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Development of a Helium/Helium Intermediate Heat Exchanger

(He/He-IHX) with Helical Coil Tube Bundle

1. Preface

Besides the research and development work leading to the

design basis for the reference heat exchanger, the stages

of development up to the realisation of a nuclear He/He IHX

include, selected experiments in manufacturing techniques

and with individual test components, as well as the design,

manufacture and trial of a representative prototype compo-

nent.

The general features of the helical construction will first

of all be explained, taking into account the manifold spe-

cific requirements placed upon a nuclear component. The

primary and secondary flow path will be discribed. Special

design measures included to fulfil specific requirements

imposed by quality assurance and the need to facilitate re-

peated examination or ease of repair are also explained.

A comparison between reference and test component shows

that the capacity of 10 MW represents a sensible compromise

between a unit capable of providing answers to the techni-

cal problems involved and the cost of this step forward.

The selected size provides a useful test unit for material

processing, manufacture of components and quality control.

The materials used and the new design problems meant that

in constructing the 10 MW test component certain manufac-

turing processes had to be modified or to be developped to-

tally new. The successful use of these methods in the manu-

facture of the test component marks an important step in

the direction of producing such full-scale components.

The process of manufacture and the experience gained so far

are then described.
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2. Technical requirements

The more important requirements demanded of the heat ex-

changer, which forms part of the primary enclosure, can be

considered under three aspects.

These are:

- Safety requirements

- Limiting process conditions

- Mechanical design aspects

Among other things, considerations of safety motivated the

following decisions:

- The heat exchanger should be located within the pressure

vessel. This dictates a compact construction and arrange-

ment of all assemblies.

- All surfaces enclosing primary circuits, particularly

weld joints, must be accessible for repeated examination

without having to open the primary circuit.

- In the event of component failure there must be no risk

of primary gas infiltrating into the secondary circuit.

Only one of the limiting conditions imposed by the process

will be mentioned:

The primary helium hinders the formation of oxide layers.

It is therefore possible, that in the higher temperature

range parts which are in contact might weld together by

diffusion. The contact areas of any parts which move rela-

tive by to one another must therefore be protected against

undesired welding or wear by suitable coatings.

For reasons of mechanical design the loads on components,

especially those exposed to high temperatures, must be

minimized. In the given temperature range of 950 °C, even

with the use of high temperature resistant alloys, the

available design reserves are minimal, particularly looking

to the life of 140,000 hrs specified.
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3. Main development steps

Although process equipment has been successfully operated

at similar temperatures in many industrial applications,

the design, manufacturing and operational experience avail-

able from such conventional components is not by itself an

adequate foundation for attaining the development objective.

This applies particularly to the problem of approval of

components for use in the nuclear field. For one thing,

work on the relevant codes to be applied in the high

temperature field is not yet complete; for another, the

long-term characteristics of the reference material Inco-

nell 617 or Nicrofer 5520 Co (2.4663) have not so far been

ascertained.

It is therefore necessary to find new ways of proving the

safety of this type of equipment.

The construction and testing of a component which shall be

as representative as possible is regarded as the most im-

portant step in this direction. This component, with a heat

transfer capacity of 10 MW, is at present under construc-

tion.

Before this, and in association with it, manufacturing

tests were carried out on the machining and welding of the

material 2.4663. Special experimental components were tried

out to settle particular questions regarding thermohydrau-

lics and the mechanical behaviour of important parts (hot

headers, coatings, tube sleeves, test bundles for thermal

transfer and flow measurements). Additionally, elastic and

inelastic analysis was undertaken for the assessment of all

critical components.

The soundest basis for ensuring that a product will pass

all acceptance requirements is however a well thought-out

design, which from the very beginning reduces the load on

critical areas to a minimum. Here the helical variant of

the intermediate heat exchanger offers excellent possibili-

ties, since because of its specific constructional features

it provides good compensation for thermal expansion and can

rapidly disperse hot gas stratifications in the tube bundle.
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4. Description of the component

4.1 Structure and flow paths

The essential component parts of the He/He IHX and the gas

flow paths can be seen from the general drawing of the 10

MW apparatus (Fig. 1).

