1.296 4.176/4.174
Viscosity 0.166/0.184 0.0181/0.0162 0.654/0.546
Th. Cond. 0.0643/0.0730 0.0188/0.0166 0.630/0.642
Dew P. 54.0/54.0
Critical Pr. 40.55/40.55
Critical Temp. 101.0/101.0
Latent Heat 147.2/147.3
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Table 2-8 Pressure drop in cooling and heating operation conditions

Cooling Mode

Heating Mode

Working Conditions

Working Conditions

Refrigerant R134a | Refrigerant R134a
Cooling Capacity 74.0 kW | Cooling Capacity 56.7 kW
Evaporator Temp. 3.0C | Evaporator Temp. 3.0C
Condenser Temp. 37.3C | Condenser Temp. 54.0C
Subcooling 0.0K || Subcooling 0.0K
Calculated Lig. Temp. 3597 | Calculated Lig. Temp. 53.2TC
Pressure Drops Pressure Drops

Discharge Line 0.1 bar / 0.4C | Discharge Line 0.1 bar / 0.3TC
Condenser 0.2 bar / 0.8C | Condenser 0.2 bar / 06T
Liquid Line 0.1 bar / 0.4C | Liquid Line 0.1 bar / 0.3C
Distributor 0.5 bar / 3.9C | Distributor 0.5 bar / 39T
Evaporator 0.2 bar / 1.7C | Evaporator 0.2 bar / 1.7TC
Suction Line 0.1 bar / 0.9C | Suction Line 0.1 bar / 09T

_17_



Maximum Capacity (100%) —8%— Minimum Capacity (10%) ——

160 Maximum Working Capacity (80%) —e— Working Conditions @
T
1 i puEEEy
140 e L |
g = 8
1 o
120 - -
E n I ee® . 3 ' L ]
== 1 - lg® o® |
==t u
=, 100 " e
= 8 e a i
1 80 | | - L B
(=9 — - - _._..". ._.—._._.’.._._._.--.—--.-: ..... -
=< i1 o ® i |
O 60l Feo —
e’ 1 ue ;
= 40 /o
e ] " :
“ 20 — ' |
1 AdAAAAAAALALALL, s e iy g
0 Ak AL 1 :
T T T T T T I T
0 10 20 30 40 50 60 70
Condenser Temperature [ C]
(a) cooling operation
Maximum Capacity (100%) —8— Minimum Capacity (10%) —=—
160 Maximum Working Capacity (80%) —e— Working Conditions @
| T
| ‘ . "—"l"lf{.g
140 S S LS .
] } ._,_l'./ | . "
1204 =" = e s
|/ e ® o9
— 100 s ® :
2 I !
va i | ‘ !
§. 80 !
O &4 34 I A _
bﬂ 60 —._J‘_._._.-.—._.—._.‘._._._._-._._._ R
h= 175 i
'g 40 |
© 20 | i =
| A‘--‘r‘ Ad AAAA *.Jb—-‘—* AdAAAhArAaagy
| 1 |
0 | T T T T T T

T T T I T T 'I T T
25 30 35 40 45 S0 55 60 65 70 75 80 85
Condenser Temperature [ C]

(b) heating operation

Fig. 2-5 EEV capacity curve in cooling and heating operation

_18_



212 da €9 A

(1) 3 3 - v An]
Eil

AAZDN 29 D) Aol gk DL A5 AF fFo] WIAAAW, A4
A

o

1154
N
:OL_‘,
i
o
e
H
iy
—_
-
N\
ol
O
gl
~
T
3@0
©
H

:?L_‘,
Y
(o]
=
e
rlo
—
=~
)
=N
=
tm
@)
ot
N
=
Olr
ol
2
o
=
:?L_‘,

Q. 1
q, ” AT(1+ copg) (2.1)
@, 1

) (2.2)

Ho

A A3 g 24 m/h oW, g 124 m¥h 2 ¢ 20 m*h o 5
AT F A=E s s

< H - uFE 93 Wi 75A HDPE# ¥ 65A HDPE# O 2 A X8k o
W, AzFUY EAF 59 oEdo] IR FYHE AL HuA HE JFEE
El3d 70A HDPE¥S 43Ut Fig. 2-62 a4 F - wlgeol @3 A 24
ol

BOAlzgo A st olFEE wide slg A -G wjdy U AEE
A 2tEl HDPESF dnk H-A1m2] 8 v o] AMS-¥ & SUS304u| o2 54 5k th.

