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Performance Evaluation of Seawater Cooling System for 200ton class Fishing Carrier

Doo Yeong Kwak

Department of Refrigeration and Air-Conditioning Engineering, The Graduate School,
Pukyong National University

Abstract.

The purse seine is a way of catching the catches with net at night. However, in Korea most
of these offshore fishing boats are aging. The transport vessels of these purse seine serve to
transport catches. Crushed ice is mostly used for cooling the fish hold tank of Korean carriers.
Conventional crushed ice causes problems such as sharp crystals, poor catch quality due to
salinity and temperature changes, and high purchase cost and weight. The seawater cooling
system proposed in this paper supplies the cooled seawater to the fish hold tank through the
direct cooling of the seawater. Therefore, by introducing a seawater cooling system that
directly cools seawater, it is possible to improve the problem of the ice-cold cooling method
using crushed ice and to expect catches of high value-added.

In this paper, performance of seawater cooling system was analyzed by installing an
experimental device on the land before installing the seawater cooling system on the ship.
Based on the above performance analysis on land, the seawater cooling system was designed
and manufactured, and the performance was analyzed after installation on the 200ton class
fishing carrier. In addition, the results were compared with the results of the performance
analysis on land and the field operation performance analysis. Through the results, the
economic feasibility of the system was analyzed and the applicability, technical feasibility,
and economic feasibility of the seawater cooling system were examined.

In order to select material of the heat transfer tube of the flooded-type evaporator, the
experimental apparatus was manufactured prior to the manufacture of the experimental

apparatus on land. Experimental results confirmed the heat transfer performance according

Vi



to the material of the heat transfer tube. The experiment was carried out with the evaporation
temperature and the incoming seawater temperature as variables. As a result, Al-brass was
higher heat transfer efficient than titanium, Co-nickel, and 26 fpi fin was higher heat transfer
efficient than 19 fpi fin. The performance of the seawater cooling system manufactured based
on above result was measured at 1 C intervals from 27 ~ 32 C at the seawater inlet
temperature in condenser. As the seawater inlet temperature increases, the performance
decrease was confirmed, and COP 3.58 ~ 3.34 was confirmed. After the installation of the
seawater cooling system with the same specifications as the seawater cooling system used in
the experiment, the system performance was confirmed to be reduced by about 23%
compared to the land experiment. The reason for the decrease in performance is due to the
low specific heat from seawater, the pressure loss due to the longer piping, the difference in
operating methods in the field operation, the increase in the flow rate and the size of the fish
hold tank. As a result of economic analysis based on these results, payback period was 6.7
years, social discount rate 4.5%, net present value of about 300 million KRW, internal rate
of return 14.6%, and benefit cost ratio 1.46 in installing in the original fishing carrier. When
installing in the new fishing carrier, the payback period is 4 years and the social discount rate
is 4.5%, with net present value of KRW 430 million, internal rate of return of 25.6%, and
benefit cost ratio of 1.46. In both cases, therefore, the internal rate of return was higher than
the social discount rate of 4.5% and the benefit cost ratio was higher than 1, indicating that

the system was economic.

Vii



LCC
PWAF
PV

NPV
IRR

Nomenclatures

: Cooling capacity

: Mass flow rate

: Specific heat

: Coefficient of performance

: Temperature difference

: Life cycle cost

: Present worth of annuity factor
: Present value

: Discount rate

: Net present value

: Internal ratio of return

: Benefit

: Cost

: Initial investment cost

viii
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[ke/s]
[J/kgK]
[7]
[C]
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Figure 2 Experimental apparatus of prior study [6]
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Figure 3 Schematic diagram of experimental apparatus [6]




Heat transfer coefficient [lemzK]

[0 : Aluminum-brass 26 low -fin tube
—A— : Aluminum-brass TC 26 low -fin tube
6 | —— : Alumum-brass 19 low-fin tube
—@— : Copper-nikel 19 low -fin tube
—0O— : Aluminum-brass TCN 26 low -fin tube
5L 3¢ : Titanium plain tube
4
3
2
Inlet temperature of chilled seawater: 10T
1L Inlet velocity of chilled seawater : 1.8 m/s
Refrigerant : R134a
w
0 | | ] ] ]
6 4 2 0 2 4

Evaporating temperature [C]

Figure 4 Heat transfer coefficient based on evaporating temperature [12]



Heat transfer coefficient [lemzK]

[J— : Aluminum-brass 26 low -fin tube
—— : Aluminum-brass TC 26 low -fin tube
7F —— : Alumum-brass 19 low -fin tube
—@— : Copper-nikel 19 low -fin tube
—0O— : Aluminum-brass TCN 26 low -fin tube
6 sz Titanium plain tube
5
4
3F
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Evaporating temperature : 072
Inlet velocity of chilled seaw ater : 1.8 m/s
1+ Refrigerant : R134a
0 | l | | | |
4 6 8 10 12 14 16 18

Inlet temperature of chilled seawater [C]

