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Heat Transfer Characteristics of Enhanced Tubes for The Chilled

Seawater Cooling System with Flooded Evaporator

Hyung Min Han

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

Abstract

The marine industry has limited marine environment related problems with
the previous marine environment problems. In particular, the marine
environment, unlike pollution on land, has a wide variety of regional and
enduring properties, causing damage to aquatic resources. Due to global
warming, it is causing serious damage to the marine fishing industry due to
rising sea temperatures, rising sea surface temperature, and rising sea levels.

Development of a seawater cooling system is needed to solve the problem of
marine industry due to environmental problems. Furthermore, heat transfer
characteristics should be studied for the enhanced tubes of a flooded
evaporator used in seawater cooling systems. Based on this need, the heat
transfer characteristics of the heat transfer tube of the seawater dedicated heat
transfer characteristics, al-brass and copper—nickel, titanium tubes will be
represented. In addition, a comparison of heat transfer characteristics to
refrigerant R134a and R22 could make it an important data in the design of a

flooded evaporator.
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Area

Pipe size

Flow rate

Heat transfer coefficient
Thermal conductivity
Characteristic length
Molar weight
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Heat flux
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Roughness
Temperature

Overall heat transfer coefficient
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Reynolds number
Nusselt number

Prandtl number

- viii -

[m”]

[m]

[kg/h]
[kW/m?-K]
[kW/m-K]
[ml]

[kPal
[kW/m’]
(kW]

[K]
[KW/m* K]



GREEK SYMBOLS

A Difference

5 Density [kg/m®]
u Dynamic viscosity [kg/m-s]
0 Velocity [m/s]

) Heat flux [W/m?*]
SUBSCRIPTS

cwW Chilled water

e Evaporating

1 In

LMTD Logarithmic mean temperature difference

0 Outer

r Reduced

w Wall
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Table 2.1 Meaning of abbreviation

FOD Outside diameter of finned section

FUT | Wall thickness of finned section

FH Height of fin

RH Ridge (Height of Rib)

RN Ridge (Number)

RA Ridge (Angle)

N Notch
OD Outside diameter of unfinned section
s Wall thickness of unfinned section

L1 Plain end length (Left side)

L2 Plain end length (Right side)

L Total length




L

Fig 2.1 Shape of the fpi 26
low-fin tubes used in the

flood-type evaporator

Table 2.2 Detailed measurements of the fpi 26 low-fin tube

Finned Section (mm) Unfinned Section (mm)
FPI FOD FUT FH OD T L1 L2 L
26 15.47 0.73 0.85 15.86 | 1.24 102 103 | 1,201




Fig 2.2 Shape of the
TC tubes used in the
flood-type evaporator

Table 2.3 Detailed measurements of the TC tube

Finned Section (mm) Unfinned Section (mm)

FPI | FOD | FUT | FH RH |RN|RA | OD T L1 | L2 IL

26 | 15.47 1 0.73 | 0.85 | 0.154 | 10| 45° | 15.86 | 1.24 | 102 | 103 | 1,201




;"."'f-’-

Table 2.4 Detailed measurements of the TCN tube

Fig 2.3 Shape of the TCN ubes used in the
flood-type evaporator

Finned Section (mm) Unfinned Section (mm)
FPI | FOD | FUT | FH | RH | RN| N RA|OD | T L1 | L2 L
15. 1 1.2 1,2

26 | 15.47 | 0.73 | 0.85 | 0.14 | 10| 0.15 | 45° 102 | 103
87 4 01




Fig 2.4 Shape of the TCN ubes used in
the flood-type evaporator

Table 2.5 Detailed measurements of the
titanium plain tube

Unfinned Section (mm)

oD T [

15.88 0.8 1,200

_’]0_
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Fig 2.5 Photograph of the shape of the plain and low-fin tubesin the
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Unit : [mm]

1,200
e &l
™ |
I 1,000 |
.- e — - |
! 2 Refrigerant Outlet |
[ |l |
191
73L:l I A |
| 9P I !
| T I ! [ i
seawater | °° © | ! q)l -
L e — | R e o | = 1
™ k=] I Seawater ™
B = (I ! outlet ¥
b | T !
IR 4
T
Refrigerant Inlet
Unit : [mm]
‘Tube Outside Diameter | Thickness | Length
Turbo chill notched 15.38 1.57 1000 26
Turbo chill 15.47 1.58 1000 26
Low fin 15.07 1.65 1000 | 26
Titanium plain 15.88 0.8 1000 -

