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Abstract

This report describes the work on the Danish Solar Pilot Test
Facility in the period from October 1981 to June 1983. This
work has been part of a "concerted action" within the project

A of the solar energy programme under the Commission of the
European Communities (CEC). The Solar Pilot Test Facility
Group consists of participants from the following 8 member-
countries: Belgium, Denmark, France, Federal Republic of
Germany, Ireland, Italy, the Netherlands and the United Kingdom.

In the contractual period described in this report the work on
the Danish SPTF has consisted in routined collection of mea-
surements on different system configurations. In the SPTF's
there are two measuring and control installations, the S$S81 and
the SS2. On the S$81 installation the system has been changed
to a domestic hot water system and the effect of stratification
and the effect of different heat exchangers has been investi-

gated.

On the SS2 installation there has been investigations on solar
systems for combined space heating and domestic hot water. Two
combined systems have been mounted and the latter is to be con=-
sidered as a 2. generation "ready to install" system. The inve~
stigations have been closely linked to the work in the European
Modelling Group and calculations made of the Danish member of
this group have formed the basis by the optimization of the

system,



Preface

The Solar Pilot Test Facilities are one of several "concerted
actions" within the project A of the solar energy programme .

under the Commission of the European Communities (CEC).
Under this project the topics studied are in general

- the development of European test procedures for solar

components (collectors, heat storage systems, etc.)

= the development of uniform approaches for total system
design, monitoring and evaluation of total system per-
formance and validation of computer simulation modelsg
for different solar systems, both for active and pas-

sive solar designs, etc.

The activities as listed above are in general directed to-
wards design, development and improvements of solar systems
(passive and active) in order to stimulate the implementation

of these systems within Europe.

The Solar Pilot Test Facilities are a valuable tool in this
work. The Solar Pilot Test Facility Group consists of par-
ticipants from the following 8 member-countries: Belgium,
Denmark, France, Federal Republic of Germany, Ireland, Italy,
the Netherlands and the United Kingdom. The work of each par-
ticipant is funded partly by.the CEC, who is also fully fund-

ing the co-ordination of the group.

The Solar Pilot Test Facility is a test rig where you can
mount two solar systems at a time. Furthermore it congists

of a physical simulator which controls the load imposed on
the system. This simulater is interactive with the prevailing
weather conditions and can be programmed to represent any

type of house construction, type of heat distribution system

and occupancy.

In this way you can define the test conditions in a way which
is not possible if the solar system is mounted in a real oc-

cupied house,



One of the solar systems (solar system one) is as far as
possible identical in the eight locations, the other (solar
system two) is designed by the individual participant to
reflect both national interests and the climate of the lo-

cation.

The most important aspect of the work on the Solar Pilot

Test Facilities is the production of measuring data to be used
of the European Modelling Group for the validation of computer
based simulation models of solar system performance. The de-
velopment of these models is a necessity for real optimization
of solar system design. For the purpose of this validation
work the measuring data have to be detailed and accurate and
furthermore it is a big advantage to have the possibility of
making changes in the solar system to get measuring data for

variations of the system design.

The Solar Pilot Test Facilities fit very well for these pur-

poses.

Another important aspect of the work is the system development
studies. With the solar system two a widespread number of
different solar systems are being tested. With the exchanges
of information and measuring data within the group and to the
European Modelling Group, every country can draw advantages

of the results of testing in-all the countries.

Project participants:

Civil engineer Klaus Ellehauge
Civil engineer Ole Balslev-Olesen

Civil engineer Nick Bjgrn Andersen

Technican Ole Ravn
Technican Bertil Morelli
Technican Flemming Karn
Secretary Hanne Godtfredsen

Drawings Kenneth Sg¢rensen



Introduction

The Solar Pilot Test Facilities Group (SPTF-group) together
with the European Modelling Group (EMG) were created 1977 by
the Commission of the European Communities (CEC). The ob=-
jective of the SPTF~group was to supply the EMG with reliable
experimental data and alsc to undertake system development stu=

dies.

The objective of the EMG group was to improve and develop ma-
thematical models simulating the thermal behaviour of solar sy =
stems. In this work the data produced by the SPTF—~group are

used to validate the models.

The construction of the eight SPTF's (Belgium, Denmark, France,
Federal Republic of Germany, Ireland, ITtaly, the Netherlands
and the United Kingdom) started in 1978.

The basic design of the test facility and of the solar system
one was delivered by COSTIC (France) which also took care of

the coordination of the group.

The solar system two was designed by the national organisations.
The construction of the SPTF's was completed in the middle of 1979.
 After this different trials took place to verify that the SPTF's
were operating well and that the measurements were of a certain

accuracy.

These trials took place until July 1980 when the first year of

operation started.

During this year of operation some problems about the data pro-

duction were addressed.

The period until July 1981 belongs to earlier contracts and
for the Danish participant this period has been reported in
ref (1).

After this two years of operation and measuring took place.

The systems in the SPTF's have been changed or modified in

order to obtain more information from the measurements. These



two years of operation belong to the contractional period

which is taken up in this report.

The work on the Danish SPTF has followed the same scedule
as mentioned above. After having established the SPTF the

first measurements of sufficient quality are from April 1980.

In the precedent contractual period the work on the solar
system one consisted of making different heat demand load's

and in changing the control system.

On the solar system two we have tested two solar systems for

combined space heating and domestic hot water.
For the present contractual period the work has consisted in:

For the 881 there has been four new system configurations. The
main topic has been the temperature stratification of the stor-
age. It has been interesting to operate the system as a dome-
stic hot water system and the system configuration has been
changing in accordance with this. Experiments have been carried
out by changing the inlet to the storage and furthermore we have

changed the heat exchanger between the primary and secondary loop.

During the different configurations of the $81,data for model
validating has been produced but the changes have also been eva=-

luated without the use of computer models.

Concerning the 852, the work has been concentrated on systems
for combined space heating and domestic hot water as in the

preceding contractual period.

In October 1981 we were still operating a system which was the
second 8S2 system on the SPTF. This system was remarkable be-
cause it had a storage which was an ordinary manufactured con-
tainer with a mantle around it. The domestic hot water was con=
tained in the mantle while the rest of the container was used for

the space heating.



Having the relatively cold domestic water in the mantle the heat

losses were reduced.

After having measured on this system in detail we decided to de-
sign a new system to be considered as a "2. generation" system
and to be based on the experience of the first two systems.

This system should be designed and built to a "ready to install"
state to be quite sure of the performance of the system under com-

pletely realistic conditions.

While designing the new system we had room on the SPTF for car-

rying out an experiment with a "thermal valve".

This valve should secure that when operating a solar system for
space heating then the outlet temperature to the heating system
would be the return temperature from the radiators if this was
higher than the temperature in the storage. Otherwise if the
temperature in the storage was higher than the return temperature
from the radiators then the temperature in the storage should be

used.

The valve was functioning with thermal stratification and without

any mechanical or electronic devise.

The new designed SS2 for space heating and domestic hot water
was constructed in the autumn of 1982 and the measurements
started at the end of 1982. We used some time to find the sy-
stem characteristics and had some trouble with the data acqusi-
tion system. Regular data for model validation are available
from May 1983. The yearly performance of the system has been
calculated with the EMGP2 programme to be 311 kWh/m2 solar col-
lector with a solar fraction for domestic hot water on 66%, a
solar fraction for space heating on 19% and a solar fraction for
the total demand on 28%.

In the contractual period the Danish participant in the EMG
Ole Balslev Olesen has also been a member of the Danish SPTF
group. This has been a great advantage since all the computa-
tionel work has been done very closely linked to the SPTF work.
The design of the third SS2 has for example been based on con-

temporary calculations.



SPTF-operation

Most of the time the measuring equipment has been func-
tioning very well but in the spring 1983 the system was
interrupted several times due to power supply drop outs

and computer break down., Now the system has been opera-
ting since May 83 without breakdowns.

Data production

At the SPTF all measuring points are scanned every twenty
seconds and the mean values over a period of half an hour
are stored on magnetic tape cassettes. For the moment a
magnetic file contains 400 files and every file contains

data for four half hour periods (36 lines).

The temperatures are measured by means of copper-—constanten
thermo elements of the highest calibration class. The re-
ference element is placed in a box with a temperature of
40°c, Temperature differences are measured by thermopiles

with 10 elements in each pile. .

The solar radiation is measured by pyranometers from Kipp &

zonen.

The flow measurements are measured by means of ring piston
meters from Agqua-Metro,

The heat flows are calculated on the basgis of flow, tempe-
rature difference, specific heat and density of the single
circuits. The heat flow is calculated every twenty seconds,

and a mean value is found.

The energy flow is calculated by:

1 1 N
ExWWﬁXAT"p Cp ¥ kWh
where
N = number of 20 sec. intervals in which the flow rate

in the considered pipe is not zero

AT = temperature difference measured every 20 sec. with

an uncertainty interval at 0.1%

= Flow rate measured every 20 sec.

p = fluid density, calculated p = p(T)
every 20 sec.
C . = specific heat, calculated ¢ = C T
P P C neac, ate p p()

every 20 sec.



1.3

Central control system

The measuring system has been based on a 80-channel data-
3025A.

consists of the following components:

logger system from Hewlett-Pachard, This system

1. Scanner HP 3495 A
2. Voltmeter HP 3455 A
3. Disk~calculator (controller) HP 9825 A
4 Multi~programmer HP 6940 B
5. Magnetic-~band station, Penny and Giles 2100 D.

