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ABSTRACT

In solar thermal power stations, the knowledge about the
plant efficiency has a very high priority. The thermal
losses of the heat transfer system are needed as one input
value for calculating this efficiency and for developing the
loss stair step diagram.

The thermal losses of both sodium tanks of the SSPS Central
Receiver System (CRS) in Tabernas (Spain) are determinated
using two different methods. The values are calculated
using the well known laws of heat transfer. The results are
verified by observing the cooling down behaviour under dif-
ferent conditions such as sodium level in the tanks and
status of the electrical trace heating.

The result of thne calculations are summarized lnto charac-
teristic heat transfer values, which are independent of the
temperatures and the sodium level in the tanks.

To make these values more transparent, the losses are
expressed in kW for different conditions. Other figures
show the temperature inside the tank during nightime.
Investigation of the sodium system by looking at the
consumption of electrical energy of the trace heating is to
be accomplished in the near future.
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Introduction

The knowledge about the losses in the sodium tanks is impor-
tant in the evaluation of the operational behaviour of the
Central Receiver System (CKS).

The losses thus determined are input values for:

- calculation of the total plant efficiency,

- optimization of plant operation,

- calculation of the energy content in the tanks, and
- design of other sodium tanks considering the losses.

Data, which are available on site fitting a selection
criteria, are used. It is possible to have more in-
formation apbpout the tanks by reading the operational data
tapes. All formulas needed for the calculation of losses
are defined in this report. The losses of the cold tank can
be determined with this data.

The calculations in this report were performed using a PDP-
11/03 computer which is available on site. All the program
is written in BASIC computer language. The program is at-
tached.




Summary

The losses of both tanks are determined in two different
ways:

- theoretical calculations, and
- measurement during cool-down.

The tneoretical calculated losses are the following:

- losses through the insulation
- losses through the supports, and
- losses through the connected tubes.

The results of measuring the temperature drop are:

- the nhalf value time (HVT),
- the k-value.

With these numbers it is possible to make a prediction about
the temperature drop during the night and the time required
to heat up the tanks using electrical trace heating.

The approach is to measure the temperatures of the sodium
and the wall of the tank during cool-down, thus giving a
measure of the quality of insulation surrounding the tank.

The requirements for the measurements were:

- CRS plant not in operation for more than one day,

- DAS working for more than 3 hours per day during the
measurements, and

- the status of the electrical trace heating does not change
during the test period.




3. Calculation of tne constant values and the ambient tem=-
perature

In determining the losses, it is necessary to have the
following values:

- volume of the tank

- mass of the tank (steel)

- trace heating power

- ambient temperature

- constants for steel and sodium

The constants used are presented in table 1. The specific
values for sodium and steel are calculated in references
4,5, and 8.

TABLE 1

Table of symbols and constant values used

Acap me surface of the reapir-caps at the cold storage: 4m?
Aout m2 outside surface of the tanks (hot: 138 m2;

cold: 129 m?@)
Ap mé cut edge of one tube

Asupp M2 cut edge of the supports: 0,174 m?2

At m?2 tank surface inside the insulation: 100 m2
ag...a3 constants

cpNa J/g/K specific heat at constant pressure of sodium

Cpst dJ/8/K specific heat at constant pressure of steel(ref.d)

Gr 1 Grashof - number

g m/s? gravitation constant: 9,81 m/se

h m2 outside diameter of the tank with insulation
not: 4,1 m
cold: 3,9 m

HVT h nalf wvalue time




TABLE 1 (continued)

k W/m2/K characteristic heat transfer number (k-number)
kKp W/m2/K k-number of the pipe
Kp W/mé/K k-number of the cold storage witn repair-caps

L m Sodium level measured by DAS
1 n Characteristic length of the tank not: ©,44m
cold: 6,13m
l¢ m Length of tne tubes
mN; X8 mass of the sodium in the tank
Mgt Kg mass of the tank
Pr 1 Prandtl-number for air: 0,7
Q W summ of the thermal losses
W1 [ losses of the insulation
Wo W losses of the supports
Q3 W losses of the connected tubes
dy W losses of the repair-caps
Qt, W losses of one pipe
Qtn W energy of the traceheating
Si m thickness of the insulation hot: 0,4 m
cold: 0,3 m
TNg QC sodium temperature measured by DAS
Tapmp €€ ambient temperature in tne sodium hall
Tpepi oC periphery temperature of the tank
Tsupp 2C support temperature
Tout QC outside temperature
AT K temperature drop
ATn K logarithmic temperature difference
t n time
At h time of the measurement
J m length of tne periphery

v m3 volume of the tank
® in W/mé/K « -value inside the Na-tank
Xout W/m2/K » -value insulation-air
K-1 coefficient of the thermal expansion (air):
0,0033 K=1(ref.3d)
1% mé/s cinematic viscosity: 16.10=0 m2/s(ref.3d)
A air W/m/K conductivity of air: 0,027 W/m/K (ref.3d)
A1  W/m/k conductivity of the insulation: 0,1 W/m.K
(ref.3e)
Ast W/m/K conductivity of steel: 45 W/m/K (ref.5)




3.1 Relationship between the ambient temperature in the sodium
hall and the outside temperature

Knowledge of the temperature in the sodium hall and in the
steam generator house is necessary for the evaluation of
the thermal losses in each component of the plant.

