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A study of heat transfer performance of roll-plate type

fin—tube condenser for the refrigerator

Sung-Jun Ahn

Department of Refrigeration and Air Conditioning Engineering,
Graduate School

Pukyong National University

Abstract

As the world is faced with a high oil prices, ‘demands for
energy saving are increasing all over the world. The refrigeration
and air—conditioning system also need to be efficiency to reduce
their operating,'production cost. Particularly, a study on condenser
for refrigerators *has focused on new model which will cost less
and will be more “efficient. -Some widely used «condenser for
domestic refrigerators “are - wire-and-tube = type condenser,
hot-wall type condenser, and spiral type condenser. Some
companies which use the spiral type condenser at the moment try
to develop a new type condenser which will cost less and will be

as efficient as the spiral type. The new type condenser consists



of a steel tube, steel plates and louver fins attached to the tube.
The tube and the plate are bent into a single—passage serpentine
shape.

This research focused on the proposal of roll-plate type and
experimental study of the heat transfer rate of roll-plate type
fin-tube condenser. The experiments were carried out under the
following condition; air velocity = 0.15~0.45 m/s, working fluid =
brine, and supply hot brine temperature = 50~70C. The pressure
drop and heat transfer coefficient were experimentally evaluated

at various air velocity.



Symbols

A

Nomenclature

Area

Specific heat

Hydraulic diameter
friction factor

Heat transfer coefficient
Colburn's j factor

Length of heat exchanger
Pressure

Prandtl number

Heat transfer rate
Reynolds number
Temperature

Overall heat transfer coefficient
Velocity

Greek symbols

£ o < ™

Heat transfer area density

Kinematic viscosity
Density
Diameter

_|\/_

[W/m*K]
[m/s]

[m'/m’]

[m'/s]
[kg/m']
[mm]



Subscripts

a Air

a. Air inlet

a.o Air outlet

air Air side

c Cross section or minimum free area
h Hydraulic diameter

Surface of condenser
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UA~ UA, UA, hA, A, okl A A

AN A % 0 = FAlol wBH Q) vp=e ebdt.

Table 1 Representative values of the overall heat transfer coefficients

in heat exchanger

Type\ of heat exchanger ¥, W/iIn' s
Water-to-water 850 - 1700
Water-to=oil 110 - 350

Stream condenser 1000 - 6000
Ammonia condenser(water cooled) 800 - 1400
Alcohol condenser(water cooled) 250 - 700
Gas-to—gas 10 - 40
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Table 2 Geometrical data used for the simulation

Section Length Section Length

AB 125mm EF 64mm

BC 225mm FG 20mm

CD 85mm ly 0.3mm

DE 40mm t, 0.6mm
F2 AEY oS s7] 93 CFD =%+ FLUENTZ A}-83t4th
ALY FEPPAA Y ol AsM O R F3 A A Wo] g
o g F-arEe] s or 23 AR AE X2 (quadratic upwind

differencing scheme), SIMPLEC €18 &5S AF&38lH 1, iR d 2 A
o

BT keRdE A&ttt b Aol o3 FEdHE Al Edeldst
71 918 9 - EFoAMAE AHAAZRA S AFSSIAT TRl 250 4
3 JT AA 2AoERE T 2% 30CE AREsdT - $=7] U
£ 2% 379 AEatE, 252 Ad st o] el YuEn
2, ol& 9a #o WFol of#fe diF AA A4l ALEHUT
2o 1 1A B d(column)ie] W= o] ),
$2L A pta- ) (4.1)
on
Table -3 Temperature of tube
Column Temp. Column Temp.
1 331K 4 322K
2 328K 5 319K
3 325K 6 316K
Akl A ALRE o] W& % 7%= Table 33 #th #9o 7+ 9
2o Ao ZRE AEAF] &x EXE AR o Ao AHE
= At
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Fig. 4 Schematic diagram of the roll-plate type fin—-tube

condenser(unroll)

S OCm

(a) Side view
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(b) Side view

(c)Front view
condenser

Fig. 5 Schematic diagram of the roll-plate type fin—tube



Photo 1 Photo of the roll-plate type fin—-tube condenser (duplex
fin)

_25_



Table 4 Dimension of the roll-plate type fin—tube condenser

Tube diameter (O.D) [mm] 4.76
Tube thickness [mm] 0.5
Tube length [m] 16.3
Fin'thickness [mm] 0.3
Fin length [mm] I3

Fin height [mm] b
Weight [kg] 2.97
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Photo 2 Photo of the spiral type condenser [AHA ZA}]
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Photo 3 Photo of the roll-plate type fin—-tube condenser

(plate fin)
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Table 5 Comparison between spiral type, roll-plate type fin—tube

with heat transfer surface area

heat
heat heat
transfer
Condenser |Condenser| transfer transfer
] surface
Type size volume surface surface
‘ area per i
(WxDxH) [m'] area density
‘ same o
[m’] [m*/m']
volume
spiral type | 185x192x2001 7.1x107° 1.575 1.00 221
roll-plate
type 182x150x182 |4.96x107° | ' 0.894 0.81 180
(plate fin)
roll-plate
type (single| 182%150%182|4.96x107| 0.922 0.84 185
louver fin)
roll-plate
type _3
156X196X207|6.32X10™" 1.577 1.13 250
(double
louver fin)
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Fig. 6 Schematic diagram of the experimental apparatus
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Photo 5 Photo of the experimental apparatus
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Table 6 Test condition

Condenser
Air velocity [m/s] 015" 0. 25
Inlet air temperature [TC] 98 (+0:5)

Inlet brine temperature [TC]

50, 60, 70 (£0.5)

Inlet brine mass velocity [kg/m®*s]

150, 200, 250, 300
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