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The prototype nuclear process heat plant PNP-1000 is designed

for two coal gasification processes:

1. Steam gasification of hard coal and

2. Hydrogasification of lignite

In both plants the primary system is identical, i.e. that part

of the plant containing the reactor and the components presented

in this context.

Fig. 1 shows the schematic flow diagram of the PNP-plant for

steam gasification of hard coal. The primary system with the

reactor, the heat exchangers and the circulator is shown on the

left side.

In the heat exchangers the heat is transferred to an intermediate

circuit, which is coupled to a gas-factory located outside the

reactor building. At the outlet of the gas-factory SNG (substitute

natural gas - CH.) is supplied for consumption. The steam required

for the gasification process is extracted from the high-pressure

section of the turbine.

A steam generator is installed in the intermediate circuit

supplying the steam required for generating the plant electricity.

Coming back to the primary circuit, Fig. 2 shows a section

of the reactor pressure vessel. It is a prestressed concrete

reactor vessel in which the reactor core with the sperical fuel

elements and the primary components are integrated. The arrangement

of the components corresponds to the well-known THTR design.
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At the periphery of the core the helium/helium heat exchangers

are arranged in a tandem design. Each heat exchanger consists

of a high-temperature and a low-temperature unit.

The connections between reactor core and heat exchangers are

effected by the hot-gas ducts. The coupling with the intermediate

circuit is indicated by the green coloured hot and cold lines

of the intermediate circuit and by the connection line between

low- und high-temperature unit of the heat exchanger.

The helium/helium heat exchangers

The helium/helium heat exchangers (Fig. 3) transfer the heat

to the intermediate circuit, during normal operation a? well as

during decay heat removal. For making optimum use of the space,

the heat exchangers are designed in a tandem concept.

One objective of the current research program is to develop

materials which ensure the operation of a heat exchangers for

a reactor liefe time of 40 years. Based on the present state-

of-the-art, this objective has not yet been fully achieved for

those components which are exposed to very high temperature loads.

This tandem design offers the advantage that the high-temperature

unit of the heat exchanger can be removed in case that the design

of the high temperature unit for the overall reactor life time

is not possible. Separation between high temperature and low

temperature units was selected at a temperature of 640°C so that

the material NiCr 23 Co 12 Mo currently envisaged needs to be

used only in the high temperature unit. The temperatures in the

low temperature unit remain within the range of experience of

the well known THTR steam generators. Both units are of approximately

indentical dimensions.

The concept of the heat exchangers in helicoil design is presented

in Fig. 3. The hot primary gas coming from the reactor core
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passes to the high-temperature heat exchanger, flows upward

between the tube bundles and leaves the unit through windows

located at the periphery of the inner shroud. The primary

helium now cooled down to about 640°C flows through the

annular clearance between inner and outer shroud and through

a connection line well to the low-temperature unit. Flowing

downwards along the tubes, the primary gas is cooled down to

about 293°C is then collected in a plenum and is recirculated

upwards through an annular clearance. The primary gas is then

directed through a connection line and to the circulator

located above.

After compressicn in the circulator the gas flows downward into

the reactor cavity and is recirculated into the core through

the external annular clearance of the hot-gas duct.

The "cold" secondary gas flows to the heating surface tubes

passing through a cylindrical header in the lower part of the

low-temperature heat exchanger. Then the gas flows upward within

the tubes, heated up by the primary gas. The secondary helium is

then forwarded into the high-temperature unit through a connection

line. The heated gas is collected in the upper plenum; it is

directed into the tube bundles through a tube plate and flows

downwards. The hot secondary gas is collected in a cylindrical

header and is then directed to the gas generator.

Of course it is also possible to use a U-bend design heat exchanger

The advantages of the heat exchanger in tandem design are

(Fig. 4):

- Favourable utilization of space in a large single-cavity PCRV

- Limitation of exchange to the high-temperature unit, if any

exchange is necessary

- The compensation required for thermal expansion of the hot

lines is small.
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- The loads resulting from different temperatures of the

heating surface tubes and their fixing devices are low,

- The dimensions cf both units are small, thus facilitating

manufacture and assembly.

- The number of parallel manufacturing steps is increased,

thus permitting a reduction of the construction period.

The following" tasks will have to be performed in future:

- Special attention must be directed to the design of the

secondary hot-gas header which is exposed to the primary

hot helium. The primary hot-gas flow contains temperature

streaks and velocity differences; these effects on the header

have to be limited by structural measures. The influence of

the header on the gas flow must be experimentally investigated.

