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A study of heat transfer performance on the compact

heat exchanger using the spring fin

Ki-Taek Lee

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, the cost of a heat exchanger and weight of air
conditioning and refrigeration systems, and they have a deep connection
with refrigerant charging rate. Using a small diameter tube heat exchanger
made of is one of the good choice and that has been being adopt
recently.

Heat exchangers of the fin&tube type have been mainly used as heat
exchangers for air conditioning systems. As a fin, plate, slit, and louver fin
chiefly has been used. However, those fins are not suitable for compact

heat exchange using small diameter tube.



Therefore, this ’research focused on the proposal of new fin type, spring
fin, and experimental study of the compact heat exchange using spring fin.
The spring fin heat exchangers were composed of small diameter tubes
and thin spring fins: inner diameter of tube=1.4 mm, thickness of tube=0.2
mm, thickness of Cu spring fin=0.5 mm, and tube length=250 mm. The
experiments were carried out under the following conditions; air
velocity=0.7~1.7 m/s, working fluid = water, and supply hot water
temperature = 75C. The pressure drop and heat transfer coefficient were
experimentally evaluated at various air velocities.

The experimental results indicated that the pressure drop in the water
side was lower than the typical fin and tube type heat exchangers. This is
due to the short tubes length and many branch tubes. The spring fin heat
exchanger had a high heat transfer coefficient. These results lead us to the
conclusion that the spring fin is fit on compact heat exchanger using small
diameter tube and the spring fin heat exchanger using small diameter

tubes is the compact heat exchanger with high performance and flexibility.



Symbols

ccHs@OoOFIVCOTT DO

Nomenclature

Area

Specific heat

Hyvdraulic 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

Free-stream velocity

Greek symbols

.S'O<'@

Heat transfer area density

Kinematic viscosity
Density

Diameter

[m’]

[k]/kg - K]
[m]

(-]

[W/m' - K]
(-]

[m]

[kPal]

(-]

[W]

(-]

[T]

[(W/m' - K]
[m/s]

[m/m’]
[m/s]
kg/m’]
[mm]



Subscripts

a Air

al Air inlet
a.o Air outlet
air Air side

c Cross section or minimum free area
h Hydraulic diameter
S Surface of heat exchanger
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t=0.5 [mm] 980 (straight length = 8400)
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Fig. 1 Schematic diagram of the spring fin

Photo 1 Photo of the spring fin branch tube
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Photo 2 Photo of the spring fin heat exchanger
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Table 1 Dimension of the spring fin heat exchanger

Tube diameter (O.D) [mm] 1.8
Tube thickness [mm] : 0.2
No. of branch tubes [ea] | 125
Fin( spring ) thickness [mm)] 0.5
Fin( spring ) straight length [mml] 8,400
No. of fins [EA] = 1,830
Distribution header(O.D) [mm] 12.70
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Fig. 2 Schematic diagram of the multi-channel heat exchanger header
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(a) Outlet side insert method

(b) Inlet side insert method

Fig. 3 Schematic diagram of the inserting method
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Photo 3 Photo of the fin&tube type heat exchanger (50) [LG # =™
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@
Photo 4 Photo of the wire woven heat exchanger (Cu line)
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Photo 5 Photo of the wire woven heat exchanger (Al line)™
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Photo 6 Photo of the spring wire woven heat exchanger'™
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Table 2 Comparison between fin&tube type, the wire woven type and

spring fin type with heat transfer surface

heat heat transfer
. heat transfer
size volume transfer surface
Type surface per )
(LxHxt) [m'] surface density
same volume
[m'] [m'/m’]
fin&tube ;
B 200%x310x20 1.24x10 " 1.657 1.000 1337
(50)
straight wire
fin type 370x295x2.7 | 0.589x10 0.897 1.139 1522
(Cu wire)
straight wire
fin type 205x150x2.8 | 0.124x10°° 0.183 1.106 1477
(Al wire)
spring wire
fin type 205x150x5.6 | 0.248x10 * 0.330 0.996 1331
(Al wire)
spring fin ﬂ
. 250%352x10.451 0.9196x10 1.7283 1.405 1879
ype
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Fig. 4 Heat transfer surface density spectrum of exchanger surfaces
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Photo 7 Photo of the experimental apparatus
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Single Tube Heat Exchanger
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