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Preface

The background of the Workshop on Material Demand is the followings:
Task X participants are always facing to the difficulty to find out the
comprehensive solutions restricted by the intra relationships among
application fields, system consideration, component requirement and
material itself for the development of cooperative research works even
in the survey research. Throughout the past Expert Meetings, the
participants recognized that identification of the material performance

-Tevels depending on the operating conditions for the various systems

under various climatic conditions should be more emphasized in particu-
Tarly Subtask A activities, unless otherwise the establishment of the
material criteria would not be achieved which was the final goal of
Subtask A. We also realized that the most of the Task X participants
were specialist in chemistry and physics and were less familiar with the
aspects required from system and component sides. Under this circum-
stance, we agreed to have relevant workshop on material demands from

the system experts who have good experiences in various solar systems
both in active and passive applications in order to make the bridge

over the gap existing in the concept for material demand (properties)
understood by the material scientist. )

The workshop was structured for the participants to familiarize
with the aspects from system, components and applications and to increase
the understanding of the special topics in chemistry and physics as well
as systems. The workshop was spent for two days and was divided into
four parts, such as (1) Tectures on application of the system (operating
conditions) and material demand from system and component engineerings,
(2) lectures on present state-of-the-art on material aspects related
with performance, degradation mechanism, aging test, and service 1life
prediction method, (3) discussion related with the future development
of research works in Subtask A, and (4) discussion on research work
plans of joint activities of Subtasks B and C.



Throughout the workshop, the importance of the interface between
material and component was identified. Subtask A leader asked to the
participants to keep close contacts with system engineers in own country

further and stressed the importance of the special selectivity parameter
in computor simulation models for the prediction of thermal performance
to identification of the most used material, Subtask C Teader asked

for operating conditions, thermal performance and temperature to deter-
mine the condition required for the accelerated aging test in his case
study.

The questions related with the further Subtask A activities were
becoming more clearly: i. e., Do we define operating conditions which
will never, ever or always occur or, do we define the boundary conditions
which will be capable of the materials predictions by their test results
and of the good selection for manufacturer as well as designer.

The workshop resulted in the following recommendation and con-
clusions :

(1) System engineers and material experts became more knowledgeable
on the activities by each other. Hence, more specific and clear
workplan for future work particularly in Subtasks. A, B and C
was resulted in. '

(2) Future work as well as expert meetings will be strongly empha-
sized in the way of material groups in which specific experts
from all subtasks join together. The following material groups
will be formulated: absorbers with selective coatings, window
glazing, heat storage media and possibly heat transfer media.

(3) Subtask A activities on operating conditions and thermal perfor-
mance will more specificly and clearly be narrowed down with the
respect to the joint case studies particularly raised from

- Subtasks B and C.

This proceedings covers the submitted presentations of the lectures
given in the first two parts. Among nineteen lectures, the topics with
heat transfer fluids were not given except the topics related with usage
of freon as the transfer fluids for new type of collector coupled with



heat pump. The digest of questions and/or answers forwarded to
respective presentation were attached after respective presentation,
although some of them were missed due to the lack of tape recorded
material caused by some failures of the recording environment and
the equipment.

We wish this proceedings will be a beneficial and relevant
document to refer the present level of knowledge among the Task X

participants.







The Use of Plastic Absorbers
Katsuhiko Hojo

Hitachi Chemical Co., Ltd.
Yuki Works

I. Introduction

We have been using plastic (high density polyeth.) as an absorber in.
our solar systems for many years now.

To provide low cost energy-saving apparatus is an indispensable
condition in the expansion of solar energy utilizing equipment. For this
purpose, we have made efforts to put to practical use absorber for which
a molding method suitable for mass production and handy material was used.

The high density polyeth. material used must have suitable basic
properties such as heat resistance. |t is aiso very important that it must
have the most suitable properties {0 satisfy the molding methods for which
it is to be used.

The properties of the materials used at present and a part of the
methods used to evaluate durability for putting it to practical use is
tntroduced below.

2. The use of plastic absorbers

Fig 1. Shows an exsample
of the heat absorber.

uyTEn
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Which | shall talk about is
the first of its kind as a hol fow
molding compound made with high
density polyethylene.

Hitherto, absorber mdde with
high density polyethylene and
Joined by a pipe were sold on the

Q ' .
market. LOWER HOT-WaTER qm_;',z/ " \iKname SHEET

Exampies of this are water
tanks, transparent boards and
packing boxes, the main portions
of which are made of plastics.

fig 1 wWATER sTRAGE TYRE



Similarly, examples of
spontaneous circufation solar
systems are shown here.

(Fig 2)

Here we have plastic
col lectors of the flat plate type.

Plastic absorbers manufactured
by this method are strong against
corrosion and, because maintenance
is hardly needed, it can be said
that it is very suitable for llot
Water systems.

This flat plate type
polyethyene absorber is used also
by changing the shapes for domestic
solar systems of the compulsive
circulation type. (Fig 3)

Now | shall introduct a part of
the hollow molding machine which
manufacturers these molding compounds.

(fig 4)

The raw material is gradually
heated from lower .hopper temperature
of 210°C and is completely melted at
the top of the screw.

Then the oil cylinder operates
and enters the Ram which measures
the volume of the melted resin.

The resin pushed out form the
Ram flows from the Parison which is
adjusted at the Die head and Mandral.

The melted resin flows through
the open cast and then cooled when
the cast is closed at a specified
position as air is blown in
simultaneously.

As this is the molding method
it must be borne in mind that
Yflowability” is important as one
of the properties ofthe resin used.
The shape and size must also be
taken into account.

fig 2
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The properties the materials used at present and a part of the methods

used to evaluate durability for putting it to practical use is introduced
below.

The following ‘individual methods are introduced for evaluating
durability. , _

1) Heat-pressure creap test
2) Creap test ({ensile strength testing)

3) Freezing test

Now, it is necessary to estimate the life of the circular compound
which was flow-molded with materials such as this.

So durability is evaluated by heat pressure creap test in actually
environmental conditions.

The time‘it takes to destory the absober when air pressure is applied
after dipping it in 80°C hot water is measured.

The limit of usage (pressure) is calculated from the curve obtained by
the heat filuctuation of the absorber from actual usage and the curve
obtained from tests.

The foregoing are the actua! tests but the main data comes from the
creap properiies from tensiie strength tests which are the basics of the
tests. ’ ’

From the creap properties of polyethylene it is seen that if the
pressure is slight the lower the temperature the longer it takes for the
ahsorber to be destroyed.

Frofi these test results it is clearthat it is necessary to have a
desighwhich limits the force for eachportion of the molded structure to less
than 20 Kg/cm2.

® @rso;;;g
It is designed in a unique from EYTVPTVIIVOTRIreT: & P
the point freezeresistance properties )
of the poiyethylene absorber.
The section is of an elliptical shape )
and is prepared for capacity expansion. ® ® O

Also to secure safety, freezing
comes from bottom to top and finally,
the expansion runs into a tank. ' .
That is, the shape is fixed by ' :
calculating the heat capacity of each @ ® ©
portionand we succeeded in obtaining
a reoccurring pattern on repeating tests.

(fig 5)
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: How is the stability against UV radiation ?
: According to the data by sun-shine weathermeter, HDPE lost 80 % of

elongation by 500 hours, but by adding carbon black almost no
degradation was observed.

: What kind of plastics is the glazing material ?

: As plastics, PC was once used for the solar water storage heater.
: Will your absorber withstand to the stagnation temperature ?

: No damage at all. Now it is under testing at Hamamatsu Solar Labo-

ratory, and about 5 years have elapsed.

: What are the stagnation temperature and the stagnation pressure ?
: The temperature depends on conditions but it reaches to 100-115°C,

and the stagnation pressure is the atmospheric pressure.

: What are the condition of freezing test and the expected 1ife time ?
: -5 - 20°C, 10 hr/cycle; it is expected to be endurable to 500 cycles.
: What about heat collecting efficiency ?

: (Explained by figures) This system has a favorable domain at lower

temperature region.



IMPROVED FLAT PLATE SQLAR COLLECTOR
and DESIGN CONCEPT of its ABSORBER

Masaharu Ishida

Airconditioning R & D Laboratory
YAZAKT Ceo., LTD.