From the covering support closure which supports the whole

heat exchanger, the central duct for the returning hot se-

condary helium extends downwards. This hot gas return duct

(HGRD) is welded to the support closure via a thermal

sleeve. On the HGRD ten cylinders forming the tube bundle

support are attached one after the other. Each cylinder

bears perforated support plates arranged radially around

the circumference in order to locate the tubes. The seg-

mental arrangement of the supporting elements allows for

the relative axial expansion as a result of different oper-

ating temperatures in an optimal manner.

The helices surround the hot gas return duct in cylindric

assemblies. At both ends connecting tubes link up the tube

bundle with the support closure and the hot header respec-

tively. The secondary helium is distributed evenly to the

helices by an annular header. It flows in counterflow with

the primary helium and is heated thereby from 220 °C to

900 °C. Subsequently it flows back through the internally

insulated return duct.

The primary helium enters the heat exchanger at a tempera-

ture of 950 °Cr at the bottom via a mixing and baffle cham-

ber and flows upwards through the tube bundle. The inside

boundary for the gas flow is the supporting cylinder. The

outside boundary is given by a flow shroud welded to the

support closure.

The helium cools down to about 300 °C, turns below the

support closure and flows back through the outer annulus

between pressure vessel and external flow guide shell to

the outlet. The external flow guide shell also serves for

the attachment of the insulation.
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4.2 Technical data and their transferablility

In designing this test component, strong emphasis was laid

on the possibility of applying the experience gained in

manufacture and test running as far as possible to the re-

ference heat exchanger. Pressures, temperatures, tube

dimensions, tube pitching, height of the bundle and helix

pitch are therefore practically identical for both units.

The only major difference is the number of tubes (117 as

against 1482) , which are arranged in 3 and 19 cylindric

tube assemblies respectively. The test bundle is therefore

very largely typical in respect of manufacture, assembly,

selection of material and design details. The flow and heat

transfer characteristics however are strongly influenced by

the number of tube assemblies i.e. where only a few cylin-

ders are involved the boundary bypass gets a disproportio-

nately large influence.

For this reason supplementary component tests and basic

thermohydraulic research are being carried out to prove the

design of this heat exchanger. The tube bundle built for

this purpose is shown in Fig. 2. The cross-wise arrangement

of the tubes can be clearly seen, as well as the support

plates for the tubes. This bundle is at present undergoing

trials at the KFA/Jiilich.
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4.3 Design Features

The central part of the test unit the hot gas return duct,

approximately 20 m long, is constructed in 2.4663 (plus

sections in the cold area of 10 CrMo 910) with a diameter

of approx. 762 mm (Fig. 3). The wall thickness depends on

the local operational temperature and varies between 35 -

60 mm. The individual duct build up from sections which are

welded together by narrow-gap welding.

The hot gas return duct is internally insulated. The insu-

lating system consists of a continuous outer tube in which

shaped sections of compressed Al^O- fibre are inserted

(Fig. 4). Internally, the insulation is covered by indivi-

dual overlapping liner tubes. The internal rings between

these two concentric tubes support the weight of the insu-

lation and also hinder convection through the insulation.

The selected mode of construction permits the complete in-

sulation to be withdrawn and allows periodic inspections of

the hot gas return duct from inside.

The insulation of the outer shell is built up in a similar

manner. It was however not necessary to arrange for

complete cladding of the insulation, since it is only

surrounded by a stagnant helium layer.

The supporting structure of the helices (Fig. 5) consists,

as already has been said, of separate elements which are

slid onto the hot gas return duct one after another and

each welded into position at one end. The points at which

the cylinders overlap and move relatively to one another

are suitably coated.

The helices (Fig. 6) have an inclination angular of approx.

25 ° and are located in the supporting plates with the aid

of sleeves. These tubular sleeves must fulfil three re-

quirements, viz:
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- they must compensate for installation tolerances

- they must take the weight of the tubes

- they must function as a protection against wear.