Most of the time the equipment has been well functioning,

though there has been some troubles especially in the spring

1983, where in a few periods it has been impossible to read
The
broke down once in

the tapes produced by the Penny and Giles recorder.
memory of the HP-9825A computer has
this period and moreover there has been some power supply

drop outs.

Data storage

The half hour values are converted to SAS-datasets (Statig-~
tical Analysis System, SAS Institute Inc., Cary, N.C., USA)
on the regional data machine according to this SAS-program

which at the same time is a list of the variables used in

~the latest version of the system one and system two (ID1.ID2).

UDATA Ay
INFILE" BTA MISSAVER; '

TowW!

INPUT £1

AT
CTNA
HTD1
ITKD
STY3
FPF1
£151

£9 HP2

A DAY MONTH WEARQHOUR NDAY NHOUR “NMI

5TT1
cTDR
S5TTSH
01T
5Tvg
pPCiy
E451

RUMS

wv

0CT1

Icra

ITDO"

STI1
>PF1
ros3

YEAR=YEAR~-1900;
CAY=CAY+MDAY;

IF DAY>31%

IF DAY>31 THEN
DATE=MDY{MUMTHLCAY s YTAR ) §
TID=DHIMG{DATE s NHOURGIIMIN,O) 3

TID1=TIDS

. CGR - HGR

STT4 1PT1
CTD2 CWi2
CTR2 TRU2

STI2, STI3,

TIFLY 1

E384 uqssu

HDR
PTD1

DWD2
1TA2

THEN MJNTH»MDNTH+1.‘;,"
DAY=DAY=313

CFORMAT TID DATC*IMFlB.,

CJILT
ITDL

oPT2
irp2
T_EL.

F53

SULSS

PN :

8TT2

OITy
PTD2
STY1

STTH
E1T2
TAT2
STY2

LTDL

W_EL

U357 .



The data on the SAS—datasets are being used for further
computations and of course for control of the data relia-
bility (see section 1.4). Also the data have been kept
as datasets in the ordinary way and these are put on-

magnetic tape cassettes and send to the data bank.

The obtained measurements are seen on the following schemesg.

Measurements obtained at the Danish SPTF:

1) 1980/81
Cassette ppg DD DD2 ID1 ID2 N
2001 1 1 1 1 1 184
2 1 1 2 1 1 231
3 1 1 2 1 1 378
4 1 1 2 1 1 259
5 1 1 2 1 1 209
6 1 1 2 1 1 399
7 1 1 2 1 1 386
8 1 1 3 1 1 399
9 1 1 3 1 1 237
10 1 1 3 1 1 330
11 1 1 3 1 2 331
12 1 1 3 1 3 221
13 2 2 4 2 4 140
14 2 2 4 2 4 353
15 2 2 4 2 4 338
le 2 2 4 2 * 382
17 2 2 4 2 * 383
26 3 3 5 3 5 111
27 3 3 5 3 5 331
28 3 3 5 3 5 336
31 3 3 5 3 5 361
32 3 3 5 4 5 354
33 3 3 5 4 5 363
34 3 3 5 4 5 379

N: Number of hour-values
DD: Data descriptor
ID: Installation descriptor
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2) 1982/83

Cagsette DDO DD1 DD2 ID1 Ib2 N
No.

2036 3 3 5 5 5 332
37 3 3 5 5 5 183
38 3 3 5 5 5 327
39 3 3 5 5 5 188
40 3 3 5 5 5 362
41 3 3 5 5 5 309
42 3 3 5 5 5 150
45 4 4 6 306
46 4 4 6 307
47 4 4 6 187
49 4 4 6 379
50 4 4 6 299
51 4 5 7 399
52 4 5 7 340
53 4 5 7 365
54 4 5 7 381
55 4 5 7 123

N: Number of hour-values

DD: Data describtor

ID: Installation descriptor

The format of the stored data is included in appendix 2.

Operational check procedures

While there has been a lot of troubles in the first months
of 1983 a considerable amount of work has been done on
checking the measured data on the spot using the printer
in the HP 9825 with the central control and monitoring

equipment.

When making this report the problems seem to be solved and

the necessity of checking the data on the spot hag beéen

reduced.




1.4.1

1.4.2

0o8s .

29
30
31
32
33

3as

ar
38
39
aQ
41

a2
43
a4
45
Y-
47

Checking the SS1-data

Some variables are selected to be printed out in the fol-

lowing way:

o8s TIDL
3 29MARE 3
‘2 30MARB3
3 3IMARBS3
T8 '01APRE3
5 02APRB3

With this output
and the energy quantities can then be compared,

Checking the SS2-data

STAYTISTICAL
C O oE181 ]

N1
26
48
46
46

T CGR
367
5966
2178

' 45805

23,2

1
i

=003
“(e3
7306
18409
0.0

TE451 7L E253
“0s5 T 1.0
0.9 T2ez
7267 U 6902

17808 V16869
Qo0 " T

0e0

ANALYS IS
£354
5403 .
4308
T 30.17
" 6Bed

32.8

ey

8§ U1
HE P S

8SY 8 YE'm

TMIN

- 30626 . °
15044

=th

FMAX
40.52

PR
RS )
BT 04

the energy transport etc. is visualized

Solar_gain

The solar gain, the efficiency of the solar collectors etc.

is printed and the printed data form the basis of checking

the functioning of the primary circuit.
(T1-T4) can be followed.

temperatures

. TIDL .
01J4UNB3:10:00
01JUNB3:10230

TORJUNB3E211:00

01JUNB3211230

- QlJUNB312:00

014UNB3212230
01JUNB3213:00
O0IJUNB3:13:30
D1J4UNB3214300

. OLJUNB3 L4230

01JUNB3ILIS200
01JUUNBII15:30
01JUNB3216200
01JUNB3216230
02JUNB3:07:30
oz24uUNB3308:30

©. 02JUNB32060200

Q2HUNB3211:30
02JUNB3312:00

T 506
848

683
. 61e7

F.6406 '
. B6eT
5 .6860

. 68a6
0961
665
67.3
65.7
028
5900
3te6

. 35.3

35.8
456
B2 WY

LETATYISTI CAL

CGR

TE 1004
wn At eB
11268
T13e2
3.7
1329
31309
1363
12.9
12.0
108
206
Y
3¢5
109
208
1.9

71
debH

TLATNALYS IS
uass
C.Bol

669

"7e5

Y ]

Bal
8ol
Be3
Te7
Pol
&3
Dot
bGoly
3e 1
Qoty
Qoa
1.0
Qe 6
304
la2

usss
Se?
Ty )
7ol
-Tab

Te7 .

FoT
7e8
73
6e6
5.9
L B.Q
%40Q
2.8
Dot
02
065
05
265
1.0

SY STEH

EFF
00 587

. 0,601
L 0.603

0600

= 0595

00585
06595
0581
0-549
0527
Qaaa7
0.a86
0395
Gol121
0199
0354
0.3106

" DeaBO

0.340

DTR

2803
27«6
29.6
320
345

. 3760

3804
39. 1
4051
40.8
a0ots
3908

. 38.8

37.7
i1.2

‘14 .8
1565
22

213

The progress of

.. 3400
136
1303

v 1367
1346
2.7
13.4
1265
12169
132
10.2

Db
T3
«0aea
587
295
3.0
A3 .6
T3

SPRIEFF

‘0630

0638
VebBL

0659

0.668
0s673
00686
0:665
0.679
Dab607
0ebba
0656
D.640
0.580
2:568
0370
0398
0592
Ce532
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Domestic hot water

o e o 0T B G G S Goe v G G S G

The tapping of the warm water is checked by use of this

printed output:

STATIS ™1 C AL ANALVYSIS S YS TEM

0Bs TIiD1 Fi F3 0 Ti T2 T3 T4 u3s7? UlSS
1 03MAYE3:12200 ' 04079 ... 0.079 e 52 21«74 22003 . 49e22 1114 26523
2 O3MAY83:16:30 ' 0.078 0.078 V082 21,73 . 2206 44639 laill 2« 184
3 O4MAY 33207300 . 0.058 0.0583 10s12 21642 2187 . 50645 0767 1.924

I 04MAYB32073230 .. 00020 0,020 797 - 21423 21.19 3153 0331 - 0,273
5] NAMAYB3212:00 - 06077 0,077 Do 48 21009 2133 44591 1041 20246
[5) G4MAY 23316330 0,078 00783 ’ e 52 21002 21633 45.86 1.035 24248
7 OBMAY 33207 :00 00855 0,058 10,84 21 .27 21086 5017 G689 1885
3 O0SMAY83: 07230 0022 0,022 7:96 2096 - 20,92 31.52 00335 0,332

As seen on the table the tapped volume is about 80 1 three
times a day and the tapping temperature is about 45-50°C
when the tapping starts.

Heat removal

The heat removal in the interface system is controlled by
the computer. The return temperature from the interface
is calculated and set by the computer according to the
actual heat demand and the measured return temperature

can be compared with the computer return temperature.

This output is to check that the interface return tempe~

rature is set to the right value.

e Flow = 0.7.m°/h _ Effekt = 2.0 kW

Temperature in the|interiface =+ QIT2]

60

wished

value

measured
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Control accuracy SS1/852

The pump control in the primary circuit is an ELECTROMATIC
ST 185 with two ETR temperature transducers. The result

of  testing the accuracy was that the difference between
the set difference temperature and the measured difference

temperature would be as a maximum:

O,8OC for the start differens
O,SOC for the stop differens

‘Calibration of wvarious instruments

Flowmeters: When the systems were installed the accur-

cy of the flowmeters was checked by counting the pulses
according to a measured volume in a measured period. The
flowmeters showed the right value with a maximum deviation

of 1%.