1370 Koyasu—cho, Hamamatsuushi,‘Shizuoka—ken, Japan.

‘{11 Introduction

There are several types of solar collectors currently in use,
The three most common types are flat-plate collectors, '
evacuated—tube collectors, and concentrating or tracking
collectors. The selection of collector type depends on what
you want to use the gained solar energy for : space heating
and cooling, hot water supply, pool heating, power or electric
generation, etc.. We have been develoPihg flat-plate
collectors in order to use them for both active solar cooling
systems with absorption chillers and solar heating systems.
The reason why we chose to develope this type, aside from the
ordinary advantages of the flat-plate collector {low cost,
easy to install on roofs or in yards, does not require
mechanisms, can use diffused solar radiation), is that it can
operate efficiently at the operating 'temperature range of 80~
90C which is required for an absorption chiller .generator.

In this paper, the high performance flat-plate solar collector
that we have developed is introduced and some concepts for
designing the absorber of this collector from the standpeoints

of durability and real application are described.

[2] Features of YAZAKI Super Blue-Panel, and performance

{2-1) Features
Yazaki has developed a solar collector (Super Blue Panel)
with exceptionally high performance for solar coocling and

heating applications. It is a typical flat-plate liquid

_9_



solar collector and is composed of a ‘"tube in sheet" type
absorber, a transparent cover sheet of low iron tempered
glass, 50mm fiberglass insulation behind absorber and a
transparent heat trap of Teflon(()) FEP between the cover
sheet and the absorber. Tablé 1 shows the specifications of
"Super Blue Panel", and Fig.l gives the schematic diagram.
The advantages gained by this collector design are
1) V-corrugated transparent heat trap reduces convection
losses.
2) Low iron tempered glass with high solar transmittance of
over 90% and with high strength,
3) Black stainless steel selective surface with high
absorptance (ja =0.91'~ 0.94) and low emittance
(ie =0.09"O.lé) |
4) Special corrosion resistant stainless steel absorber

plate.

Table 1 Super Blue Panel Specifications

~Model No, _ $C-v1020-000 ] 5CNo818-0100100 ] 5Cvo81s- 300 | sC-ws12.050

Construction of absorber plate - - Tube-in-sheet
Transparent matedials * . . - Tempered water-white glass & V-corugated transparent insulator
Characteristics of selective surface on absorber plate| Black stainless selective sudace (Solar radiation absorptance o = 0.91 ~0.94, emitlance £ = 0.08 — 0z
Extermnal dimensions [mm} - . 1002 X 2002 X 77 822 X 1817 X 77 B22 X 1537 X 77 822 X 1207 X 77
Efiective heat collection area {m?%) . 191 1.41 117 093
Maximum fiow rate for collector (L/1r) 1000
Maximum operating pressure (kg/em?) . 3or6

Absorber Plate ’ Ultra-Tow carbon femitic stainless steef (18Cr + 2Mo & Nb)

Caver plate ' Tempefed water-while glass (3mm thickness, transmittance = 0,90
Materials | V-corrugated transparent insulator Transparent teflon (FEP)

Housing Electredeposition and acryl electrostatic paint on galvanized steel sheet

Insulation, Back: 10kg/m? fiberglass 50mm thickness  Side: 24kg/cm’ fiberglass 15mm thickness

Low TIron

_Tempered Glass.
Black Teflon Film

Support Wire

Housing

Transparent Heat Trap

Absorber Panel
‘Heat Medium Connection

Fig.l Schematic diagram of Super Blue-Panel



(2-2) Performance _
In Japan, the "Japan Machinery and Metal Inspection Institute
(JMI) is the only one that is nominated as the Designated
Testing Organization for solar collectors. Table 2 shows
the JMI test sequence“and Fig.2 gives the performance test
results of YAZAKI Super Blue Panel. These results were
gained by using an indoor solar simulator. Nearly the same
results were obtained from tests performed outdoors by

YAZAKI according to ASHRAE 93-73.%

1.0
Table 2. JMI Test Sequence B
- for Solar Collectors

1. Receiving Inspection

Coilédﬁg;mﬁ%ficiency
o
en

2, Three-Day Exposure Test
(linear approximation) =~

N=0t A1 s X

3.° Thermal Shock / Cold Fi11 Test

4, Mechanical Strength Test

00 = 0,814
5. Thermal Performance Test [~ Al = 3.19
6. Compound Heat Cycle Test 0 . . . . l ! : 1 . ] .
G.05 Q.IU

7. Static Pressure Test
X {G-ul+h/ keal)
XK= {TintTout)/2-Ta } / i

8, Disassembly and Final Inspection

' : Fig.2 Collector Efficiency of
Super Blue Panel
(tested at JMI)

[3] Some concepts considered in designing the absorber

(3-1) Pressure design
There are two types of Blue-Panel, with operating pressure
of 3 and Gkg/cmz-G. In deciding maximum allowable pressure,
the following must be considered in addition to the total
pressure drop across the loop and "Zero-flow head" of the
selected pump.
a) For open systems,
Flashed vapor pressure is induced by putting relatively
hot water into the hot collector, especially when the
collector is under stagnation condition. Fig.3 shows

flashed vapor pressure measured in Blue-Panels.




5 absorber plate temp. 190t
N filled water temp. st
water flow rate 541/hpr-unit

first
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Vapor Pressure (kg/cn+G)
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Fig.3 - Test Results of Flashed Vapor Pressure
{15 Collectors are connected in series .
and hot water is added) - :

b) For closed systems,
One solution to the problem of freezing is the use of an
antifreeze solution. 1In this case, the fluid loop must
be closed in order to avoid contact between the fluid and
air, because of the fear that agueous glycal solutions,
both EG and PG, undergo acidification during long term ‘
exposure to air at high temperature. For closed loop
systems the maximum allowable pressure must be higher
than the highest pressure which occurs under stagnant
exposure, which is the saturated vapor pressure of glycal
solution at the stagnant temperature. For example, the
saturated vapor pressure of 70veol% PG solution is

5.8kg/cmz-G at temperature ofil65°C. This value is lower

than that of water f8f18kg/cﬁ2-G) at the same temperature.

(3-2) Absorber plate configuration
In general, the efficiency( n) of a flat-plate solar

collector can be simply expressed by the following equation:

1 =F'(Ae/Ag){( T & }e-Ut(tw-ta)/J} — @
where
Ae and Ag : aperture and gross collector area
(Ta)e : effective transmittance-absorptance product
ut : total heat loss coefficient
J : solar radiation



tw : average temperature of heat medium

ta : ambient temperature

F! : collector efficient factor
In deciding plate configuration, factors that must be
considered are the kind of absorber material, the fabrication
technique, and designing to make the F' and {( T & )e factors
of ﬁerformance, higher. The "tube in sheet" fype showed 1in

Fig.4 was selected from among a number of

Incident .
Ray Welds Fluid Passages 1

AN
[N

3

- X

\ / |
] T Heager =
Fig.4 '"Tube in Sheet' type absorber configuration

configurations-because this configuration can make up for
the drawbacks of the collector. That is to say:

1) Although stainless steel is a poor candidate for absorber
material compared with copper and aluminum because of its
low heat conductance, the 'tube in sheet"” configuration
results in a very good heat exchanger with a high wetted
area, i.e. most of the internal surface is wetted by the
heat transfer fluid. The most important variable in
determining F' is "Fin efficiency™ F. A larger wetted
area brings a higher F value and hence a higher F' value.

2) The black stainless steel selective surface has an
absorptance value of i =0.81:~ 0.94, and an emittance
value of '€ =0.09 ~0.12, which are obtained from optical
measurement by using a spectral photometer under
laboratory conditions. These values ére a bit worse
than the ideal values, .a=1.0 & =0.0.

In practice, however the aﬁsorptance value of 0.95, which is
caluculated from the collector performance test data by
using the equation () s is larger than the laboratory value.
This increase can be fegarded as the result of the multi-

reflection effect on a waved surface as shown in Fig.4.



