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Study on Heat Transfer Characteristics of Fin-Tube Radiator of Offshore
Plants

Choi, Yeou Myeong

Department of Mechanical Design Engineering, The Graduate School.
Pukyong National University

Abstract

A fin—tube radiator is a type of compact heat exchanger, where the
fluid to be cooled is flowing inside of bundles of round pipe, at which
thin plate fins are arranged vertically at regular pitches. The air for
cooling is blown parallel to the plate fins, transversely to the bundles of
pipe so that the hot fluid in the pipes might be cooled. Due to the
densely arranged plate fins, the heat transfer area is extended and the
fin-tube radiator shows good cooling performance.

In this paper, both numerical and experimental studies have been
conducted to estimate the heat transfer characteristics of the fin—tube
radiator, with changing the geometric shape of the fin or the supported
air velocity. Air is used as a working fluid; the air side thermal
resistance occupies about 70 %6 of the whole thermal resistance, so the
inlet air velocity condition takes significant role. Also the surface heat
transfer characteristics on the fin is largely affected by geometrical
shape of the fin.

Different parameters of

(i) shape of the plate fin (flat or wavy),



(ii)  fin pitch,

(iii) punching shapes on the surface of the fin and

(iv) the inlet air velocity

are used to compare the heat transfer characteristics of the fin tube
radiator. The results show that the wavy type plate fin is the
optimal shape due to its better performance when it comes to heat
transfer characteristics compared to the flat plate fin. Moreover, as
the inlet air velocity becomes faster, the heat transfer performance
also increases. This can be seen in both the flat and wavy type
plate fins. And for the punching shapes on the surface of the fin,
the case with long and thin punching shapes arranged like a vertical
pyramid in the flow direction shows the best performance, regarding

the heat transfer and pressure drop together.

Keywords : Fin—tube radiator, Shape of the plate fin, Fin pitch, Punching

shape, Inlet air velocity, Heat transfer, Pressure drop
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(a) Flat fin model
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Figure 2.2 Two types of analysis model of the fin-tube radiator, according to
the shape of plate fin.
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Table 2.1 Specification of the materials and geometrical size of the analysis

model of the fin-tube radiator.

Material of Plate fin Aluminum
Material of tube pipe Copper
Thickness of a Plate fin 0.12mm
Flat
Shape of Plate fin Wavy
Total length of analysis model, L 220mm
Width of analysis model, W 15.875mm
2. 1lmm
Height of analysis model(=fin pitch), Py 2.3mm
2.5mm
Diameter of a tube pipe, Dr 13.1mm
Thickness of a tube pipe Imm
Gap between each tube pipe, Py 55mm

e W .

T—‘_ Uppera-w [uver
Py +— Plate fin
AL_ g puies.ok hY&r

Figure 2.4 Side view (view in the flow direction) of the wavy and flat fin

analysis models of the fin-tube radiator. (W: width of the analysis model, Pg:
height of the analysis model.)
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ach analysis

Table 2.2 Number of nodes used for numerical calculation, for e
model according to the shape of plate fin and fin pitch.
Shape of plate fin
Flat Wavy
Fin pitch 2.1 726,000 730,000
2.3 721,000 765,000
[mm] 2.5 780,000 817,000
313 i zxzd B AAxd 24
A-FE & warle 7] F dEdss Hrkskr] g fEsldde
Agsla Z2aMe ANSYS CFX 162 WAS o] &3l sz 1
A= AAH B2EeriE AAsded, AT ol =HEw
HEAd o2 7M. YREEEE BT k—e 2SS AFE3ATH
Figure 2.5 4775 3 & @4 W& 27 5 ddX 55 H71sH7]
e Aol d45 AAxXAS UYEbdY Fig. 2.3°] vet = ti=
A RE2 Theel # 3 FS 71 F7150] 9, obdlE v, AR
o] 7} Ho AL A BA 22 v 2
- (Inlet): & 91, ok F F7VIFESTE AT Wl FLEA 25T
Z7|25E AASAY. EI FeWT dA7wES 2S4S
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2 ol #3 BAxAES FA Fshh
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Top (Periodic)

Outer pipe surface
(Interface)

Right side (Symmetry)

Bottom (Periodic)

Z
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2 g (Constant. Temp.)

