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1. Introduction

The Component Testing Facility (KVK) is used for the

experimental testing of high temperature components

for nuclear coal gasification. It went into operation

in August 82 ofter a planning and construction period

of two and a half years.

2. Design and mode of operation

The main operating data of the KVK are shown in Fig. 1

- The thermal power is 10 MW (maximum 12,8 MW)

- The temperature in the primary system amounts to

950° C (maximum 1000° C)

- The system pressure is 40 bar (maximum 46 bar)

- The nominal flow is 3 kg/s (maximum 4,3 kg/s)

- The helium velocity in the hot-gas duct is 60 m/s

- The maximum achievable temperature transients

are ± 200 K/min

- The maximum achievable pressure transient is 5 bar/s.
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Fig. 2 presents single-loop operation of the KVK. The

initial construction stage includes experiments on

hot-gas ducts and hot-gas valves and on the hot header

of the helium heat exchangers.

The helium is circulated by a radial blower. The necessary-

heat is introduced into the circuit via a heating system

fired by natural gas and electricity and is discharged via

a steam generator, whereby part of the steam is used to

preheat the helium in a helium preheater. This regenerative

circuit results in a 4 0 % energy saving.

The construction of the test facility alone led to important

technological progress.

Thus seamless tubes made of Nicrofer 5520, which were

fabricated in the Federal Republic of Germany for the

first time, were used in the natural-gas-fired helium heater

with very positive results. There were no significant diffi-

culties either in the bending or the welding of the tubes.

The 145 m long operational hot-gas duct with metallic liner

and fibre insulation was manufactured without any problems.

The operational hot-gas duct is essentially in conformity

with the planned secondary hot-gas duct of the PNP.

The facility is converted with low expenditure for the

testing of the helium heat exchangers. Fig. 3 shows double-

loop operation of the KVK. The primary system contains the

heat source - natural-gas-fired and/or electrically powered

helium heater - the secondary system contains the steam

generator as heat sink.

The helium heat exchanger to be tested transfers the heat

from the primary to the secondary system. In addition, a

test section of the primary hot-gas duct and the hot header

of the helium heat exchangers are included in the primary

system. Test sections for the secondary hot-gas duct and

the hot-gas valves are installed in the secondary system.
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Fig. 4 presents the working and demonstration model

of the facility. The building is 50 m long, 20 m wide

and 25 m high. Some components such as the helium storage

tanks, the coolers and the natural-gas-fired helium heater

are installed outside the building.

The left-hand side of the building accomodates the control

room, parts of the water steam system, the helium auxiliary

facilities and the blowers. The other loop components and

test objects, for example the 10 MW helium heat exchanger, are

located on the right-hand side of the building.

Fig. 5 is a photograph of the outside of the KVK. In the

foreground you can see the helium storage tanks with the

control room and on the left in the background the natural-

gas-fired helium heater.

3. Test projects

Let me now briefly describe the test objects. Fig. 6 shows

the 10 MW He/He heat exchanger with helical tube design

manufactured by the firms Steinmiiller and Sulzer.

The primary helium enters the shell space from the bottom

at a temperature of 950° C and is cooled down to 290° C

by cross flow of the helical heat exchanger tubes. It then

flows back to the primary outlet through the outer annular

space, whereby the pressure shell is simultaneously cooled.

The secondary helium enters the helical tubes with a

temperature of 220° C via the cold gas header and exits

from the heat exchanger with a temperature of 900° C via

the hot header and the central tube.

In comparison to the helical tube heat exchanger, the

U-tube heat exchanger of the firm Balcke-Durr is differently

designed (see-Fig. 7). The hot header is positioned in the

upper part of the heat exchanger and subsequently the central
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tube is shorter. The cold gas header is separated from

the support plate and is suspended by springs. The heat

exchanger tubes are bent in a U-shape. The primary helium

flows along them on the outside.

Fig. 8 presents parts of the test vessel for the two

He/He heat exchangers in the manufacturer's factory.

The photograph gives an impression of the size of the

vessel, which has a diamter of 2,4 m and an overall height

of 25 m. The pressure test will be performed in May of

this year and construction will be completed in August

Fig. 9 is a cross section of the hot header of the two

helium heat exchangers with measuring insert for the

creep buckling test. The test is performed at a differential

pressure of 44 bar and a maximum initial temperature of

992° C, which is steadily decreased to approximately 750° C

in the course of 10 hours.

