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Performance Evaluation of the Evacuated Solar

Collector Using the Pulsating Heat Pipe

Gil-jae Son

Department of Refrigeration Engineering,
Graduate school,

Pukyong National University

Abstract

It is increasing interests of the environment. It make efforts to
saving a energy conservation. From the viewpoint of low cost as

well as short construction schedule for the manufacturing of heat



exchanger, flexibility, simplification and high performance,
PHP(Pulsating heat pipe) draws special attention in these points.
So, in this paper, the thermal performance of evacuated solar
collector using the pulsating heat pipe was investigated. We
investigated a optimized working fluid on solar collector and
charging ratio. One of the important things is collective efficiency
of the evacuated solar collector. The evacuated solar collectors with
the shape of the heat pipe were investigated in the same operating
condition for a outdoor experiment equipment.

The experimental conditions are-as follows ; The charging ratio
of working fluid was 50%, 70%, 1009 of evaporation section
volume. The inclimation angle was 35° from the fround. The mass
flow rate is 1 ~ 2 kg/min. the working fluid is R-141b, R-142b,
R-134a and Etyl Alcohol.

Optimum working fluid was Etyl Alcohol, its charging ratio is
10096 to volume, In this study shows that 6.35 mm diameter was

higher efficieincy of collected heat than 4.76mm diameter.
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NOMENCLATURE

Symbols



collector surface area

measured incoming solar-irradiation on the collector

surface

absorptance on collector surface

penetration ratio on glass tube

heat loss coefficient

the mean temperature on the collector surface
average ambient temperature

mass of water filled up in the tube
average water temperature in the tube
daily average ambient-air temperature
initial water-temperature

final water—-temperature

total measuring period of time
specific heat capacity of water
outside area of absorber
testing time interbal

water temperature in storage tank

difference between. 7; and T}

hemispherical emittance

_Vi_

[m?]

[keal/hr]

[ W/m?]

[keal/hr » m*>C]
[C]

[C]

[kg]

[C]

[C]

[C]

[C]

[s]

[J/ kg « K]
[A27]

[s]

LiC

[C]
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Table 1-1 Energy Balances of OECD Contries 2002-2003, IEA

2005 EDITION (Korea, 2004)

Increasing Increasing
Amount | Rate of rate of Amount | Rate of rate of
The The
. of supply| total the ) of supply| total the
nation nation
(1000toe) |energy(%)| average (1000toe) |energy(%)| average

annual(%) annual(%)
Australia 6,537 58 3.2| Luxemburg 60 14 104
Austria 6,935 209 4. 2|Netherlands 2,041 2.5 13.0
Belgium 1,194 20 7.3|New Zealand 4,852 279 03
Canada 40,793 15.7 2.8 Norway 10,627 455 =11
Denmark 2,707 13.0 12.3| Poland 5,414 5.8 12.7
Finland 8,157 217 5.8 Portugal 4,340 16.8 41
France 17,260 6.4 1.3| Slovakia 650 3.5 99
Germany 13,318 38 11.2  Spain 9,370 6.9 59
Greece 1,582 5.3 5.3 Sweden 13,739 26.7 23
Iceland 2,457 72.6 8.4| Suisse 4,814 17.8 4.0
Ireland 261 17 6.5 England 3,217 1.4 16.8
Ttaly 10,920 6.0 @l LTS.A 103,180 4.5 04
Japan 18932 37 24| Korea 4,436 2.1 257

Table 1-2 Technical development standard percentage of the

forward country that category of New & Reuseable energy

resources
Technical Technical

Categories development Categories development

standard(%s) standard(%)
Hydrogen 39 Ocean 83
Fuel cell 59 Waste 53
Photopile 74 Use a coal 53
Solar 2 Water power 84
Wind power 87 Geothermal 56
Bio 57 Average 65
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t, . average ambient temperature (C)

At testing time interval

A7 total measuring period of time (s)

M  : mass of water filled up in the tube (kg)
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Fig.n2. Schematic of.a single vacuum collector

with “dual pipe flow passage (SEIDO-2).
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Fig. 3. Connection of the storage tank and

dual pipe flow passage (SEIDO 2).
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Table. 2-1 Possible working temperature range of various heat pipe

[ncreasing
Heat
Transport
Capacity

fluids 10
CRYOGENIC ~ LOW TEMPERATURE |HIGH TEMPERATURE
HEAT PIPES HEAT PIPES HEAT PIPES
Aa
U
Na =
Hi —
K
08 ——t—ou
HO —

HH3
CHA0H
(CHaCO

CiHa
-1
F-2|
CH4
02
fi2
g —
—H?
0 50 100 500 1000 5000
Temperature (K)
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Temperature (K)