After two years of operation they were checked again and

the result was the same.

Solarimeter: When mounted it has been checked and cali-

brated and every year the calibration is checked again.

Uncertainty 5%.

Temperatures:

The uncertainties are:

temp. diff. 0,10%
Temp. abs. 0,35°%
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System parameter measurements SS1

During the last working period the system has been changed
from a space heating to a domestic hot water system with

a draw off profile according to the consumption of 20 dwel-

lings.
The system is shown on the next page (fig. 1.7).

The cold water inlet is in the bottom of the storage tank
and the outlet from the top. The secondary collector loop
is modified so the heated water from the heat exchanger is
returned into the middle layer of the storage tank. The

primary collector loop is unchanged.

The storage tank of the system will function as a preheating
tank. The auxiliary is not included in this experiment,

but it can be calculated by simulation program.

The system is characterized by a high degree of stratifi-
cation in storage which will be of interest in the modelling

work.

Parameters measured in the previous work period

Most of the parameters were already determined at the start
of this contractual period, for more information see ref (1).

The already determined parameters are:
Collector

Total heat loss: UA = 174 w/°c * 5%
Capacity of collector:

HOUR ,

1-2 2~3 3-4
A0CTL  (°C) 7.3 4.4 3.1
AT (s) 3600 3600 3600
HOCl (W) -5290 | -5400 | =5570
™ (°c) 17.6 24.0 28.0
o (kJ/°C)| 1194 1214 1176
§(C) (ka/°c)| 160 310 520

™ = (OCT1 = 0.5°CTD1l ~ AT)
mean
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Back and side losses

ua = 91 w/c t 5%
Piping
Pipe loss: U =1,12 wc * 20%
Heat capacity of piping
[
HOUR
0 - 1 l - 2
AT (°c) 57.6 = 49.8 = 7.8 | 49.8 - 45.4 = 4.4
At (s) 3600 3600
Q;, (W) 210 210
Qout (W) 1735 1326
™  (°0) 31,15 23.8
C (kJg/°c) 700 900
vgg 0.2 0.2
Heat exchange
Effectivenessg 0,37
Storage
Heat loss coefficient: UA = 15,6 W/K
Capacity C = 13.400 kJ/K

The heat loss coefficient in fact was obtained by means of
two different methods which are reported in ref (1).

oe

op

~ W
oPe

I+ i+
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Other parameters

The following is a list of all the parameters including

the measured ones:

s Gose s eaem oy Qo mes o ez b (e Ko G G Y

Collector:
Absorber area 46.47 (mz)
Tilt 56,00 £19
Azimuth 0.0° $1° (south)
Cover refractive index 1.52
Absorber absorptance 0.93
Absorber emittance 0.30
Space between cover and absorber 0.035 (m)
Back and side losses incl.
their connections 91.0 *#5% (W/K)

Heat capacity for all collectors
and their connections incl. fluid 1200 +13% (kJ/K)

Specific heat of fluid 3.91 2% (kJ/K kg)
Density of fluid 1060 +2% (kg/m3)
Optical factor of collector (at) 0.85

Piping (primary collector circuit):

Length of cold side piping 32.4 0.2 (m)
Outside length (cold side) 23.2 0.2 (m)
Heat capacity incl. content. 16.0 £20% (kJ/K m)
Heat loss . 1.12 +20% (W/K m
Electrical power of the pumps 420 £5% (W)
Power delivered to the fluid 210 £20%
Length of hot side piping 16.9 0.2 (m)
Outside length (hot side) 11.6 0.2 (m)
Control:
Start differential ATgp 8 t (K)
Stop differential AToff 0+1 (K)

Heat exchanger:
Heat exchanger effectiveness (LSS}H,11640“3ﬂEm1i:2%
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Storage tank:

Volume of tank 3 (m)3
Length of secondary circuit 7 £ 0.2 (m)
Specific heat of the fluid 4.2 2% (kJ/kg K)
Density of the fluid 1000 +2% (kg/m3)
Heat capacity of tank incl.,
secondary collector circuit 13400+7% (kJ/kg K)
Heat loss coefficient of tank 15.4 £3% (W/K)
Heat loss coefficient of piping 3.5 x20% (W/K)
Electrical power of the pump 230 + 5% (W)
Power delivered to the fluid 115 £20% (W)
Draw off profile.
Consumption for 20 dwellings: 3500 1/day
Distribution!
20 ¥ ] waver

!

Distribution of the domestic hot water
for a block of flats.
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1.8 System parameter measurements S$S2

Only the parameters measured in the present contractual
period are to be found in the following. Concerning sy-
stem SS52.2 - the combined system (DHW+SH) the parameter
measurements have been reported in ref (1) and concerning

system S52.3 there was no need for parameter measurements.

Some experiments have been carried out to determine the
main parameters of system S$52.4. The measuring points of

interest are shown on fig. 1.8.

ITK2

X TR DWD2
F1
VY CWI 2V IAT2

F3 &
4 U3 N

— U1

sT11| sTY1
X X
]
sTI2| STY2
cTD2 X X
ITD2
sT13| STY3
% X
|
. crr2 || sTI4f Srya
F4 o X X F2
1CT2 ~ FTD2 Q éx
OPT2
us

28
fa

=) S k x
A\ ~__ _Aorr g:> ITA2 ITB2

T

U4 U2

Fig. 1.8. System configuration 882.4

1.8.1 Storage heat loss

The storage heat loss has been obtained under steady state con-
ditions. With use of the electric heater in the interface
system the mean storage temperature is kept at a certain
constant value and the heat loss coefficient is evaluated

by the formula:
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UA = U2 /(TL -~ ILT)
where
U2 = F2 * RO * CP ° ITD2

RO : fluid density
CP : fluid thermal capacity

and the storage mean temperature TL:

TL = (STIT + STI2 + STI3 + STI4 + STY1
+ STY2 + STY3 + STY4) /8

ILT : room temperature
o) : 0 o)
OBS TL [~C] UA [w/~C] STD ERROR [W/ C]
OF MEAN

46 58,56 5,95 0,010

220 79,11 6,72 0,008

47 84,06 6,96 0,019

where the standard error of mean is given by STD(X) §%24§)
N

These results incorporated in the SAS—-general linear models

procedure give the following dependence:
UA = 3,662 + 0,038983 - TL [w/c]
TL > ILT

This linear dependence is shown on fig.1.8.1:

STORAGE HEAT LOSS

To = 20°¢

B = Ly S,

[ I Y SRR BT RNV T S N~ - N A N
N
Il
»,

ig. 1.8.1 Storage heat loss coefficient
versusg storage temperature.

One of the reasons why the heat loss coefficient is strongly
dependant on the storage temperature is the temperature de-
pendance of the thermal conductivity of the insulation.
Furthermore you can imagine changes in the pattern of con-
vection, but a full explanation can not be given for the

moment.
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The expected value of the heat loss coefficient obtained by

computation is approx. 2,9 W/OC at 50°C.

This coefficient only takes into account the heat transmis=-
sion through 10 cm Rockwool, but neither the losses due to the
pipes going through the insulation nor the temperature depen-

dance of the thermal conductivity.

Storage capacity

The storage capacity is evaluated under an unsteady warm=

up period by this procedure:
Cp = EAUCC /(TSTOP -~ TSTART)
where the accumulated energy EACCU is given by:

EACCU = (U2 = (TL - ILT ) - UA)At

b2
N
for a warm-up period of N times At (1800 sec)

U2 : delivered energy to storage
(TL - ILT ) - UA : storage heat loss

The result of computing CP from four different warm-up pe-

riods was:

period
1 5263,5
2 5318,3
3 5560,6
4 5452,3
and the mean value
CP = 5399 RJ/°Cc (t 3%)

Simple computations of the capacity of the water and steel

give the value of:

CP = 5150 kJ/°c

Other parameters

The other parameters which also are listed in installation
description ID2.206 are estimated to be (the measured para-

meters are marked with an M):
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Collector:

Absorber area

Tilt

Azimuth

Cover refractive index

Absorber emittance

Space between cover and absorber

Back and side loss
(for all collectors)

Heat capacity for all collectors

and their connections incl. fluid

Fluid content (for all connec-
tors + connections)

Specific heat of fluid
Density of fluid
Optical factor of collector

Constant therm of the top heat
loss coefficient

Temperatiure coefficient of the
top heat loss coefficient

Piping, cold side:

Total lenght of cold side piping
Outside length

Heat capacity (inside piping)
Heat capacity (outside piping)

Heat loss coefficient
(inside piping)

Heat loss coefficient
{outside piping)

Electrical power of the pump

Power delivered to the fluid

0.1
0.018
28.3

160

0.044

3.515
1037

0.85

0.015

25.0
21.5

6.8
41.7

1% (m“)
1 (9
£ (9
£10%

+ 0,001 (m)
+1% {(W/K)
+15%  (kJ/K)

£5%  (m°)
+1% (kJ/kgK)
1% (kg/m3)
£2%  (W/m?K)
£2%  (W/m%K)
+2% (W/mZKZ)
0.3 (m)
+0.25 (m)
£10%  (kJ/K)
£10% (kJ/K)
5% (W/K)
5%  (W/K)
+5¢ (W)
+20% (W)
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Piping, hot side:

Total length of hot side piping 32,5 0.5 (m)
Outside length 29,0 0.4 (m)
Heat capacity (inside piping) 6,8 £10% (kJ/R)
Heat capacity (outside piping) 56.3 £10% (kJ/K)
Heat loss coefficient
(inside piping) 0.88 5% (W/K)
Heat loss coefficient
(outside piping) 7.25 5% (W/K)
Control:
At on 3 1 (K)
A t off 0 +1 (K)
Heat exchanger:
Heat exchanger efficiency 0.7 7%
Storage:
Volume of tank 1.1916 +*1g (m3)
Specific heat of the fluid 4,182 +0.01 (kJ/kgK
Density of the fluid 998.2 *3 (kg/m3
Heat capacity of tank 5399 +3% (kJ/K)
Heat loss coefficient of tank 3,662 +
0,038983 - T, *k% (W/K)
Volume of tank for domestic 3
hot water 0,206 1% {(m™)

Heat transfer coefficient o
between tanks 200 £30% (W/~C)
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System behaviour studies 8S1

During the last four years of operation on the SS1 device
eight different system configurations have been connected

to the measuring and control equipment.