Figure 2.5 Boundary conditions designated for numerical calculation of the

wavy fin and flat fin analysis models of the fin-tube radiator.
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Figure 2.6 Specification of basic fin model used for numerical calculation, of
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which the shape of the fin is flat type.



Table 2.3 Specification of the materials and geometrical

model used for numerical calculation.

size of the basic fin

Material of Plate fin Aluminum
Material of tube pipe Copper
Shape of Plate fin Flat
Thickness of a Plate fin 0.25 mm
Total length of analysis model, L, 330 mm
Width of analysis model, W 15.875 mm
Height of analysis model(=Fin pitch), Pg 2.1 mm
Diameter of a tube pipe, D1 13.4 mm
Gap between each tube pipe, Pr 55 mm
322 Ax9 & =4
Figure 2.7& 712 3 =49 3 %W 9o AH IS A IA7A A
o]zl dRES Uele HHzelt & FW 9 A Ao =27] 3 A
Fe Aoz = AFH ZF W v A BAg Y EREde =
o] Jded, ol #H 49 IR EFEAA dojd ¢ U= #E
gy A4S WA ekl 913 Aol
Figure 2.8 A3 49 BAg FES duste] ekl Zolrh R
A PN mAgY FE59 Z7|olH, 1 e E AolxoA 0.75 mmE
TLsH Tee B " W FAIH, 2 @2 BE AoliddAN & F7
o} T3k 0.25 mmeo]t},
Figure 2.9= &7 W #4 d4o] = A3 3] wjd s =440
eI Zlolth flo] A E W2 ofgfol 3= # ®Wo] gon, Ius
AdE W T 52 A @ Apolo e =4 %=
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w w
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Figure 2.7 Top view of the 13 cases of punched fin model of the fin-tube

radiator, indicating each punching shapes on the plate fin.
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Figure 2.8 Schematic of corner part for each punching shape on a plate fin
of punched fin analysis model. (R: radius of punching shape, Tp: thickness of
the punching shape)

Figure 2.9 Schematic of the arrangement between the punched fins and pipes

in the punched fin analysis models of the fin-tube radiator.
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Table 2.4 Number of nodes for each model used for numerical calculation of

the basic fin and punched fin models of the fin-tube radiator(Case 1~13).

Number of nodes
Basic fin model 9,015,000
Case 1 9,862,000
Case 2 10,070,000
Case 3 9,769,000
Case 4 10,230,000
Case 5 8,672,000
Case 6 8,615,000
Case 7 8,529,000
Case 8 9,441,000
Case 9 7,750,000
Case 10 6,321,000
Case 11 10,231,000
Case 12 11,449,000
Case 13 6,362,000
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2 93 g 2do] A 213 Uit
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o2 22 duvor Hol glon oA 24L& FA
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Right side (symmetry)

Left side (symmetry) __ & Y

Punched outer surface

(interface)

Top (symmetry)

™ Outer pipe surface
(Heat flux)

Bottom (Symmetry)

Figure 2.10 Boundary conditions designated for numerical calculation of the

basic fin and punched fin models of the fin-tube radiator. (Case 1~13)
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Figure 3.1 30 refrigeration ton humidity chamber used for estimation of the

heat transfer performance of the test models of the fin-tube radiator.
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Figure 3.2 Side view of the humidity chamber used for estimation of the

performance of the test models of the fin-tube radiator.

Table 3.1 Spec of the multi psychrometric calorimeter test facility used for

estimation of the performance of the fin-tube radiators.

KS C 9306
Test standards KS B 6275
Cooling capacity (6~105) kW
Heating capacity (6~105) kW
Calorimeter 120 mz/min
100 m’/min

Flow rate (30~250) L/min
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(a) Cross section of the test models indicating specific sizes
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SECTION “A” - “A”
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(b) Schematics indicating the fin-and-tube arrangement and the specific shape

of wavy fin included in the test models

Figure 3.3 Drawings of the test models of the fin-tube radiator. (unit: mm)
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Table 3.2 Number of fins included in a test model of the fin-tube radiator

according to the fin pitch.

