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Experimental study on Heat Transfer Characteristics of Flooded

Type Evaporator for Seawater Cooling System

In Ho Kang

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

Abstract

Due to the water temperature rising, change in an ecosystem of the ocean,
reckless catch of fishing, a catch of fishes has gradually declined as compared
to its past. In cases of purse seine, extreme change in oil price, lack of skilled
labors, and inflation have weaken their competitive position in the fish market.
Most of fishermen just use ice cooling system to manage and store fishes
captured on the fleet. However, the ice cooling system caused difficulty in
maintaining proper temperature in the storage of fleet and salt density in
addition to limitation on operating hours. The purpose of this research is to
supplement those problems mentioned above and to improve profitability of fish
industry. We processed an experiment on characteristics of heat transfer with
boiling flooded type evaporator before we plan and manufacture seawater

cooling system that can directly cool seawater in the storage of the fleet. The



experiment of this paper confirms the change of seawater temperature, flow
rate and saturation temperature of refrigerant. By boiling experiment of flooded
type evaporator, we found out that all the data from experiments can be useful
for planning actual flooded type evaporator. The objective of this research is to
design and manufacture seawater cooling system that can be installed and

loaded in the storage of fish carrier which is in the 200-ton class.
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Fig 1.1 Increase of seawater temperature

Table 1.1 Freshness indicator of mackerel according to various
storage temperaturel3]

5 0.5 0.9 19
4 0.5 1.1 2.1
3 0.6 1.2 24
2 0.7 14 2.8
1 0.8 1.6 3.2
0 0.9 1.8 3.6
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Fig 2.1 Tubes with various shape
for heat transfer experiment
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Fig 2.2 Tubes with various material shape

for heat transfer experiment
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Fig 2.3 Low fin tube heat transfer area with calculation of
workbench [21]
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Fig 2.4 Flooded type evaporator design

Fig 2.5 Flooded type evaporator of production
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Fig 2.7 Experimental apparatus of

flooded type evaporator
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Fig 2.8 Flooded evaporator

Table 2.1 Specs of the flooded evaporator

Parameter Unit Value
Shell Size : : mm $200.3 x 1054L
Working fluid N R-134a
Size mm ®15.88 x 1000L
] Copper, Al-Brass,
Material = .
Tube Cupronickel
Number of tubes EA 6
Shape - Plain, Low—fin
Working fluid - Water

_19_
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Fig 2.9 Double

Table 2.2 Specs of the condenser

Value

Unit

Parameter

Titanium
33(R), 10(W)

Material

2

kg/cm

Resist test pressure
Design pressure

22

kg/cm
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Fig 2.10 Receiver

Table 2.3 Specs of the receiver

Parameter Unit Value
Model number - Busung BRV-150
Volume L 14
Material - SPEFS370
Fusible plug T 72
Resist test pressure MPa 2.42
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Fig 2.11 Gear pump

Table 2.4 Specs of the gear pump

Parameter Unit Value
Model number - Tuthill DDS1.2
Differential pressure bar 9.7 (3500RPM)
System pressures bar 34.5
Material - SUS316
Temperatures T -46 ~ 176
Speed RPM 5,000 (Max)
Viscosity cps 0.3 7 2000




Fig 2.12 Seawater pump

Table 2.5 Specs of the water pump

Parameter Unit Value
Model number - Wilo PU-S600M
Pump power A 600
Tatal head m 15
Maximum suction lift m 8
Maximum pump capacity I/m 17,000

_23_
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Fig 2.13 Heater

Table 2.6 Specs of the heater

Parameter Unit Value
Type Flange
Heating capacity kW 5
Material -

SUS316

_24_
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Fig 2.14 Constant temperature
bath