Al2dof Abg¥ HDPE #i#9] 11242 65A°lM 2742 76mme]i 6.6mm<]
FAE Zheth HDPE® AF, &Zke] Gol A=A o Uigtsid o] sojd eyt

_19_



b ol

o= &=l

o

1o

Aol Hom FAE

-

Gl

—

A ¢

B

_CH
i

=3
=4

°©

o},
7

o] HolA U414,

5
=]
=

[eX3

o} 4
76.3mmeo| 3L, A}-§

=

¢

o2+

s glenz 47

ol
[e)

71Fd o2 Nigd

3w AY Lol

o AN A7

=

==

stalen, 274

S

el Abg-E T

A&
A5 7]

A=y

=

i

7 S A ol
?r

=

=

=

2
3

-

65A
[e]

1

HDPE<]
Ler

N4 24 "7 A3zl Agst oF 300mYd S

Aol the

o

stk SUS304+= 18Cr-8Ni“d 9]

S

Table 2-9¢} 2t}
gltt.

o]

Aol WA wT} v}

=

utel FACE Gk

WAAd, 71AA 4ol -8k, SUS302¢| 74

of Aoy

SUS304 Hij e 4

o o

STS3169] Ad= A= 25 kW

v
ST E@ 80T
o

ik

el
B2

el

el

of
B

e

H]
ot

=
&

¢+

=3
o

il

wK

PN
T

1

FFEE 190 L/min (114 m7/h)E 3

g]

|

7

3% 2 360 L/min (21.6

|

-

A =t

¢+

o

o
el
o
AT

=0

o

m°/h) <]

1100(W) x 1100(L) x 800(H)

-

R

Aol A7)

| =

AL
1=

1ﬂ_|]-/\o

(mm)e] ™, PP <]

el

o

_20_



)
!

H
2}
gt
B
4

¢

S

il

o

3

4

—_
file)

1

)

S

==
T=

v, Hro e F3

o
ki3

o]
AN

PN
T
=,

=71 A4 A4 o

3]

=
K3

sol, Bl v

A]

S|
=

qom H¢ v Al FEo] PVC A A9 Aawu s

O
AA

_2‘]_



Sea ' | =

e Read __————7 @&
o g Seawater Temp.
T /\ Measurement Point
H\_\‘
P
Sea
'. Intake Place
|
|
| QOutdoor

[Pump Room

Fig. 2-6 Schematic diagram of seawater intake and drain
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Table 2-9 Specifications of seawater intake pump

"R A -
94 2% wy O gpg FEL O UAS
(kW) (1/h)
PA-1688-qT 190 L/min o 23 26,000 8 20
(21m)
=
g I |
m;nqpr'rn-fa
Lt oul

STE304 PIPE S0

= = n H l (TS
il | : l: " ,
Al e tal } '§|

[ ——

A 77

R

1100 1100

>

esa

BECTION “5=5°
Fig. 2-7 Drawing of pump chamber for seawater intake

(parallel connection of the pump)

Fig. 2-8 Schematic diagram of a seawater intake pump system
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Fig. 2-9 Drawings and photographs of seawater strainer
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Fig. 2-10 Reverse flow cleaning equipment

Fig. 2-11 Ultraviolet water sterilizer
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Table 2-10 Design specifications of the strainer device

DESIGN CONDITIONS

Applicable Code KS

Capacity 200] %4 m’/hr
Size ®216.3 x 400L x 698H mm
Design Pressure 5 kg/cm®
Design Temperature 50 T
Radio Graphed SHELL: N/A. HEAD: N/A

Joint Efficiency SHELL: 70, HEAD: 100 %
Head Type CAP

Corrosion Allowance 0 mm
Fluid SEA WATER

Test Pressure : Hydrostatic 75 kg/cm®
Weight 45 kg
Q'ty 1 Set

FILTER SCREEN SPECIFICATION

FILTER SCREEN SPECIFICATION

Hole Size & Q'ty

O.D®85 x 200L, SLOT: 1.0mm/1EA

Material

STS316L
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Table 2-11 Specifications of ultraviolet water sterilizer

