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Character istics of heat storage and release of gravel layer
in solar collector s by hot air natural circulation
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Abstract: The themal characteristics of heat storage and release of the gravel layer used in the solar collector in w inter
were analyzed A ir from the solar collector was expected to circulate through the gravel layer naturally w ithout other
energy consumption T he gravel layer consisted of river gravelsw ith dianeter from 50mm to 100mm. T he temperature of
the olar ollector, gravel layer and cenentmortar surfacew eremeasured regectively to analyze themal characteristicsof
heat storage during daytime and heat release at night in the gravel layer. The horizontal and vertical heat characteristicsof
the gravel layer and canent mortar surfacew ere analyzed Resultsof the themal characteristicsof the gravel layer in the

wlar collector can be used as basic data for the themal analysis of gravel layer.
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0 Introduction

Recently, for decreasing a fossil fuel use and
environmental pollution, all countries are looking for
other energy resources w hich can be gpplied to new
architectures

There are natural energy (lar energy, geothemal
energy, biomassetc ), waste resource energy (chaff,
w astewood, w aste tire, waste oil, combustible trash
etc ) and waste industry heat that can be used for
reduction of fossil energy consumption Considering
resources, investment, environrmental mpact and
econom ic performance, the method of heat storage of
olar energy is themost desirable™ °!

Sensible heat materials such as water, stone
(gravel) and air are used for lar heat storage
Research materials for the heat storage at low
tenperature can be found easily, but the research
materials about storing the heat of high temperature
using the lar collector are Imited T herefore, river
gravelsw hich are safe and econom ical in usew ere used
in this study.

The purpose of this study is to apply the solar
collector and the gravel for floor heating of a slar

Received date: 2005-04-05 Revised date 2005-08-10

Biography: Moonki Jang (1971- ), Male, Born in Cheongju city,
Chungbuk Province, Republic of South Korea, Ph D candidate at
Shenyang A gricultural U niversity, M ajoring in A gricultural Building
Environrment & Energy. College of Engineering, Shenyang A gricultural
U niversity, Shenyang 110161, China Email: mkjang2000@yahoo com

house, based on analyzing past meteorological data,
and measuring the wlar radiation amount,
temperature in the gravel layer and the surface
temperature of canent mortar, aswell as analyzing
the themal characteristics of heat storage and heat
release in the gravel layer during daytine and
nighttime

1 M echanisn of heat storage and heat release
of the gravel layer

Sensible heat storage is based on temperature
difference and heat capacity of materials The heat
exchanges are expressed by formula (1) and formula

2.
Q:= nj :Zdet (1)

Q.= vI :ppdt (2)

W here Qs is the heat cgpacity, M J; m is themass of
heat storage material, kg; V is the volune, m® C, is
the gecific heat of the material, M J/(kg- ); T1is
the initial teanperature of heat storage, ; T: is the
final temperature of heat storage, ; P is the density
of the material, kg/m?® t is the tanperature at any
tme

Therefore, heat capacity per unit volume of
materials is,
.
0 = I “Codt (3)
T
W here @s is the heat capacity per unit volume,
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2 M aterialsand methods for exper ment

2 1 M aterialsand the equipment for exper ment
211 Solar collector

The lar collector used w as bought from Shenyang
market Table 1 show s itsperformance

Table 1 Character istics of the solar collector

Typeof Standard of Capacity of N umber of
vacuum tube heat tank
vacuum tube vacuum tubes
/mmx mm A
A zul D47x 1500 157 28
212 Gravel

Gravel used as the heat storage material w as picked
in the Hun River situated in Shenyang city. And the
diameter of the gravel ranges from 50 mm to 100 mm.
2 1 3 Pipefor connection

M aterial which connected wlar collector and the
gravel layer was a PV C tube The outer diameter of
the pipe is 110mm, and thew all thicknessis3 2mm.
2 1 4 Heating insulation panel

Heat insulation material which enclosed the gravel
layer was polystyrene panel Both sides of the
polystyrene panel were steel plate The thickness of
the panel was 100 mm. Table 2 expresses the
characteristics of thematerial