(3-3) Corrosion resistance of stainless steel absorbers
The critical component of the solar system is the absorber
panel within the collector. Over the full life time of the
system, on the order of 10 to 20 years, the absorber panel
must be resistant to internal corrosion and its selective
surface must be stable. Although plastics, steel, copper and
aluminum have been considered for absorber panels, experience
is rapidly accumulating in support of the conclusion that
Type 444{(18Cr-2Mo} ferritic stainless steel is the optimal
absorber material in terms of performance, safety,
reliability, durability and cost.
(1) Ultra-low carbon ferritic stainless steel
{18Cr+2Mo stabilized with Nb)
The ferritic stainless steelé are known to have much better
resistance to stress-corrosion cracking(SCC) in chloride
environments than austenitic stainiess steels. This is
important because the chloride content of potable water at
temperatures encountered in solar collectors could induce
stress—corrosion‘qracking in susceptible materials. As
shown in Fig.4, "tube-in-sheet" type panel produces a tight
metal-to-metal crevice in it. The grade of stainless steel
selected must be able to resist crevice corrosion. For
solar cooling and heating systems, the transfer fluid
reaches 80 to 90C. The absorber panel can easily exceed
150C if drained during full sunlight, a condition which
can lead to corrosion problems through concentration of
the transfer fluid. As shown in Table 3 and 4, 18Cr-2Mo
ferritic stainless steel(Type_444) has excellent resistance
to crevice corrosion and SCCfm IfT a glycol solution is
used, Type 444 is also unaffected by glycol or its
degradation products.
(2) Improved seam welding technique
Two sheets of stainless steel, as thin as 0.35mm, are
embossed with the flow pattern, faced together and welded
by electrical resistance seam welding. In order to avoid
losing its own corrosion resistance, the weldihg must be
done carefully. The best method of dontrolling thermal
distortion on the stainless steel is to prevent excessive

heat buildup and absorption during seam welding. A newly



developed system for cooling the work metal uses sprays of
water directed on the work at the point of contact with the
resulting in reduced oxide layer production

this

electrode wheels,
around the heat affected zone.

cooling system solves the problem of 475 brittleness.

At the same time,

[4]

In the pressure design of collector absorbers,

. . R a
Crevice Corrosion Resistance

)

Table 3
Solution Type 304 |Type 439 Type 444 1 Metal-to-metal crevice, 80 C
200 ppm Cl— P (0.020)¢ | P (0.100) { NP, NP, 0,-saturated solutions, 45 days.
deionized watert NP, P (0.040} ] » pH 5-8. ' '
SSO,PP!" %l— ert P (0.250) |P(0.100) ! NP, NP, ¢ pH9-10,
elo| -
o nized water: . NP, P (0.030} | a4 ppm NO; -, 14 ppm SO, -,
Ann Arbor tap watere  |NP NP PPM Fby™, PR 8.3,
2000 ppm Cl—~ — _ NP ¢ P = pitting observed;
103(')“1 Arbor tap watere . { ) = penetration in mm.
ppm Cl— P (0.100 _— NP, NP H = i
Simulated well waterd (_ ) NP=no penetration.
2000 ppm Cl— — —_— NP, NP
Simulated well waterd

Stress Corrosion Cracking Resistance

Table 4
Time to Faiiure for Indicated Stainiess Steels, h
Test Type 304 Type 316 Type 439 Type 444
Boiling 42% MgCl, <8 <24 >1700* >1700*
Boiling 25% NaCl {pH 1.5) <16 <144 >2000" >2000*
NaCl Wick Test <120 <360 >1440*

>1440°

* No faiture observed.

Conclusions,

flashed vapor

pressure under stagnation condition in the open loop system,

and saturated vapor pressure in the closed loop system,

_be

type can improve the collector performance.

considered.

must

The absorber configuration of "tube in sheet"

Corrosion

resistance depends on the grade of stainless steel used and

cn the welding technique.
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: What about the investigation on temperature resistance ?
: How does the absorber fail when it fails ?
: How much are cavity reflections ?

: Have you looked at methods of roughening steel ?



MATERIAL PROPERTIES
FOR THE EVACUATED GLASS TUBE SOLAR COLLECTOR
Takashi ODAIRA
SANYO ELECTRIC Co.,Ltd. AIR CONDITIONING DIVISION.
180 SAKATA OIZUMI ORA-GUN, GUNMA, JAPAN

Introduction

The heat loss from a solar collector is due to convection, conduction
and radiation. Loss due to radiation can be reduced by using a selective
coating, and vaccum insulation eliminates loss due to convection and conduc-
tion. Evacuated glass tﬁbe.collector which put this principle to use is
produced using the same technology as that used in the production of TV
cathode ray tubes. The glass, metal and other materials selecped have high
quality. This report describes the property of these materiales, for an

example, Sanyo evacuated glass tube collector.

1. Structure

Fig,1l shows the structure of Sanyo's single evacuated glass tube
collector. The single tube consists of a glass tube containing a selective
coating absorber plate. In the center of the absorber plate, there is
an absorber tube passing through entire place. In the pipe the heat transfer
medium flows. Both ends of the glass tube are sealed with metal end caps.
The sealing material used here have roughly the same coefficient with therm-
al expansion of the glass tube. To keep the vaccum in the tube for a long

period of time is the most important for evacuated glass tube collector.

2. Sealing Structure )

Fig,2 shows thé sealing structure of the end of the glass. In chosing
sealing metal, a -metal with nearly the egual coefficient of thermal expant-
ion as that of the glass is selected. For example in the prodétion of catho-
de-ray tube for TV sets, 42Cr-6Ni alloy or 18Cr ferritic stainless steel is
used for soda lime glass, and Kover (Fe-Ni-Co alloy) is used for bolosilicate
glass. Sanyo's collector is made of soda lime glass. 5o we chose 42-6 alloy
for sealing metal. A ceramice glass is used for sealing material. The table
1 shows the coefficient of thermal expantion. In oceder to maintain a high

degree of vaccum over a long piriod, the seals between the glass and metal



must be of high reliability. This was achieved by compositing a stable chrom
oxide film onto the surface of the metal. This chrom oxide film was formed
by making oxidation in a wet-H2 atmoshere in a temperature over 900°C. To

see the the oxide film property a flow button test was done.

3. Flow Button Test

The sealing matériales(geramic glass) are put on the treated metal,
and then they are heated in the real manufacturing condition. The treated
test piece was observed with the angle of contact, the extent of sealing
material and the rest of sealing materials. (Fig.3) The results dicide the

best conditions for surface treatment of sealing matal. Samples tested are
42-6 alloy, 18Cr-ferritic stainless steel and 27Cr ferritic: stainless
steel. Two methods pre-treatments are used. One is only removing grease.
And another is shot-blast after removing glease. Treatment temperature is
at 950°C and 1000°C. The pictures in the left are test piece treated in the
manufacuring process. The pictures’ in the center show how mach the sealing
materials were remained after peeling the ceramice glass off tﬁe metal.
The pictures in the right indicates the button surface that have been pee-
led off. No oxide films are observed on all buttons. From these results,
these oxide films show that a combination between the glass and metals is
~good.

In addition, the sealing metal needs to fix to another metals, copper
tube or bellows. (Fig.l) Shape of sealing metal is formed in order to res-
ist the external pressure. (Fig.4)

Sealing material is ceramic glass. In order to make the best coeffic-

ient of the thermal expantion for both the glass and sealing metal, a severe

4. Absorber Plate

The absorber plate must have good selective coating. Generally, most of
absorber plate in the market are made of either copper plate with black
chromium or anodized aluminium or stainless steel with chemically theated.
In the initial period of our absorber production we used one in there materials,

however, recetly we emploved oxidized mild steel in our evacuated glass
tube collector. Fig.5 shows the selectivity,

Why we used the mild steel ? Because insude of the glass tube is vaccum
so there is almost no problems, and this has much strength and-costs less,
no corrosion even the absorber plate is made of a mild steel,

The absorber plate is pressed by machine to simply{no brazing at all)

tightly catch the copper tube so that there will be no problen of any warps



and coming-off of the plate and tube. But if the rate of thermal expantion
of the absorber plate is different from the absorber tube, a problem is
happened.

Table 2. shows the coefficient of thermal expantion, copper, mild st-
eel and aluminium. This defference in table 2 moves the absorber plate.
The stopper hole is made in the center of the absorber plate, {Fig.1l) The
usage of same materials may be left out of considerations. But, the usage of same
materials have difficult problems, first of all the cost and a slight defor-
mation by heat, for example, the copper plate which is very thin.