A9 A F5 AT A

Material of Chamber

CHAMBER STS 304 A &t STS 304
FLANGE STS 304 O-ring(A) Silicone
2 7] 2 20 m’/h O-ring(B) gl
Ao 2k STS 304 HEE o STS 304
AA A=
MODEL TUV36T5HO/4P-SE | Lamp Voltage 97
2 3L S 2k AtuE=dA;Z | Arc Length 743mm
UV 9% 25W | Lamp DIA 16mm
ANIF S 85% / 9,000~] 7+ || Total Length 863mm
ENEE T5W | AL 7)o 9,000A] 7+
Lamp Current 0.8A | UV zA} 2 30,000 pWsec/cm”
FEE 04 | vz o] Zol 5.0
Ao
Aol A Tk g 90% | <5274 24.5mn
otA & 0.55 | F# 1.25mm
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Table 2-12 Design conditions of the seawater heat exchanger

Hot Side Cold Side
Fluid name Sea Water Water
Heat Exchanged (kcal/h) 58,767 58,767
Mass Flow (kg/h) 20,540.0 11,696.7
Volume Flow (m”/h) 20.0 11.7
Inlet Temperature (C) 15.0 5.0
Outlet Temperature (TC) 12.0 10.0
Pressure Drop(Allow./Calc.) (kgi/cm?) 0.5/ 0.21775 0 / 0.07938
Operating Pressure (kgy/cm?) 10.0 10.0
Fouling Resistance (m”h-C/kcal) 0 0
Density (kg/m’) 1,027.0 1,000.5
Specific Heat (kcal’kg-K) 1.0 1.0048
Thermal Conductivity (kcal/m-h-TC) 0.5 0.5012
Inlet Viscosity (cP) 1.2 1.5180
Outlet Viscosity (cP) 1.3120 1.3110

_30_

o o

ol

o



Table 2-13 Specifications of the seawater heat exchanger

Heat Transfer Area (m®) 3.9
Number of Plates 51
Effective Plates 49
Number of Channel x Pass 25 x 1
LM.TD 594
O.H.T.C. Clean 3323.9
O.H.T.C. Service 2522.1
Fouling Margin (Allow. / Calc.) (%) 30 / 31.79
Plate Material / Thickness(mm) Titanium/0.5
Gasket Material NBR

115

Fig. 2-12 Drawing of seawater heat exchanger
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Table 2-14 Design specifications of the buffer tank

Design Data

Design Pressure 3 kg/cm® Fluid Water
Hydro's Test 4.5 kg/cm® Design Temp. 90T
Joint Efficiency 70 % Capacity 2,000 L

Nozzle List

Mark QTY Size Rate Service
N-1 1 50 A Flange From Heat Exchanger
N-2 1 50 A Flange To Heat Exchanger
N-3 1 50 A Flange To Heat Pump

N-4 1 50 A Flange From Heat Pump
N-5 1 20 A Screw Drain

N-6 1 15 A Screw Thermometer

N-7 1 25 A Flange Safety Valve

N-8 1 15 A Screw Manometer

N-9 1 15 A Screw Temperature Sensor
N-10 1 15 A Screw Temperature Sensor
N-11 1 15 A Screw Temperature Sensor
N-12 1 15 A Screw Water Supply
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Table 2-15 Specification of liquid circulation pump 1

Model: CR 32-1-1 A-F-A-V-HQQV

FALE W -20C ~ 90T
oA &5 20°C
i 998.2 kg/m’
= 3501 rpm
A7 3 32.6 m’/h
RRYE: 173 m
BE A o 16 bar / 90°C

Table 2-16 Specification of liquid circulation pump 2

Model: CR 15-1 A-A-A-E-HQQE

FALE WY -20C T 120C
ol A &% 20T
U 998.2 kg/m’
&5 3501 rpm
A e 195 m’/h
HEA 15 m
A Ho by 10 bar / 120TC
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Table 2-17 Specifications of the thermal storage tank

10

Design Pressure (bar)

1762

Diameter (mm)

3048

Height (mm)

STS 304 / 8, 6, 8

Material /Bottom, Shell, Roof Plate Thickness (mm)

Capacity (ton)

EPDM rubber / 50

Insulation Material / Thickness (mm)
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F.C.U (Fan Coil Unit)

B oARYAE ASA9S dskel A4E e5 2 U5E AsY Revt 28
a7] wjito] FatE u8d T dudrlE AAEST oJfE Fol 50 kW
F 2719 o 10 KW & 1078 2Aekdw, AMEE AAse} B 24E 5o
dst= Fots Z2FEE X5 Table 2-18%= F.C.U Apgolth.