The inside temperatures are measured by a min-max thermo-
meter during May, June and July 1982. Additional point
measurements are taken at the begining of October.

The outside temperatures are taken by the DAS and written
in the daily meteo report.

The first observation is that the temperature in the steam
generator house is close to the temperatures in the sodium
hall. The difference is less than 3 K.

The next evaluation compared the inside to the outside
temperature using the program "POLFIT" whicn is described
inref. 1. The result is:

Tamy = 1274 °C + 0,84 Tous (1)
]

with the following statistic values:

TABLE 2

- Number of data points = T4

- Linear correlation coefficient = 0,904

- Min. outside temperature tout = 11,2 QC
- Max. outside temperature tout = 39,5 2C
- Min. ambient temperature tamp = 23 eC
- Max. ambient temperature tamp = 46 QC
- Accuracy of formula (1) =+ 3 K

In the winter the CRS-plant was switched off. During tihis
period of time (December 82 to February 83), the empirical
relation between outside and ambient temperatures becomes:

Tamp = S.76°C + 084-Ty {2)




3.2 Calculation of the volume of the sodium tanks

The content of energy in storage is a function of thne
Na-volume inside the tank, the mass of the wall and the
temperature.

The sodium volume can be calculated by the level, which
is measured by the DAS, and the geometry of the tank. A
proposal to calculate the volume is in reference 0o,

Starting from these values and considering the level
measurements by the DAS (LKO1 CLO1 and LKO02 CLO1) which
begins at 0,122 m (that means the real level is the meas-
ured level plus 0,122 un) a regression-calculation was
made by "POLFIT" (reference 7).

The result is:

V= apral +a,l?va ¥ (3]
witn the numbers:
TABSLE 3

L = 0,516 m 0,516 m
ag 0,8344 0,9181
a1 9,2685 11,1062
ap, 18,2613 11,7256
asg -7,7387 -2,5850

Variance 0,999938 0,99997

To have a good accuracy, the numbers ap...a3 are sub-
divided in two groups; one for a level less than 0,516 m
and one for higher one. Therefore, the difference bet-
ween the initial values of reference 6 and the cal-
culated values is less tnan 0,8%.

In addition, the volume was calculated by a computer pro-
gram using geometrical laws. The difference between
these numbers and those calculated by equation (3) is

at most 0,2 m3. Therefore the proposed calculation is
sufficient.




3.3 Calculation of the mass and the surface of both sodium
storage vessels

To calculate the stored energy the mass of the tank-wall is
also needed. Therefore the tank is subdivided into several
pieces (see fig. 1). The values are in reference 1. The
caps are calculated as an ellipsoid.

The numbers are: - diameter x length x thickness(for tubes)
- length x length x thickness (for plates)
- diameter x thickness (for caps)

TABLE 4
SUR-
MASS FACE
ITEM HOT STORAGE (mm) (kg) (m?2)
1 1 tube 3300 x 7260 x 22 13168 75
2 1 tube 700 x 700 x 20 236 2
3 2 tube 88,9 x 82,5 x 3248,5 uy -
y 2 paffle plate 400 x 400 x 20 51 -
5 2 chord plate 20 x 800 x 4694 1172 -
6 2 cap 3300 x 22 4059 20
T 1 cap 700 x 20 gu -
18824 kg 97 m2
TABLE 5
MASS AREA
ITEM COLD STORAGE (mm) (kg) (m2)
1 1 tube 3300 x 7260 x 16 9u07 75
2 1 tube 700 x 700 x 16 189 2
3 1 tube 60,3 x 54,5 x 3238,5 13 -
3 2 tube 88,9 x 82,5 x 3253,5 45 -
4 3 paffle plate 400 x 400 x 17 6U -
5 2 chord plate 14 x 800 x 4685 824 -
6 2 cap 3300 x 17 3128 20
7 1 cap 700 x 14 66 --
13736 kg
plus repair nozzles + 635
14371 kg 97 m?2
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3.4 Determination of the trace héating electrical power .

The energy needed by the trace heater was measured by two
different methods:
- by a clamp-on ampere-meter
- by switching off and observing the decrease
of the total energy of the plant (switch-
test).