Fig 2.7 Flooded type evaporator design and tubes measurements
[15]

Fig 2.8 Flooded type evaporator of production
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[P et ™ |
(@ Temperature Sensor = pog oy
(P) Pressure Gage - Brine Pump ' lowmeter
Boq Ball Valve
qu Meedle Valve ﬁ,—mﬂ—4— .
P Bypass Valve Isothermal Condenser
@ Sight-Glass Bath

1

E (*P Evapcratnr
Flowmeter

—— Brine
— Refrigerant

Chilled Water

—
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B § +
Chilled |
Q Water B | |
Water Pump Isothermal  Inverter Gear Pump
Bath

Fig 2.9 Experimental devices for assessing the boiling heat
transfer of the flood-type evaporator [15]
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Fig 2.10 Experimental apparatus of flooded

type evaporator

_17_



] S v ol = v
22 AFAA 74 2 AF A=A

Ee AFYAA 2R G ol Fuvle ddw S4o B 494
A76le] A9 AAE FESAT Wiy U], olFRy dwds), 5
o), Aol RE, P, FE, Fex, f4A4, dHAN, SEANE o §3
gov TAH AEL Table 269 Fatol & F A

Table 2.6 Specifications of instruments

Flooded evaporator

Shell
©200.3 x
Size
1054L(mm)
Working fluid R134a, R22
Tube
) ®15.88x1000L
Size
(mm)
. Al-Brass,
Material e
Titanium
Number of tubes 4(EA)

Shape

Plain, Low—fin

test pressure

Working fluid Seawater
Condensor [6]

Material Titanium

Resist 33(R), 10(W)

(kg/cm®?)

Design pressure

22 (kg/cm?)
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Receiver

Model number

Busung BRV-150

Volume 14(L)
Material SPFS370
Fusible plug 72(C)
Resist
2.42(MPa)
test pressure
Gear punp|6]

Model number

Tuthill DDS1.2

Differential 9.7 (3500RPM)
pressure (bar)
System pressures 34.5(bar)
Material SUS316
Temperatures -46 ~ 176(C)
Speed 5,000(Max)(RPM)
Viscosity 0.3 ~ 2000(cps)

Seawater pump[6]

Model number

Wilo PU-S600M

Pump power 600(W)
Tatal head 15(m)
Maximum suction
, 8(m)
Lift
Naxi

MU PUIP 47 000(1/m)
capacity

Heater

Type Flange
Heating capacity 5(kW)
Material SUS316

_‘]9_




Constant low temperature bath

Cooling capacity (kW)

Temperatures -50 ~ 0(C)
Flowmeter[6]

Model number TBF-III-AD

Fluid Sea water

Material SUS316

Flow range 2.84 ~ 28.39(LPM)

Pressure sensor[6]

PSCEO030KCPJ-C

Model number

R
Output 1~5(VDC)
Pressure range 30(kgf/cm® abs)
PT-100Q[6]

SS-3105/5S3109

Model number
R/B 3P PT-100Q

Temperature range -200~600(C)

_20_




Data logger[6]

YOKOGAWA
Model number
MX-100
Number
20(EA)
of channels

_2‘]_
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2.4 Holg s

HA A 2-D2 A9 dolgele] A#g WuE 3 Fda[12] o
ot

ho _ (1'7)55P0412f0.43431n1€p(

r

—0.4343InP, )" "2 M 009007 (2-1)
oz o] Wilson plot'i[14]& o] &3t 9|5 g AleE 3 23 ¥

3t7] 913} reduced pressure, Roughness, heat flux, molar weight<

ol
gdsted 9% AAe A4S 24aE Aol

Qe = Gcw CY[L(:w (Ztu,ni Lt Z—:,wa) (272)

4 @3 @A TE FUIYS 63 TUAS HrPTLEd

(LMTD)E o] &8t F2LAG AFE T35k Aotk
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AT, - ATy

ATy yrp AT, (2-4)
In ( ATZ)

AT‘I - Zﬂchz - fTer (275)

AJ—'? = fz-;t’u,no 11:.1 (276)

Fo=2 AAdEY HAdH vE vEld FAY9 Reynolds number

Re, = % (2-7)

Nu, = 0.023Re"/p " (2-8)
h,L

Nu, = T (2-9)

i)