The difference of the coefficient of‘thermal conduction is this in
" table 2. The combination of copper and aluminium is much better than the
combination of copper and mild steel. The thermal conduction between the
aluminium and mild steel is (196-45) whichlis almost 150 is not itself de-
sirable. However, the width of the éteel in the tube is limitted, so that

the problem by heat conduction is negligible.

5.Glazing

Three kinds of glasses have such a transemittance in Fig.6. Soda lime
glass has plenty of transmittance on general collector. But the white glass
which contain a low percentage of Fe or the glass whice etched the surface,
for example AR-glass of Nippon Sheet Glass Co.,LTD, get the high efficiency.

It is important that the glass has not defect, and do not remain stress.
Defect or stress fall down the straight of glass. It is very important

that the glass must be made straight all the way from end to end. If the
- glass tubes are made in a carb, it is impéssible to insert the absorber
plate.

6. Bellows

Sanyo evacuated glass tube collector has a bellows on one side.(Fig.l)

Because the absorber tube expands with the change of temperature, but the
bellows can absorb it. Heat-pipe type or U-bend type don’t need. In a
collector that uses water as the heat transfer medium, it may be better to
use bellows. Becausera collector having bellows don’t have a probelem

of air stagnation in the vaccum tube during operation. The bellows works at
least once a day, and in addition so that it works in a fine movement by
stretching and shrinking during a day by the cloud. The bellows of Sanyo’s

collector have durability of 100,000times on l4mm or more.

7. Manufacturing

When the evacuated glass tube collector is assembled, in order to keep
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a vaccum for a long piriod of time, collector tube is evacuated and heated
to remove gases in the glass tube, For example, Fig 7 shows the amount of
disharged gas from the soda lime glass due to the temperature. There is a peak
about 150°C. The gas discharged from the glass surface. However, When the
temperature rises upto 500°C or more, the disclved gas in the glass itself
is discharged,

Sanyo’s collector is assembled above 400°C while evacuation in glass tube.
Water adhering to the surface is almost removed. In normal operation, the
temperature doesn’t rise to 400°C. Because of the gas is not discharged
any more, the glass tube keeps high vaccum for a long period of time. The
end of gléss is fixed with sealing materials at a temperature higher then
400°C., Evacuated glass tube collertor is exposed to the most severest
condition during its manufacturing which has overcome the problem. Durabi-

lity of each parts most be evaluated through these manufacturing processes.

8.Units

10 single tubes make a one unit.{Fig 8) It has two box on both sides.
This box is not related to heat collection, This is to fix the unit to
the installation fixture. The box must be made in consideration of the du-
" rability. The material is galvanized steel, and painted. The units which
are installation near the sea coast are finished with powder coating that
has a long life. Even tap screws are made of stenless steel against corro-

sion.

9.Conclusions _

Sanyo'!s evacuated glass tube collector, that have resclved all of the
problems being manufactured. And In the future, it is desired to develop a
well-balanced collectors, at cost, efficiency, and long life, as a system as

a whole.

REFERENCES
{1} S.ASa0, H.OKAMOTO, N.SAITO. Material of Vaccum System.
Nikkan Kegyo Shinbun, 1963.

(2} Sanyo Technical Report. Sanyo Electric Co, Ltd. 1980.



Evacuating tube

End cap Vacuum insulaction Absorber plate
special stainless steel {approx. 1079 mmHg) selective coating
(Having the same thermal- '

expansien coefficient as glass) Glass tube Copper tubing

e

} ”L] : (e /.J Piz=
I | |
\ 2562

Eos)

\/—h-l.d-.l

Bellows

Sealing material
(Ceramic glass)

\\ : 2720 .

Support of
absorber plate

Fig.l Structure of Single Tube

Fig.2 Sealing Structure

|
‘Y

Coefficient of linear

expansion  (30-450°C)
Sealant -6 .
{Ceramic glass) 10.1 x 10 "/°C
Glass tube 10.1 x 10”8 /°¢c
Special alloy 10.8 x 10”80

Table 1 Coefficient of Thermal expansicn
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TRANSMI TTANCE
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: In which way was the absorber manufactured ?

: Are there no problems when outgas from coating comes out during
service ?

: What is the stagnation temperature ?

: Why are the collectors so long, and what is the weight ? Why have
you not two collectors 7

: Which is the first priority ?

-1 Ceiling is very expensive, why ?






Material Requirements for PCM Storage
Masaharu YOSHIKAWA

Sharp Corporation

1. Introduction

When utilizing solar thermal energy, it is indispensable to average the
random insolation and to make use of the energy whenever necessary by some
sort of thermal energy storage apparatus, because solar insolation has such
problems as the diluteness of its energy, the infermittentness due to day
and night and the fluctuation and randomness due to the weather and the

seasons.
There are several methods of storing thermal energy such as sensible
heat storage, latent heat storage, chemical heat storage, and so on. In

these methods, only sensible heat storage using water or rocks has been
turned to practice. As to latent heat storage, developments of materials
and application techniques are still carried out in parallel.
Advantages of latent heat storage are summerized as follows:
*Large amount of thermal energy can be stored in a narrow temperature range
including the transition point.
»Much smaller storage apparatus can be designed compared with sensible heat
storage.
-Heat loss is small because the temperature rises a little in spite of large
storage capacity. _
Supplying heat at a constant temperature near the transition point is
one of the most significant characteristics of the latent heat thermal
storage systems and is impossible for a sensible heat storage system. On
the other hand, it contains a problem to 1imit the usable temperature range.

2. Characteristics requested to phase change thermal storage materials

In the category of phase change, there exist such phenomena as fusion,
evaporation, sublimation, crystalline transition, and so on. However usable
phase changes for thermal storage are fusion and crystalline transition



3. Temperature range for use of thermal storage

One of the merits of phase change thermal storage materials is charging
and discharging thermal energy at a constant temperature. The temperature
levels required to the systems are considered as follows:

(a) Recovery of waste heat in industry 300 - 100°C
(b) Hybrid solar system supplying heat

and electricity 250 - 100°C
(c) Heat source for refrigerators 120 - 80°C
(d) Heat source for hot water . 80 - 507
(e) Heat source for space heating 60 - 40T
(f) Passive solar systems ' 50 - 15°%C
(g) Heat source for heat pumps 30 - 15T
(h) Heat source for cooling 15 - 5%

It is necessary to select a material having a suitable transition point
depending on the object system.

4. Materials appropriate for phase change thermal storage.

There are a. lot of materials whose transition points are in the range
of temperature 1isted above. The materials which have been cgnsidered
applicable as thermal storage materials are classified into the following
material groups:

(a) Inorganic salt hydrates (for example, Na,SO,- 10H,0)

(b) Organic materials (for example, paraffins)

(c) Eutectic mixtures of the above-mentioned materials
(d) Natural elements (for example, sulfur)
(e) Simple compounds (for example, water, NH,NO;)

A salt hydrate is a compound crystal of a salt connected with water
molecules.  As salt hydrates are superior to paraffins in the point of heat
of fusion per unit volume and heat conductivity, ‘they are much expected fo
turn to practical use. But they all show more or less supercooling.
Materials whose melting points are peritectic do not melt uniformly at the
melting points when charging thermal energy. ~ That is to say, they separate
into two phase, namely, crystals whose components are different from the
original ones (low hydrates) and solution equilibrating with the crystals.
If thé rate of reverse reaction at the discharging process is low, the
phase separation is promoted.  Supercooling and phase seperation prevent



which .do not contain a gaseous state.

Characteristics requested to phase change thermal storage materials 1in
case of using heat of fusion are as follows:
(1) Physical and thermal conditions

(a) Melting point of the material must exist in the desired temperature
range of the application system. '

(b} Having large heat of fusion per unit volume.

(c) Behaving surely and stably for the melting-freezing cycle, that is,
not accompanied by supercooling or phase separation.

{d) High thermal response, that is, having high thermal conductivity and
a high crystallization rate.

(e} Having small volume change at the phase change and having a small
coefficient of thermal expansion.

(2) Chemical conditions

(f) Being chemically stable

(g) Not being toxic and dangerous for the human body.