The number which is normally used for calculations is an
average between the designed and the measured power.

Between July and October 1982 the trace heating circuit
no.13 took only 5,9 kW. It seems that some fuse discon-

nections are responsible for this low number.

TABLE 6

Storage|Trace heating| clamp-on|switch test|designed|used for
No. KW kW kW calculat.
Hot v 41 9,2 9’1 9;2 972
42 , 10,4 10,3 10,5 10,4
Cold 13 5’9 - 9,2 5)9
W. caps 14 9,6 10,3 10,5 10,3
Cold 13 9,6 8,3 9,2 9,0
14 9,9 10,8 10,5 10,4

The status (on-off) of the traceheating, which is used for
the calculations, was picked up of the CRS log book.

"



4., Theoretical calculation of the thermal losses

To aid in this calculation, the thermal losses are divided
into several groups:

Q1 - Losses through the insulation, "insulation losses" etc
Qo - Losses through the supports
Q3 - Losses through the inlet and outlet tubes
Qy - Losses through the insulation of the repair-caps
(only with the cold storage).

The following temperatures, which are needed for the cal-
culations, were measured between the 5tn and the 11th of
October '82:

- Ambient temperature

- Temperature at the surface of the insulation
(2 measurement points for each tank)

- Temperatures at the supports
(3 measurement points for each tank)

The calculations are performed using the average of the tem-
peratures. The result is a k-value, which 1s the total of
the losses, divided by the area of the tank and the temper-
ature difference (see formula 15).

The results are collected in tables 8 and 9.

4,1 Losses through the insulation

These are calculated using:

Qi =At k- {Tha -Tant} ,ond (4)
1T 1 Si- ln(Aouf/At)* 1 (5)

= + )
Atk oLin-At Ai'(Aouf -At) oCout* Aout ref 3c

where )i, 1is the heat transfer coefficient between sodium
and steel.

For sodium, § in is very high. For this reason the first
part of formula (5) becomes nearly zero.

12




.2

The o out was calculated by formulas (6) and (7) (ref.
3a and 3g).

1/3
KOU?:'}"O:“'(GT'PF) - Dair ,and (6)

g~h~12-ﬂ-(Tperi —Tumb) (7)
r = vz .

G

Losses through the supports

These are calculated from:

Q:= ’;f'nSf'ASUPP'(TNﬂ‘TSUPP) . (8)

The area of the two supports are calculated using the
drawing of the tanks in ref. 1.

Losses through the connected pipes

The thermal losses for the tubes with insulation is
determined with formula (9) (ref 2):

;  Ukek
Qr =(Tua - Tams)- (U~ kp 25t Ap) " “tanh Ast-Ap .

For very long tubes the third factor is equal to one.

The second factor is calculated for each diameter with
insulation and for DN 50 withnout insulation.

The conductivity kp is determined from:
-1

Ko = C +Si (10)
PE |.o(ouf A !
where
0./‘:7'_)“ =8 "‘0,0A'(TN(]_ Tﬂmb) s ref 3f (11)

yielding the following results:

for the hot storage Wout = 24 W/mé/K, and
for the cold storage ¥ oyt 16 W/m2/K.

13




Table 7 shows how the second factor of equation (9) is cal-
culated. The final calculation is very easy.

i

TABLE 7
Hot Storage ) Cold storage

bN| Diameter K number (U.kp.h-A)O,b number |(U.kp.A4A)0,5
mm Ww/m/K|of pipes W/K of pipes W/K
25(33,7/28,5| 0,1 3 0,2817 3 0,2789
50}00,3/54,5| 0,1 4 0,5563 b 0,5519
501060,3/54,5 19 1 0,3509 1 0,2911
80|88,9/82,5| 0,1 3 0,5469 Y 0,72406
Total Hot 1,7418 Cold 1,3465

.5

The results are the following formulas:

hot storage . Q3 =1742 1Tva - Tamb) , and 12)

=
(%)

coldstorage © Q3 =1847 (Tna -Tems ) .

Losses at the repair-caps of the cold storage vessel

Because of tne tnickness of tne insulation of tne repair
caps, the losses in this part of the cold storage are
relatively hign.

These losses are calculated separately using formula (5).
For the insulation, the tnickness Si is approximately 0,2 m,
and the total area Agap is approximately 4 m2. These values
are used in

Tha =T Y
Q, = ___t‘_CL,.‘f'_;L— . (14)
S| +

Ai-AgpaloutAcap
Result of the calculation

The desired result is the k-value, which is calculated by:

L2 (15)
Ar‘(TNQ—TumD)

The results are tabulated in the following tables.