Combined system

ID1.201%*) :Common configuration

ID1.202%):ID1.201 + lower heat demand and lower
requested distribution temperature

ID1.203*%):ID1.201 + ID1.202 + renewed collector control
System and stratified storage tank

ID1.205 ¢ ID1.204 + new control strategy
ID1.206 : ID1.205 + new heat exchanger

Domestic hot water sgystem

ID1.204%*):ID1.201 + ID1.203 + domestic hot water production
ID1.207 : ID1.206 + another inlet position
ID1.208 ¢ ID1.207 + new heat exchanger

*¥) See ref (1)
The work and the results for the first four of them have been
reported in ref (1). In this contractual period the main topic

has been the temperature stratification of the storage.

The stratification of storage temperatures

The reason why the focus has been put on this subject is that
the system performance is very much dependant of the available
higher temperatures of the system. The early system configu~
rations simply had the inlets to the storage tank in the bottom
and the outlets in the top as shown on the diagram 2.1 (instal-
lations descriptor ID1.201-202).



- 24 -

l INTERIOR INSTALLATION

D1

STORAGE TANK INCL.
SECONDARY COLLECTOR CIRCUIT

PRIMARY COLLECTOR CXRCUIT HEAT

EXCHANGER

COLLECTOR
ARRAY

Dt Y SES— |

Fig. 2.1 Schematic diagram of the solay gystem one, 8S1,

This strategy has shown to be unappropriate. Consequently
the flow direction was changed (installation descriptor
ID1.203) as the heated water from the heat exchanger

is led into the top of the storage. In order to measure the
temperature gradient, the stratification, a rod with five
thermocouples is placed vertically in the center of the

storage.

With a persistent flow in the secondary collector loop as a
consequence of solar insolation the hot water from the top
of the storage will be mixed with the colder water from the

bottom and hereby the temperature stratification will be de-

stroyed.

Therefore another configuration has been set up (installation

descriptor ID1.207).

Here the inlet from the heat exchanger is lowered to permit
the hot layer in the top not to be mixed with the cold water
in the bottom unless the inlet temperature is higher that the
temperature in the top layer. The system is now for the pur-

pose of producing domestic hot water only.



System performance S81

Comparisons have been made between the temperature curves
for the unstratified and the stratified storage. As seen
on the fig.2.2.b the temperature rise due to solar gain
had not disturbed the high temperature in the top of the
storage (point 1). One and a half hour later at point 2
the temperature is falling, but it is now due to the tapp-

ing of hot water.

The unstratified storage is behaving otherwise. When the
pump starts the top temperature is falling down immediately
and the high top temperature can not be obtained. (Fig. 2.2.a).

Flg, 2,2.a

. Unsiratified storage
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Fig, 2.2.b

Stratified stokage SS1

75
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Links between the studies of the participants from

the different countries

During most of the second contractual period the focus has

been put on the following topics.

Primary circuit

I - on-off controll

static
. threshold studies
dynamic
IT - flow rates correlation between flow rates and
on-off control (dynamic)
heat exchanger effectiveness
III - pump control reduction of pump consumption

action 3 with actions 1 & 2

Solar storage

IV - storage volume/collector area ration
same ratio obtained in different ways

action 4 + stratification

V - stratification action obtained by actions 2 & 3

actions carried out simultaneously
with actions 6,7 & 9



Secondary circuit

VI

i

= DT

0 permanent;

0 seasonal

VII = heating demand reduction

VIII - control system strategies

control of return temperature

requested distribution temperature

reduction

optimization of day/night behaviour

IX = combination of function

Others

space heating + domestic hot water

X = components and arrangements.

Fig.
§S1 1981-1982

2.3.a

DATES OF ACTIONS CARRIED OUT

pe of
ctie % 1z 111 1y v - y1 vII viii 1% % N
count N
BELGIUM
YRR X/7781 &/G78Y 14797381
pENMARK |-13012/81 20/7/81 | 13/12/81}13/12/81 41781 | 3/2/82
2 372763 375785 | 3TaIRT | 313787 20/7/81 2774782
27/4/82 2774782 | 2774782 0774782
27/7/81) 17/3/82 17/3/82
FRANCE /981 | 1/5/82 1/5/82
- 3071787 -
26/10/8Y g, gy | 10797811 oy a9 18/3/52
GERMANY 14/12/81 19/9/81 575,783
TS/T2/8Y 7/5/82 [“T571378] 7/5/82 A
15/31/82 1541482
Imeraxp | 1510781 1 1or3zea | 173s82 | 2asn1/8if 23/a/82 11375782 10/2/82
22/11/81 s/a/e2 (1173782 | 7/1/82 | 13/5/82 | 28/5/82 28/2/82
. 11/2/82 6/4/82 10/11/81
1TALY 15/3/82 29/4/82 30/12/81
S 15/2/82 | 9/12/8 15/1/82 | 8/4/82 | 9/12/81
LANDS 19/3/82 | 26/4/81 15/2/82 | 26/4/82 | 15/1/82
TITITEY EYLVED)
UNITED 19/4/82
KIHGDOM 7374782 4fs/82
475782

.- 2nd yeaxr of operation of SS§}
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Fig. 2.3.b
seriodd |09 20.10 15,12 {1.02 20.3 15.05
coung?y\N 1st 2nd 3rd 4th Sth 6th
BELGIUM T+IT+ITTI+TIT+TTT IvV+V V4V
DENMARK X X X vIII VILI VIII
FRANCE v v v vII 1 1
GERMANY X It 11 Vit VIX i
IRELAND | VIII VIII. 11I 1II VII VII
ITALY iv v 1 1 v v
THE XNE~
THERLANDY ~ V v VIII VIII VII VII
UNITED _ )
KINGDOM v v v v X X

: PROGRAMME OF ACTIONS - 1982~1983 /

Efforts have been done tc deal with the mentioned topics as
well as possible. Therefore the researches concerning a spe-
cific topic have been done in more than a single country.

The information about the work done by the different partici-
pants has been exchanged on the meetings of the SPTF~-group.

A comparison between the work of all participants is shown

on fig. 2.3.a and fig. 2.3.b.
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System behaviour studies S$82

The 552 Pilot Test Facility has been of great use

for the development of combined systems for SH and DHW,

the main scope of the work on the SS2 installation of

the Danisgh SPTF. 1In the four years contractual period
measurements have been done on three different combined
systems. The results from the first of them (system S82.1)
have already been reported in ref (1). The work and the
results from the two others (the system $S2.2 and $52.4)
will be presented in this chapter which also includes a

presentation of a special thermal valve (system $S52.3).

System S$S2.2 - Combined system

The system is a combined space-heating and domestic hot
water supply system. The size of the system is determined
in order to reach a suitable delivery of energy of about

20-25% of the demand of a standard dwelling for one family.

Description of the system

The system consists of a storage (1,4 m3) with a mantle

around it, the mantle containing the hot water (0,13 m3)a
The solar collectors (18,84 mz) are liguid based and with
one layer of glass and selective absorber coating. A dia-

gram of the system is shown on fig. 3.1.1.

Fig. 3.1.1
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This system is equipped with an advanced primary circuit con-

trol system including four sensors.

One sensor is placed at the back on one of the absorbers,
another at the bottom of the storage tank and two sensors in
the collector circuit very close to the storage tank. The
sensors in the collector circuit stop the pump when the ener-

gy flow to the tank is negative.

Solar collectors: 18084‘m2 sunline
absorbers (1,57 m2 each)

1 layer of glass

Control: differential thermostat

Storage: hot water tank 130 1
storage (excl. hot
water) 1400 1

Heat exchange: effiveness: 0.61 (40°C)

heat transfer
coefficient: 1538 W/°C (40%
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3.1.2 Measured data and calculations

The measured results for five measuring periods in 1981
are shown in table 3.1.2.a. In this table is also shown
the thermal performance as calculated from the actual
weather data with the SVS computer program.*) It is seen
that there is a fairly good agreement between nredicted

and measured results.

rig. 3.1.2.a

Space heating Domestic hot water
period lays predicted measured predicted measured
. measured
1981 )
1 10/6 - 20/7 41 664 643 192 171
2 5/9 18/9 14 0 [ 128 120
3 24/9 1/10 8 151 142 56 42
4 6/10 19/10 14 254 265 45 42
5 21/10 /11 12 96 96 27 24

1~7SS 3ueid yo seouemiczied pIlEINDIRY PUP DPIANSEIH *

The yearly thermal performance has been calculated with
the weather data from the Test Reference Year and the re-
sults are shown in table 3.71.2.b. It is seen that the
total contribution of solar energy is 33% of the total
heat requirement and that the system delivers 301 kWh/m2
collector per year. 1In particular the solar contribution
to the space heating is high certainly because of the
choice of simulating a floor heating distribution system.

This is dimensioned for a supply temperature of 33°C.

In the third solar system (SS52.4) this distribution system

is changed to a more common one for a dwelling.