Pairs of sleeves wedged onto the tubes are envisaged for

the temperature range below 700 °C. They however cannot be

used for temperatures above 700 °C, as frictional-type con-

nections become ineffective as a result of the relaxation

of material and subsequent loosening.

Various proposals have been developed for this temperature

range, of which two are illustrated here by way of example

(Fig. 7). To accept the downward forces imposed by the

weight of the tubes, the tube itself must exhibit a

thickening such as a welded-on ring or a built-up weld, as

well as a suitable thrust piece on the supporting plate.

As a protection against high-temperature fretting wear and

to prevent spontaneous welding in the helium atmosphere,

ceramic coatings are applied. The current view is that

layers of zirconium oxide stabilized with yttrium are best

suited to use under PNP conditions. However proof of the

reliability of such protective layers will only be possible

as a result of the projected component tests and especially

test running with the 10 MW unit. For this reason the

intention is to try out various alternative types of tube

holder and coating in the test unit.

The heating surface tubes lead into the hot header

(Fig. 8). Because of its exposed position in the hottest

part of the gas temperature range, this is regarded as

being one of the most heavily-loaded components. A number

of design measures were therefore taken to limit the

severity of the load on this component as much as possible.



First of all, the header and the incoming heat exchanger

tubes are protected against direct impingement by the

primary helium, which might well contain hot gas stratifi-

cations. As the secondary helium has a temperature of

900 °C and is therefore some 50 °C cooler than the primary

helium, an additional internal flow guide tube is fitted to

improve the internal heat transfer in order to keep the

temperature as close as possible to that of the colder

helium.

A third possibility of lessening or preventing impermis-

sible thermal stresses in thickwalled structures as a re-

sult of steep temperature gradients is by careful insula-

tion of endangered areas.
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5. Fabrication and quality control

5.1 Welding

5.1.1 Gas-shielded metal arc narrow gap welding

For welding the pipe sections of the hot gas return duct

(HGRD) together, a process known as "gas-shielded metal arc

narrow gap welding" was utilised. This process has the

following special features:

1. A. specially developed wire-weaving mechanism produces a

weaving arc in a narrow gap.

2. The weld puddle is controlled by the shield gas flow to

produce an optimum contact angle between the weld sur-

face and the flanks of the weld.

3. The use of a pulsed arc power source produces a stable

arc and a weld edge with minimum spatter.

The process will be more fully dealt with in another paper.

Welding equipment from Interatom was used in the fabri-

cation.
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5.1.2 Other welding work

Tube bundle supporting system

Together with the "Internal Flow Shroud" this assembly

constitutes the major welded-up components which determine

the geometry of the active part of the heat exchanger.

Exact conformity with the prescribed geometry of the flow

duct when locating the helical tube bundle is therefore

important and for this reason the welding and machining of

this parts is a complicated business.

The permissible radial tolerance between the support plate

edges and the internal flow shroud on installation requires

special jigs for welding up the segments of the supporting

structure, consisting of support cylinder, weld-on ring and

support plates. The weld preparation for the connection

between the support plate and support cylinder is shown in

Fig. 9a and that for the connection between the support

cylinder and HGRD in Fig. 9b.

For these welds the hand-manipulated electrode Gritherm

85 R proved reliable in service. Testing according to the

specifications has been demonstrated for all weld connec-

tions whose use is indicated for the full-scale PNP compo-

nent and has been proven by component tests.

Tube weld connections

The weld seams in the heat exchanger tubes (similar-metal

welds in 2.4663 and dissimilar-metal welds 10 CrMo 910/

2.4663) are carried out using the TIG process with station-

ary torch in the downhand position and rotating workpiece.

This process was easy to apply and produced good results.