The next picture (Fig. 10) is a photograph of the hot header

with tube studs and thermocouples for recording the radial

and axial temperature distribution-

The following photograph (Fig. 11) presents the measuring

insert of the hot header for recording the creepage and

buckling distances during assembly. You can see the cooling

coils, which are covered with aluminum foil, and the ceramic

coupling rods. Measuring insert and coupling rods are protected

by an additional insulation.

The first part of this experimental project was performed

on February, 23

For this test, the hot header was heated to a temperature

of 930° C at a pressure of 43,5 bar. This resulted in a

pressure balance between the air inside the header and the

helium on the outside.
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The inside was then relieved to atmospheric pressure

by blowing off the air.

Subsequently the initial temperature of 930° C was

reduced to 680° C at a rate of 25 K/h in the course

of 10 hours.

The overall deformation was determined using 24 dis-

placement transducers. The results are currently being

evaluated.

The next creep buckling test at a temperature of 992° C

is intended to be performed on April 24 e.g. on Tuesday

of next week.

In order to perform creep fatigue tests, the caps of

all 8 64 tube studs are removed and the test object is

exposed to hermocycles between 950° C and 700° C at 40 K/min

as shown in Fig. 12.

This is followed by another creep buckling test.

The next picture (Fig. 13) shows the test section secondary

hot-gas duct with metallic liner and fibre insulation. The

radial dimensions, outer diameter 1220 mm, liner diameter

700 mm are in compliance with those of the PNP.

The next picture (Fig. 14) presents the primary hot-gas

duct with fibre insulation with 95 % AL2O3. The gas liner

is made of graphite. The adjustable supporting elements

made of isostatically compressed AL?O_ position the gas

liner radially and axially.

The following picture (Fig. 15) depicts the sub-component

of the axial hot-gas valve. The valve is cooled and actuated

by helium.



-6-

Fig. 16 gives an overview of the tests which are scheduled

for the KVK in the coming years. These will be described

in greater depth in subsequent lectures.

- The experiments on a test section of the secondary hot-gas

duct, which commenced in 82, will be completed this year,

with the exception of the long-term test. A corresponding

tube bend will be tested in 85/86.

- The primary hot-gas duct and primary compensator will be

tested with the first helium heat exchanger in an integral

test in 85/86.

- The sub-component of the axial hot-gas valve will be

subjected to a number of different tests relating to

thermohydraulics, tightness etc. before a prototype of

the reactor valve is included in a long-term test in 86/87.

- The tests on the hot header, creep buckling test 1,

fatigue test, creep buckling test 2 will take place in

8 4/8 5. They commenced last February.

- The first helium heat exchanger will be delivered at the

beginning of May 1985. The tests will start at the beginning

of October 85 and will continue for a period of 7 months

corresponding to an operating time of approximately 3 000 h.

The second helium heat exchanger will then be installed.

4. Operating experience and test results

To date the KVK has been in operation for 5000 h,1200 h of

which have been at reactor temperatures between 900° C and

950° C. Apart from two leakages in the natural-gas-fired

helium heater and a ground fault in the electric heater,

the operating experience has been very positive.

After approximately 2500 h, a leakage was detected in the

natural-gas-fired helium heater when shutting down the

facility. There was a crack in a bend made of Incoloy 800 H,

which must have formed during the fabrication of the tubes.
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With reference to the electric heater, part of the

perforated liner of the inner insulation had loosened

from a holding plate and caused a ground fault over one

of the segments of the power supply lines. In compliance

with the electric circuitry, 2 of 12 modules were switched

off and the electric heater continued operation with 10 mo-

dules, as planned for such a case. The defective point has

been repaired in the meantime.

To conclude, I would like to list the most important facts

which have been amassed to date. They are summarized in

headlines in Fig. 17.

- The helium tightness of the overall facility is good.

It amounts to < 1 kg/d.

- The combined application of a natural-gas-fired and an

electrically-powered helium heater ensures the high

economy and availability of the facility.

- He-blowers, steam generator and steam-heated helium

preheater operate reliably.

- The selected materials for internal insulations proved

themselves right away.

- The components do not show any inadmissible vibrations.

- The required helium atmosphere can be easily adjusted

using the available helium purification and dosing system.

- The surfaces of materials in the high-temperature zone

between 900° C and 950° C exhibit a stable chromium oxide

protective coating. This is also valid for the included

metal samples, which can be exchanged during operation.



-8-

To date, it has been possible to convert and extend

the KVK without any problems and within a short time.