Table 2-18 Specifications of F.C.U
Fan Coil Unit (50 kW)
MODEL ACHE - 50 PIPING 40A / 40A
CAPACITY 43,000 kcal/h A 3@, 220/380V, 60Hz
COIL 5/8, 4Rx32Sx1,600L A 25A / 1.45A
FAN & MOTOR 0.4kW x 6P, Zea Azdg 2011 / 09
AIR VOLUME 260CMM
Fan Coil Unit (10 kW)
Wik 4 6,770 kacl/h A 220V, 60Hz
wWie Y 11,140 kacl/h R A 40 + 50 W
REZTH 22.6 m’/min SR 0409 A
R 22.4 L/min AET 39 kg
7] 1,660 x 230 x 595 Azddd 2013/05/30
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Table 3-1 Performance data of the compressor(Bitzer 4FE-35Y)

Semi Hermetic Compressor (Bitzer 4FE-35Y) - R134a

Compressor Work (W)

Mass Flow Rate (kg/h)

ai 4489.5246976 b 1697.2223849

as -274.15795884 b 65.726749295

as 372.77127962 b3 -1.9644099368

a -8.9744415165 by 0.94765750012

as 14.069909462 bs -0.053918610689

as -1.0842842562 bs -0.047327795685

az -0.073451894981 b7 0.0053383344953

as 0.1117478524 bs -0.0017767005851

ag -0.034435055975 b -0.00070381169296
aio -0.010252002548 bio -0.00015993729225

Table 3-2 Performance data of the compressor(Bitzer GSD80295VA-4)

Scroll Compressor (Bitzer GSD80295VA-4) - R410a

Compressor Work (W)

Mass Flow Rate (kg/h)

C1 6685.6246053 di 1719.6014518
C2 -1.5803139057 d2 53.399577721
C3 321.70374325 ds -1.5629546272
C4 0.49469948946 dy 0.72469647716

Cs 1.1628447217 ds 0.13956744951
Cé -2.5830425154 ds 0.051028567496
c7 0.018430277573 dz 0.0055165307348
cs 0.0045589972759 ds 0.000037954576875
Co -0.025915823533 dy -0.0017764620541
C10 0.071939158764 dio -0.0011418546409

_54_



drdd sIEFHZ GditolF] sy EdHS A9 dddelH e nlulstsd

Fig. 3-1& vhy $914 shelel 2ol me Aguloleish siulolel s EAR 1
o], L4FFLE OCF /170w uustdeh AGdelels siujolelste] 5%
)

o3 W9l hoR Holew AL Hlsgom, APHelE WML A S Kol

Fig. 3-2:= °F 10% 22k W] Stoll A3 As AT 5= ot Wil 45

1
T 227 24T E 7IEo® sfo] o5 Adulole et s ulolEle] Afol7}p A=

Ae AT 7 Stk of= SEFHZ Mol WA s duetr] A mElo]

ofr

ETE =4 A, bs71e] S v SolM e E4S aeshA] k7] miEolt

_55_



9
3.0 s
e _m
n:ﬁ
O 2.8
@)
Supply Water : 60°C
® — Simulated Data
—m— Experimenatal Data
2.6 T - T .

r
12 13 14
Seawater Temperature [C]

Fig. 3-1 Comparison the experimental data with simulated data

by seawater temperature (heating operation)

4.0
'
at Simulated Data
®
m— bn, o
3-5 7 l‘\\‘. \_1_7\“‘7- ‘-“-“'\_\ i &
e’ Ve TS @
Q 1 . @
U ] [ ]
3.0 - o
]
@ — Simulated data
1 —®— COPc [Cooling Water Supply Temp. (7°C¢-12°0)]
2-5 T 2 T Y T Y I ' I ] I T
18 20 22 24 26 28 30

Seawater Temperature [ C]

Fig. 3-2 Comparison the experimental data with simulated data

by seawater temperature (cooling operation)

_56_



&I
iz
‘mmo
jul

a

oH

il

<]

Gl
ol

Nd

)
ol

o
o
B
-

—_
o)

-

K4
ok

ol

xr

0
o

fiml
<

T

I

ol
K
4]
na
|

e}

=
"o

oo
<
o)

—

"TH

<]

H]
!

