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Abstract 

A modular helium cooled, high temperature reactor system with a 
thermal output of 200 MW per reactor has been developed by the KWU 
group for -ogeneration of electricity and process steam. 

The flow of the reactor coolant - Helium at 60 bars and 250/700 " C is 
maintained by one circulator per reactor. The cir.ulotor is driven by 
a variable speed Siemens asynchronous motor and is ojbmerged in 
the helium primary system. For operational reasons high reliability 
and availability of the circulator is required. The operational 
requirements for the circulator design are presented in this paper. 

The actual design has been carried out in close cooperation with 
the designer and manufacturer of all submerged circulators opera
ting in AGR plants in Great Britain, James Howden Co. Renfrew, 

- - - - Scotland. Design solutions received so far and mainly based on 
sufficiently proven components - such as oil bath lubricated 
bearing systems - will be described. Special attention will be 
paid oh the necessary test work; especially for the prototype 
to confirm the lay out. 

1. Introduction 

A modular helium-cooled high temperature reactor system especially 
for cogeneration of electricity and process heat has been developed 
by the Kwu Group (Kraftwerks Union-Interatom). For inherent 0 

safety reasons the thermal output of each reactor module is 
limited to 200 MW.. . The typical arrangement is shown in fig. 1. 
Helium of 60 bar, 250 "C flows downwards through the pebble bed 
and is heated up to 700 "C; then via a concentric hot gas 
duct the helium is fed to the steam generator flowing downwards 
through the tube bundle, in which steam of 190 bar, 530 *C is 
produced. From the steam generator the helium flows upwards in an 
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Fig . 1 

Cross Section of a Modular Unit with 
Steam Generator (Primary Circuit) 



annulat space, surrounding the tube bundle, to a single-stage 
circulator. From the circulator the helium is fed via the cold 
gas annulus to the graphite reflector structure surrounding the 
pebble bed core. Flowing upwards through the flow channels in the 
reflector the helium returns to the core inlet plenum. The helium 
mass flow is 85,5 kg/s. 

The side by side arrangement offers some significant advantages: 

1. Minimizing the effects of grahpite-steam interactions in 
case of steam generator leaks 

2. Supression of convective flow during hot standby 
conditions 

3. Improvement of accessability to the components for 
maintenance and repair. 

Based on KHU experience in LWR application the primary system is 
contained in ferritic steel vessels of 20 MnMoNi 55 which is 
in Germany the well proven material for LWR pressure vessels. 

An official procedure to achieve a site independent concept 
licence for this modular reactor system is actively in process 
in Germany since summer 1987. 

Circulator design requirements 

The circulator has to maintain the helium flow in the system 
under all operational conditions. 

pressure head temp. mass-flow speed-range 
bar bar *C kg/s X 

nominal load 60 1,50 250 85,5 100 
load variation 
and start-up 35-60 33-250 10-100 
reactor maintenance 1 > 33 100 
(hot standby 60 0 250-300 0 0 ) 

Due to the reactor design philosophy the circulator has no safety 
related tasks. It is not needed for decay heat removal from the 
safety point of view. But it will be used for operational decay 
heat removal via the steam generator. Also in the case at 
maintenance work in the reactor region when the system pressure 
is 1 bar. 

To achieve a reactor power availability of 80 % the circulator 
has to have a high reliability; a failure rate of < 1 per reactor 
year is required. Therefore only well proven components 
should be used in the design, and easy accessibility for 
maintenance is necessary. An isolation valve is incorporated 
to reduce the thermal loadings on components under hot 
standby conditions, due to natural circulation. Finally, in 
accordance with the current practice the motor is submerged 
in the primary coolant to remove the requirement for high speed 
mechanical seals. 

These considerations and requirements led to a circulator 
featuring the following points: 

- single stage radial impeller and speed controlled motor 
- vertical shaft, with the impeller overhung at the lower end 
- oil bath lubricated bearings 
- integrated into the top of the steam generator and as part of 
the primary system 

- motor cooling by helium 
- integrated isolation valve at the suction side 
- one piece withdrawable assembly. 

3. Circulator design and description 

As the design of an active component such as a gas circulator is 
strongly influenced by the manufacturers experience it was 
decided to search for suitable cooperation with an experienced 
manufacturer. James Howden Co., Renfrew, Scotland was selected 
as Howden is well known as the responsible designer and 
manufacturer of all the operating submerged circulators in the 
British CO, cooled AGR stations. In particular they supplied the 



circulators for the Hartlepool and Heysham I stations which 
are of the vertical shaft oil bath lubricated bearing design. To 
complete the cooperative team the drive motor design was carried 
out by the KWuVInteratom parent company Siemens. 

The design work was started in early 1984. 

Fig. 2 shows the present status of the design. First of all a 
more general description. 
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All active parts are mounted on an intermediate pressure vessel 
flange. This flange - normally under pressure equilibrium - is 
designed to withstand in both directions the full operational 
pressure of 60 bars. The only connection between the motor 
compartment and the main primary system is via the shafts 
labyrinth penetrations in the intermediate flange. The impeller 
of 950 mm o.O. is mounted at the 'ower motor shaft end. Radially 
outward from the impeller is the first diffuser which is 
connected to the Intermediate flange; the isolation valve is 
mounted on this diffuser. The second stage diffuser is bolted to 
the main pressure vessel head. 