(h) Having 1little interaction 1like corrosion or dissolution against
constructive materials such as vessels, capsules, heat exchangers,
and so on.

(3} Economical conditions

(i) Being easily oblainable as industrial products or as resources.

(j) Low cost (including vessels, heat exchangers, etc)

Similar characteristics are also requested to the storage materials
using heat of crystalline transition.

As a matter of fact, there are no materials that satisfy all of these
conditions, so considerably large compromises are necessary.

In these conditions, cost is one of the most important problems. A
thermal storage apparatus does not produce energy, but it intends economical
and convenient utilization of thermal energy. Therefore, if expensive
materials are used; it does not make sense. For that reason, main purpose
~of the research and development is focused to how the materials which are
industrially and cheaply produced in large quantity can be wutilized as
thermal storage materials. Newly synthesized materials are out .of the
question all along.




smooth discharge of latent heat and TJower the heat storage capacity
gradually. Solving these problems is one of the most significant points of
the material development. ,

Among the material groups shown above, the following five materials are
considered promising especially from economical conditions, and developments
on  these materials into practical use are being - performed. The
characteristics of these five materials are explained as follows:

(1) Na,S04- 10H20 (Glauber's salt)

Sodium sulfate decahydrate (Glauber's salt, NazSO4-10H20) is one of the
most famous inorganic pHase change thermal storage materials which have been
researched on application for a long time. This material is produced
abundantly as industrial by-product, and is one of the most inexpensive
latent heat storage materials. Its melting point is 32‘t_and its heat of
fusion is 251 J/g or 389 J/cm?

Pure hydrate exibits supercooling and phase separation. Supercooling
is suppressed sufficiently by the addition of Borax (Na,B,0,;-10H20).  The
most effective method to prevent phase separation is thickening the molten
hydrate with appropriate agentsfhz, As a thickener cross-linked polyacrylate
is found to be effective.”

Due to its melting peint, this matenal is applicable to passive solar
systems. It s especially considered promising in Japan "to apply the
material for heating a greenhouse which is thought to be a kind of passive
system. But in this case, the melting point of about 20%C is considered
suitable, so it is needed to lower its melting point. For this purpose,
eutectic mixtures of NapS0,-10H,0 and NayCOz-10H20, or NapS04-10H20 and urea
(CO(NH.),) are developed” '
(2) CaClz6H,0

Calcium chloride hexahydrate (CaCl,-6H,0} is also produced abundantly
as industrial by-product, and is one of the most inexpensive latent heat
storage materials. Its melting point is 29.8 T and -heat of fusion is 180
J/g or 301 3/cm?®  This material also has the problems of supercooling and
phase separat{on. As for the supercooling, barium salts such as
Ba(OH},-8H,0, BaR, etc. have been found to be effective nucleating agents. 1In
order to suppress the phase separation, addition of such agents as excess
water or sodium chloride is proposed.”  This material is also investigated
to lower its melting point to about 20 T for application to the greenhousef’




{3) High density polyethylene

High density polyethylene has a melting point of 120 - 135 and has a
heat of fusion of about 200 kd/kg. It is applicable for high temperature
solar heat co]]ecting system {i.e. hybrid solar system supplying heat and
electricity, solar absorption air conditioning, etc) and recovery of waste
heat.

This material has the advantages of low cost, safety, no supercooling,
no phase separation, no corrosiveness, and so on. On the other hand, it has
the disadvantageous properties of low heat conductivity, self-adhesion above
the melting point, large expansion during melting, and so on. In regard to
these problems, form-stabilized high density polyethylene has been developed
using surface—cross1inkage?’ It allows direct contact heat exchange with
heat transfer fluids such as ethylene glycol.

Durability of the material has been 1nvest1gated by estimating the
extent of thermal oxidative ag1ng
(4) Pentaerythritol ,

Pentaerythritol 1is a tetrahydric alcohol which is white colored and
crystalline. It s widely used as the material of paints, colors and
explosives. It is a unique material showing a crystalline transition at 188
T and having a quite large heat of transition (322 kd/kg) which is
comparable to the heat of fusion of ice. As it has the advantages of no
smell, no toxicity, small supercooling and being obtainable in large
quantity, it 1is expected to be applied to high temperature solar systems,
recovering waste heat, and so on.

As solid pentaerythritol does not change to liquid phase, direct heat
exchange with heat transfer media is possible.” The problem of this
material is durability. To use pentaerythritol as thermal storage material,
the suppression of sublimation, oxidation and radical production are
requiredf’

(5) Paraffins

Melting points of paraffins rise along with the increase of the number
of carbons, so the materials having different melting points are obtainable
for a relatively wide temperature range. They have excellent properties on
supercooling, phase separation, toxity, corrosiveness and stability against
‘heat cyc]és. But the heat of fusion, specific heat and conductivity are
somewhat Tower than can be achieved with salt hydrates. Therefore, many




studies for paraffins have aimed at improving heat transfer performance.
And relatively large heat expansion requires a well-designed heat exchanger
and a vessel.

5. Problems for practical utilization

As for the phase change thermal storage materials a lot of researches
have been made from the 1920's, and many ideas have been proposed about
materials, additives for improving properties of materials, structures of
vessels and heat exchangers, and so on. In spite of these efforts,
utilization or commercialization of phase change storage materials are still
insufficent. The most significant reason is that the thermal storage aims
at economical wutilization of thermal energy, so that the phase change
thermal storage systems are required to be low cost which can compete with
the sensible storage systems using water or rocks.

Along with the material cost, the cost of capsules or heat exchangers
which are necessary to separate the material from heat transfer media, to
improve heat transfer or to prevent corrosion, is considerably high.
Therefore, the efforts are focused to the direct heat exchange systems using
such materials as form-stabilized polyethylene, pentaerythritol, and so on.

Durability is one of the most significant economical factors for phase
change thermal storage materials. But this problem is still uncertain for
the most part. Establishing the methods for estimating durability of the
materials and ensuring the sufficent 1ife are considered the important
subjects to be investigated hereafter.
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: Why 1is NaOAc.3H20 not included in the group of promising PCM ?

: Because it is somewhat expensive, compared with Na,S0 1OH20 and
CaC12.6H20.

: Explain about the use of high density polyethylene.

: The purpose is to develop the system having no expensive heat
exchanger.

274"

: Explain the phenomenon of self-adhesion above melting point of
polyethylene.

: Even the crosslinked polyethylene may stick with each other to a
large Tump when heated to melting, which results in the blocking
of the path of heat transfer medium.







SOLAR WATER HEATER USING DIRECT
EXPANSION "COLLECTOR HEAT PUMP

S. Iwanaga

Housing Products Research Lab., Matsushita Housing
Products Co-., Ltd.

ABSTRACT. 7

Super Panasolar®is a hybrid-type solar system embodying the
new heat collecting concept that the heat medium flon circulating
through a heat collector at a temperature below outdoor
atmospheric temperature collects thermal enérgy not only from
solar radiation but also from atmospheric air to make hot water.

The development of an open-type heat collector free of
glazing and insulation and a precise refrigerant flow control
system was behind this development. This new system has a
solar energy collecting efficiency of ca 91%- During spring to
fall, it makes 3004 of hot water at 45~55C, 300 days a year-
Remarkable reductions have been made in heat collector size and
weight (1/5 and 1/11) and many improvements also made in
freedom of installation, harmony with home architecture, and
ease of installation-
(Keywords : hot watersupply, solar system, heat pump, direct

expantion collector)

* The registered trademark of Matsushita Housing Products Co.,
Ltd.




INTRODUCTION

Of the devices utilizing solar thermal energy, solar water
heaters for home use are the most advanced in the stage of
implementation. However, the solar water heaters available
today have the disadvantages of unusual dependence on weather,
the great bulk and weight of heat collector, and the drawbacks
arising from the use of water or antifreeze as heat storage
medium, i- e. difficulties in installation and maintenance and
the problems of increased roof loads and decreased wind
resistance of homes. In addition, the recent upgrading of life
has made the public more pleasure-minded than economy-conscious,
with the result that in the field of solar water heaters as well
as in other fields, there has been a demand for a new solar
system that is able to provide a constant and ample supply of
hot water.