Table 2 Character istics of heating insulation panel

M ass Electric heat coefficient Soundproofing
/kg- m™ 2 KAV * (m2+ K) R/B
11 93 Q 330 23 0

2 2 M ethodsfor exper ment

The gravel layer and the heat tank were linked by
PV C pipe to store heat of high tenperature from the
wlar omllectors The gravel layer, which can store
much heat as shown in figure 1, figure 2 and figure 3,
has been wrapped by all heating insulation panel
except the upper part The upper partw as constructed
with the sand thickness of 10 mm and the cament
mortar thickness of 30 mm on the gravel layer 90 that
the stored heat can be enitted Figure 1 show s the
plane viev of the gravel layer. Figure 2 show s the side
view. Figrue 3 shows the positions of sensrs
measuring the temperature Solar radiation data
during the experimental period were from Shenyang
M eteorological O bservatory.

3 Reaultsand analysis

3 1 Physical character istics of gravel"**

4000

‘ - Insulation panel I

2990

Cement mortar

Sand
Grayel layer

K Heat tank

4 ar o
£ Solar collector

Fig 2 Side viev of the gravel layer

g

Fig 3 Sensr positionsof tenperature
measuring points

T he density of the gravel used in the study as shown
in Table 3was 2 75 kg/an® The porosity of the
gravel layer was 45 7%. The bulk density of the
gravel was 1438 kg/m°® Table 3 show s its physical
characteristics of the gravel which oonstitute the
gravel layer Figure 4 show s the grading curve of the
gravel

Table 3 Physical character istics of gravel

Density Porosity Size of Bulk density  Fineness
/kg- an” 3 /% gravel/mm  /kg- m" %  modulus
275 45 7 53 100 1438 2 58
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Fig 4 Grading curve of the gravel

3 2 Exper mental reaults

The temperaturesof 1 point in the internal center of
the heat tank, 8 pointsin the gravel layer, 3 pointson
upper surface of the cement mortar, 1 point outdoor
and 1 point indoor were measured smultaneously to
analyze the themal characteristics of the gravel layer
during daytime and nighttme Table 4 shows the
experimental result of each point during the
experimental period

Table4 M axmum temperatureand m inimum
tam perature at measur ing points’

M aximum . M inmum .

Temperature/ Time Temperature/ Tme
HT 48 6 14: 26 - 27 06: 51
oD 14 13 22 - 159 06: 21
GE1 37 2 14: 52 10 3 07: 21
GE2 22 4 14: 52 12 7 07: 21
GE3 16 4 16: 22 11 2 07: 22
av 2 19 2 16: 22 12 6 07: 21
avi 3 18 4 15: 52 11 8 07: 21
Qv 1l 18 0 16: 22 81 07: 21
Qw2 19 0 16: 22 10 9 07: 21
GV 3 19 5 15: 52 10 3 07: 21
M2 330 13 22 11 0 06: 51
AV 2 17. 6 15: 52 12 3 07: 21

* A verage teanperature from the 25th to the 26th, February.

The time of themaximum temperature of each point
as given in Table 4was between 1. 00 PM and 5: 00
PV and the maximum temperatures of the heat tank
and theoutdoorwere48 6 and 1 4 , regectively.
And the maximum temperatures of 8 points in the
gravel layer and 3 pointson the cenent mortar surface
werefrom 16 to 37 and33 0 , regectively.

The tmeof theminimum temperaturew as betw een
6: 00AM and 7: 21AM. Theminmum temperatures
of the heat tank and the outdoorwere- 2 7 , and
- 159 regpectively. And the minmum
temperatures of the 8 points in the gravel layer and 3
pointson the canent mortar surfacewere from 8 1
to 12 7 and 11 0 , regectively.