14




TABLE 8

CALCULATED LOSSES OF THe HOT STORAGE

Date Time Tamb Tper\i T Tsupp Q‘] QZ Q3 K

oC  2C oC oC W W W W/m2/K

5.10 8.40 30 52 380 112 9583 5705 609 0.454

5.10 13.20 30 56 365 116 9227 5304 584 0.451

5.10 l0.40 32 54 410 127 10372 6039 659 0.451

6.10 9.35 23 7 362 111 9302 5350 591 0.450

.10 14.05 27 y7 460 110 11829 TUdoT7 T54 0.403

6.10 17.20 28 48 468 137 12027 7048 766 0.451

7.10 10.00 27 53 450 118 11900 7283 754 0.460

7.10 17.00 31 62 500 132 12935 7837 81T 0.460

8.10 8.50 24 52 430 124 11196 6515 708 0.453

3.10 20.50 27 45 305 103 7581 4313 484 0.445

9.10 9.50 2o 38 300 93 7379 4313 477 0.445

10.10 13.40 28 4o 285 95 6921 4050 447 0.445

11.10 3.45 25 33 273 90 6780 4018 4d42  0.443

Average: 27 438 385 113 9776 5788 623 0.453

Losses expressed in per cent: 60.4% 35.8% 3.8%
TABLE 9
CALCULATED LOSSES OF THE COLD STORAGE

oC oC oC  oC W W W W/m2/K W W/m2/K
5.10 8.40 30 38 230 76 6715 4367 369 0.573 322 0.589
5.10 13.20 30 41 240 81 7189 4509 388 0.574 347 0.591
5.10 16.40 32 42 250 86 7426 4651 403 0.571 358 0.588
6.10 9.35 23 32 212 To 0398 3865 349  0.561 308 0.578
b.10 14.05 27 37 262 75 7958 5315 434 0.583 383 0.600
6.10 17.20 28 36 278 87 3384 5428 461 0.571 401 0.567
7.10 10.00 27 37 248 81 7500 4746 408 0.573 361 0.589
7.10 17.00 31 42 272 85 8202 5305 444 . 0.579 396 0.590
8.10 8.50 24 33 240 78 7338 4614 399 0.570 353 0.587
3.10 20.50 27 35 225 715 bo 40 4263 365 0.569 318 0.585
g.10 9.50 26 33 200 66 5774 3818 320 0.571 275 0.587
10.10 13.40 28 33 153 57 4086 2738 230 0.566 193 0.582
11.10 8.45 25 28 130 50 3395 2264 195 0.555 159 0.570
Average: 27 36 226 715 6694 4299 367 0.572 321 0.588

Losses expressed in percent: 58.9% 37.8% 3.2% -

57.3% 36.8% 3.1% 2.7%




5 Tank losses as determined by measuring the temperature
during cool-down

The calculation of the losses presupposes that the cooling
down behaviour of the tanks follow the theoretical equation.

One characteristic number to be determined is the half-value
-time, which is the time needed to cut the temperatures in
half with normal cooling.

The half value-time is a function of the amount of sodium
which is in the tank.

The properties of sodium are calculated in the same way as
described in reference 8.

Tne other characteristic number is the k-value. This
figure is constant and is only determinated by the gquality

of the insulation.

Both numbers are part of the exponent of the cooling down
function.

The source and the energy balance equations are:

Atk .
T Tt (Tooo T e ST .and (16)
aT- Zmicp +Qim-t =Ar-k-t-aTm | (17)

To calculate the characteristic numbers from the measured
temperatures, tnese equations are needed:

tIn2 {18)
TNcn -Tamb '

TNuZ ~Tamb

HVT=

WTetoi2 o Gmt (19)

TNm —Tam‘) At-k-aT

TNuz-Ihmb

TNu'] Tum b
n

In—a! ~lamb
Kk = Thna2 -Tamb ) zmn'CPi +th'* . (20)
A -t AT

16




An example of the undisturbed cooling down of tne sodium in
the hot tank is presented in Figure 2. The temperature scale
of the y-axis is scaled lagaritnmically to produce a graph
which is linear.

Formula (19) allows to calculation of the cooling down be-
haviour by neating up the sodium witn the trace heating.

All the calculations are executed with a coamputer program.
The input data, which are taken up from the daily summaries,
are written in a data-file, allowing for addition of new num-
bers in the future.

The characteristic values, which are needed for the calcula-
tion and are not described in tnis report, are taken from the
references 3,4,5, and 8.

The print-outs are tables, which are subdivided in several
groups within tne same lavel. The average of each group 1is
factored out due to the cooling down time.

One important result is that the sodium level inside the tank
has no influence on the specific thermal losses, if steady
state conditions are achieved (as expected).

17
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5.1 Results of the measurement at the hot storage

There were some periods of time in which the conditions
were optimal for the calculations:

- during the repair of the sodium valve LKO2 AATH

-~ during the provisional repair of the cold storage
(Sept '82)

- after the new leakage at the cold storage (Oct '82)

- during and after the general repair of the cold
storage in '82/'33.