380

Fig. 2-2 Merit number of selected working fluids for heat pipe
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Table 2-2 Working fluid & container

material suitability

Recommended

Not Recommended

Ammonia

Aluminum
Carbon Steel
Nickel

Stainless Steel

Copper

Acetone

Copper
Silica
Aluminum

Stainless_Steel

Methanol

Copper
Stainless Steel
Siliea
Nickel

Aluminum

Water

Copper
Monel
347 Stainless Steel

Refrasil fiber

Aluminum
Silica
Inconel
Nickel
Carbon Steel

Thermex

Copper
Silica

Stainless Steel
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Fig. 3-2 Internal shape of solar collector using PHP
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Fig. 3-4 Operating method of solar collector using PHP
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Photo. 1 Solar collector using PHP on the

loop top
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Table 3 Specification of Solar collector using th PHP

Parameter Specification
Aperture Area(A) 1.500 <0.812 [m?]
Storage Tank
300 [/]
Volume
Glass Concentric
¢58 [mm]

Evacuated Tube

Selective Surface Black chrome coating
Length 2942 [mm]
Pipe Diameter(0.D) 476 [mm]

Evaporator Pipe Diameter(I.D) 3.6 [mm]
Fin Diameter 14.65 [mm]
Fin pitch 2.2 [mm]
PHP
Length 1165 “[mm]
Pipe Diameter(0O:D) 15.88[mm]
Condenser Pipe Diameter(I:D) 13.84 [mm]
Fin Diameter 35.4 [mm]
Fin pitch 2.0 [mml]
32 Ay Wy

&l

B Ag AHgEE JAB Wrol SOFE ST 45 f)

ZR87] 8 2HE AEZRP)S YFA FZDP)Z FAAY 13F 3

il

T2 40 x 10744 AR wEQY FEaAe FHES SO

Aol el 100%was FASAT. Al&"He] F2 2= SAHL

_31_



T-t
ypeE At E
AiE AME3S
Recorder (yokog e
awa, DR~ R
e e 93t7] 913kl H
P |
e ybrid
st PC= 4%
9501 2
AN

1:}_ é_;gg L1 ]
& g Ak o LR
7l o] =]
dd54e @
robr 7] $13) 2
d IR = e

05

T

9,
P
o
o
-
+
O(;){:,I'
ol
s
o
=
e
r]I.
ax
o
fr
uj
o
g
iy
g
=2
o
oo
i,
rlr
do

_32_



s

A 47 92393 2 2

—
fite)

!

s Aol 7}

o~
T

o] 179.60 kcal/h * m°2o. 2

3]

kel

ik 1
o] 122.36 kcal/h * m’©. &

o] 50%, 70%, 100%= 3

=]

A

=

)
e

-7} Chamber JE1= =0} g07] o

=
==

o] $%8 AEHAN A TR
sretar Azta s

} A 71

NI~

M-
™
g

)

X
il
|

al?

Ay,

o
o
o
el
1SS

|
—_
fite)
o
g

3}
&

[e)

L

]

il
S
i

==

S
o]a, Table. 4-19} Table. 4-2, Table. 4-32 =

< YERH AT

R _
Ae A=

ek Fig. 4-1 ~ Fig. 4-3
]

F 21 =Fo] 50%, 70%, 100% %

hyA

(RRSn N

=

=



45

Inlet temperaure of the solar collector using the heat pipe
— —  Qutlet temperature of the solar collector using the heat pipe
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Fig. 4-1 Temperature profile with charging ratio at 50%vol

Table. 4-1 Temperature difference and collected heat with charging ratio

at 50%6yal

PHP type'solar.collector
flow rate (kg/min) 2.06
Temperature difference(TC) 3.1
Charging ratio (%o 50
Collector area (m? 3.1
Collected heat (kcal/h * m?) 122.36
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Inlet temperature of the solar collector using the heat pipe
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Fig. 4-2 Temperature profile with charging ratio at 70%yo

Table. 4-2 Temperature difference and collected heat with charging ratio

at. 70%yor
PHP type solar collector
flow rate (kg/min) 2.01
Temperature difference(C) 4.5
Charging ratio (%) 70
Collector area (m? 3.1
Collected heat (kcal/h * m?) 179.60
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Fig. 4-3 Temperature profile with charging ratio at 100%y

Table. 4-3 Temperature difference and collected heat with charging ratio

at 1 Oo%vol

PHP type solar collector
flow rate (kg/min) 2.01
Temperature difference(C) 5.6
Charging ratio (%vo1) 100
Collector area (m? 3.1
Collected heat (kcal/h * m?) 225.63
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Table. 4-4 Temperature difference and collected heat with working /fluid

R-134a R-142b Etyl' Alcohol
flow rate (kg/min) 1.92 1.05 2.01
Temperature difference(C) 4.2 10.9 5.6
Charging ratio (%yo1) 100 100 100
Collector area (m?) 3.1 3.1 3.1
Collected heat (kcal/h * m?) 156.07 190.40 225.63
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