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Abstract

During the period covered by this report we have prepared all the
infrastructure for the acceptance of the SANDIA-Israel receiver/reformer
that arrived here in May 1987. We have connected all the tubing, electrical

and control lines. We have carried out a preliminary experiment for heating
00, in the focal zone of the solar furnace and managed to heat the whole
reactor to a uniform temperature. We are continuing with the acceptance
tests of all the camponents and will start the actual reforming experiments,

in an open loop mode, very soon.

Key words: Solar energy, solar thermochemical pipe, high-temperature solar

receiver.



This project is a ijoint Israeli/American effort to prove the concept of a
solar chemical heat pipe in a real solar experiment. For this purpose a
receiver/reformer was designed jointly and built in SANDIA Albuguerque. The
infrastructure and the controls were prepared at the WIS and the whole

system is now being assembled and tested.

Fig. 1 (which is taken from the computer display -~ Screen Rl) is a
schematic flow diagram of the system which is basically composed of four

parts:

1. Reacting gases.
2. Receiver/Reactor.
3. Product gas analysis.

4. Product gas disposal and safety equipment.

1. Reacting gases

The methane is contained in 60 cylinders arranged in two groups of 30
(Picture 1). The methane was pumped from the Ashdod gas field, campressed
in the field to 150 atm. and delivered here by truck. Analysis showed that
the purity of the methane is higher than 99% and the impurities in the gas
will not interfere with the reforming reaction. We have 60 additional
containers stored at the Institute. Filling the containers can be done
within 24 hours, so that our supply of methane is adequate. At the maximum

output we will be working at about 6000 1/h which is the content of one



cylinder. That means that we can work about 50 h without change of

cylinders.

The CO, was obtained fraom Zinada. It is a large container eguipped with
a refrigerating unit to keep the pressure under 300 psi (Picture 1). The
unit contains about 3 tons liquid 00, and it is rented to us by the company
with an agreement that it will be refilled on demand within 24 h. Both
gases are kept at a distance of 10 meters from the furnace and are led into
the building by underground pipes. The (0, flow is controlled by a Tylan
mass flow controller [41-37 (Fig. 1 and Picture 2). The amount of OO, used
is measured continucusly and substracted from the original amount of GO, in
the container. An alarm is sounded when the gas approaches a certain low

critical value.

The methane line has a safety, normally closed, pneumatically actuated
emergency valve 19-78 (Kinetrol 1limit switch unit) and Tylan mass flow
controller (141-17). The two controllers are comnected by a "master-slave"
arrangement, to a given ratio of 0,/CHy. The flows and the ratio are
displayed on the screen as F-37, F-17 and K respectively. The two gas flows
canbine and go through a 5 1liter mixer, into the reactor, through a
stainless steel tube at a hight of 6 meters from ground level. The pressure
at the entrance before the mixer is measured by a Barton ITT proportional
pressure meter (P-101) and the temperature of the gases going in, by a
thermocouple (T01). The reacting gases enter the reactor at the top of the

first reactor tube and exit through an inner tube. In screen R-1 (Fig. 1),



only reactor No. 3 is shown. However, in screen R2a (Fig. 2), all seven

reactors connected in series can be seen.

2. Receiver/reactor

The reactor, built in SANDIA Albuquerque, is described in detail in a
draft document fraom SANDIA. It is shown schematically in screen R2a (Fig.
2) and in Pictures 3 and 4. The important parts are: seven inconnel
reformer tubes placed in a concave inconel box containing 2 kg sodium metal
and a stainless steel wick, to raise the sodium liquid to the solar heated
front. The box contains 4 wvacuum valves. It was evacuated before
introduction of the sodium and then pumped out for a few days before
heating. The unit contains a heater for melting the sodium (HO90), before
starting the solar heating, and a thermocouple (T-90) that controls the
temperature of this heater. The whole unit was tested in Albuguerque,
before shipping, and it was stated that a uniform temperature of 500°C was
obtained with only the bottom heater after 8 hours. The reactor is eguipped
with a number of thermocouples in the front and in the back of the sodium
box as seen in screens R2a and R2b (Figs. 2 and 3). (A number of these
thermocouples stopped functioning at an early stage. We have to find the
reason and came up with a solution as it may be very critical for the

continuation of the work).

Thermocouples are also placed in the reactor tubes at different levels.

We have now a multipoint TC that will measure the temperatuwres at 4



different levels in the reactor. An additional TC was placed through the
inner tube near the bottam. The temperature T-100, shown on the screen, is
the temperature of the product gases measured directly and continuously by
thermocouples T-34 and T-33 through a Ronan TC t smitter, and taken as the
average of the two, for additional safety. T is the temperature that
will control the flow of reactants to maintain a constant temperature in the

reactor, irrespective of the changing insolation conditions.

3. Product gas analysis

A manifold was attached to the exit tubes and the sampling tubes fram the
different levels in reactors 3 and 4. This manifold is comnected to 14 high
temperature Nupro valves actuated pneumatically by Bacara solenoid wvalves
(see Picture 4). The sampling valves are opened by control from the
computer and lead the gas through a Valco sampling valve in the Tracor Gas
Chromatograph (Picture 5). The analysis of each sample lasts 8 minutes.
The next sample is injected automatically. The results are calculated and

printed by an HP integrator and fed into the camputer.