The motor stator is fixed to the upper side of the flange. The 
motor rotor is supported in oil bath lubricated tilting pad 
bearings. At the upper end a combination of thrust- and Journal 
bearing is used while at the lower end a single Journal bearing. 
The two oil baths are cooled by water cooling coils fitted at the 
bottom of the baths. Cooling of the motor is achieved by helium 
circulation which is maintained by an auxiliary impeller connected 
to the upper motor shaft end. Cooling of this helium is carried 
out by the same water cooling system which is responsible for the 
oil bath cooling. These cooling systems operate with a water 
pressure of appr. 10 bars but are designed to withstand the full 
operational pressure from outside. Thereby water Ingress due to a 
water side leak is operationally not possible. 

The motor compartment will operate at 60 *C. In order to reduce 
heat ingress from the steam generator vessel thermal insulation 
is fitted above the intermediate flange and partly inside the 
circulator pressure vessel. 

Oil leaks from the oil baths are unlikely to occur. Nevertheless, 
should a leak occur the oil is caught in a catchment bath situated 
below the lower Journal bearing. 

For operation of the helium Isolation valve a normal electric 
drive is connected via a flexible shaft to a bevel gear. 



The suction side connection to the steam generator outlet header 
is sealed by a double spring loaded piston ring arrangement 
where carbon piston ring segments will be used. 

The closing time of the isolation valve is appr. 10 seconds, 
the coast down half value period of the rotating part is appr. 
4 seconds. 

Using this design arrangement all parts that may require 
maintenance can be easily withdrawn in one piece from the vessel 
into a transport flask. 

The electrical connections through the pressure vessel wall are 
m3de by conical glass insulated penetrations. 

Delivery characteristics 

Fig. 3 uives the main characteristics in the operational regime 
at full pressure. The normal maximum motor speed of 4.400 rpm wa 
chosen and 3 % overspeed was considered as a suitable design 
margin. An efficiency of 86 to 87 X is predicted, and the net 
po.'er consumption is calculated as 2950 kW, 

r'otor design 

A tnree-phase asynchronous squirrel cage motor was choosen. A 
forged solid rotor rather than a laminated one was selected to 
improve the rotor stiffness and to minimize Journal bearing 
problems. The stator winding consists of 4 three-phase systems 
anJ is fed by 4 constant current D.C. converters. 

Motor rating nominal 
nom. voltage 
nom. current per system 
nom. speed/frequency 
operat. overspeed 
centrifugal load test speed 
c o s . / 
nom. heat loss 
heat loss during 1 bar operation 

2950 kW 
1000 V 
525 A 

4400 rpm /74 HZ 

4532 rpm 
5436 rpm 
0,85 
123 kW 
4 kW 
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Fig. 3 

Helium Circulator Characteristics 

The motor cooling is accomplished in the axial direction through 
cylindrical cooling ducts provided in the stator yoke and in the 
rotor through the "air" gap. 

Fig. 4 shows the different heat sources at full power and the 
helium flows plus the design conditions for the helium-water heat 
exchanger. The conditions during reactor maintenance operations 
at 1 bar/4400 rpr, are given in fig. 5 and show the highest helium 
temperatures. This operating condition is furthermore the most 



critical for the electrical insulation because of the poor 
insulating properties of helium at atmospheric pressure. 
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Fig. 4 

60 bar, 4400 rpm 

3 . 3 Bear ing system 

Motor Compartment 
Gas Temp., Gas • low. Heat Flow 

Under the main basic design premise of "proven solutions" oil 
bath lubricated tilting pad journals were choosen. When starting 
the project active magnetic bearings were also considered. But due 
to the existing lack of experience in the behaviour of the necessa 
ry catcher bearings it was decided to select at present the 

CU HEAT[kW] 

REACTOR MAINTENANCE OPERATION 1 bar, 4400 rpm 

Fig. 5 
Motor Compartment 
Gas Temp., Gas Flow, Heat How 

fully proven designs. In the long term there is no doubt that the 
oil bath bearings will be replaced by magnetic ones when the 
catcher bearings are fully qualified and any interaction problems 
between electric motor power supply and magnetic bearing supply/ 
control systems are resolved. 

More details of the bearing system are given in fig. 6. 
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Fig. 6 

Oil Bath lubricated Bearings 

As already mentioned the upper bearing consists of a combination 
of thrust- and journal bearing while the lower one is of the 
journal type. Lubricant from the oil bath is fed to the white 
metal lined tilting pads by centrifugal force through radially 
drilled holes in the bearing sleeves, which are part of the motor 
shaft. Having passed the bearing region the oil flows back to the 
oil bath and is cooled. Special attention was payed to avoid 
oil leakages into the motor compartment and thereby into the 

primary system. E.g. upper sealing of the bearing sleeve is 
achieved by windback floating seals and "Deva" metal labyrinths. 