*) SVS computer program: ‘Program developed at the Danish
Thermal Insulation Laboratory.
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Table 3.1.2.b: Yearly performances of plant §52=2

Solar radiation

on collector

(18,8@12}

20138 [kwh]

heat requirement
for space heating

14076 [kuwn]

solar heat
for space

heating

4118 [kwn]

covering
%

29

heat regquirement
for domestic hot

water

3143 [kwh)

solar heat for
DHW

1555[kwh]

covering
%

49

total heat
requirement

17219[kWh]

total solar
contribution

5673 [ kWh|

covering
%

33

]

5673 fkwy;’g ~ 301
v 4

Gt

-

kWh/m2 of collector;

<J

(XA
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System SS2.3 -~ Thermal valve

The system is a "thermal valve" connected to the 8S2
interface. Measurements have been obtained during the
period from June to August 1982. The thermal value is a
simple construction made to control f.ex. the heat delivery
from a solar storage tank without the use of electro-mecha-
nical control devices. The advantages are obvious - a

cheaper system which requests no maintenance.

Description

The thermal value is a mixing box which is connected with
pipes to the storage tank and to the external device. The
purpose of the value is to give the highest possible
temperature at the outlet terminal T This tem=-

out.

perature can be either Tin’ the inlet temperature, or Tst’
the storage temperature. The function of the value can be

described in the following formulas:

T = T, if T, > T

out in in st
Tout - Tst if Tin < Tst

The driving forces are the differences in density at the dif-

ferent temperatures.

The pipes in the self-circulating circuit are of a bigger
dimension to lower the pressure drop -~ the configuration is

shown on fig. 3.2.1.

MIXING BOX

STORAGE
TANK

ELECTRICAL O=rp-
HEATER %
Omsneed

Fig. 3.2.1: Thermal valve
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3.2.2 Measurements

The valve has been tested under variation of the inlet tem~-~

perature, the inlet flowrate and the storage temperature.

The storage is heated with an electric spiral-heater and

the inlet temperature  is set by use of the 8§82 interface
equipment. All the mentioned temperatures are measured by
the computer through the voltmeter and the scanner in the
PTF data sampling system. Some of the results are presented

in the next section.

Results

As seen on the diagram the thermal valve is functioning

very well. The output temperature is the highest possible.
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System SS52.4 ~ Combined system

This system, which for the moment is connected to the 8S2
installation, has been build up during the period from Sept.
to Dec. 1982 and the measurements have started at the end
of Dec. The system is a combined space-heating and dome-
stic hot water supply system and it is designed for an or-

dinary dwelling of 130 m2 in size.

Background

Several years of investigations under the SPTF-program and
under the Danish National Solar Energy Program have made

it possible to recommend a valid construction of a SH + DHW
system. The experiences drawn from these investigations

have been the basis of the design work.
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The energy consumption of the house, which the system is
designed for, is about 13.600 kWh for the space heating and
3.200 kWh for the domestic hot water supply.

Description of the system

The DHW storage tank (0.2 m3) ig placed inside the SH
storage tank (1.0 mB) and it hag nearly the same height as
the SH tank. The solar collector system is liquid based
and it is connected to the storage with a pipe heat ex-
changer placed in the bottom part of the SH-storage. The
inlet of the cold water is placed at the bottom at the
DHW-tank and the outlet is placed at the top. This storage
configuration provides higher efficiences of the primary
circuit because the cold inlet will cool down the bottom

of the storage and give higher temperature differences be-
tween the fluid in the primary circuit and the water in the

storage tank.

Fig. 3.3.2: Solar system S$52.4
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Back up (simulated)

As seen on the diagram of the system configuration the
system is backed up with a boiler. In summer the no-load
loss of the boiler would have been of considerable magni-
tude in comparison with the demand for DHW. Therefore the
boiler is cut off when there is no heat demand and the DHW
supply is backed up with an electric heater, which has

only little no~load loss.

Seperate_readiator: (simulated)

The space heating system is equipped with a separate ra-
diator for the solar space heating. This seperate heater
is placed in the largest room of the dwelling, which has
f.ex. 25% of the total demand for space heating, and it
will make better conditions for using low storage tempe-

ratures.

Solar collectors: 10 elements with selective surface
(product sunline)
1 layer of glas 5
transparent area: 15,7 m

liquid: propylene glycol

flow: 0.111 kg/s (0.4 1/min/m?)
Control: differential thermostat with se-

parate setting of the start- and

stop difference

Storage: hot water tank: 200 1
storage (excl. hot water) 1000 1

Heat exchanger: 20 meter of 16 mm/18 mm copper tupe

Electric water heater: 30 1 and 1.2 kW
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3.3.3 Measurements

The measurements have started at the end of December and

the period from the start to about the 1st March has been
used to the storage. From the beginning of March and to
June the system is put into the solar-gain mode of operation
and the measurements here will be used for validation of an
EMGP2~model of the system (see also chapter 4.). In colla-
boration with the Danish EMG-member the expected perfor-

mance for a whole year has been computed

Expected performance

The expected performance for a year is computed by the
EMGP2~program and the results were presented in table 4.5

in chapter 4. The main result is that the solar system will
deliver 66% of the DHW-demand, 19% of the SH-demand and 28%
of the total demand.

Economz

Installation costs (estimated)

Components ECU
Storage tank with hot water tank 710.-
Pipes, fittings, etc. 610.~
Solar collectors 10 & 307.-~ 3070.-
Control 125.-
Space heating component

pump 50.-
control 125,-
radiator 360.~

5050, ~

Wages
Plumber, piping, fittings 970.~-
Electrician 75 .~
Insulation work 160. -~

1205.~

Total excl. sales tax 6255,

Sales tax 1376.~

7637;-
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4, EMG + PTF - results

4,1 Introduction

In view of economic aspects the cost of a solar heating
system must be low and the annual useful output must be
high. Therefore, a simple system with a small to medium
sized collector array and a small storage is selected for
the Danish SPTF installation, S8S2.

Together with planning a combined system for space heating
and domestic hot water production the system performance is
simulated with EMGP2. The purpose is to optimize the system
performance and secure good operation. Different system

parameters are optimized

The collector flow rate
SH-demand
Flow rate in the distribution system

Heat transfer coefficient

4.2 Physical system

A schematic diagram of the system is given on fig. 4.2.

v
N2

A 4

A 2

£H

e ———

Fig. 4.2 Schematic diagram of solar heating system S882.
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The system is a combined space heating and.domestic hot
water system. The collector loop contains a collector

array with 10 collectors (15.7 m2) and a submerged heat
exchangexr in the bottom of the main storage. The preheating
tank for domestic hot water is submerged in the main storage
extending from bottom to the top layer. The distribution
system for space heating is not included in the SPTF-
installation but is controlled as a separate system with
parallel auxiliary. The installation contains an auxiliary

storage for heating domestic hot water.

Simulation model

A schematic diagram of the simulation model is given on
fig. 4.3. The element serial members are indicated and the
elements type members are given between brachets. The main
storage is modelled as a stratified liquid storage tank
with 4 thermal layers. The domestic hot water tank is mo-
delled as a submerged stratified liquid storage with 4
layvers extending over the four layers in the main storage.
The heat exchanger is submerged into the bottom layer of
the main storage. The collector array is modelled as two
series connected elements since the dependence of the col-

lector flow rate is investigated.

ext, fet.

'
5(4) 5(4)

t
2(33) I 13(10)
i

1(1)

10(4) 6(4)
« ext. fet,

11(4) 7(4)
23 (1)

et 21 5y '
o3 —

4(32)

3(33)

Figq. 4..3 Schematic diagram of the simulation model SS2.
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Collector:

Collector surface area

Single glass collector with selectiv absorber.

Collector efficiency curve:

= e L £ @ - 2
o "o ko (Tm Ta)/I k1 (Tm Ta) /I
with
N, = 0.85 Tm = mean collector fluid temp.
ko = 4.5 Ta = ambient temp.
k, = 0,015 I = solar irradiance

Thermal capacity per unit surface area incl.pipings

20 kJ/mZI

Storage
storage layer P(1) P(2) P(3) P(4) P(5)
MO gint , L K g
C m m W/K kJ/m- K
main 5 20 0,5695 0,425 2 4530
main 6 20 0,5695 0,425 1,3 4530
main 7 20 0,5695 0,425 1.3 4530
main 8 20 0,5695 0,425 1,3 4530
sub. 9 20 0,121 0,425 0,32 4530
sub. 10 20 0,121 0,425 0 4530
sub. 11 20 0,121 0,425 0 4530
sub. 12 20 0,121 0,425 0 4530
P(1) initial temperature
P(2) cross—-sectional area
P(3) height of one layer
P(4) total heat loss coefficient
P(5) effective thermal capacity

Ambient temperature 20°¢
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Piping of the_collector loop

Pump power 77 W

50% of the pump power is dissipated in the
fluid and the circulation pump is located
in the cold pipe

Heat loss coefficient 0,25 W/K m
Length of cold pipe 20 m
Length of hot pipe ‘ 20 m
Piping ambient temp.: outside temp.
Submerged heat exchanger 0,6
DHW-draw off
Flow rate 4,5 1/min
Cold water inlet 8 °c
Consumption temp. 45 °c
Daily consumption 202.5 1
with the following profile
15 min starting 7 67,5 1
15 min starting 12 67,5 1
15 min starting 19 67,5 1

A dynamic heat balance of the dwelling is used together
with heat extraction algorithm for space heating and has

the following characteristics:

No usefull heat loss of other elements o

initial temperature 20 °C
Total heat loss coefficient 200 W/OC
Thermal heat capacity : 20000 kJ/K

The space heating demand is zero during same period of the

year, which is specified as follows:

129 < number of the day < 266



Table 4.1

DHW demand

SH demand

Heat transfer coefficient between

main storage and preheating tank

for one layer

- 4D -

11450 MJ/year
48835 MJ/year

75 W/K

Collector Solar heat Solar fraction
flow r g‘te SH DHW SH DHW SHA+DHW
1/h m MJ MJ 3 3 %

21.6 * 7330 8082 64 17 26
47.8 * 7638 9393 67 19 28
47.8 7661 9521 67 19 29
31.8 7544 9038 66 19 28

* Only one element for the collector array

Table 4.2

DHW demand

SH demand

Collector flow rate

Flow rate in distribution system:

11450 MJ/vyear
48835 MJ/year
31.8 1/hm
0.14 kw/°c

UA solar heat
SH DHW
W/K MJ MJ
50 9025 7514
75 9038 7544
100 9042 7562
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Table 4.3

DHW demand

Collector flow rate

Heat transfer coefficient between
main storage and preheating

tank for one layer

11450 MJ/year
31.8 1/h m°

75 W/K

SH demand Solar fraction System performance
DHW SH SH+DHW kWh/m2 year
MJ % %

1 22325 69 31 44 261

2 48835 66 19 28 293

3 81650 64 12 18 303

1: 130 m2 house with a today level of insulation

2: 130 m2 house according to the Danish building regulation

of 1977

3: 130 m2 house with an insulation according to the level

before 1960

Table 4.4

SH demand

DHW demand

Heat transfer coefficient between
main storage and preheating

tank for one layer

Collector flow rate

48835 MJ/year
11450 MJ/year

75 W/K

21.6 1/h m2

Flow rate in Solar heat

dlStrlbuglon DHW SH SH+DHW
kw/~¢C MJ MJ MJ
0.14 7330 8082 15412
0.07 7829 6283 14112
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Monthly values of the solar output from the combined space
heating and domestic hot water system, installed on SPTF, SS2,

are given in fig. 4.5,

Measurement from the system will be used to validate the

EMGP2 with a similar model configuration.

Additional system data

System efficiency

System output _ 16583 Mg _ 27¢
n oo Y T - (¢}
Collector global radiator 2265 MJ
Collector efficiency
Collector heat withdrawal _ 22519 MJ _ 362
v ® - - ©
Collector global radiation 62265 MJ
Pipe efficiency
Solar storage input _ 20631 M3 _ 9902
- o R e - ©
Collector heat withdrawal 22519 MJ
Storage efficiency
System output _ 16583 MJ _ 802
Solar storage input 20631 MJ
Table 4.5
Solar Output Heat demand Solar fraction
DHW SH DHW SH DHW SH SH+DHW
MJ M MJ MJ %
Jan 320 242 972 8734 33 3 6
Feb 393 700 878 7738 45 9 13
Mar 471 906 972 6756 48 13 18
Apr 656 1799 941 4295 70 42 47
May 787 2034 972 2544 81 80 80
Jun 941 0 941 0 100 - 100
Jul 972 0 972 0 100 - 100
Aug 972 52 972 41 100 100 100
Sep 752 1445 941 1484 80 97 91
oct 527 1055 972 3823 54 28 33
Nov 380 451 941 5811 40 8 12
Dec 373 353 972 7606 38 5 8
Tot 7545 9038 11450 48833 66 19 28




Conclusions and recommendations for further work

During the last two years of operation the SPTF groups have
established a routine in acquisition and exchange of measur-
ing data. Collaboration has also been established with the
BEuropean Modelling Group with the purpose of validation mo-
dels. This collaboration has for the Danish participant
proved valuable not only for the validation but also for

the immediate evaluation of the measured solar system and for

new designs.

For the Danish SPTF the data acquisition has worked very well
except for some power supply drop outs and computer break
downs in the spring of 1983. 1In the period 17 data cassettes
have been produced so the total number of produced data casg-
settes is now 41. The measurements have been obtained with
good accuracy and there have been none or only unimportant
problems with the measuring equipment. The data have been
checked visually before being sent to the data bank.

At the SS1 system four new system configurations have been
tested. The SS1 system has in this period been changed to a
system producing only domestic hot water and the efforts have
mainly been put on the investigation of stratification in the
storage. The Danish work on the $S1 has been coordinated with
the work of the rest of the SPTF group so that many aspects

of the 8S1 system have been investigated.

For the SS2 system the work has consisted in development and
improvement of systems for combined space heating and dome-
stick hot water. The first system in this period was a sy-
stem using a storage with a mantle for the domestic hot water.
It had a collector area of 18,8 m2 and was operated to feed

a floor heating system. From a model validated with the mea-
surements an annual performance was calculated to be 301 KwH/m2
with a solar fraction of 33%. From a thermal point of view
the idea of the system was good but the system was abandoned
because of construction problems with the domestic hot water

in the mantle.



After this a "thermal valve" was investigated. This was con-
structed to control the heat delivery from a solar storage
tank without the use of electro - mechanical control devices.

The valve worked very well.

The last SS2 system was constructed during 1982 and lots of
effort was put on optimizing the system using the experiences
gained from the first systems and using the validated situa-
tion model. Furthermore, the system was developed to be

"ready to install”.

From model calculations it was found that the system would
have an anual performance of 300 kWh/m2 with a solar fraction
of 66% for the DHW-demand, 19% for the space heating demand
and 28% for the total demand.

The system is designed to fit existing houses and the price
is calculated to be 51.000 D.Crs. It is expected to be pos-—
sible to reduce this price by further improvements of the
system and the components, so that the system will have a
sound economy. The system has been carefully modelled with
the EMG 2 simulation programme (the simulation programme de-
veloped by the European Modelling Group). The results of
this are described in chapter 4 of this report.

The last two years of operation have proved that the SPTF's
are very valuable tools to obtain accurate and detailed
measuring data of solar gystems. Furthermore, the SPTF'g
are designed so that it is very easy to modify or change the
solar systems installed on the SPTF's. The characteristics
of the SPTF make it suitable for every kind of experimental

work with solar systems.

Though the work of the SPTF group has found a form where the
carrying out of the different tasks is a matter of routine

some problems still have to be solved.

The group has already carried out some work as to which cri=-
teria the characteristics of the time series have to fulfil
to be valid for data analysis. For example you must have

some heat demand., some solar insulation etc.



The length of the time serie is also very important and some
theoretical work has also been made about it. Any final con-
clusion has not yet been found so the group has to reconsider

this question.

After the experience gained during the last years of operation
it should also be worthwhile to reevaluate the working pro-

cedures which have been established.

For example the following questions could be considered:

a) Are the measurements accurate and uniform enough for

the validation purposes?

This question could be answered from the modelling group

where the validation has been going on for some time.

b) Does the operation procedure secure maximum use of the
SPTF installations?

Until now the group has operated with a least six ope-

ration sequences per year.

However, it has been proved that if you are making majoxr
changes on the systems (for example if you dismount a
solar system and construct a new one) then half a year
could easily pass before you are ready to make new mea-
surements. On the other hand if you are only making
modifications on the system then it could be carried

out in less than a week.

A planned programme of action should therefore be flexible
but it should also secure that results even though they are
not coming in a regular order could be handled as effectively

as possible.

A last question which is to be taken up is for what purposes

the SPTF has to be operated in the future.

The two purposes, which has been considered, are the valida-

tion and the system development studies.

From the Danish point of view we agree with these purposes

and think that they can easily go hand in hand.
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DDO:

app 2

Data descriptors

DDO0.203

TOWN DAY MONTH YEAR HOUR NDAY NHOUR NMIN
HGR HDR CGR WV AT S5H ILT

FORMAT

1

Each value is separated by a blank "

1 Al0, 2r3.0, F5.0, F3.0, F4.0, 2F3.0
3r8.3, F5.1, F7.1, 2F5.1

DD0O.204

TOWN DAY MONTH YEAR HOUR NDAY NHOUR NMIN
HGR HDR CGR WV AT SH ILT

FORMAT

linie No.

1 c10, 2F3.0, F5.0, F3.0, F4.0, 2F3.0

2 3F8.3, 6.1, F7.1, 2F6.1

DD1.203

3 OCT1l CTDl IPTL PTD1 IIT1 ITDl IHT1 HTD1
PCF1l SPF1 IIF1 FPF1 STT1 STT2 STT3 STT4 STTS
5 ILl1l HP1l AHPl SSG1 HOC1l HT1

FORMAT

Each value is separated by a blank " ¥

3 8Fl.l
4r8.3, 5F6.1
5 6F6.2

(1)



DD1.204

app 2(2)

OCT1 CTD1 IPT1 PTD1 OIT1 ITD1 IHT1 HTDI1
PCF1 SPF1 IIF1 FPF1 STT] STT2-STT3 STT4 STTS
IL1T HP1 AHP1 SSG1 HOC1 HH

FORMA'T

linie No.