TABLE 10

Measured losses of the hot storage without trace heating

CURART2 23-FEZ-83
dabe  Lime T oagml Me Lemwe Chongs Lol § i woig HYT ¥,
5} e e g it b b Y wimmdF
g, 0 18 0.4 394,70 381.54¢ Z2.,8%4 U, 0 GETAD Iqg. ¢ 0.482
13, 0% 7 9.9 37910 37450 2885 0.0 GYGEE 355.5% 0 Agh
16 0% a0 36,7 147 %0, 82 2,861 Y Tea4 371.8 0,433
17007 7 2F % 47,43 343,18 2801 [ Y] 59073 360.0 J.46%
1B 09 2% 34,4 341.,3% 309,37 2838 06l Y084 384, 4 Detea
19.0% 21 Izt 32762 Ala, 14 2824 .0 Geiin 347 .4 J.4860
IR 21 30,3 314,91 205,01 2.816 0.0 921 252.4 ¢.481
1y gveragse & 293,20 2,848 0.6 GF084a 3&60.5 0,458
Pl 29 24,0 295,25 286,10 2,825 0.0 UTe27 403.2 (.424
14,10 iy P Z83.76 A O 2,817 a0 REL-R1Y 387.0 0,442
1110 17 25,7 R7L.82 288,60 2,800 G0 37639 3874 0.442
12.190 15 270 242440 204.71 24790 G0 %858 395.7 G434
1314 a1 .7 203,39 245,33 2780 G TY&4T 391.2 0,439
14,10 Sl 2BV 244,17 23627 2,768 .0 Gua20 390.0 .441
15,16 23 23.4 230416 22743 Z.7u8 6.0 59610 394,50 0,435
______________________________________________ -
S @verasde | 259018 2790 G0 D734 3928 G.437
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TABLE 11

Measured losses of the hot storage with trace heating
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5.2 Results of the measurements at the cold storage

The results of the calculation for the cold storage with
repair caps are given in the following table.

TABLE 12

Measured losses of the cold storage with trace heating
and with repair caps.
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After the general repair of the cold storage vessel it was
possible to observe some usable data while heating up the

empty tank (first average in table 13).

For the full tank the calculation become complicated. Because
there is natural convection of the sodium through the steam

generator.

The calculation is performed in this way, that the energy of
the trace heating is equal to the energy of tne trace heating
of the tubes and the steam generator minus the expected los-

ses in tubes and steam generator.
For these calculations (2.,and 3 average) the trace heating
energy is 4 kW more than in chapter 3.4 calculated.

TABLE 13

Measured losses of the cold storage after the

general repair
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5.3 Summary and discussion of the results

The relation between calculated and measured numbers can
be described as written under the following points:

- The calculated figuresland the figures measured are
very close.

- Due to the trace heating the losses at the hot storage
increase. It seems that the temperature difference
between the sodium and the ambient becomes nigher (17 QC

for design conditions).

- The temperature increases due to the trace heating for
the cold storage witn repair caps 1s much higher. There-
fore, it seems reasonable that the repair caps are res-
ponsible for additional losses in the range of 0,7 kW
(see calculation in Table 14). It could be that there
was not enough space to replace the insulation properly.

- The accuracy is a function of the standard deviation

(S.D.) of the measured or calculated figures.
(Accuracy = S.D. divided by the average).
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All the numbers are in the following tables for the cold
storage. Some numbers are still missing. The second and
third averages of table 13 are not used for the overall
average.

TABLE 14

Averages of the calculated and measured figures

Storage Calculated Measured Increasing
due to t.h.
with t.h. without t.h. k-value temp.
(1) (2) (3) (2)-(1) dif.

Hot av 0.452 0.4068 0.452 +3.5% +17.59C
acc 1.35% T.76% T.34%
Cold av 0.587 0.044 +9.7% +21.10C
with
caps acce 1.23% 9.63%
Cold av 0.570 0.603 +5.8% +17.42C
acce 1.20% -
av = average of the losses (W/m2/K)
ace = accuracy (%)
t.h. = trace heating

H

caps repair caps at the cold storage

Calculation of tne additional losses due to the caps =
= 0.587 W/m2/K x 100 m2 (29.1-17.4) K = 700 W




The results of the calculations (losses, half value-time, tem-

perature decrease during the night) are plotted in the follow-
ing figures.

Figure 3 shows the half value-time of the hot storage versus
the mass of sodium in the tank. The "+" are the averages of

the calculations. The grapn is calculated using formulas (19)
and (20).