On the shaft 3 annular spaces are provided the innermost of which 
is open to the helium atmosphere. Oil or oil-mist which may 
migrate upwards in the outermost gap will be collected in the 
second annular gap and either fed back to the lubrication circuit 
(upper-bearing) or collected in a catchment bath (lower bearing) 
which can contain the whole oil content. An additional gas 
labyrinth serves for further reduction of oil leakage. At the 
lower bearing a final oil thrower prevents any remaining leakage 
from entering into the main primary system. 

The formation of oil vapor is favourably influenced by a 
lubricant with extremely low vapor pressure (at 60 *C app. 
3.7.10"5 mbar). 
The two oil bath reservoirs and the catchment bath are level 
monitored. Change of the oil, appr. once per year, will be 
performed via pipe connections through the pressure vessel wall 
when the reactor is shut off. 

As a result of the combination of these measures the oil ingress 
into the main primary system is expected to be less than 5 grams 
per day averaged over a year. This figure is based on past 
experience of circulators with a similar configuration and 
bearing type, currently in service in AGR power stations in Great 
Britain. 

3.4 Thermal insulation 

A thermal insulation above the intermediate flange and inside the 
lower part of the motor compartment operating at 60 'C is 
necessary to reduce the heat migration from the primary system at 
250 *C. To validate the insulation design calculations were made 
for different conditions such as normal operation and hot stand 
by. This was done by using a simple multi node model as given in 
fig. 7. For some of the most interesting points see fig. 8. As a 
conservative approach it is assumed here that the primary helium 
temperature increases in one step from 250 "C to 350 "C, there is 



helium How during operation 

Rg. 7 
Heat Migration Model 

no further water cooling and no heat loss through the pressure 
vessel wall to the primary cell. In a time intervall of 2 hours 
only moderate temperature increases can be observed. Strong 
stress causing temperature gradients or differences do not exist 
One of the conclusions from these calculations is that the 
difficult insulation of the 34 flange bolts is not necessary. 

Maintenance and repaii 

The circulator is designed for the full life time of the reactor 
plant of 40 years. The only planned maintenance is oil changes 
at reactor shut down and bearing inspection every 8 years. 
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Rg. 8 
Circulator Pressure vessel + Internals 

If maintenance becomes necessary the - see to fig. 2 - access is 
gained to the circulator by removing the top of the motor 
pressure vessel. 

This access includes the upper bearing and all electrica.-, 
coolant- and lubricant connections. As already mentioned should 
serious repair work become necessary the whole unit can be 
withdrawn from the pressure vessel' via a flask, decontaminated as 
far as needed, and repaired outside of the reactor. 



Present experience in CO- cooled reactors in Great Br i ta in and 
elsewhere would suggest tha t contaminat ion l eve l s w i l l be low. 
In the CO^ cooled reactors the exception is the impeller where 
the contamination is associated with the oxide layer and i t can 
be readi ly decontaminated. 

Prototype and acceptance tests 

I t is evident that for the ex ist ing conditions some basic test 
work on the bearing and lubr icat ion system is necessary. Besides 
th is two points remain being worthwhile to be discussed 
(see f i g . 9 ) . 

a) The worst case for the motor-urive as far as cooling problems 
and e l e c t r i c a l insulat ion are concerned is the 1 bar helium 
operation during reactor maintenance (see figure 5 ) . 
These conditions w i l l be simulated i n the proposed test r i g . 
The motor compartment and the lower pressure vessel w i l l be 
f i l l e d with 1 bar helium a.id the motor w i l l ^ave to run at 
the f u l l speed of 4400 rpm. 

b) The second point is related to the f u l l power simulation to 
check the guaranteed del ivery and pressure head values on one 
hand and to val idate the heat input calculat ion on the other 
(see 3 . 4 ) . The 60 bar helium operation w i l l be simulated by 
using nitrogen of adequate pressure and temperature 
( iden t ica l density of 60 bar hel ium). The heat l iberated into 
the nitrogen w i l l be removed by a water cooling system. Due 
to the d i f ferent physical propert ies of helium and nitrogen 
the measured delivery rates and heat inputs have to be 
corrected. 

5. Conclusion and recommendation 

The presented design of the main helium ci rculator for the KWU-
Interatom modular high temperature reactor is - because of a 
close cooperation with well experienced and established 
manufacturers - sound. Only proven components such as o i l bath 
lubricated bearings are primarily selected. Nevertheless the 
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comparably new technology of active magnetic bearings offers some 
strong advantages for the future provided that the problems of 
catcher bearings and electrical Interactions are satisfactorily 
solved. An intermediate step proposed by Howdens is to replace 
the lower journal bearing with a maenetic bearing. The 
consequences of any failure would appear to be more controllable 
and the removal of the oil bath from that end of the machine 
could be perceived as being beneficial. In any case a big step 
foreward could be achieved by replacing an oil lubricated 
circulator bearing system by an active magnetic bearing system 
plus catcher bearings in an operating reactor plant. 


