ald
4]
mﬂ

.

.*Oﬂr

I
.

.*O_l
Ho

20054 2H

o
.
;O_l

B

.
;Oﬂl

ﬁo
il

)

;Oﬁl
Ho

Ho
o

loR)

—

~H



oH
i
o-
ol
g
HJ

oF
_#O“l

X

;Oﬁ
Ho

o)
lof

'~H

2H

2005791




1l
10
10

INOINENCIALUTE -+errsrrrssresseessessssssessssesssesss s eta s

ot
o
o
Il
[a\]
o

N
B
[
T
T
n
<0



st

23
il

41

.
T

Inw
)

o

sl
ﬂ

=

¥

xR

a
o}

N



Experimenatal Study on Development of Solar

Collector using Oscillating Heat Pipe

Tae-Hoon Kim

Department of Refrigeration Engineering,
Graduate school,

Pukyong National University

Abstract

Recently solar energy is representative in the technology development
and spread of alternative energy. Specially in condition of solar collectors,
they have had very various shape.

Two experiments were performed on this study. One was investigating

the best charging ratio and inclination angle of heat pipe for solar collector.



Another was invetigating temperature variation charactics and collection
efficiency of solar collector on the basis of the first experiment conclusion.
The first experimental condition was that charging ratio was 1596, 209,
40% and inclination angle was horizontal, 30, 45, 60, perpendicular. As a
result of the first experiment, charging ratio 20% heat pipe was shown the
most uniform temperature distribution and also its Theat transfer
performance has been the best in inclination angle 45.

We made the solar collector which heat pipe was adhered to. And its
inclination angle was 45. Solar collector was all 5 types. Among them, 4
types were that the respective length and pitch of heat plpe Wwere
250mm:50mm, 250mm:100mm, 300mm:50mm, 300mm:100mm. The other type
was used commonly collection plate.

We choose sunny days for sufficient radiation. According to variation of
time, inlet and outlet temperature of collctor was rising. But their
temperature difference was maintained regularly. As a result of experiment,
efficiency of type used commonly collection plate collector was 15.0%,

tvpes which heat pipe was adhered to had 17.1~27% efficiency.
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Nomenclature

G

Solar Radiation

Area

Heat transfer rate

Specific Heat

Thermal conductivity

Temperature

Greek symbols

1)

Figure of merit
Density
Viscosity

Thermal conductivity

Efficiency

[keal/m’ - h]
[m’]

[keal/h]
[keal/kg - C]
[kcal/m - h - K]

[C]

[kg/K3/4S5/2]
[kg/m’]
[Ns/m’]

[W/mK]

[%5]



Subscripts

cond Condenser

eva Evaporator

ochp  Oscillating Capillary Heat pipe
max Maximun

a Atmosphere

W Water in storage tank
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Table. 2.1 Possible working temperature range of various heat pipe fluids

CRYOGENIC  LOW TEMPERATURE |HIGH TEMPERATURE
HEAT PIPES HEAT PIPES HEAT PIPES
Ag
F——
N o
Increasing R S
Heat K —m—
e
Transport IO e msegomme
Capacity N
CHAOH
{CH4C0
CEHE s
Fe11
F-21
i3 R T
0z
Np ==
g ——
—
0 50 100 500 1000 5000
Temperature (K}
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o — | S [ e . . = R-141Db
R-142b
Ethanol
280 300 320 340 360

260

Fig. 2.2 Merit number of selected working fluids for heat pipe

Temperature (K)



Table 2.2 Working fluid & container

material suitability

Recommended Not Recommended
Aluminum
) Carbon Steel
Ammonia . Copper
Nickel
Stainless Steel
Copper
Silica
Acetone .
Aluminum
Stainless Steel
Copper
Stainless Steel ]
Methanol . Aluminum
Silica
Nickel
Aluminum
Copper .
Silica
Monel
Water . Inconel
347 Stainless Steel ]
S Nickel
Refrasil fiber
Carbon Steel
Copper
Thermex Silica

Stainless Steel
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(D Test section

@ Flow meter

@) Constant Temperature Water-tank

@) Circulation Pump

5 Data acquisition system

® Computer

Fig. 3. 2 Schematic diagram of experimental apparatus I
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Photo. 3.1 Photograph of test section I
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Photo. 3.3 Photograph of charging cylinder

Contrel

Photo. 3.4 Photograph of high vacuum system.
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Table 3.1 Specification of each experimental condition.

heat pipe length|heat pipe pitch| 2% 3
Type ,

(mm) (mm) (m*)
A 250mm 50mm 0.54
B 250mm 100mm 0.04
C 300mn 50mm 0.63
D 300mn 100mm 0.63
E 0.534
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@ Solar Collector

@ Storage Tank

(3 Circulation Pump

@) Valve

& Flow meter

® Data acquisition system

(7 Computer

Fig. 3. 4 Schematic diagram of experimental apparatus II
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Photo. 3.5 Photograph of Solar Collector
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Photo. 3.8 photograph of collection plate (Existing collector)
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Fig. 4.1 Temperature profile with repect to time at charging ratio(40%)
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Table 4.1 collection efficiency of each experimental condition

Collection Solar
] Storage tank . .
heat pipe . Area insolation
AT(TC) . .
(m’) (W/m")
A 13.8 0.54 630.5
B 11.8 0.54 682.1
C 14.1 0.63 555.4
D 16.2 0.63 592
E 92T 0.53 576.7
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Table 4.2 collection efficiency of each experimental condition

Q Collection Efficiency
heat pipe W) Efficiency Ascension
(%) (%)

A 652 21.6 35

B 958 17.1 7

C 667 27 69

D 766 23.1 45

E 435 159
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