The new process instrumentation and control system

Teleperm-M is easy to operate and reliable. New operating

conditions can be easily realized by software alterations.

Fast repair of the defects and disturbances in the heaters

was possible.



Component Test Facility

Operating data:

Thermal power

Temperature

Pressure

Row rate

Helium velocity

Temperature transient

Pressure transient

10 MW (max. 12,8 MW)

950 °C (max. 1000 °C)

40 bar (max. 46 bar)

3 kg/s (max. 4,3 kg/s)

60m/s

± 200 K/min

5 bar/s
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Working and Demonstration Model of the Facility

The KVK is sponsored by the Ministry of Economics, Small Business and Traffic
Abb. 4



View of the KVK Facilit-

Abb. 5
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Number of tubes

DtTn. of tubes

Tube Material

Vessel Material
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2.4663

16368

Structure Material 1.7380
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Hot Header
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10MW He/He Heat Exchanger
in Helical Tube Construction

L_



Secondary
Outlet

Secondary
Inlet

Primary
Intet

Support Plate

Central Duct

Cold Gas Header

Outer Annutus

Pressure Vessel

Hot Header

Flow Rate

Temperature

Pressure

Diff. Pressure

Power

Operational

Primary
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Pressure Vessel of the 10 MW He/He Heat Exchanger

Abb. 8



Instrument Penetration

Water Cooling

Strain Gauge Insertion
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Mot Header

864 Tube Nippel
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Operational Oata

Temperature 950 °C • 1000°C
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Tube Nippet "22x2
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Lintr

Material

2 4663 (Nicroter 5S20 Co)
2.4663 (Nicroftr 5520Co)
1.5415 (15Mo3l
1 4876 (Incoly 80QH)

Hot Header Creep Buckling Test s



Hot Header -. Assembly of Thermocouples

Abb. 10



Strain Gauge Insertion of the Hot Header

Abb. 11



Helium-Inlet

Instrument Penetration

Test Vessel

Insulation

Operational Data

Flow 2 kg/s by 9S0°C

Pressure 3 kg/s by 700 ° t

Temperature 700 °C * 9S0°C
Ramp

Dimensions

Tube Nippel " 2 2 x 2

Hot Header '1020 « 100 Wd

Test Vessel - 2300 «

Liner

Material

2 1.663 (Nicrofer SS20 Col

2 i.663 (N lcroferSS20 Co)

1 5/.15 (15Mo3l

1 (.876 llncoloy 800H1

Hot Header Fatique Test
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Staling ferrule with
bellow ••aling element

Cylinder

He Outlet He Inlet Control Cat

Seating
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Length

Data
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9S0*C
t i bar

13*0 M I

Operational
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Flow rate

Data
900 °C
1,3 bar
3.0 kg/s

Hot Gas Valve (System;Axial Valve)



Versuche
Montage

VERSUCHSTERMINPLAN KVK
1982 1983 1984 1985

8 1 0 2 4 6 8 1 0 2 4 6 8 1 0 2 4 6 8 1 0

1986

STAND DEZEMBER 1983

1987

_i—i—i i_ i i i i i i i i _

2 4 6 8 10 2 4 6 8 10
_ i i i i i I i i i i '

Heißgasleitungen

Sekundärheißgasleitung
mit metallischem Liner

Rohrbogen mit metallischem Liner

Primärheißgasleitung

Primärkompensator

Axial-Heißgasarmatur

Teilkomponente

• Thermohydraulik

• Dichtigkeitsuntersuchung

• Stoßdämpfertest

• Funktionsspiele

Betriebsheißgasarmatur (axial)

Prototyp-Armatur

Heißer Sammler

• Kriechbeulversuch Nr. 1

• Ermüdungsversuch

• Kriechbeulversuch Nr. 2

Helium-Wärmetauscher

1. He-Wärmetauscher

2. He-Wärmetauscher

_ .Inspektion

V



KVK-Experience in Statements

Good helium leaktightness (<1 kg/d)

High availability and economy through
combined helium heating system

Reliable performance of helium blower, steam
generator and helium preheater

The inner insulation systems attest to their design
suitability

No undue vibrations of the components

Good attainment of the required helium atmosphere

Stable chromiumoxide layer in the high temperature
region, neither decarburisation nor carburisation

Impediment free carrying out of construction
modifications and extensions

Reliable and congenial performance of the applied
process control system

Damages and disturbances of the heaters could be
expeditiously removed