W]
o
o

&

o

el

SFA]

R ies s

9

AolEE 74

—

il

o

K

H)
ot
W)

o

N

el

A
B
Wi

o

]

o

s

e P e I ]

}717}F o] =

)

o 2es 7

o

A A sl

H
B
w

o

b ]

0

Al 3 744 3

-
it

H
gt
]
T

o

;.OuH
N

H
ol

o

A

b o,

5|

Azl Ao e

el
.rOH

|

o

4] 37k =

9|

NES

)
,EU
|

—_—

file}

bz v
L AL

1E

S

Tandem

Bz A}

1E

Cascasde 3

Eis

&

g7l A

o}

adl
N

Afol el Al A
R410a=

3 3L
-

1E

S

}9 o™, Cascade

3|

A s,

3

A AR ]

[——
1o

ol

o

5/

_57_



[d
N

Fig. 4-1& @< 3|EHZ A A"o|il, Fig. 4-2% Tandem 3| ERAZ A ~H o]

1 Fig. 4-3& Cascade 3|EHZ A]~do|t},

ater = 60°C |

Condenser
dT, 4= 5°C
ATy = 65°C

dT,,=1C

Heat Pump

dT,,=5C
dT, K

eva_sat < C

dT,,,=5°C

Evaporator

Seawater Temp.=10°C

Fig. 4-1 Single heat pump system (reference)

Suppl\ Water = 60°C
‘ (Supply Temp + Inlet Temp.) / 2

| ——————— 1 | ’

Condenser Condenser

QX Heat Pump

Heat Pump

Evaporator Evaporator

Seawater Temp.=10°C Seawater Temp.=10°C

Fig. 4-2 Tandem heat pump system

_58_



| Supply Water = 60°C ‘ Supply Water = 60°C ‘

Condenser Condenser

Heat Pump Comp Heat Pump Comp
R134a R134a

Intermediate HX Intermediate HX
Heat Pump q %i Heat Pump
R134a R410a
L 1 FI 1 1]
Evaporator Evaporator
(a) Low (R134a) / High (R134a) (b) Low (R410a) / High (R134a)

Fig. 4-3 Cascade heat pump system

_59_



=
[R9)]
:!OL_
1%
IR}
1

faj
bl
12
g
o
45
ro
i
rin
>
[>
no
HI
1

SJEHX A2HS 7]F 0% Tandem S|EHX Al2~E2 896%, Cascade(R410a

-R134a) 3|EHEZ A2~ 16.3%, Cascade(R134a-R134a) 3| EHX A|~=L 2
02% Axel 38 4SS HYrh T3 55T o9 1242 Z4E Cascade

S EAZ Alx"o]l 8o FqFAHE AL & 4 9o Cascade(R134a-R134a)
E

Hx Azdn o 3% Fu9

Fig. 4-5= 25257 60Td 4% s Wl wg sJEgE 29
HoAlzdle] AeRst g ZE yedl Zlolt dlee®= 10TY #, 9 3 E

HE A28S 7|02 Tandem 3| EHZE Al 28-S 134%, Cascade(R410a-R13
4a) B EHZ A€l 785% Cascade(R134a-R134a) 3|EHZ A€l 114%
AEe] a& IS BT E=3 10T olste] sl =2 e d5 Cascade