The analysis manifold is also used for measuring any build-up of pressure
in any of the reactor tubes. A differential pressure transmitter PD-100
placed at the end of the exit manifold is connected between the entrance and
the exit to the GC. After a sample was taken for analysis, the valve L9-75
leading to the GC is closed and the PD-100 measures the pressure

differential between the feed and the sampling tube opened. In this way any



-

build-up of pressure can be checked and the spot where build up occured can

be identified.

4. Product gas disposal and safety equipment

The product gases are led to a flare system H4-18 placed on the roof of
the solar furnace and are burnt away (Picture 6). Before reaching the flare
the gases pass through a pressure control valve LS1-76, that regulates the
rate of exit of gases in order to maintain a constant pressure at the inlet
P10l. The temperature at the exit tube is alsoc recorded at T-02 to make

sure that the gases to not exit at an exceedingly high temperature.

A gas monitoring system with 8 sensors: one for CHy, at the site where
the methane cylinders are stored outside, another one for CH,, at the site
of the flow controlers inside the building, two sensors for Hy and O, on
top of the receiver/reactor, another two sensors, for H, and CO, on top of
the GC, and two sensors for Hy and 00, in the control room where the
operators sit. The sensors are connected to the computer with alarm systems
and special procedures for stopping the reaction in case of 1leaks or

malfunction.

Special counters were added in the back of the doors of the solar
furnace. They count the number of metal protrusions attached to the doors
and thus can determine the position of the doors. This will be used for
sending comands to the motors, operating the doors, to open or close

according to the changing solar insolation.

-7 -
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The programmed controller and the IBM personal computer are shown in
Picture 7. A general view of the reactor, with the pipes leading the gases
the electrical and the signal comections in front of the spherical

concentrator of the solar furnace is shown in Picture 8.

Initial testing

The reactor was first checked at the Institute after arrival in order to
map the TC positions and to check the inlets and outlets of the tubes. It
was realized that the reactor tubes cannot be closed because of some steric
interference of the comnectors. The reactor was then shipped to Kamag where
it was taken apart, the thermocouples and the inlet and cutlet tubes were
fitted and the comnectors were machined to close properly. A manifold
system was built for the analysis with the valves and the solenoids placed
on the back side of the reactor. The whole system was sealed and tested for
pressures of up to 20 atmospheres. It was then shipped back to the
Institute. A team from Kamag came and installed the system in the solar
furnace. This included the inlet and outlet of gases, sampling to the GC,
all the electrical connections and signals fram the TC's, pressure and flow

controllers, output fram the GC integrator, gas sensors and the flare unit.

The whole system was checked for leaks and we are still in the process of
calibrating and adjusting PID's for flows, pressures and temperature

regulation. An additional independent temperature measurement device was



-

added; a pyroameter from Galai that has a separate display as well as a

continuous feed into the camputer.

A vacuum gauge was attached to the valves at the exit of the sodium box.
1t was found that the wvacuum in the box was maintained at a level lower than
0.2 torr and therefore there was no need for additional pumping at this

stage.

The reactor was heated with the intermal heater. After a few hours it
arrived to equilibrium. When left overnight with a voltage of about 150
Volts the temperature of the heater itself was about 813°C and the
temperature in the box was 300-350°C (Figs. 2,3). There is some temperature
drop from top to bottam as could be expected. Moreover, the temperature in
the front of the box T94 is lower than inside the reactor tubes because that

is where the losses through the aperture is the largest.

Attempts to arrive at higher temperatures with an extermal electric
heater placed inside the aperture (Picture 3), were not very successful. We
managed to raise it only to 550°C after a few hours of heating. It seems
that the geametry of the heater was not suitable for efficient heating of

the reactor.

We therefore decided to use the solar furnace directly. The heat-up was
rather slow because it was late in the afternoon, but we managed to get to

temperatures of 750°C.



The next day we started in the morning and arrived at high temperatures
fairly easily. We then started passing 00, through the reaction tubes at
rather high flows. Figures 1, 4 and 5 show a flow of 44.9 1/min CO, and the
temperature at the exit of tube 3 is 734°C. The exit temperature fram all
the tubes is quite uniform, proving that the sodium reflux is working rather
well. Another point of interest is that the exit temperature from tube 2 is
728°C, while the first TC in tube 3 shows a temperature of 713°C. That
means that the connection between the tubes that protrudes ocut of the sodium

box does not lead to exessive cooling of the gas.

- 10 -



Conclusions

We are now at a stage when we can start testing the methane/CO, reforming
reaction in a methodic form in the solar environment. After initial testing
procedures we will first measure the heat losses and efficiency in heating
0, gas. We will then fill reactor tubes number 3 and 4 and carry the
reaction to it's maximm capacity. We will obtain the temperature as well
as the camposition profile along this double length tube. After these
experiments we will be in a position to decide about the operation of all

the seven reactors in series or in parallel.

It is crucial at this stage, to start designing and building the

methanator in order to close the loop.

- 11 -
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