Under the circumstances, we have developed an aIl—w.eather
home solar system, "Super Panasolar”, which uses flon as a heat
medium which circulates through a heat collector at a
temperature below the outdoor atmospheric temperature to
collect thermal energy not only from solar radiation but also
from the atmospheric air. Research has beeo undertaken here and
abroad for some time on the utilization of a circulating flon
heat collection loop for the collection of solar thermal energy
[1)J—0(5) and this concept has already been implemented in large
installations for office buildings, etc.

Super Panasolar, however. represents the first embodiment
of the concept in a general home solar system in Japan.

An outline of this new solar system is as follows.

CONSTRUCTION
The schematic architecture and specification of Super
Panasolar 'US-300SA is shown in Fig- 1 and Table 1. This

system consists of a fin-type open heat collector (effective

—38— .



heat collecting area 1.0m*) a heat exchange unit, and a heat

storage tank (hot water storage capacity 300¢). The heat

collector and heat exchange unit are interconnected via heat

collecting line, and the heat exchange unit and heat storage tank

are interconnected via water distributing line.

Valve

Collector

Expansion

Heel Collecling
~Uine (R-12) ™

HeclEschdnger

Heal

Exchange” Unil)

Fig- 1 Schematic architecture of Super

Panasolar US-— 300

SA

Heat Collector

Tvpe )
Effective heat collection
area

Cutside dimensions

Wweight of product

Flow rate control

Flac plate fin-tube direct-expansion

1.0 m?

48 % 1,821 x 7259 mm (H x W x D}

16 kg
Thermal .auto expansion valve

Heat Storage Tank

Type

Hot water storage capacity
outside dimensions

weight of product

Direct connection te city water
300 L

1,756 x 698 x 617 mm (H x W x D)
87 ko (387 with water filled)

Heat Exchanger Unit

Type
Outside dimensions
Power supply

Weight of product
Compressor Type

Rated ocutput
Circula- Type ’
tion pump Power consumed

Refrigerant
Heat exchanger

Circulacion type .
830 x 373 x B22mm (H x W x D)
Single-phase 100 v, 50/60 Hz
2% kg

Rolling piston rotary system
350 W

Magnet drive centrifugal pump
26/35 W

Flon gas R-12

|[Laminated tube-to-~tube double-wall

Table 1 Specifications of Super Panasolar US-300SA




The heat collecting line communicates with a compressor,
a heat exchanger serving as a condenser, an expansion valve, a
heat collector and an accumulator, and contains the refrigerant
Flon R-12 as heat medium, while the hot water circuit comprises
a circulation pump, the above heat exchanger and a heat storage
tant as connected by a water supply line.

Constructed basically as illustrated in Fig. 2,the new heat
collector is a compact plate-type fin tube unit having a heat
collecting area of 1.0m and capable of collecting heat not only
from solar radiation but also from the atmospheric air-Moreover,
because of the absence of front glazing, K the whole collector
weights only 16 kg. Compared with the conventional heat collector
(Matsushita SI-3Tx3 plates), 6 the new unit is about 1/5 in size
and about 1/11 in weight. Improvements have also been made in

installation latitude and wdrkability, reliability, and
architectural compatibility.
Plate lin

Fig. 2 Basic Structure of heat collector

Absorber pipe

U— U U

5
5)
D)

U U~ U0

The expansion valve is a newly developed temperature-type
automatic valve which responds quickly to frequent changes in
sunshine and wind velocity so that the refrigerant may be fed to
the heat collector at the optimum flow rate at all times through
the four seasons.

The heat exchanger is of the double-wall construction, built
up of laminates of two different flat copper pipes. one for water
and the other for flon,which prevents contamination of hot water

with the refrigerant.




PRINCIPLE OF HEAT-COLLECTING OPERATION

The flow rate of flon is controlled by the expansion valve
in such a manner that the heat collector temperature will be
kept below the outdoor atmospheric temperature in accordance
with the available amounts of solar energy and atmospheric heat,
the latter varying with outdoor atmdspheric temperature,
humidity and wind velocity. The heat collector thus collects
both solar heat and atmospheric heat and the heat so collected
is added to the heat of compression generated in the compressor
and used to heat the water in the heat storage tank which has
been supplied by the circulation pump. The water in the heat
storage tank is thus heated to 55°C.

The heat-collecting operation is performed either on the
automatic mode or on the manual mode.

At " AUTO " position, it senses the available sunlight and
ensures efficient operation.

At "MANUAL" positidn, it collects heat irrespective of
available sunlight. '

Usually, with the remote control operation switeh set at
"AUTO ", the system stops operating after sunset. If the
manual mode is selected in order to obtain a larger quantity of
hot water, the heat-collecting operation starts as soon as the
operation switch is turned ON, irrespective of the level of
outdoor sunlight. Therefore, hot water can be obtained even
after sunset-

On either mode, the heat-collecting operation stops when
the temperature of water in the heat storage tank has reached
550C or the flon evaporating temperature in the heat collector
has dropped below —10°C.

SOLAR ENERGY COLLECTING EFFICIENCY
Method

The solar energy collecting efficiency 7. of a heat collector
is given by the following equation.
7?: Qs / IAc (1)




where Qs is the amount of solar thermal energy collected, I is
the amount of solar radiation, and Ac is the solar energy
collecting area.

In this hybrid heat collector, the total amount of heat
collection 'Qz is the sum of the amount of solar thermal energy
collection Q: and the amount of atmospheric thermal energy

collection Q..
Q= = Qs + Qa (2)

Therefore: the quantity of solar energy collection Q. is given by
-~ the following equation. '

Q: = Qr — Qx | (3)

Experimental Apparatus and Method

Fig.- 3 shows the experimental apparatus used in heat
collecting characteristics experiments for determining the
amounts of solar heat and atmospheric heat that could be collected.

The surface temperature of the heat-collecting plates is
measured in 6 positions by means of C-C thermocouples and the
mean of the readings is taken as the surface tempera-ture- As to
the outdoor atmospheric temperature, the atmospheric air in the
vicinity of the heat collector is guided into a sampling box and
its temperature is read with a calibrated bar thermometer. The

amount of heat exchange Q: in the condenser is calculated using
the ‘ecmationi .
Qo = 601 Ce Go(Twe-Twm ) x 107° (4)
Tw! specific gravity of water (kg/m') |
Cs: specific heat of water (kg/kg- C)
Gs: circulating volume of water (4 /qin)
Tri» Txet water temperatures at inlet and outlet of

condenser ( C )




In rder to calculate the circulating amount of refrigerant
and the amount of heat collected in the heat collecfor. the
temperatures and pressures of flon refrigerant at the inlet and
outlet of the condenser and at the inlet and outlet of the heat
collector are respectively read by means of C-C t-hermocouples
and Bourdon tubes and the refrigerant entropy is calculated. The

circulating amount of flon Gn is determined from the equation:

~ Gs = Qo /{11 = iz ) (5)
i1+ i2 - refrigerant entropy at inlet and outlet
condenser ( kal/kg )

The total amount of heat collection Q. in the heat

collector is given by the equation :

Qaan(il_'i-'!) (6)
is’ i4* refrigerant entropy at inlet and outlet of heat
collector (kal/kg)

Soldr simuialor

Pressure meler
T ?‘ Thermogreph

13—
L i Bar [hermometer

K0
Needle valve

Tw
Flow meler

Fig. 3 Test system of collecting
characteristics of collector

In order to experimentally determine the solar energy
collection efficiency # of the heat collector, first the
difference 4T(=1t. — tr ) between outdoor atmospheric temperature

t. and heat collector plate temperature t: is varied in the




absence of solar radiation to . find the total quantity of heat
collection. The quantity of heat collection thus found is the
quantity of atmospheric heat collection.