Fin pitch (type of model) Number of fins per model
2.1 mm 238
2.3 mm 217
2.5 mm 200

Figure 3.4 Fin-tube radiator manufactured according to the drawings.

Table 3.3 Material, size, and quantity of the components included in a test

model of the fin-tube radiator.

No Description Material Size Quantity
1-1| Front tube sheet SS400 3.2t 1
1-2| Rear tube sheet SS400 3.2t 1

2 Casing SS400 3.2t 2

3 Header pipe Copper $22.2x1.2t 2

4 Flange SS400 SK 20A (I.D 25) 2

5 Cap Copper 20A 2

6 Tube Copper ¢12.7x0.35tx560L 96

7 Fin Aluminum 0.12t See Table 3.2
8 U-bend Copper $12.7x0.75t 84

9 Tube Copper ¢12.7%0.35tx46.4L 24

10 | HEX.B/N/2PW/SW SS400 M10x30L 6

11 Flange SS400 5K 20A SO/FF 2

12 Nipple STPG370E | 20A SCH.40(PT3/4”) 2

13 HEX.B/N SS400 M10x40L 8

14 Gasket NON-ASB. 3t 5K 20A FF 2

15 Boss & Ball SS400/BC PT 3/8” 2

_26_




Gt

=0

JoH

o 9 2 EF Ayt

¢
oy

wK

i
Ho

el

B

Figure 3.5¢ %

-
T

W, 7t &Y

el
W

Mo

y

o
o

il

=0

R

ToAlE = wA U

=
=

W OB e BE B} thA

Figure 3.69 (a)&

=]

< =

b= Bfolvh A

gdnlo] dAs

0

AJm
ol
7o
n
ou
o
jang

N
s
<

wol 5 o] 1, o] 2

715

%

bol A w2 Fojqiu.

]

7}
7] &%+ 25TCo]H,

=
S

< 331

Zl

712 Eo7k= §71¢ %

m/s, 414 m/s9] F 7}A o]t}

W

o] &

=
=

7] &% 52T Y

o
. S

i A

#e 53

24

tol whA i o

3|

=

15 &

)
Ny

il
]

W
"

B
o

-
T

upet dE Adn

ol A i St7] At

_27_



WATER INLE

Figure 3.5 A part of the test facility for the support and recovery of water
to the test models of the fin-tube radiator.
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(b)

Figure 3.6 Installation of the fin-tube radiator test model onto the test

equipment for measure of the performance of the supported water and air.
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Table 4.1 Test data of the performance of air flowing between plate fins in

the test models of the fin-tube radiator.

Test | Fin pitch | Velocity at | Temp. at Pressure | Heat transfer
No. (mm) Inlet (m/s) | Outlet (C) | Drop (Pa) rate (kW)

1 2.1 46.9 224.7 16.7

2 2.3 3.31 46.4 210 16.4

3 2.5 46.0 195.3 16.1

4 2.1 46.5 328.2 20.6

5 2.3 4.14 46.0 307.8 20.1

6 2.5 45.5 285.9 19.7

Table 4.2 Test data of the performance of water flowing through the tube
pipes in the test models of the fin-tube radiator.

Test | Fin pitch | Flow rate Temp. at Pressure | Heat transfer
No. (mm) (kg/s) Outlet (C) | Drop (Pa) rate (kW)

1 2.1 47.6 224.7 16.7

2 2.3 0.93x107 47.6 210 16.4

3 2.5 47.6 195.3 16.1

4 2.1 48.6 328.2 20.6

5 2.3 1.41x107 48.5 307.8 20.1

6 2.5 48.7 285.9 19.7
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Figure 4.1 Change of the heat transfer rate of the air flowing in the fin-tube

radiator, according to the changes of the value of inlet air velocity and fin

pitch.
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outlet of the fin-tube radiator, according to the changes of the value of inlet

air velocity and fin pitch.
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Table 4.3 Properties and numerical results of air flowing between plate fins

in the analysis models of the fin-tube radiator. (fin type: wavy)