Figure 4 shows the losses of both tanks as a function of the
sodium temperature. gJdecause of several reasons, the effect of
the level of the sodium inside the tanks on the losses is not
as important. The shell (conductivity) and the cover gas in
tne tank (convection) transport the heat to the upper parts,
if the level is low. Besides the supports, which are situated
at the bottom of the tanks, account for 36% of the losses (see
table 8)

Under design conditions, the losses are:

at the hot storage: 23 kW
at the cold storage: 17 kW

The temperature drops during 12 hours depend on the starting

temperature. Figures 5 and 6 show the drop due to the mass of
sodium in the tanks at an ambient temperatures of 20 QC.
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half value time of the hot storage

half value time (HVT)

+ = measured averages

3-Jan - 83 Jacobs

mass of sodium in the fank

5 10 5 2 25

40 45x10% kg Na

60

2 m levelin the tank

3



(72
251 9
WK thermal losses of -
kW) o the sodium tanks
20~
157
® C;\Q
A=Ak (Ing Tamb !
Khot =0.452W/m2/K
Ko =0570 W/m?/K
5..
oy
(VD]
~ sodium_temperature

200 300 L0 | 500°C




- L oo
o b
=z
Pg .
: UL
Q
™
o ' -
Q
~3
—~ - N
S 3
I -
< !
0 !
L O
o™
O
o~
=
2
= i
S > o .
@x R s el Q & N =
temperature drop in the hot storage during_12 hours

figure 5

29




’ -8,Lm
(@)
2
O
L2 =
Yol I
O % -
o] X -
3 o | €
N
o 1 |
wn
N
-~ - ™
8 =
™
n\ B
_§ -
’_U_) =
Ke=)
™
O
N
=Nk
~ i
< I
1 ‘ L i 1
x R 8 8 g 8 g &
temperature drop in the cold storage during 12 hours -
figure 6

30




6. Reference list

1. CRS - Final Documentation file 8
Document no. 2512 and 2412.2

2. Analysis of Heat and Mass-transfer
International Student Edition page 75 f.f.

3. VDI - Wirmeatlas 2. Auflage 1974

pages:
32 Be 1
3b Ca 1
3¢ Cb 2
3d Db 7
3e Ea 7
3f Ec 3
3g Fa 4

}. Mannesmannrdhren - Werke AG Dilisseldorf

Ya Werkstoffblatt 4408 W-Nr. 1.4948
Up Werkstoffblatt U405R W-Nr. 1.5415

5. DIN 17155 Kesselbleche

6. Carlos Gdmez Camacho
Determination of Sodium Tank's volume as a
function of level
SSPS Report R-5/82 CGC 4.2.1982

7. T. van Steenberghe
A general purpose polynominal regression program
SSPS Report R-41/82 TVS 3221 - 11.5.1982

8. Carlos Gdmez and Ricardo Carmona
CRS-PCS Gross Efficiency
SSPS Report R-U44/82 CGC/RC 14.5.1982

31




I!

Annex

7.

FrOGRAH COOLHS

JERAL

¥

8]

SE!

Li

1T THE END GF THE PRUGRAN

#RE

Th

e € 2

ixd

e

FERTT

ol

3

kS
23
B
Ex -

st
B
3%
b
i
e
X
&
e

i

I

1

4
+

FILE 3!

[

nra

ek

s

Fige"

oy e
e Y

4

3

i 4 X

i g
it

1§

+ %

aze

HUT

V=311 o

§

e

i

pha}

Bl

=3

i
i
[y

(3]
P

»ry i

-

e
RO

-

s

L)

[AF]

Lok S

1
-~ i
o
et 0
~
Dt IR
B 03
§
- D
LS N o
- i
i OED
[RE
R
e
i€

£ e~
E A ]
L e
i 2
e )
A et
vt
32D
Yoo
wa owls

e

o

x;
-
e
)
Lo
&
=

GO RELIOG0

36

s {lisQotisH/

\
2

211

"~

FeT{isI)0TH

I

g

iIael

7
L

$1:UBIHG Fi$oDil)y

INT

]
\

PR

460

GOSUR 500 N
TRE

5

485 T=5{1)

#

$2F0 5
Lab

FINT 41
FRINT #1sUSINI

”
!
H

494

1y

3

”

4796033 /3600 850831000, K1HLD

{
\

G F2
G0 7@

1Y
\

500

[y
"

FRINT #1

sid

32



DE I o A

3 B
an D
e free B ld
A T T i
e s S e I
N PO
N Tk

& L

e
¢

K4
ORES R KRR KRR

1R

EYRAE
BN
)