The routing of the helium lines must be designed so as to

permit uncomplicated inservice inspections.

- The tube plate with a diameter of about 3 m must be designed

to a temperature of about 600°C. In addition to the material

strength problems, aspects of manufacturing must be taken into

account.

- Seals in view of the possible exchange of the high-temperature unit.

The hot gas ducts

The connection between the hot-gas plenum and the heat-exchanging

components represents the hot gas duct (Fig. 5). The hot-gas

duct is composed of the bearing wall and the thermal barrier

applied to the inner surface. The hot gas flows through the

duct at a speed of 60 m/sec.

The thermal barrier is provided to limit the heat exchange between

hot arid cold gas and to protect the bearing wall of the hot-

gas duct against inadmissabiy high temperatures.

The high requirements made for the hot-gas duct are mainly due to

the high hot-gas temperatures. Based on the hot-gas temperature
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the design temperature was specified at 10 50°C.

The hot-gas duct is designed as a coaxial line which means that

the bearing wall is exposed to cold gas flowing along its

outside. The material used for the thermal barrier applied

to the inner wall is a ceramic fibre material containing 95 %

of Al-O,,. These fibre blankets are covered by cover plates

according to a design principle proven in the THTR. The thermal

barrier is equipped with convection barriers in order to

avoid longitudinal and transversal gas flow through the fibre

blankets.

Fig, 6 shows the temperature profile in the undisturbed region

of the thermal barrier.

The attachment fixture is composed of an inner stud and an

outer sleeve (s. Fig. 7). Either element of the attachment

fixture is able to accomodate 100 % load. They are elastically

prestressed by plate springs which are cooled by the cold gas,

which permits to balance different expansions. In the hypothetical

event of rupture of an attachment fixture, fragments can not

penetrate into the gas circuit. The fibre blankets are held down

by the cover plates.

The design of a thermal barrier with cover-plates permitting free

movement of each plate with the regard to expansion and shifts,

is of great advantage especially when applied to complicated

duct geometries.

The thermal barrier can be completely mounted in the hot-gas duct

in the manufacturer's workshop. Thus the complete unit composed

of hot-gas duct and thermal barrier is delivered to the construction

site. This results in a considerable facilitation with regard to

assembly.
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Initially the application of a metal material was analyzed for

the attachment fixtures of the thermal barrier. Detailed strength

analyses and verifications where performed for this material. In

view of the application of a Carbon Fibre Composite - CFC - for

the thermal barrier, this concept will be revised. The equivalent

designs and calculations for the CFC attachment fixture are

underway. Special attention will be directed to the structural

and manufacturing aspects of attachment fixtures and cover-plates

from CFC. The CFC is being further developed within a comprehensive

program under special consideration of the components for which

it is to be applied.

Based on elastic strength calculations, it has been verified for

the attachment fixture of the hot-gas duct thermal barrier that the

selected design is feasable and that it withstands the mechanical

and thermal loads occurring during the operation of the PNP-plant.

The temperatures in the component parts are shown in Fig. 8.

The strength calculations where performed for mechanical and

thermal load cases.

The mechanical load cases include the event of a rapid

depressurization specified as 2 bar/s. That represents the

highest mechanical load.

Based on these load cases calculated within a finite-element

program {temperature and depressurization) 5 load cases can be

generated by superposition and linear conversion, which cover

all operating and accident analyses. Fig. 9 shows the maximum

stresses resulting from superposition for all 5 load cases. The

calculated reference stresses are below the strength limiting

value at 1000°C in all cases.

The analyses have shown that inadmissably high loads do not

have to be expected.
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We suggest the application of this concept because

1. it has a fundamentaly proven design principle

2. it is particularly well-suited for complicated geometries and

3. it can be used fur all HTR-projects currently known.

The present state of the development of the thermal barrier,

the available test results, current tests and available test

facilities permit the supply of this concept.

In conclusion it can be stated that draft solutions and concepts

for the heat-exchanging components of a process heat plant are

available. In part these solutions have been verified by calcu-

lations and feasability analyses, in part also by tests. The

right way towards supplying these components is being pursued.

We have no doubt about their realization. It must, however, not

be disregarded that comprehensive development work remains to be

done both on the components and the materials.
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