
srf
No. 23

XA0055833

THE KLINGER HOT GAS DOUBLE AXIAL VALVE 1)

by

J. Kruschik 2 ) and H. Hiltgen 3 )

Introduction

The Klinger hot gas valve is a medium controlled double axial valve with
advanced design features and safety function.

It was first proposed by Klinger early in 1976 for the PNP-Project as a
containment shut-off for hot helium (918°C and 42 bar), because a market
research has shown that such a valve is not state of present technics.

In the first stage of development a feasibility study had to be made by
detailed design, calculation and by basic experiments for key components
in close collaboration with Interatom/GHT.

This was 1981 the basis for further design, calculation, construction and
experimental work for such a valve prototype within the new development
contract under the support of the MWMV.

The stage of knowledge to that time revealed the following key priority
development areas:

- Finite element stress analysis for the highly stressed high temperature
main components.

- Development of an insulation layout based on knowledge of Messrs. Didier
a firm also working under the support of MWMV.

- Detailed experimental tests of functionally important structural compo-
nents or units of the valve, partly at Klingers (gasstatic bearings,
flexible metallic sealing element, aerodynamic and thermohydraulic tests),
partly at Interatom (actuator unit and also gasstatic bearings), partly at
HRB in Julich (flexible metallic sealing system, aerodynamic and thermo-
hydraulic tests).

- Design of a test valve for experimental work in the KVK (test circuit at
Interatom) for evaluation of temperature distribution and reliability of
operation.

- Design of a prototype and extensive testing in the KVK.

1 Presented at the Specialists Meeting on Heat Exchanging Components of
Gas-Cooled Reactors of the International Atomic Energy Agency
Dusseldorf, 16. - 19. April 1984
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Valve Specification

Working/Design pressure 41,9/51 bar

Working temperature 900 + 18° C

Helium mass flow 35,6 kg/sec

Temperature gradient i 2 K/min

Max closing time 15 sec

Leakage rate 10"1 mbar L/sec

Closing cycles per life time 1000

Closing cycles at full temperature 100

Life time over all 40 a

Diameter of gas duct 700 mm

Valve Description

The Klinger double axial valve, Fig. 1, is loaded between the seats with clean
pressurized helium in the closed position to prevent leakage from inlet to outlet.
Its dimensions are very compact. It fits practically into the hot gas duct.
The weight of this valve is roughly 4,2 to compared with 3 to of the equal
length of hot gas duct.

In case of a sudden accidental pressure loss the valve closes automatically by
the flow forces.

The special arrangement of the flow path is responsible for the small dimensions
and also for the low pressure loss: Accelerated flow at the inlet, followed by a
ring-diffusor, leading to a ring channel with the three struts which connect the
internal cylinder with the two actuators to the outer shell, followed by a ring-
infusor and an outlet diffusor after the second seat. This channel is symmetric
and there is no preference to flow direction.

This flow path design results in a relatively small seat diameter together with
very low pressure loss, in that case 0,025 bar or^r = 1. These values are
theoretically calculated, but they are sound as many tests with a model in a flow
channel at the Klinger facilities have shown, Fig. 13, 14. The measured value had
been^*"= 0,8. But to include adverse influences from fabrication we remain with
the calculated value of __^= 1. These very detailed tests will be repeated and
completed at the HRB facilities in Julich in the next future for absolute safety.

The corrugated flexible metallic sealing element is a further specific feature
of this axial valve. This sealing system together with the basic valve design
is subject of Klinger patents.

The piston rod of the actuator slides in gasstatic bearings, having no metal
contact (prevention of welding-together in a clean helium atmosphere) and very
low friction. A further specific feature of that valve. A shock absorber
decelerates the moving mass at the end of the closing stroke.

These basic principles were already included in the very first design early 1976,
Fig. 2. The intense development work led to the prototype design, Fig. 1.

The valve actuator is shown in detail in Fig. 3. A prototype actuator has been
built in the last years by Kraftwerk Union Berlin and extensively tested at
Interatom, Fig. 15, 16. The results of those tests are already included in the
present design, Fig. 3, and this actuator is part of the test valve for the KVK
and has also been manufactured at Kraftwerk Union Berlin. This modified actuator
of the test valve was already tested succesfully at Interatom short time ago. Normal
closing time is 2 sec. Accidental closing time will be within about 0,3 sec.
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The bends in the gas flow path create a rotation of flow and this could induce
a rotation of the piston rod with the shut-off cone. Therefore the piston is
guided and can't turn. The sealing elements on it are special spring assisted
PTFE-rings.