-

%
$
00E -

Ed

¥

0

i
FRREAEFER A ARER L AR

tal 3 o

e P B < ¢ -] . £
3 P ] (a2 - o DS I o -
L s RO SIS i
€ X b G O RREN S I
i€ Ed i B L IR At = yed
e d e M e L e ey (¥ I S
¥ 13 3T i p— 3 0 > o PN .
e Y e B ] e 32 R 3
Bl B Fop B Y e - - - -
& L Lo DR [ B P | e A o £f e ~
& (0 Ty L2 x s Y 3 ¥ fan] L el i
D Ee AR I s B | (4] T i
e L3 LN i Loe T v's I - -~ - -
€ L ul <y 0 ¥ Y gt T
€ Fed aq e o w4 LT fa i s
PG e pen Db S ¢ B I a0 o P SO N s
b I A S T o - -
€ L L L - LI 3¥ 0y
i .ol vl e IS - .
% £ 3 P S i 2t b
L I e P - - -
> S S+ T~ 3 EL R SEE 221 -4 o
ko aF — et vt vt
S il R B e ] [ | —l
L sl o= L3 1 . e = - o .
I e pee SRR PO - 3 T < <
k.3 e XN s B i [ N .
i€ Lt pad T o~ et fr wIx I* fa
e e b K [ B - RO -
L e Y s - P4} 3 g [a BRA BEC SRSt
= R . - I 83 v T - P
e T I i A B it S vt 0Ty e
EL WS I B 3 LYY B S e D
EL N S B [l e S EE > = g o
e <L o - 0 4 e P L e 43
e L L e vt 3 ] T o I e Y |
£ L3 + 000
W e e K Fac R e R R S WS S M E T U S s s s S s i a i o

¥ o r RSl Sl ondi Sl aali dali S Sl S I e S e S N T ol Sl
iEOCEL MmO fs I R B o O s S W s A ol D« RS o o o P, o O ol oS R il
Lad tad iod fad ool i [ou ) o e B v R o I S R B R o B e B e F A o B ow S o S e B Sl B o B = =
[ s A A A * A R

<D oATn 2 fTx KT Tn KDY e LD D WDH 9Ty 2T0 403 £T0 aed Tk 8D g 1D 3
e e R o B e ] 4 T D2 N A LT D o 1 er R Ty By B NG SR o |
€ et N P) e 4D e O R R I I e IR B BV IR % B o | il e B o N AN
S I w W = B B o B SN T o B B B oY Bt Bigt 3 G BESH IS IO IR+ FR T WS BN I g

Lo
o

1

-y
A
P

ER

9

i

24

3

Saler
321,59
33

oy
1235,

N N
gelz
070013041

¢

-

-

2702114918,
« N

P
R 3 I I
P 3

23,53

8

51
-
3

19118.33.07

;
.
%

03

LaTa 13.02:3.07041
23,07001

3

1)

-

~1210.4
2,02
14,02

-

-1+10.4
3130 DATA 18

Data
OaTA

21

o

3130 DATA 4.02,3.0709118

31
3141 DATa

20000 END

3164
3170



1/79

2/79

1/80

2/80

3/80

1/81

2/81

3/81

4/81

5/81

6/81

SSPS TECHNICAL REPORTS

HELIOSTAT FIELD AND DATA ACQUISITION SUBSYSTEM FOR CRS
( BY MARTIN MARIETTA )

CRS-HELIOSTAT FIELD, INTERFACE CONTROL AND DATA
ACQUISITION SYSTEM
( BY MCDONNELL DOUGLAS )

COLLECTOR QUALIFICATION TESTS FOR THE IEA 500 KwWE
DISTRIBUTED COLLECTOR SYSTEM
( BY SANDIA AND DFVLR )

ANALYSIS OF SPECIAL HYDRAULICAL EFFECTS IN THE SHTS
PIPING SYSTEM
( BY BELGONUCLEAIRE )

REDESIGN OF THE CRS - ALMERIA RECEIVER APERTURE AND
COMPARISON OF INTERATOM AND MMC REFERENCE HELIOSTAT
FIELD PERFORMANCE CALCULATIONS

( BY INTERATOM )

TABERNAS METEO DATA ANALYSIS BASED ON EVALUATED DATA
PREPARED BY THE SSPS-0.A.
( BY BELGONUCLEAIRE )

DCS INSTRUMENTATION REVIEW
( BY BELGONUCLEAIRE )

CRS INSTRUMENTATION REVIEW
( BY BELGONUCLEAIRE )

INTERNATIONAL ENERGY AGENCY SMALL SOLAR
POWER SYSTEMS (SSPS) PROJECT REVIEW
(January 1981)

(BY A.F.BAKER. SANDIA)

DEVICE FOR THE MEASUREMENT OF HEAT FLUX DISTRIBUTIONS (HED)
NEAR THE RECEIVER APERTURE PLANE OF THE

ALMERIA CRS SOLAR POWER STATION

(BY DFVLR)