Table 2.7 Specs of the constant temperature bath

Parameter Unit Value
Cooling capacity kW 8
Temperatures T -50 7 0

_25_



Fig 2.15 Flowmeter for
seawater

Table 2.8 Specs of the flowmeter for seawater

Parameter Unit Value
Model number - TBF-III-AD
Fluid - Sea water
Material - SUS316
Flow range LPM 2.84 7 28.39
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Fig 2.16 Pressure sensor

Table 2.9 Specs of the pressure sensor

Parameter Unit Value
Model number - PSCEO030KCPJ-CR
Output VDC 1~5
Pressure range kgf/cm2 abs 30

_27_



A= PT-100Q< AH&stglon, 4 = 2

=

H
x

A Zske] Ao ANAsIr B = 9
of =AM 9 & 5 =2 AFedFUT

Fig 2.17 PT-1002

Table 2.10 Specs of the PT-100Q

Parameter Unit Value
SS-3105/SS3109
Model number -
R/B 3P PT-100Q
Temperature range C -200~600
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Fig 2.18 Data logger

Table 2.11 Specs of the data logger

Parameter Unit Value
Model number - YOKOGAWA MX-100
Number of channels EA 20
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Table 312 Rt} S7]o] dHdgd 54 439 st 23S e

Table 3.1 Experimental analysis conditions

Parameter Unit Value
Refrigerant - R-134a
Chilled water inlet temperature T 10 ( 5715)
Evaporating temperature T 0 (-575)
Velocity of chilled water m/s 1.2 (0.672.1)
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< Tube : Copper plain
NE Chilled water inlet temperature : 10
= Evaporating temperature : 0 L
E 6 [ Refrigerant : R134a
I
c
-
c 5}
2
2
E
[
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S
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c
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2 L L L L L

8 10 12 14 16 18 20

Heat flux, q [kW/m?]

Fig 3.1 Heat transfer of copper plain with heat flux increase

_35_



e

of| A1 ]
AA<Ql Al-brass®} Cupro—nickel

i

o)

Fig 3.2

S
=

ARAA AFEOR ol o

o
T

=
=

ol, €% S7tel wel o

oA Be

[ < B e Rl [

S

H| 1l

.l

[e)
=K

I Plain@olA Ht} Low—finZhol A 2]

7rshe e,

=
°©

A7}

Low-fin¥#e] 2=

-
1

=, 6°]

-
T

S Low—fin°l A

Al-brass 4t

Al

7+

™ Low-fin¥2]

o

=
5 —

A Hd%=7}F Cupro-nickel H.th

Al-brass?]

Hth A

7} wjEo =

==
[}

W 5 9]

3)

A

Wt

9]

[}

3 B RE

Z9

2

e
2

<= w8 ZF 4] 2~ 8 o) A]

o] A1 €]

Al-brass Low-fin

_36_



Heat transfer coefficient, h, [kW/m?’K]

Chilled water inlet temperature : 10
Evaporating temperature : 0
Refrigerant : R134a

o

—&— Al-brass plain tube
—{— Al-brass Low-fin tube
—&A— Cupro-nickel plain tube
—~— Cupro-nickel Low-fin tube

Fig

4 6 8 10

12

14 16 18

Heat flux, q [kW/m?]

3.2 Heat transfer of various tube with heat flux

increase
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s U Tube : Al-brass Low-fin

2 h Chilled water inlet temperature : 10 c
“t B Evaporating temperature :0 .
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Chilled water velocity, V_, [m/s]

Fig 3.3 Heat transfer of al-brass low-fin with velocity

increase of chilled water
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Tube : Al-brass Low-fin
2 = U Chilled water inlet temperature : 10
"t @ h Chilled water velocity : 1.2 m/s
= Refrigerant : R134a
S 3t u]
= 8
c
)
g g
[
[+
o 2
0 B
o
S
[T
7]
. B
s = ] i
E " B
T . H
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Evaporating temperature, T, [ C]

Fig 3.4 Heat transfer of al-brass low-fin with temperature

increase of evaporating
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Fig 3.5 Heat transfer of al-brass low-fin with temperature
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