The end positions of the piston rod are indicated pneumatically. The system
consists of two orifices in series with different bore sizes, whereby the one
with the bigger bore is closed in the end position. The resulting pressure
rise is the position signal, see Fig. 6. A redundant-diverse capacitor system
operates in the piston rod center line.
Both actuators as both valve halves are fully independent in respect of
actuation and cooling system.

The gas static bearings operate on the fact, that gas flowing through porous
bushes under a certain pressure difference creates a gas cushion, which keeps
the piston rod in suspension. The load bearing capacity is proportional to
the pressure difference.
The heavy mass of the piston rod and shut-off cone needs quite a load bearing
capacity and to get also a reasonable clearance in the bearings we took high
porosity sintered metal bushes.

This system worked quite well from the start but we got air hammer in certain
cases.
The problem could be solved in collaboration with Interatom by extensive
experimental and mathematical work.
Today we have manufacturing knowledge to produce such sintered bearings with
high load capacity within a flow accurancy of 10%, creating no air hammer at all.

. Part of the extensive test programme was the evaluation of frequency response
of this bearing system.
We found out by tests and by mathematical analysis that the resonant frequency
is at 20 and 40 Hz. The Klinger frequency test bay is shown in Fig. 17. These
low resonant frequencies prevent excitation of vibrations from outside,
mainly from the gas-stream.

The helium for the gas static bearings is used at the same time as coolant for
the internal valve components, Fig. 4 and 5.
The high pressure cooling helium is fed into the valve through the three struts,
cools first the inner cylinder and flows from the plenum chamber round the
actuating cylinder to the gas static bearings, Fig. 4. Than it cools the hollow
piston rod on the way from the cylinder to the shut-off cone. In the cone nose
it is heated first to prevent too high temperature gradients in the shut-off
cone and than it flows along the inner face of that cone, Fig. 5, to the head
of it, cooling there the flexible metallic sealing element and than it leaves
the valve through the struts.
In the closed position of the valve this coolant flow of pressurized clean
helium cools the valve down and acts as a barrier to prevent leakage of
contaminated helium from inlet to the outlet.

The struts are cooled by a separate closed circuit helium loop under low pressure,

The flexible metallic sealing system is shown in Fig. 5. It is a corrugated sheet
metal part of Incoloy 800 H, electron-beam welded to the shut-off cone head of
Inconel 617. A stop on that head prevents excessive load on the sealing element
in the closed position.
A new element has deeper corrugations and they are at the first shut-off deformed
plastically and adapted to cone and seat. When the valve is opened again an
elastic return spring action takes place and this is the remaining elastic
deflection of the element.

It took intensive experimental work to find the best way of fabrication of such
large elements, but at the end we get now quite reasonable results.
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The testing of such sealing elements is done at HRB Julich. Fig. 18 shows the
test apparatus and Fig. 19 profile recordings of a sealing element undeformed
and after the first plastic deformation.

To prevent welding together of seat and sealing element, we proposed a detonation
gun applied chromium carbide coating on the seat and a silver coating on the
element. During the tests we found, that at 750° C the silver coating starts to
stick on the chromium carbide coated seat.
Coating tests on the other side have shown that an uncoated 800 H should not
weld together with a coated seat.

The next series of tests will be made now with uncoated sealing elements and a
seat with ceramic coating of yttria-stabilized zirconia (ZrO2), because this
type of coating is more suitable for higher temperatures.
We have also in mind other coating types for the element, if the uncoated one
would not work properly.

Besides that a general research program for testing coating combinations for
the PNP-project is on the way.

Results of stress analysis with finite elements

All the stress analysis work has been done and is still going on at Kraftwerk
Union Berlin (KWU), department TB-TDR.
The very high helium temperature of 918° C needs a relatively high loading of
the important components. The permissible primary loads -loads from internal
pressure and closing force- are dictated by the permissible creep deformations.
The secondary loads -loads from hindered thermal expansion- are dictated mainly
by the permissible alternating stress for the material.