DETERMINATION OF THE SPECTRAL REFLECTIVITY AND THE
BIDERECTIONAL REFLECTANCE CHARACTERISTICS OF SOME WHITE
SURFACES

(BY DFVLR)

34

DECEMBER 1979

DECEMBER 1979
JuLy 1980
NOVEMBER 1980

NOvEMBER 1980

JUNE 1981

JUNE 1981

JUNE 1981

JuLy 1981

NOVEMBER 1981

DECEMBER 1981



SSPS TECHNICAL REPORTS CONTD.,

1/82 SSPS WORKSHOP ON FUNCTIONAL AND PERFORMANCE CHARAC- APRIL 1982
TERISTICS OF SOLAR THERMAL PILOT PLANTS.
PART I. RESULTS OF THE DCS-PLANT SESSION.
(BY A. KALT, DFVLR)

PART I1I1. RESULTS OF THE TOWER FACILITIES SESSION JuLy 1982
(BY M, BECKER, DFVLR)

2/82 CONCENTRATED SOLAR FLUX MEASUREMENTS AT THE APRIL 1982

IEA SSPS SOLAR CENTRAL RECEIVER POWER PLANT
TABERNAS = ALMERIA (SPAIN)
(BY G. VON TOBEL, CH. SCHELDERS, M. REAL, EIR)

3/82 EFFECT OF SUNSHAPE ON FLUX DISTRIBUTION AND INTER- SEPTEMBER 1982
CEPT FACTOR OF THE SOLAR TOWER POWER PLANT AT
ALMERIA

(BY 6, LEMPERLE, DFVLR)

1/83  DCS-MIDTERM-WORKSHOP PROCEEDINGS FEBRUARY 1983
(EDITED BY A, KALT, J. MARTIN)

2/83 FH-PTL WEDEL REFLECTOMETER., TYPE 02-1 NO.3 FINAL REPORT MARCH 1983
AND REPORT ON THE TEST PROGRAM
(BY 6. LENSCH, K. BRUDI, P. LIPPERT, FACHHOCHSCHULE WEDEL)

3/83 THE ADVANCED SODIUM RECEIVER (ASR) - TOPIC REPORTS - MAY 1983
(AGIP NUCLEARE AND FRANCO TOSI)

4/83 CRS-MIDTERM-WORKSHOP JUNE 1983
(EDITED BY M. BECKER, DFVLR) :

5/83 INVESTIGATIONS AND FINDINGS CONCERNIG THE SODIUM
TANK LEAKAGES

(EDITED BY W. BUCHER, DFVLR) : JuLy 1983

6/83 FIRST YEAR AVERAGE PERFORMANCE OF THE SSPS-DCS PLANT JuLy 1983
(BY T. VAN STEENBERGHE, SSPS-ITET)

7/83 THERMAL LOSSES OF THE SODIUM STORAGE VESSELS NOVEMBER 1983
OF THE CENTRAL RECEIVER SYSTEM
(BY H. JACOBS. ITET)

35




DISTRIBUTION LIST

1) s$SPS-MEMBER COUNTRY REPRESENTATIVES

(EXECUTIVE COMMITTEE AND T+0 ADVISORY BOARD)

2) 1EA - SECRETERIAT
3) BMFET

by cee

5) SANDIA LABORATORIES
6) DFVLR

7) OPERATING AGENT

8) INTERNATIONAL TEST & EVALUATION TEAM
G) SEVILLANA
18) ACUREX CORP.
11) BELGONUCLEAIRE
12)  INTERATOM
13) MAN - NEUE TECHNOLOGIE
14) MARTIN MARIETTA CORP.
15) sart
16) AGIP NUCLEARE

17) suLzer

L. GUTIERREZ  (EC CHAIRMAN)

G« FANINGER (Ag
H. KLEINRATH éA
T. VIJVERMAN B)
A. MICHEL (B)
P. KESSELRING (CH)
C.J. WINTER D)
M. FISCHER D)
W. HOFMANN : (D)
A. MUNOZ TORRALBO (E;
C. ORTIZ (E
CH.ARONIS (E., CARABATEAS) (GR)
G. ELIAS (1
F. REALE (1)
G. BEER gl)
L. BRANDELS S)
J. HOLMBERG (s)
C. SELVAGE (UsA)

P. HEINZELMANN

H. KLEIN

I. MARTIN

A. BAKER (3 x
R. KOHNE (3 x)
M. BECKER

W. BUCHER

H., ELLGERING

W. GRASSE

P. HEINTZELMANN

H. HERTLEIN

A. KALT
W. VON KRIES

C. SELVAGE (20 x)
F. RUIZ (3
A.F. SCHRAUB

G. DEBIER

B. FLOSS

J. FEUSTEL

C. WROTON

B. LORENT

G.C. SCARPI

H. FRICKER