3 8F6.1

4 4F8.3, 5F6.1

5 6F7.2

QQOT0 INPUT

Q0100
OOLI0
00120
QO1LEOG
0140
QU150
0140
QOL70
Q0150

FORMAT

i1
H2
2
w4
H3
B
#7
#E
#H

#10

TOWN ¢ DAY MOMTH YEAR HGOUR NDAY NHOUR NMIN

HGR HIDR CGR WY AT SH ILT

GCTYL CTDRL IPTY PTDL DITL ITD1 IHTLI HTDI

PCFL BPFL TIFL FPFL STT1 STT2 STTS 8TT4 STTS

ILT HP1 AHPIL $8G1 HOCL HH

OCT2 CTDZ IPTE PTRZ QIT2 ITDZ IDTZ DTDZ

TI0 Ti4 Ti2 T13 Ti3 Tiée Ti7 Tis

Ti? F1 F2 F3 01 02 03 @iA

BIFL B8ITL RDTI X1 X2 SCL.1 ‘-
L2 0% C4 ¥

¥1 €10, 2F3.0, F5.0, F3.0, F4.0, 2F3.0

2 3F8.3, F5.1, F7.1, 2F5.1

3 8F6.1
4 4r8.3,
5 6F6.2
6 8F6.1
7 8F6.1

8 F61, 3F7.3,

5F6.1

4F7.2

9 F6.2, 2F6.1, 3F7.2

10 3Fr7.2
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Data Descriptor: DD1.205

Tl CTDL IPTL PTDY OITI ITDI IHTL HTDIL

23

Ez PCFY SPFL TIFL FPFL GTTL STT2 8TTS 8TT4 ST1TTS
£S5 ILl QDL QDZ 8861 HOCL HH s
Format:
Line 3 : 8F6 .1
4 4F8.3, 5F6.1
5 : 6F7.2

New wvariable

QD1 : Measured integrated DHW~draw off

reset at midnight

QD2 : Requested integrated DHW-draw off

reset at midnight

DD2: DD2.205

6 OCT2 CTD2 IPT2 PTD2 OIT2 ITD2 ODT2 DTD2
7 T10 T11 T12 T13 T15 T16 T17 T18
8 T19 FPF2 IIF2 FDIW2 HOC2 IL2 QDHW2 SSG2
9 SIIF]l SOIT1 RDT1 X1 X2 SCL1
10 C2 ¢3 c4
FORMAT
Each value is separated by a blank " *
6 8r¥6.1
7 F7.2, 2F6.1, 3F7.2
8 F6.l, 3F7.3, 4F7.2
9 3F7.2



Line 1

TOWN :

DAY 7
MONTH

YEAR
HOUR

NDAY
NHOUR
NMIN

Line 2

HGR:
HDR:
CGR:
WV =
AT :
SH :
ILT:

Line 3

ocT1
CTD1:
IPT1:
PDT1:
O1T1:
ITD1:
IHTT:

©o

HTD1T:

Numenclature

Name of town

Beginning of data storage sequence

Data storage file

Horizontal global radiation
Horizontal diffuse radiation
Collector global radiation
Wind velocity

Air temperature

Specific humidity, not measured

Interior laboratory temperature

Data from 881

Out of collector temperature
Collector temperature difference
Inlet primary temperature
Primary temperature difference
Out of interface temperature
Interface temperature difference
Inlet heat exchanger temperature

in primary collector circuit

Heat exchanger temperature difference

in primary collector circuit

app 2(4)

[ kwh/m?]

[ kWh/m?]

[ kWh/m?]
[m/s]
[ °c]

[°c)

[Cc)
[c]
[°c]
[°c]
[°c]
[°c]



Line 4,

PCF1:
SPE1:
ITP1:
FPF1:
STT1T:
STT2:
STT3:
STT4 ¢
STTS5:

Line 5,

InL1
HP1
AHP1:
S8G1:
HOC1:
HH

Data from SS1

Partial collector flowrate

Secondare collector flowrate

Interface flowrate

Primary collector flowrate

Top storage tank temperature
storage tank temperature
storage tank temperature
storage tank temperature

Bottom storage tank tamperature

Data from SS1

Interface losses
Heating power

Auxiliary heating power
Solar storage gain

Heat out of collector

Heat into heat exchanger

app 2(5)

[m3/n1
w3 /h )
[m>/h]
[m>/h]
[°c)

[kWh]
[kWh]
[kWh]
[kWh]
[kWh]
[kWh]



Line 8,

T19
F1

F2 g

F3
01
Q2
Q3

Q1A

Line 9

SIF1:
SITT:
RDT1 ¢

X1 2
X2

SCL1:

Line 10

c2
C3

Cc4

Data from 882

Storage tank temperature

Flow in collector circuit

Flow in interface

Domestic hot water flow

Heat gain from collector

Heat gain to interface

Heat gain for domestic hot water

Heat storage gain

Set interface flow, predicted by SIMUL

Set interface temperature, predicted by SIMUL
Requested distribution temperature predicted
by SIMUL

Control parameter

Control parameter

Space cooling load

Data from 882

Integrated space heating load, predicted
by SIMUL

Integrated heat gain from solar system,
predicted by SIMUL

Integrated storage loss

app 2(6)

[°c]
[m>/h]
[mB/h]
[mz/h]
[kWh]
[kwh]
[kwWh1]
[kwh]

[n/h ]
[°c]

[°c]

[kWh]

[kwh]
[kwWwh]



Example of logsheet

app 2(7)
C N ¥ D M Y
2 0 i 3 ' 4 8 E 1 1
cassette n® year . -date sent .
recorded . . ;
DESCRIPTION OF SEQUENCES
DD 1D
| ST [ D00 | BbT [ Doz | T61 | ip? _EwD
M H Fod=icl viieb vicl viclvidyv n bF
LD LR L P LR 5

L7 4 1310 100 312103 j2;{03 {2]05|2/0414}2/05]7 | 201 8 0 479

REMARKS

SS1: The value of HP1 and AHP1 is missing, but use x1 and x2 in iine 9
instead

HP1 = %1 and AHP1 = x2
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Design Drawings







Schematic diagram of the solar system SS1
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Schematic diagram of the solar system $52.2
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Schematic diagram of the solar system $52.3
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Schematic diagram of the solar system SS2.4
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Installation descriptors







app 4(1)

The installation descriptors -~ solar system one

The installation descriptors each describing a certain sy-

stem configuration are here presented:

Solar system one

Combined system

ID1.201%) :Common configuration

ID1.202%):ID1.201 + lower heat demand and lower
requested distribution temperature

ID1.203%):ID1.201 + ID1.202 + renewed collector control
System and stratified storage tank

ID1.205 : ID1.204 + new control strategy
ID1.206 : ID1.205 + new heat exchange

Domestic hot water system

ID1.204%):ID1.201 + ID1.203 + domestic hot water production
ID1.207 : ID1.206 + another inlet position
ID1.208 : ID1.207 + new heat exchange

®)y  See ref (1)

Solar system two

ID2.201%): 30 m2 black-painted solar collector
1.2 m3 storage tank with an 0.2 m3

preheating tank inside.
ID2.202%) :ID2.201T, but with 20 m2 collector area.
ID2.203%):ID2.201, but with 10 m2 collector area.

ID2.204%):1ID2.20%1, but with renewed storage tank
with an 0.1 m3 preheating tank outside.

Renewed control system with four sensors.

IN2.205%) :ID2.204, but with renewed solar collector

with selective absorber.

ID2.206: 16 m2 selectiv absorber
1,0 m3 storage tank with an 0.2 m3 DHW-

tank inside.

*)  See ref (1)
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Installation descriptor ID1.205:

The system configuration now differs from the original confi-
guration. The requested distribution temperature and the

house heating demand are lowered according to the installation
descriptor ID1.202. Another control strategy for the collector
circuits is introduced according to the ID1.203. These two
modifications are also included in the installation descrip-
tor ID1.205,

The installation descriptor ID1.205 comprises an investigation
of the starting and the stopping temperature difference of

the collector control system.

ATOn =8 "C 1 C

AToff =0 7C 1 ¢
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Installation descriptor ID1.206:

The heat exchanger between the two collector circuits is
replaced by a counterflow heat exchanger. Besides the heat
exchanger the installation descriptor ID1.206 also includes
the modifications according to ID1.202, ID1.203 and ID1.205.

Because of wrong information given by the manufacturer, the
pressure drops across the heat exchanger is greater than
expected. To secure a reasonable flow rate in the collector

circuits the pump power is increased.

Primary circuit: 600 W, 50% to the fluid
Secondary circuit: 345 W, 50% to the fluid

By using measurement obtained in Illay 1982 the heat exchanger

effectiveness and the heat transfer coefficient is found.,

The effectiveness is found by

- Qactual
d

maximum

SPF1 C, * p ° PIDI

®

. (IHT1T - OPT1)
min

Since the capacity flow rate in the secondary collector circuit

is the minimum flow rate, the equation then becomes

PTD1

IHT1 - IPTT + PTDI1



app 4(4)

The overall heat transfer coefficient (UA) can be found by

o

Q = UA

é ¢ heat transfer (SSG1)

eln

It

Ua

s 8
en

SSG1

logarithmic mean temperature difference

HTD1

= PTDI1

Inl (IHT]

="IPT1) /

(IHTI - HTD1

IPT1

- PTDT) ]

A linear relation between e and the temperature IHT1 is found:

1077

IHTT + 0.553"

A linear relation between UA and the temperature IHT1 is found:

UA =

5.22

1073 .

IHTT + 1,814

[xw/°c]

The main results are listed in the table 1, and all the measure-

ments used are listed in the appended list.

VARIABLE

FPF1
SPF1
IHT1
IPTI1
HTD1
PTD1
E

uaA

Table 1.