Plausible temperature distributions by hand-calculation had been sufficient for
the preliminary design for steady state conditions. But then these data had to
be corrected by simplified linear heat flow calculations and thermohydraulic
tests in the flow channel, Fig. 13 and 14. At the end we had to proceed to
linear elastic and partly elasto-plastic calculations with three-dimensional
finite elements for the critical components. The instationary temperature
distribution in the warming up and cooling down periods after valve shut-off
led to rather high stress concentrations with appropriate strain.

The basis for these calculations is the ASME-CODE. Unfortunately there is no
chart for the chosen material Inconel 617. First of all such a diagram had to
be developed. The material-data are from the manufacturer, from KFA-Julich
and from Interatom, Fig. 7.
Highest temperature with high primary stress remains after a shut-off only for
a very short time. 100 such shut-offs are specified. The boundary line for
permissible stress at high temperature is the 1 % creep-strain for 10 hours.
Below 800° C it is 2/3 of the stress-rupture curve, below 600° C it is 90 %
of the 0,2 % proof stress and below 400° C 2/3 of that.

For secondary loads the 3 S m criterium for the low temperature range was
extended up to temperatures above 900° C. Partly plastic alternating stress-
strain calculations with relaxation periods inbetween have demonstrated, that
the assumption -primary plus secondery stresses equal 2 times the.0,2 % proof
stress-is sufficient conservative. This allowes a linear elastic method for
the more extensive finite element structures and therefore a comparison with
fictive stresses. Note please that this is only valid for the examined
components under the specified load cycles.

Fig. 8 shows the result. A fictive stress of maximum 2 times the 0,2 % proof
stress from primary plus secondary loads leads to a plastic deformation of a
few hundreds of one percent in the highest loaded zone after the first cycle
(running up and closing down). This value raises due to further stress dis-
tribution and relaxation asymptotically to a just slightly higher value. The
plastic alternating stress strains go up to a permissible maximum of about
0,06 %. There is no ratcheting after shakedown.
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Finite element stress analysis was made so far for the essential structural
components, as central body with struts and inner cylinder, body extension
with seat-ring and shut-off cone with flexible sealing element.
Instationary heat flow calculations have been carried out for the body extension
with seat-ring and for the shut-off cone head. A specified running up and
closing down period under extreme conditions had been simulated for these
calculations.
For the rest of the structural components the stationary temperatures were
calculated sufficiently accurate by linear heat flow analysis. Uneven tempe-
rature distribution by temperature differences in the hot gas stream are
thereby hardly recordable. But extreme assumptions for resulting temperature
distributions in the structure, especially in the struts, helped to get a
conservative picture of that effect.

Due to this very elaborate analysis, the design of those structural compo-
nents had to be altered many times. For the seat-ring for instance 65 calcu-
lations and 8 design variations were necessary to finish up with the present
uncooled shape. The temperature distribution and the resultant linear-elastic
calculated fictive secondary stresses are shown in Fig. 9 and 10.
The maximum possible fictive primary stresses due to differential pressure
and closing force and the resulting deflection are also shown.
The influence of an uneven temperature distribution on the struts is demon-
strated in Fig. 11. The stresses hereby are very low. These components have
now their final shape with the necessary factor of safety.

For the shut-off cone also many variants had to be calculated together with
the accompaning design alterations, mainly on the head. But making the wall
thickness larger due to the closing forces, the secondary stresses came up,
needing an alteration of the cooling ducts and so on. Fig.12 shows the present
state. Temperature gradients come up to 15 K/mm. This leads with permissible
primary stresses to unrealistic secondary stresses of about 10 times the 0,2 %
proof stress. The about 1300 drillings for the proper coolant flow are still
not taken into account.

In the chapter before we have mentioned the difficulties with the silver
coating on the flexible metallic sealing element. The temperature limit of
this silver coating is 800° C and therefore we had to cool extensively. If we
accept an uncoated element -or other types of coatings which stand higher
temperatures- we can go up with the temperature and we can use a just slightly
cooled shut-off cone, which leads to much lower temperature gradients and
therefore to lower secondary stresses.
This will be the next set of calculations. But for verification of all the
assumptions and theoretical calculations we do need urgently measured parameters.