Mo ost 9o HER TF H5 = AU )
A58 Fdtel o) & 948 AFE ALY F 5 Qe A2109]

o},
o] 75 ol9ldw WAwe AL Aol Bastw ok A (219l

s %2 44

b

ek A= Agxg o REFPROP Version 8.0[17]
11 1 )
A hlAiJerJr ™ (2-10)
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(2-11)

In(d,/d;)
2w Lk

R?U =

i

2-DFY @C-1D)7HA 9 A E=

_26_



Table 31 sidg vtld Sd7]e 95 AdE AvS A 4
[ex]
=

Table 3.1 Experimental analysis conditions

Parameter Unit Value
Refrigerant = R134a, R22
Chilled seawater inlet temperature T 10 (5~25)
Evaporating temperature T 0 (-5~5)
Velocity of chilled seawater m/s 1.8 (0.6~2.1)

_27_
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Fig 3.1 Comparison between the measured heat transfer coefficient
from the experiment and the predicted value using R134a from
Cooper correlation with respect to the heat flux
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Tube material : Titanium, Al-brass, Copper-nikel (plain)
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Fig 3.2 Comparison between the measured heat transfer coefficient
from the experiment and the predicted value using R22 from
Cooper correlation with respect to the heat flux
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- Alummnum-brass 19 low -fin fube [15]
- Copper-nikel 19 low -fin tube [15]

- Aluminum-brass plain tube [15]
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Fig 3.3 Heat transfer coefficient of six types of tube using R134a
with respect to the velocity of chilled seawater
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E —l— : Aluminum-brass 19 low -fin tube [15]
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Fig 3.4 Heat transfer coefficient of six types of tube using R22

with respect to the velocity of chilled seawater
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E‘ —— : Aluminum-brass 19 low -fin tube [15]
ol —&— : Copper-nikel 19 low -fin tube [15]
E —¥— : Aluminum-brass plain tube [15]
= 5 —&— : Copper-nikel plain tube [15]
; —O— : Aluminum-brass TCN 26 low -fin tube
= —— : Aluminum-brass TC 26 low -fin tube
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Fig 3.5 Heat transfer coefficient of six types of tubes using R134a
with respect to the heat flux
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E —— : Aluminum-brass 19 low -fin tube [15]
o —&— : Copper-nikel 19 low -fin tube [15]

E —%—  Aluminum-brass plain tube [15]

= S5F —4&— : Copper-nikel plain tube [15]
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Fig 3.6 Heat transfer coefficient of six types of tubes using R22
with respect to the heat flux
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R —{0— : Aluminum-brass 26 low -fin tube
N! —&— : Aluminum-brass TC 26 low -fin tube
E 6 —— : Alumum-brass 19 low-fin tube
— —@— : Copper-nikel 19 low -fin tube
; —0O— : Aluminum-brass TCN 26 low -fin tube
ﬁ 5 3¢ Titanium plain tube
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Fig 3.7 Heat transfer coefficient of six types of tubes using R134a

according to evaporating temper
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e 0— : Aluminum-brass 26 low -fin tube
Nx —&— @ Aluminum-brass TC 26 low -fin tube

E 6 —— : Alumum-brass 19 low-fin tube
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Fig 3.8 Heat transfer coefficient of six types of tubes using R22
according to evaporating temperature of refrigerant
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= ~[J— : Aluminum-brass 26 low -fin tube
N! —— : Aluminum-brass TC 26 low -fin tube
E 7TF —— : Alumum-brass 19 low -fin tube [15]
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Fig 3.9 Heat transfer coefficient of six types of tubes using R134a
according to inlet temperature of chilled seawater
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— —J— : Aluminum-brass 26 low -fin tube
N! —&— : Aluminum-brass TC 26 low -fin tube
E 7 —— : Alumum-brass 19 low -fin tube [15]
- —&@— : Copper-nikel 19 low -fin tube [15]
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Fig 3.10 Heat transfer coefficient of six types of tubes using R22

according to inlet temperature of chilled seawater
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— —1— : Aluminum-brass 26 low-fin tube

x —&— : Aluminum-brass TC 26 low-fin tube
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b 6 —&— : Copper-nikel low-fin tube [15] .
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Fig 3.11 Heat transfer coefficient of six types of tube using R134a

a changing evaporation temperature
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N! —&— : Aluminum-brass TC 26 low-fin tube
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Fig 3.12 Heat transfer coefficient of six types of tube using R22

a changing evaporation temperature
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