Figure 5 Heat transfer coefficient based on inlet seawater temperature [12]
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Table 1 2} T},
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Figure 6 Schematic diagram of the seawater cooling system [12]
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Figure 7 Experimental apparatus of seawater cooling system [12]

Table 1 Specification of the seawater cooling system [12]

Parameter Specification
Compressor HSK-8581-125
Condenser ®610X1800L (tube 0D15.88)
Evaporator ®650X1800L (tube 0D15.88)
Refrigerant R-134a

11
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Table 2 Conditions of experiments on land [12]

Parameter Value Unit
Outlet seawater temperature g
(Fish hold tank) 4Ll ¢
Inlet seawater temperature 0
(Fish hold tank) 3Ll ¢
Volume of fish hold tank 9.6 m’
Flowrate of seawater 90+1 m*/h
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Cooling capacity [kW]

350

Outlet seawater temperature (fish hold tank) : 4 + 1 °C
Outlet seawater temperature (fish hold tank) : 3 + 1°C
Volume of fish hold tank : 9.6 m%h
300 | Flow rate of seawater : 90 + 1 m%h

250 .\.____—./c-\.\.

200

150 | 1 | | | |

27 28 29 30 31 32

Inlet cooling water temperature ['C]

Figure 8 Cooling capacity based on inlet seawater temperature
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COP

Outlet seawater temperature (fish hold tank) : 4 + 1 °C
Outlet seawater temperature (fish hold tank) : 3 + 1 °C
Volume of fish hold tank : 9.6 m°/h

- Flow rate of seawater : 90 + 1 m*h

27 28 29 30 31 32

Inlet cooling water temperature ['C]

Figure 9 COP based on inlet seawater temperature

16




A 3% ArIAAN" @ s B

3.1 sFdZA A" 28 23

A g e ARl = A HlolElE A7) Sl AA
z8lel 3= 200 EF R AX ST sl AA AR S
ARG R FH 707 52 o] Hul= 76.8m’ ©] AL F 6 7N
o] o] AAHe] At B 707 T AFK S Figure 10 ¥ 2t}
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(a) Compressor (c) Evaporator

Figure 11 Manufacturing of seawater cooling system [12]
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Figure 12 Secure installation space [12]

Figure 13 Install seawater cooling system on fishing vessel [12]
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Figure 14 Compressor installed in the fishing vessel [12]

Figure 15 Condenser installed in the fishing vessel [12]
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(a) Screw compressor (b) Reciprocating, screw compressor

Figure 17 Install compressor control panel [12]
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Figure 18 Install measuring instrument on seawater cooling system [12]
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Figure 19 Route of first performance evaluation on field operation [12]
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Figure 20 Route of second performance evaluation on field operation [12]
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Inlet seawater temperature (Fish hod tank)
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0 20 40 60 80 100 120 140 160 180
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Figure 21 Inlet and outlet temperature based on operate time (first) [12]

8

Refrigerant : R-134a

Flow rate of seawater : 117+1 m%h
6 F Velocity of fish hold tank : 76.8 m
The number of fish hold tank : 6 EA

4%
2M

Outlet Seawater Temperature (Fish hold tank)
Inlet Seawater Temperature (Fish hold tank)

Temperature (C)
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Figure 22 Inlet and outlet temperature based on operate time (second) [12]
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Figure 23 Cooling capacity based on operate time
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Figure 24 Compressor power based on operate time [12]
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Figure 25 Seawater flowrate based on operate time [12]
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Figure 26 COP based on operate time [12]
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COP

—&— Experiment on land
—O— Field performance evaluation

27 28 29 30 31 32

Inlet seawater temperature(condenser) [°C]

Figure 27 COP compare based on inlet seawater temperature
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Table 3 Ice consumption (2018. 06 ~ 2019. 03) [12]

Date Ice consumption (ton)
2018. 06 115
2018. 07 63
2018. 08 192
2018. 09 155
2018. 10 407
2018. 11 311
2018. 12 290
2019. 01 405
2019. 02 225
2019. 03 72

Total 2,235

Original Ice consumption 3,725

Table 4 Conditions of economic evaluation [12]

Parameter Value (KRW)
Machine price 130,000,000
Installation cost 51,000,000
Secure installation space cost 119,000,000
Annual ice cost 149,000,000
Annual ice cost after installation of seawater cooling system 89,400,000
Annual maintenance cost of seawater cooling system 12,727,371
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Table 5 Result of economic evaluation in installing on original vessel [12]

Payback period (year) 6.7

Social rate of discount (%) 3 4.5 6

Net present value (KRW) | 397,346,359 | 309,716,179 | 237,625,361

Internal rate of return (%) 14.6

Benefit-Cost ratio ( -) 1.46

Table 6 Result of economic evaluation in installing on new vessel [12]

Payback period (year) 4

Social rate of discount (%) 3 4.5 6

Net present value (KRW) | 516,346,359 | 428,716,179 | 356,625,361

Internal rate of return (%) 25.6

Benefit-Cost ratio ( -) 1.46
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