Because the arrival time of the maxmum
tenperature in the gravel layer w as later than that of

outdoor and the cooling gpeed of the gravel layer was
slow er than that of outdoor, the stored heat in the
gravel layer in daytime was worth using at night
Al, because the arrival tme of the minimum
temperature in the gravel layer was about 1 hour later
than that of outdoor, thistime lagwasworth utilizing
to design a heating systan for interior temperature
estimation
3 3 Changes of outdoor air temperature and heat
tank temperature

To analyze the change of outdoor air temperature
and heat tank temperaturew ith time passing, outdoor
air temperature and internal temperature of the heat
tank were measured, regpectively As shown in
figure 5, the changes of the outdoor air temperature
and internal tenperature of the heat tank had a sm ilar
inclination during daytime and nighttime But, the
change of internal temperature of heat tank during
daytime and nighttmew as greater than that outdoor.
Soecially, internal temperature of the heat tank fell
downto 2 7 atdavn Because the themal capacity
of air used as heat transfer medium was snall, the
internal tenperature change of heat tank was great
A s shown in figure 5, the maximum temperature of
heat tank was 48 6 at about 22 00 PM and the
maximum tenperature of the outdoor was 1 4 at
about 1: 00 PM. A I, the minmum tenperature of
the heat tank was 15 9 at 6 21 AM and the
minmum temperature of outdoorswas- 2 7 at 6
51 AM. The time interval between the outdoor air
maximum temperature and the internal maximum
temperature of the heat tank was about 1 hour. In
case of using the lar collector of air circulation, the
tanperature of the heat collection w ith olar collector
cane up to about 47  acoording to experiment
results If the optimum temperature indoor is
postulated by 16 , the heat storage in the gravel
layer from 9: 00 AM to 7: 00 PM can be used The
influence of tenperature
change in the heat tank on outdoor air temperature

60

—e— Heat tank temperature

—=— Outdoor air
40 | temperature

20 +

Temperature/ °C

0

—po [
0:21 4:21 8:22 12:22 16:22 20:22
Time

Fig 5 Changesof outdoor air tenperature
and heat tank tamperature
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change was not significant in the daytime, but the
influence of internal temperature change of the heat
tank on outdoor air temperature was significant at
night Figure 5 show s the temperature changes of
outdoors and the heat tank insidew ith time passing
3 4 Tanperature changes of gravel layer

The teanperature change of the gravel layer was
relatively gnall and stable during daytime and
nighttime A s shown in figure 6, the temperature
change of the heat tank w as significant during daytime
and nighttime, but the temperature change of the
gravel layer was snaller than that of heat tank. A |0,
the temperature changes of the gravel layer can be
seen as sensitive reflection in temperature change of
outdoor at night The maximum temperature of the
gravel layer wason average 21 3  between 2: 00 AV
and 4 00 AM , and theminimum temperaturewason
average 11 0 between 7. 00AM and 8 00AM. The
heat storage period of the gravel layer was about 9
hours (betw een 7. 00AM and 4: 00 PVl ), and the heat
release period of the gravel layer was about 15 hours
(between 4 00 M and 7: 00 AM next day). The
temperature rising rate of the gravel layerwas 1 26
per hour and the descending rate was Q 48 per
hour. The tanperature rising rate was greater than
that of the descending rate

Thus, because the temperature changes of the
gravel layer in the daytime was greater than that at
night, the practical use of house heating systam w hich
uses gravels and <lar oollectors may be regular.
Figure 6 show s the tanperature change of the gravel
layer w ith time passing

Temperature/ °C

—&— Out door
—=— Gravel layer

Fig 6 Tamperature changesof outdoor
air and gravel layer

3 5 Temperature changes of heat tank, inlet and
outlet of gravel layer

The temperature changes of the inlet and outlet in
the gravel layer were smilar to the internal
tenperature change of the heat tank T he temperature

change of the gravel layer inlet was greater than that

of outlet of the gravel layer, and it appeared similar to
the inside of the heat tank A s shown in figure 7, the
temperature rising rate of the gravel layer inlet was
4 18 per hour in the daytime, and the temperature
descending rate of the gravel layer outletwas 2 28
per hour In the daytime, because the temperature
difference betw een the inlet and outlet of the gravel
layer existed continuously, the natural circulation of
air was possible w ithout other energy consumption in
the gravel layer inside The temperature rising period
of the gravel layer was about 9 hours from 7: 00 AM
to 4 00 MM and the temperature descending period
w as about 15 hours from 4: 00 PM to 7: 00 AM next
day. Because the outlet in the gravel layer was
situated in the farthest place from the slar collector,
the temperature change of outlet in the gravel layer
was snaller than that of the inlet of gravel layer
caused by the outdoor air temperature and the heat
loss of the wlar coollector Figure 7 shows the
tanperature change of heat tank, inlet and outlet of
the gravel layer, regectively.