All welds were radiographed and subjected to surface crack

detection procedures to check their soundness.
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Homogenous welding of tubes to the support closure

The 117 tubes of 10 CrMo 910 material were welded from in-

side, using a hand welding gun, to the support closure

which is also of 10 CrMo 910. As preparation for welding a

fine centring ring was machined into the support closure at

the downside Wherein the tube was located. (Fig. 9c).

Special arrangements had to be made to ensure optimal gas

shielding. The welds are made with the tube axes in the

vertical plane, to produce the best possible bead confor-

mation.

5.2 Machining

The more important machining operations on the helical type

intermediate heat exchanger are:

- Deep-hole drilling of the holes and countersinking of the

ring grooves for connection of piping to the support

closure. This work in 10 CrMo 910 material was undertaken

by a specialist firm and presented no problems.

Drilling of the holes and countersinking of the ring

grooves on the hot header (Pig. 8).

The toughness of the 2.4663 material blunted the tools,

which imposed the necessity of frequent tool changes. In

comparison to "normal" steels the cutting speed also had

to be kept very low. Because the area to be machined was

relatively small, it was possible to carry the work out

with normal machine tools. For full-size components it

must be attempted to develop special tools of a suitable

type to facilitate these operations.
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- Machining of supporting cylinder with support plate.

The prescribed narrow tolerances meant that special jigs

and fixtures had to be used in machining the supporting

structure segments as well. All surfaces of the segments

which immediately contact other components were speci-

ally machined. The drilling of the support plates was

effected using drilling templates in a specially fitted

holding and chucking device mounted on a horizontal dril-

ling machine with numerically-controlled coordinate input

(for a finished segment after machining, see Fig. 5).

- Final machining of the support closure/HGRD assembly.

The great length of this component {about 21 m) and the

required positional tolerances in respect of linearity

and angularity meant that machining on an oversize lathe

was necessary (Fig. 3). Machining presented no problems

and the tolerances could easily be complied with. The

actual tolerance measured amounted only to some 10 % of

that permitted.

5.3 Protective coating

For the experimental helical type heat exchanger one HGRD

section and one set of connecting tubes, both of 2.4663,

were coated with a triple layer of ZrO2 13 % Y-O-

NiCr A1Y, using the APS-process. The choice of this type of

coating represents the best available knowledge and was

made as a result of the research whicl- is still continuing

on the problem.
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5.4 Bending of the helix tubes

Up to now the 3-roll bending process had only been used for

shallow-pitch tube helices. For the He/He Heat Exchanger

the process has now been expanded in experimental proce-

dures to cope also with steeply pitched helices. Besides

the modifications of the machines, this meant that the new

bending parameters had to be found out. The permissible

manufacturing tolerances were worked out by screwing tests

on individual helices.

The tubes of the KFA bundle for thermohydraulic tests were

the first production application of this process. For the

10 MW He/He IHX the tubes were welded together from 4

standard lengths to a total length of around 45 m and then

bent to form helices of about 18 m length and three diffe-

rent diameters of 918, 990 and 1062 mm. The intermediate

diameter helices were given a left-handed helical coil, the

others a right-handed coil. A particular feature in the

production of steep-pitch helices is the great amount of

room required for bending and intermediate storage (Fig.6).

6. Conclusion

The development of a large He/He-IHX (125 MW) for the pro-

totype plant for nuclear process heat (PNP) requires not

only basic engineering but also various experiments on

special structural parts of the component in order to test

manufacture procedures and important details of the design.

Additionally to this, a representative experimental IHX was

designed, which is now in fabrication and which will be

tested early in 1985. Until now already many requirements

connected with IHX are fulfilled. Therefore we are very

confident that after the test runs a large nuclear heat

exchanger can be realized.
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c) Weld preparation for welding heat exchanger

tubes to support closure
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Fig. 1: 10 MW He/He Heat Exchanger



Fig. 2: Helical test bundle

Fig. 3: Hot gas return duct



Fig. 4: Insulating system
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Fig. 5: One element of the supporting structure
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Fig. 8:

Hot gas; header
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Fig. 7: Tube locating elements (sleeves)
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Fig. 9: Weld preparations