Then,a given quantity of solar radiation I (jal/m-h) is
applied to the heat collector and 4T is varied in the same
manner as above to find the total quantity of heat collection Q-
The quantity of heat collection thus found includes the quantity
of solar thermal energy collection Qs and that atmospheric
thermal energy collection Q. . Therefore, the solar energy
collection efficiency » of the heat collector can be calculated

by means of the above Eq. (3) and (1)

Results

The results of the experiment relating to the heat
collection characteristics of the heat collector are
diagramatically presented in Fig- 4 Shown are the 4T values
and measured quantites of thermal energy collection when 500
bal/m*+h and 300 kal/m*+ h of solar radiation were respectively -
applied to the heat collector. The solid lines indicated by the
legends /\ and [] pertain to the cases in which solar lright was
applied in parallel with the heat collecting plates so that a
part of the solar radiation passes through the gap between plates
(A in Fig. 4) and the broken line indicated by the legend [
represents the case in which solar light was incident on the
heat collecting plates at an angle greater than 6° (6= 17.5) so
that all the solar beams bombarded the heat collecting plates
(B in Fig.- 4 )-Referring, further, to Fig.4, the dot-broken line is a
simulation curve tracing the quantities of atmospheric thermal
energy collection when the quantity of solar radiation I=0. It
is seen that the simulation results are in good agreement with
experimental atmospheric heat collection data. For the same
value of 4T, the total quantity of heat collection in the
presence of solar radiation is greater than the quantity of
atmospheric thermal energy collection, indicating that the

thermal energy of solar radiation was added to the heat collector
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In this system where the temperature of heat collecting
plates is lower than atmospheric temperature as shown in Fig.
5, the solar energy collection efficiency » in the presence of
solar radiation is constant, irrespective of changes in 4T or in
the quantity of available solar radiation, as wilf be apparent
from Fig. 4 and Eqgs. (3} and (1) Thus, (1) 7=0.68 when solar
radiation beams are in parallel with the heat collecting plates;
{2) 7= 0.94 when the beams are at an angle of = 17.5° with the
heat collecting plates.

Therefore, the solar energy collecting efficiency varies
within the range of 068 to 094 according to the angle of
incidence of solar beams on the heat collecting surface. However,
the situation in which a portion of solar radiation passes
through the gap between heat collecting plates to make the
relation 0.68 <7 <0.94 hold occurs only duringra short period of
about 2 hours in the daytime and the average solar energy .
collecting efficiency for the whole day (091) is about twice as

high as that of the conventional solar system {7=04~05).
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Fig- 5 Solar energy collecting efficiency

HEAT-COLLECTING OPERATION CHARACTERISTICS

Simulation

As the heat-collecting operation characteristic of this new
solar system depends much on outdoor atmospheric conditions as
well as on water temperature, its annual heat-collecting
characteristic varies with different geographic areas. Therefore,
an attempt was made at the development stage to predict the
heat-collecting characteristic in a simulation model. The
characteristics of component parts were experimentally
determined and fed back to the simulation model so as to ensure
as accurate a simulation as possible for optimization of
machine capacity and system control.- As an example of heat-
collecting cycle operation characteristic, the variation in
refrigerant evaporating temperature in the heat collector in
response to available sunshine, wind velocity and outdoor
temperature is shown in Fig. 6. It will be apparent that with
decreasing available sunlight, wind velocity and outdoor
atmospheric temperature, the evaporating temperature drops and

approaches to the heat-collecting operation stop temperature
(—-10¢C).
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characteristic {in the absence of
frost on heat collector)

Fig. 7 show the product hot water temperature and heat-
collecting operation time at a varying outdoor atmospheric
temperature with the wind velocity being assumed to be 0 or 15
m/sec and the available amount of solar energy to be 0 or 400

fedl /- b Referring to the diagram, at the low outdoor
atmospheric temperature with both sunlight and wind velocity
being zero, as reperesented by the solid line, the heat-collecting
operation time is short and the product hot water temperature
is low. This is because frost formson the surfaces of heat-
collecting plates and grows.with the progress of time to cause
the refrigerant evaporating temperature to fall, with the result
that the system stops and restarts the heat-collecting operation
in frequent repetition. When the wind velocity is 1.5m/s«x. and
the available solar energy is 400 ka/m*-h{ 10 hours), the heat-
collecting operation time is longer and the product hot water

temperature is higher.
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Fig. 7 Heating up characteristics

Field experiment .

Fig. 8 shows the results of a field experiment carried out
in Yamato-Koriyama City, Nara prefecture, Japan during the
period of February to May of the year 1984 when the atmospheric
temperature dropped to a record low. As will be seen from Fig.
8/ the variation in temperature of hot product water was large
during the period from February to the middle of March when
the daily minimum atmospheric temperatures were below
freezing point. On the 17th day of February when a heavy
snowfall left deposits of snow on the heat collector all day
long, the heat collecting operation was suspended so that
substantially no increase occurred in water temperature. This
being an exception, fair degrees of heatiﬁg effect were
invariably obtained even when the daily minimum at'mosphefic
temperature dropped below freezing point, although day-to-day
variations were seen according to the daily duration of sunshine,

increase of atmospheric temperature,and wind velocity.
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Fig. 8 Results of field heat-collecting operation

In contrast, after the middle of March when the minimum
and mid-day atmospheric temperatures exceeded 0°C and 10,
respectively, the water temperature reached the maximum
temperature to make available a stable supply of hot water on
the manual operation mode.-

Moreover, as indicated by the data after May when the maual
mode was switched to the automatic operation mede,a stable
supply of hot water could be obfained by a short time of heat
- collecting operation.

Fig- 9 shows a comparative plotting of field experimental
and simulation data against the mean outdoor atmospheric
temperaturc in the heat collecting operatino time zone on the
horizontal axis. Simulation computations were made with the
initial water temperature and highest product water temperature
being respectively equated with those of the actual equipment.
In Fig. 9, a variation is found in field data when the mean
outdoor atmospheric temperature in the heat collecting operation
time zone is up to about 5 C. This is because the field data

included those measured during the time zone when, despite the




mean atmospheric temperature being in the neighborhoo_d of 5%C,
the outdoor atmospheric temperature dropped still lower (e, g.
below freezing point) and the suspension of heat collecting
operation owing to the cold and changes in the state of frost
resulted in variations in heat collectinf operation time and hot
water temperature. Thus, with the outdoor atmospheric
temperature of ca 5C as a inflection point, both the heat
collecting operation time and hot water temperature tended to
decrease on the lower atmospheric temperature side- On the
higher outdoor atmospheric temperature side, a stable product
water temperature was obtained, although the heat collecting
operation time decreased as the outdoor atmospheric temperature
rose. These tendencies were found in both the simulation data
and field data. Moreover, it was also observed in both the
simulation and field data that depending on the state of
sunshine and wind velocity, hot water could be obtained even

when the outdoor atmospheric temperature was below ca 5T
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Fig. 9 Comparison of measured and
calculated operating time and hot
water temperature
Results
Based on the foregoing results, simulation computations of
anual heat collection characteristics for the model areas of
Tokyo and Osaka were carried out. Under the normal local

climatic conditions (HASP weather data ), the number of heat
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collecting operation days supplying 300 £ of water at 45— 55°C
exceeded 300 days. It is therefore, thought that we can now

supply a commercial solar system capable of ensuring a stable

supply of hot water throughout most of the year.

CONCLUSION

The new solar system was found to assure effective water
temperatures without resort to any auxiliary heat source during
the three seasons of the year from spring to fall. This finding
has prompted us to develop an allseason water supply system and
is also expected to increase the sale of solar systems in urban
areas where the utilization of such systems has been so far

impeded by the limited availability of imstallation spaces.

It is our intention to make further improvements in
mechanical aspects and develop a still improved system

embodying this new solar energy collecting technology-
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: How is the flow of heat transfer medium determined ?

: It is controlled by opening the expansion valve as to attain
AT = Ta— T
ambient temperature, insclation, wind, and temperature of water.
: Do you know the solar fraction of this system ?

£ = 10°C. The rate of flow is variable according to

: Yearly average of insolation: 200 kca]/mzh, maximum: 600 kca]/mzh
(Tokyo); heat collecting efficiency, 40 %; COP: 3.6(summer, up to
55°C), maximum: 7.0.

: How much electric energy do you need yearly ?

: By simulation at Osaka, 1400 kW/year(capacity for serving hot water,
3.60 x 10° kcal/year). -
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feat Mirrors for Passive applications
Sadamitsuy Tsuboi

Nippon Sheet Glass Co,,Ltd
1 Intrbducion.