Fin pitch | Velocity at | Density Temp. at Pressure | Heat transfer
(mm) Inlet (m/s) (kg/m*) | Outlet (C) | Drop (Pa) rate (kW)
2.1 47.1 494 17.9
2.3 3.31 46.6 47.4 17.4
2.5 46.1 47.1 17.0
2.1 1.184 46.5 73.0 21.7
2.3 4.14 45.8 70.2 21.0
2.5 45.4 70.0 20.5

Table 4.4 Properties and numerical results of air flowing between plate fins

in the analysis models of the fin-tube radiator. (fin type: flat)

Fin pitch | Velocity at | Density Temp. at Pressure | Heat transfer
(mm) Inlet (m/s) | (kg/m’) | Outlet (C) | Drop (Pa) rate (kW)
2.1 46.5 39.6 17.3
2.3 3.31 45.7 37.6 16.7
2.5 45.0 35.7 16.1
2.1 Ak 459 58.8 21.1
2.3 4.14 45.0 55.9 20.2
2.5 443 53.2 19.5

Table 4.22] 53 3 A= A3}E Table 4.19] 37 & Ad 23
o} vl sttt Figure 4.4+ 33 3 Wad7] 2de] A3 9 )4 Ay +
Aol e] F7)E&Ee] e d-EF 2% S Hugk Aolc) &4 gk
A kel Aol YFEE 331 m/sY wf A gkl A gholl wlal] oFzk 2
I, YTEE 414 m/sE W= o Y O A Hat oF 0.13% 2 L4
Fom 3 7 7HEd 2 T FUEE Wt 2 AFzka A gk W3t
dego]l & ARt
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Figure 4.4 Comparison of the results of the experiment and the analysis for
the temperature difference between the inlet and the outlet of the wavy

fin-tube radiator, with the two velocity conditions at the inlet.
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Figure 4.5 Comparison of the two types of analysis models of the fin-tube

radiator for the temperature difference between the inlet and the outlet, with

the two velocity conditions at the inlet.
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Figure 4.6 Comparison of the two types of analysis models of the fin-tube

radiator for the pressure drop between the inlet and the outlet, with the two

velocity conditions at the inlet.
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Figure 4.9 Change of the heat transfer rate of the flat and the wavy fin
model, with the change of the inlet air velocity. (when the value of fin pitch

is 2.1mm)

120
100

80

Pressure drop [Pa)
2

1.69 212 2.65 3.31 4.14 5.18
Inletair velocity [m/s]

—s=\Navy fin Flat fin

Figure 4.10 Change of the pressure drop between the inlet and the outlet of
the flat and the wavy fin model, with the change of the inlet air velocity.

(when the value of fin pitch is 2.1mm)
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Figure 4.11 Change of the ratio of Colburn factor j and Fanning friction
factor f of the flat and the wavy fin model, with the change of the inlet air

velocity. (when the value of fin pitch is 2.1mm)
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Figure 4.12 Temperature contour of basic fin and punched fin analysis

models(Case 1~13), when the initial temperature of air at the inlet is 35C.
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Figure 4.13 Temperature difference of the air flowing between the outlet and

the inlet of the basic fin and punched fin analysis models (Case 1~13).
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Table 4.5 Temperature difference of air flowing between the outlet and the

inlet of the basic fin and punched fin analysis models. (Case 1~13)

Model | Basic fin | Case 1 | Case 2 | Case 3 Case 4 Case 5 Case 6
AT
(C)

Model Case 7 Case 8 | Case 9 | Case 10 | Case 11 | Case 12 | Case 13
AT

©)

24.0 24.8 23.1 24.9 24.4 229 25.0

25.1 25.1 20.8 20.8 25.5 22.3 24.7
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models(Case 1~13), when the inlet air velocity is 3.66 m/s.
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Figure 4.15 Pressure drop of air flowing between the inlet and the outlet of

the basic fin and punched fin analysis models. (Case 1~13)

Table 4.6 Pressure drop of air flowing between the inlet and the outlet of
the basic fin and punched fin analysis models. (Case 1~13)
Model | Basic fin | Case 1 | Case 2 | Case 3 Case 4 | Case 5 | Case 6
AP
75 244 555 233 477 536 269
(Pa)
Model | Case 7 | Case 8 | Case 9 | Case 10 | Case 11 | Case 12 | Case 13
AP
264 262 629 626 788 977 123
(Pa)
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