PIsE 2S94 5 9o, 101

mlm

7122 Tande

m S|EFZ AJ~"lo] Cascade(R410a-R134a) S|EH X Al~"lH T} 492%, Casc

ade(R134a-Rl134a) 3| EHZ A|~®HlHT 1.78% FFHS & F doH, o=

7}V 454 Tandem S|EHXE A ~®lo] Cascade 3|EHE A|~dlHUT £

&S Hol: AL ¢ & Aok wEhA Cascade S| EHEZ Al2~H2 427}
Tk =

=2 0 guHoR R HiE A% ¢ & Ak

Fig. 4-7= A9¥ 547] sl vl 2825 el Zoln Table 4-1
= 3

)
)
%
ol
o
i
rlr
=

d F 11¥49<& 713



srol A7) A%

o

o 9]

it 15T

E

by

3

Kol

3

rvze)

ol

)

ﬁo

4r
al

j5e%=7F 10C B w9l

9

7]

5

—_

i}

|EHEZ Al=HE

S

o] Tandem

A2kl lol A= Cascade

e

—_—
file)

Rhey

E X
=

9

1)
=]

E

Ea

]

A

]Erﬂﬁ
EF

S

HolA =, Cascade

grol,

10T

o]/

=
%)

AL

el

1)
=

1=

Ea

]

R EAP

S

Bt} Tandem

1 E 3
—

S

Cascade

ofp

[e)
=

= =
A1 15T o]

29 ok 178% ol o) F

5
=

2)

R

=
=

3.0 o2 COPy

ok
=3

3t

by

_6‘]_



Cascade

v (R134a-R134a)
L vV T
\ Cay S
Cascade . e ® e “"; \ &
(R410a-R134a) - o | 23 Vv
n .| AL
34 Toe !
i ¥
: o
N ®
£ -
i s
i L
i B |
I |
|
i
2 T T T T T II T
45 50 55 60 65

Supply Water [TC]

Fig. 4-4 Performance change of combination heat pump systems

by supply water temperature

_62_



: Tandem ’___..l
| \_ ¥ _
i RY7 3 ¥ v 4
7 ' k . ' ______‘. =
! P L 3 v i 8 A 4
Cascade | x x g o= .
(R134a-R134a) & i xx e
i o B
31 / l = "
| = 1 f | g
e = S ol t
{' g % :
' .f--’.’#r ' Cascade
5 ’.if ' (R410a-R134a)
B |
|
b2 Single :
|
|
i
i
9 |
|
|
:
1 : | E i ¥ T T
0 5 10 15 20

Seawater Temperature [ C|

Fig. 4-5 Performance change of combination heat pump systems

by seawater temperature

_63_



Seawater Temperature [C]

Fig. 4-7 Comparison of each regional sea temperatures in winter

_64_



Table 4-1 Comparison table of the regional average seawater temperature

Season Mon. [TC ] Sokcho Incheon Pohang Gunsan Busan  Mokpo Jeju
Min. 6.8 1.0 6.5 2.2 9.8 45 129

1 Max 7.6 1.3 7.8 25 10.9 49 155

Avg. 7.2 11 7.0 24 10.2 4.8 14.0

Min. 5.6 14 7.8 2.7 9.7 45 11.7

2 Max 6.2 1.7 8.8 3.0 10.3 49 14.0

Winter Avg. 59 15 8.2 29 9.9 4.7 13.1
Season Min. 13.8 12.8 14.9 12.5 16.9 14.7 16.2
11 Max 14.2 13.1 157 13.0 175 15.0 21.1

Avg. 14.0 129 153 12.8 17.2 149 19.3

Min. 85 6.4 9.3 6.7 125 8.9 146

12 Max 9.2 6.7 10.3 7.0 13.3 9.3 171

Avg. 8.8 6.5 9.8 6.9 12.8 9.1 16.2

Min. 19.3 18.8 189 182 17.7 189 17.0

6 Max 19.7 19.9 20.3 20.3 188 19.5 22.0

Avg. 19.0 19.3 19.6 188 182 19.2 189

Min. 20.4 22.3 14.4 235 18.1 225 18.8

Ssuer;lsmoir 7 Max 22.0 232 166 247 19.7 232 306
Avg. 21.2 22.7 164 23.8 19.0 22.8 27.0

Min. 255 24.6 21.7 28.1 20.8 25.7 256

8 Max 26.8 25.6 235 28.8 229 264 32.3

Avg. 26.1 25.0 22.5 28.3 21.9 26.0 28.8
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