124
1Z%4
134
134
134
134
134
134

MEAN

2.50513433
1.459253773
S6035074463
S0.991772104
3.06492337
B8.17164179
0.61743574
2.1067605%

UA: [kw/°C]

STANDARD
DEVIATION

D.027846940
3.01217892
10.71416922
10.800046299
1.645739883
2.460260844
D.01354223

0.0702915%

MINIMUM
VALUE

2.44200000
1.41700000
JI2.40000000
2970000000
2.00000000
I3, 30000000
0.57812500
1.858921464

MAX IMUM
VAaLUE

2.3610000
1.47460000
30.7000000
777000000
8,4000000
13.5000000
0.6412214
2.2101722
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Installation descriptor ID1.207

The system on the Danish solar pilot test facility is a domes-
tic hot water system with a draw of profile according to a con-

sumption of 20 dwellings.

The system is indicated on fig. 1. The cold water inlet is in
the bottom of the storage tank and the outlet from the top.
The water from the heat exchanger in the secondary collector

circuit is returned into the middle layer of the storage tank.

The collector circuits are controled by a differential thermo-
stat which starts the pumps when the temperature of the back-
side of the absorber plate is higher than the’temperature at the
bottom of the storage tank.



Parametre:

Collector:

Absorber area

Tilt

Azimut

Cover refractive index

Absorber absorptance

Absorber emittance

Spaée between cover and absorber

Back and side lasses incl. their con-

nections

Heat capacity for all collectors and

their connections incl. fluid
Specific heat of fluid
Density of fluid

Optiéal factor of collector (at)

Piping (primary collector loop):

Length of cold side piping
Outside length (cold side)
Heat capacity incl. content
Heat loss

Electrical power of the pump
Power delivered to the fluid
Length of hot side piping
Outside length (hot side)

Controler:
Start differential ATon

Stop differential AToff

Heat exchanger:

Heat exchanger effectiveness

.035

91.0

1200
3.91
1060
0.85

32.4
23.2
16.0
1.12
600

300

16.9
11.6

i+

4+ 04 14

i+ i+

I+ i+

i+

I+ 1 i i i

4 i+ =

[9%)
oo
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kJ/K m
W/K m



Storage tank:

Volume of tank

Length of secondary circuit
Specific heat of the fluid
Density of the fluid

Heat capacity of tank incl. secondary
collector circuits

Heat loss coefficient of tank
Heat loss coefficient of piping
Electrical power of pump

Power delivered to¢ the fluid

app 4(7)

3 m3

7 + 0.2 m
4.2 k3/kgK

1000 kg/m°
13400 + 7% kJ/K
15.4 + 3% W/K
3.5 + 20%

345  + 5% W
170+ 20% W
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Installation descriptor ID1.208

The heat exchanger used between the two collector circuits
according to installation ID1.206 has now been replaced by
the one originally used in the SS1-system (ID1.201-205).
This means that the performance now can be expressed as:

Heat exchanger effectiveness 0,37 *3%

Furthermore the rV(CV) value of the controlled value A in

the tapping pipe has been changed.

The system is still a domestic hot water system with a draw

off profile according to the consumption of 20 dwellings.
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Collector:

Absorber area 46.47 (m2)

Tilt 56.0° £1°
Azimuth 0.0° £1° (south)
Cover refractive index 1.52

Absorber absorptance ' 0.93

Absorber emittance 0.30

Space between cover and absorber 0.035 (m)

Back and side losses incl.

their connections 91.0 £5% (W/K)

Heat capacity for all collectors
and their connections incl. fluid 1200 *13% (kJ/K)

Specific heat of fluid 3.91 +2% (kJ/K kgq)
Density of fluid 1060 #2% (kg/m3)
Optical factor of collector (at) 0.85

Piping (primary collector circuit):

Length of cold side piping 32.4 0.2 (m)

Outside length (cold side) 23.2 0.2 {m)

Heat capacity incl. content 16.0 +20% (kJ/K m)

Heat loss 1.12 +20% (W/K m

Electrical power of the pump 600 5% (W)

Power delivered to the fluid 300 *20%

Length of hot side piping 16.9 0.2 (m)

Outside length (hot side) 11.6 0.2 (m)
Control: .

Start differential ATep 8 1%

Stop differential AToff 0 11OC

Heat exchanger:

j
(V8]
o0

Heat exchanger effectiveness 0.37 ¢



Storage tank:
Volume of tank
Length of secondary circuit
Specific heat of the fluid
Density of the fluid

Heat capacity of tank incl.
secondary collector circuit

Heat loss coefficient of tank
Heat loss coefficient of piping
Elecfrigal power of the pump
Power delivered to the fluid

3
7 £ 0.2
4.2 *2%
1000 23

13400£7%
15.4 3%
3.5 £20%
345 *+ 5%
170 220%

app 4(11)

(m)3

(m)
(kd/kg K)
(kg/m3)

(kJ/kg K)
(W/K)
(W/K)

(W)

(W)
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The installation degscriptors — solar system two

Installation descriptor ID2.205

The collectors are replaced by collectors with selective
absorber coating. The reguested space heating load is the
same as for $S1.ID1.203, calculated by SIMUL.

o g s b oo Tun own won o o G SAN SO0 G W

Collector:

Absorber area for all collectors 18.84 m2

Further information about the effectiveness of the col-

lector can be found in ref (1) section 6.

“Installation descriptor ID 2.206

On the S$S2 installation, the system in question is a combined
space-heating and domestic hot water supply system, which is
designed for an ordinary dwelling 130 m? in size and with an
energy consumption of 14.000 kWh for space heating and 3.500
kwWh for the domestic hot water supply.

The DHW storage tank (0,2 m3) is placed inside the SH storage
tank (1,0 m3) and it has nearly the same height as the SH tank.
The solar collector system is liquid based and it is . connected
to the storage with a pipe heate exchanger placed in the bot-
tom part of the SlH-storage. The inlet of the cold water is
placed at the bottom at the DIW-tank and the outlet is placed
at the top. This storage configuration provides higher effi-
ciences of the primary circuit because the cold inlet will cool
down'the bottom of the storage and give higher temperature dif-
ferences between the fluid in the primary circuit and the water

in the storagc tank.
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UNCERTAINTIES ON MEASURED QUANTITIES. ID1/V/02
VALUE g ABS.or REL.
Collector irradiance :
- CGR - 0.05 R
- S(COLL) P1(1,1) 15 7 m 0.01 R
i e
2 Collector heat withdrawal
- density 1037kg/n’ 0.01 .
= specific heat - 3,515kg/keK 0.01 R
- FPA 340L/h 0.03 R
- CTDY - 0,1 °c . A
Solar storave gains
- density 998, 2kg/m° 0.003 R
= spacific heat 4,182 kg/kgk : R
- SPF1 - 0.03 R
- PTD - 0.1 °c A
Intevface losses
- density 998,2kg/n° 0.003 R
= specific heat 4,182 kg/kgk | 0.01 R
= OTF1 - 0.03 R
- ITD1 - 0.1 ¢ A
Climatic measurements )
- HGR . - 0.05 R
- HDR - 0.05 R
- CCR - 0.05 R
O
- AT ' - , 0,35 OC : A
1L - 0,35 ¢ A
oW - ‘ 0.05 R




ID1/1/02

EMGP1-INPUT DATA WHICYH ARE NOT IN 1Dp1,

app 4(20).

UNCERTATINTY
VALUE URIT VALUE ABS. or REL,

. Collecrors

Initial Collector Temperature 5 °c 10.0 A

Cover emittance 0.94 - A

Efficiency factor F' 0.98 - 0.005 A

First primary flow 340 L/h 0.03 R

Cover extincetion coefficient 0.16 CMMI 0.02 A

Cover thickness 0.4 CM 0.01 A
. Storarge

Initial temperatuve 20 °0 0.5 A

Second Primary Flow - L./h - R




Appendix 5

Contents of the cassettesg







Measurements obtained at the Danish SPTF:

1y 1 + 2 year (1979-81)

ijgtte DDO DD1 DD2 ID1 ID2 N
2001 1 1 1 1 1 184
2 1 1 2 1 1 231

3 1 1 2 1 1 378

4 1 1 2 1 1 259

5 1 1 2 1 1 209

6 1 1 2 1 1 399

7 1 1 2 1 1 386

8 1 1 3 1 1 399

9 1 1 3 1 1 237
10 1 1 3 1 1 330
11 1 1 3 1 2 331
12 1 1 3 1 3 221
13 2 2 4 2 4 140
14 2 2 4 2 4 353
15 2 2 4 2 4 338
16 2 2 4 2 * 382
17 2 2 4 2 * 383
26 3 3 5 3 5 111
27 3 3 5 3 5 331
28 3 3 3 5 336
31 3 3 5 3 5 361
32 3 3 5 4 5 354
33 3 3 5 4 5 363
34 3 3 5 4 5 379

N: Number of hour-values
DD: Data descriptor

ID: Installation descriptor



2)

3 4+ 4 year (1981-83)

Cassette DDO DD1 DD2 ID1 ID2 N FROM TO YEA
No. .
2036 3 3 5 5 5 332 4/9 18/9 &1
37 3 3 5 5 5 183 23/9 1/10] 81
38 3 3 5 5 5 327 5/10{ 19/10{ 81
39 3 3 5 5 5 188 20/10 1/11 81
40 3 3 5 5 5 362 2/111 23/11 81
A ] VT VI I
3/2 16/2 82
45 4 4 6 306
46 4 4 6 307 18/2 3/3 82
47 4 4 6 187 3/3 15/3 82
49 4 4 6 379 30/3 15/4 82
50 4 4 6 299 25/4 27/4 8z
51 4 5 7 399 20/8 . 7/9 82
52 4 5 7 340 7/9 21/9 8z
53 4 5 7 365 21/9 5/10 8:
54 4 5 7 381 6/10f 22/10, 8=z
55 4 5 7 123 22710 27/10 8:
N Number of hour=-values
DD: Data describtor
ID: Installation descriptor
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