Further test programme

To get those parameters we have designed a test valve for experiments in the KVK,
Fig. 4 and 6, which is practically a half prototype valve. This test valve has
also been built by Kraftwerk Union Berlin and is now ready for insertion in
the KVK. The design was going on at the same time as the mentioned structural
calculations. We noticed soon, that all necessary design alterations could not
be introduced into that test valve, otherwise our test schedule would be in
danger. So we uncoupled it. And that was right, because at the present state of
calculation it is evident, that due to the complex interconnections only ex-
perimentally measured parameters can lead to a final layout for the highly
loaded shut-off cone. But we are shure to have in hand a suitable solution in
a relatively short time.

The test schedule is shown in Fig. 20. The test valve will be first in the state
shown in Fig. 6. This narrow channel gives with the mass flow in the KVK the same
C<.-values for heat transfer as the full mass flow in the prototype. We should
therefore get the real temperatures of all the highly stressed parts.
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Further it is possible to install in this test valve a new designed slightly
cooled shut-off cone and measure the temperature distribution there. This will
give us the knowledge we need about the necessary parameters.

The valve operation can then be tested with the internals to Fig. 4. This picture
shows a cooled seat in form of a disc. This was also a preliminary design, but it
gave too high stress concentrations. But for the test valve we use it, to run
full stroke aad to examine the function of the shock absorber as well as the
overall tightness after shut-off.
Fig. 21 shows the center part of that valve and Fig. 22 the shut-off cone.

Besides these extensive tests in the KVK at Interatom, further experimental work
will be done at HRB Julich on the flexible metallic sealing system and on a valve
model of final shape in the flow channel for investigation of the pressure loss,
friction factor and heat transfer value on important sections.

A further development programmeis started for research on the coating side
specifically tailored for the PNP-conditions.

The Insulation concept

The insulation concept has been laid out in collaboration with Messrs. Didier. Thi:
concept is used in the test valve and will be used also in the prototype, if it
shows to be sound.

At the inlet and outlet side stuffed A12O3-fibres are used within liners for the
gas duct. Between the seats and the center part with the struts vacuum-formed
A12O3-parts within liners will be used.
The center part itself bears a linerless type of insulation. This insulation is
built up of moulded shapes on the inner and outer ring channel surface. Behind
these shapes are vacuum-formed rings and between them and the steel walls is a
cushion of stuffed Al203 fibres.

Summary

The preceding chapters have shown the intense development work, carried out
by Klinger, by Interatom, by HRB-Julich and by Kraftwerk-Union, Berlin.
Thanks to the excellent coordinating work by Interatom, all development lines
started and finished at the right time and with the right results.

As demonstrated, there are only a few points, which wait for a final solution,
mainly the shut-off cone, but we are already on the way with it. The same can
be said about the final concept for coatings. We have in hand some solutions
but we have to find out the optimum by the coming experimental work.

As far as we can foresee the time schedule presented can be kept working, so
that 10 years after the first design sketch a prototype valve for these
extreme conditions will be on test.
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Pig.1.Prototype of the KLINGER double axial valve

KLINGER

Fig.2.First rough draft of the KLINGER double axial valve
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Fig.3.Actuator
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Fig.4.Test-Valve with internals for function and thightness tests
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Fig.5.Shut-off cone with flexible metallic sealing element
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Fig.6.Test-Valve with internals for temperature measurements
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Fig.12. Stresses and deflections.
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Fig. 7 Permissible primary stress for
Inconel 617 according to ASME'

Fig. 14 Valve model

Kraftwark Union

Plastic alternating stress s

Fig* 8 Design limits Fig. 13 Flow channel for aerodynamic and
thermohydraulic tests on a valve-model

\

Fig. 15 Actuator unit (Interatom) Fig. 16 Test chamber for the actuator unit

at Interatom

ERB-JULICH

Fig. 17 Test bay for measuring frequency Fig. 13.Test-bay for hot helium test with the Fig. 19.Profile of the corrugated flexible
response sealing element at. HRB Julich metallic sealing element
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Fig. 20. Time schedule for development and test of a PNF-Hot-Gas-Vaive DN 7C0

Fig. 21.Center part with struts and
inner cylinder

Fig. 22.Shut-off cone