Recently in architectural field, heat mirrors come to
be used in buildings. Theré are two reasons why they are
adppteﬁ widely, ine is color design of walls and windows of
buildings, [t means that only characteristics of reflection
~and absorption at visible ray range ére required,

The other is to use efficiency of heat mirror and it concerns
about ernergy conservation of buildings.

1t means the reduction of cooling load in summer and heating
load in winter, however requifed characteristics are djfferent
between them, In the case of reducing cooling load, shading
solar radiation through windows is important, In other words,
reffection and absorption at wave length rhnge of solar
radiation';re required, In the case of reducing heating load,
heat gain from solar radiation is useful aqd fe-radiation andl
heat transfer through windows caused heat foss have to be
minimized, In other words, high transmittance at range of
solar radiatioen and high reflectgnce at range of long wave
length are required, Later type of glass is called low-E

(emissibity) glass.




2 Production Methods and Characteristics
Heat mirror means metal or metal oxide coated glass

and there are several production methods,

(Table-1)
Yethod Process Durability low-E coating material
) Spray on-line/off-line | very good good
Pyrolytic | CVD ” ' Snl0z, Til;
Dipping ' off-lTine
Metal ion migration on-line _ not so good (not good Cu
Wet chemical off~line bad . good Cu, Ag, Au
Electron Bceam # not so good very good
Vacuum } Ag, Au
Sputtering # # ” .

Table~1

Low-E glass products are mostly manufacturing hy
pyrolytic method ( Spray,EVD ) or sputtering method.
In the case of pyrolytic method, film is very stable because
of high coating temperature and durahi}ity is excellent,
Besides, on-line coating in the glass manufacturing process is
possible, Host popula; coating material is Snl, and its
emissibity is about 0.35~0.5 at film thickaness 1000~ 2000 R.-
If the film is thicker, emissibity can be reduced; but
cosmetic problem may occur because of interference colors,

Besides, transmittance becomes Jower by absorption of S$al,

film.
In the case of sputtering-method, emissibity of
0.06~ 0.3 can be obtained,

Usua]]y,this kind of film has 3 layers ( Fig-1 )




-~ metal (Ag, Au)

A ARANNNNNRRN 7 ;etal oxide (170, $,0,)
LIL1]TT]T] —sss
Fig=-1

Usually second layer is metal such as Ag and first anq third
layers are metal oxide for protection of metal,

These composition can be easily made because sputterihg is
vacuum method, Filn thickness is 200~ 1000 A and
transmittance -is high. It is also possible to make

¢clear coating glass. But durability of sputtering film is not
good compared to Pyrolytic film,

{ abrasion, scratch,ldegradation-from cxidation of metal )

S0 sputtering low-E gfasa-is usually used in fhermal
insulation gléss { T I glass ) . Fig-2 shows a example of
specfrotransmitt&nce apd reflectance of lﬁw-E glass,

Fig-3 shows the relation between emissibity and heat transfer

co-efficiemnt of T | glass that uses one low-E glass.
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Fig~3 shows the relation between emissibity-and heat transfer
co-efficient of T | glass that uses one low-E glass,
Double T | glass with low-E glass has good efficiency as same
as triple T 1 glaés without low-E glass and this is a strong
weapon to reduce heating load in cold district,
3 Energy conservation effect

In Japan , 1980, energy conservation standard for
office building was published by the government and it-became
necessary to submit energy conservation plan to the government
whén new building which has over 2,000m® of total floor is
constructed_- This standard shows calcwlation method- of annual
load for perimeter zone of building and this must be below
80x 102 Kcal/m?2,
3.1 Calculation Condition

Fig-4 is model bueilding which has noerth and south
perimeter zone, Windows are fixed and occupy 40% of wall,

Reat transfer coefficient K of wall is 1.0 Kcal/m®*T "~

forth perimeter zene
/ a

om ¥ non air conditioning
> S irea
15= Interior zone
Sn ' 1.7
&+ e N
5.8 B s\ 50
. o EID N .

South perimeter zone

Fig-4
Table-2 shows glass type.and efficiency . { kcal/w?h12)
glass type ;lass(::)ickness Shading Co efficient | Heat transfe Co eflicient
Clear glass 8 0.92 5.3
Clear- T1 6-AG-6 .81 29
SP coating ] 0.40 L1
SP coating TI . §~A6-6 0.26 . 21
Pyrolytic coating 8 0.75 53
Low-E T1 6-A6-§ 0,64 23




3.2 Calculation result
Fig~5 shows the calculation result 1in the case of

Sapporo city, Hokkaido anrd Fig-8f shows the result inm the case

of Tokyo,
Sapporo
60 — 55.6 perimter area B30m?
53
50 — 43. 8
Cooling & Heating load
40 — | 7.7 3.1
(B0*Kcal/FL - Year) 44, 5
30 — 25. 4 149. 0 Fig-5
22.5  Heating
20 —
10 — Cooling
0 .......
clear sP ) Low-E T]
glass coating
SP
clear coating
Tl Tl
50 — Tokyo
Perimeter area Ga0m?
40,7
40 —
36. 8§ 34.0
11.2
3L 1 5.4
30— 1.9 ' <«—Heating
S 26.3 =
Cooling & Heating load
{10*¥cal/FL - Year) 20 — Cooling
Fig-6
10 —
0
clear 5P Low-E
glass coating 11
pyrolytic sP
coating coating Tl

In the case of Tokyo, cooling load occupies large part of

annyal load, So window glass has to be suitgble for it,




Anyway from the view point of heating load, low-E glass is
very effective,
4 Conclusion

Heat mirror ( low-E ) has good characteristics and is
attractive materials for passive applications. It will come
to be popular to use such glass in residential houses in near

future,




: What program do you use for calculation of performance ?

: What kind of durability test was adopted ?
: Abrasion test, scratch test, and weathering test.
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INTRODUCTION

Today, float glass is used in most windows. Float glass is a soda-lime
silicate glass that is made by the float process, which consists of
floating a continuous ribbon of glass on a bath of molten tin. This
process leads to a glass with a smooth surface.

Apart from it's use in windows, float glass is an important candidate
as cover glazing for flat-plate solar collectors, as encapsulation

for photovoltaic cells and as superstrate of solar mirrors.

In view of these solar applications, float glass can be improved with
respect to: solar. transmittance, mechanical strength, chemical

durability and thermal insulation,

IMPROVEMENTS OF GLASS PERFORMANCE

Solar transmittance

The solar absorption of float glass is largely due to iron impurities
in the glass. The iron content of standard float glass is about 0.1%;
the impurities are primarily F32+ and Fe3+ ions.

The Fe3+ ions absorb in the ultraviolet and are of little consequence
to solar applications. However, the Fe2+ ion has a broad absorption
band around 1000 mm, a spectral region in which the solar irradiance
is considerable, By reduction of the iron content the solar transmittance
can be improved from about 827 to 907 for 4 mm thick float glass.

The solar transmittance can be increased further by lowering the
reflectance of the glass surface. This can be realized by coating the
" glass with an anti-reflective layer, e.g. a MgFZ-layer.

This coating improves the transmittance of glass by up to 67.

So the upper limit of the solar transmittance of 4 mm float glass

amounts to approximately 96%.




Mechanical strength

Generally the strength of brittle materials like glass is reduced by
surface flaws or cracks, which are introduced during manufacture, .
handling and through exposure to the environmment (abrasion). These
(Griffith) flaws concentrate applied stresses and above a critical value
of stress, fracture is initiated at the flaws.

Glass strength can be increased up to a factor of about 10 by tempering
methods, including thermal or chemical treatments of the glass surface.
The thermal method basically comsists of blowing cold air on to the
heated glass surface. The chemical treatment involves ion exchange
reactions of potassium ions for sodium ions. By both techniques
compression layers at the glass surface are produced, which reduce
originating of surface flaws. By tempering the thermal endurance of
glass is enhanced as well. For example, the themal endurance of a 5 mm
normal glass plate is restricted to a temperature difference of 80 OC
at most, whereas the corresponding value of a‘tempered > mm glass plate

amounts to 250 OC;

Chemical durability

Glass has high resistance to atmospheric agencies, but in the long term
weathering of the glass surface can occur, due to interactions of
alkali ions in the surface layer and atmospheric humidity (alkali-
leachin