60
—e— Heat tank

—=— Inlet

—4— Qutlet

Temperature/ °C
) .
f=1 f=r]

<

—20 Lin i s i o
0:21 4:21 8:22 12:22 16:22 20:22
Time

Fig 7 Temperature changesof inlet and
outlet of gravel layer and heat tank

3 6 Vertical tanperature changes of gravel layer and
canentmortar surface in heat storage eleanent

To analyze the vertical tanperature change of the
heat storage elanent, the tamperatures of the gravel
layer and the canent mortar surface w ere measured
The temperature change of the gravel layer and the
upper temperature of the cement mortar w ere aimost
smilar Because the lar collector was used as heat
collection for high temperature unlike the typical olar
heat collection, the temperature changes of the gravel
layer and the canent mortar surface during daytime
w ere greater than those at night A s shown in figure
8, the surface tanperature of the canentmortarw here
the cement mortar and the indoor w ere in contact w as
not greater than that of the gravel layer During
daytme and nighttime, because the surface
temperature of the cenent mortarw as low er than that
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of the gravel layer, the heat of gravel layer can be
delivered to indoor without additional energy
consumption Figure 8 show s the vertical tenperature
changesof the heat storage elenent

20 ¢

—o— Gravel

—a— Cemnet mortar
surface

Temperature/ °C

0:21  4:21  8:22 12:22 16:22 20:22
Time

Fig 8 V ertical tenperature changes of
heat storage elanent

3 7 Horizontal tenperature changes of heat storage
gravel layer

To analyze the horizontal temperature distribution
of the heat storage elanent, the tamperatures of the
gravel layer and the upper surface of the cement
mortar which constitutes the heat storage elament
weremeasured The tanperature changes of 8 points
in the gravel layer were in smilar inclination w ith
time W hen the positionsof the inlet and outlet in the
gravel layer are on a straight line, the temperaturesof
E1, M 2 andW 3 located on the straight line or located
around the straight linew ere close somew hat or w ere
higher than those of other points T he tanperaturesof
E3 and W 1 situated on the straight line and the one
faravay place were relatively low. Specially, the
reaon that the temperature of W1 is low is a
construction causew here the outlet pipe of the gravel
layer was linked to outdoor. Figure 9 shows the
horizontal temperature changes of the heat storage
elenentw ith time passing

4 Conclusions

The themal characteristics of the gravel layer
which uses the wlar collector and the gravel were
analyzed, the resultsare asfollow s

1) The tamperatureof the heat storage elenentw ith
the olar collector increased by 1 26  per hour, and
decreased by Q 48 per hour The inner temperature
of the olar collector w as 47

2) The timeof heat storage and heat release for the
storage elenentwas 9 hours (from 7. 00AM to 4: 00
PM ), and 15 hours (from 4 00 AM to 7: 00 AM next
day) regectively.

3) W hen the minimum temperature of outdoor air

—o— Gravel E1
—&— Grvel E2
—&— Gravel E3
—*— Gravel M2
—%— Gravel M3
—0-— Gravel W1
20 - —— Gravel W2
—=— Qutlet W3

30 -

Temperature/ °C

10 F

0:21 4:21  8:22 12:22 16:22 20:22

Time

Fig 9 Horizontal tanperature changes
of heat storage elenent

was- 159 at 6:21AM, theminimum tenperature
of the heat tank was- 4 7 at 6 51A.M. Because
therew ere a lot of heat losses by heat transfer in the
olar mllector, heat storage of the solar ollector is
needed w hen common slar collectors are used

4) Because the temperature differences betw een the
heat collection elanent and heat storage elanent,
betw een the gravel layer inlet and outlet, and betw een
the heat storage elanent and using elanent were
significant in this study, the natural circulation of air
for heating was possible without other energy
consumption
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