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ABSTRACT
One of the alternative target options for ESS t@Weuated is a rotating solid target. Between
2005 and 2007 the Forschungszentrum Juelich hakedian a study for a rotating tungsten
target system for a proposed regional spallatiartroa source in the Basque country. Based
on this work we have evaluated the feasibility ofogating target for 5 MW and beyond.
Beside thermal calculations for this target we pilésent a concept to fit this target into the
existing ESS target station design.

1. Introduction

During the recent redesign phase of ESS alternadinget concepts are discussed.
Beside mercury this includes LBE (lead bismuth ety probably LGE (lead gold
eutectic) and a solid rotating target with tungsasrcandidate material. Although the solid
rotating target was regarded to be the backupisalduring the ESS design phase, up to
2003 no serious work has been done at that tinsesign and calculate such a target.
During the SNQ concept phase in the early 198@olid rotating target with tungsten and
even uranium as target material was discussed b@am power up to 5.5 MW and heat
removal capacities up to 12 MW at 100 Hz repetitiate [1][2]. Therefore it was assumed
that such a target should be feasible for ESS Batween 2005 and 2006 Juelich has
worked on a study for a smaller scaled spallatmuree for the Basque country in Spain.
For this source with a proton beam power of 250 k800 kW a small rotating edge
cooled tungsten target was considered [3]. Withenwork presented here both concepts
(edge cooled and SNQ-type) should be evaluatedeconimg the heat removal capacities
for ESS relevant conditions. It will be shown wké#fects are governing the limits for both
design approaches. The results of this work candesl to design and optimize a solid
rotating target for multi megawatt spallation s@as.c

2. Target material and cladding issues

Looking into existing sources using solid targetemnal, tungsten (ISIS) and lead (SINQ)
have been chosen. Although the expected neutragiommance for both materials is
good, a suitable cladding is necessary to avoiectlicontact between the cooling water
and the target material. State of the art for tadding for both sources is:
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« Tungsten clad by a layer of tantalum using HIP.(K¢5)
» Lead clad by zircaloy pipe (i.e. SINQ)

For SNQ it was proposed to shrink tungsten intalaminium or zircaloy pipe.

As a combination of the proven SINQ design andSh&) design it is proposed to use a
pipe-shaped zircaloy cladding with tungsten corfee §ap between the outer diameter of
the tungsten and the inner diameter of the pipé heilfilled with lead or another metal
with a low melting point. This concept bases onghaven SINQ design but uses tungsten
in the core of the pin in order to increase theaye target material density over the SINQ
cannelloni design and thus trends to increaseeb&anic performance.

For tungsten the following design limiting temperat are assumed:

Tungsten/steam reaction above 800°C

Tungsten/air reaction above 500°C

Cladding needed to avoid direct contact betweemysiem and cooling water in
normal operation.

Assuming a possible cladding failure the water edadurface temperature should
stay below 700°C.

Temperature of potentially exposed surfaces inetent of a loss of confinement
should stay below 500°C

Therefore for the calculations in this paper itassumed that the maximum mean
temperature (disregarding the pulse) in the tumgsi®uld not exceed 500°C.

3. Heat load dueto the beam

The major parameter for the thermal design of Hrget is the heat load by the beam.
Unfortunately reliable MCNPX data for tungsten undeSS-like conditions were not
available. Therefore data produced for the AUSTREMNcept study that were available
for a proton energy of 1.6 GeV were scaled by thpmng power of tungsten for 1.33GeV
and 2 GeV for comparison [3]. Although these heatlk still need to be confirmed, their
use allows studying different phenomena relevantie heat removal capacity of a solid
rotating target. In the meantime, MCNPC calculaiconducted for the study on th& 2
target station for SNS (ORNL) lead to the assunmptizat at least the scaled data for
1.33 GeV is over conservative. Figure 1 shows #w toad distribution for tungsten for
1.33 and 2 GeV as used for the calculations withig paper. For comparison the heat load
distribution for Hg and LBE are also shown.

Another point of discussion was the expected beesfilgp Although a parabolic beam
profile would be favourable, from the point of viewf beam dynamics a Gaussian
distribution seems to be more realistic. In ordekéep the same maximum, a Gaussian
distribution with 2 sigma within the nominal beaoofprint k = 2) would be necessary.
This would in return leave 13% of the beam powdside of the footprint. In order to get
as much as possible (~99%) of the beam insideeohtminal footprintk = 3 would be
necessary. This would result in an increase ofpibak heat load by a factor of 2.25.
Figure 2 shows the different distributions.



ICANSXIX,
19th meeting on Collabor ation of Advanced Neutron Sour ces
March 8 — 12, 2010
Grindelwald, Switzerland

7.0 , : . T ———
. ! conservative scaling EgE
e i - from AUSTRON —Tungsten (1.334GeV)
50 ; MCNPX calc —Tungsten (ZGeV)
A0 S % (SRRl
; ; "oId / 2003” MCNPX caIc ‘) 20% safety margln
g0 4000 oN T R R R S

: new” MCNPX calc + 20% safety margln
20 40 R 0 . 1 0 R A 0

heat deposition, GW/m?

1.0 Hntahis .,,

0.0

g 50 160 150 200 250 300 350 460 450 500 550 600
A6 e e e e P P

z, mm

Figure 1: Heat load distribution along the beans axi
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Figure 2: Heat load distribution across the beas. ax

For the presented work the following peak heatdoadre assumed for tungsten:

3.7 kW/cms3 for 2 GeV and parabolic beam profile

6.6 kW/cms3 for 1.3 GeV and parabolic beam profile

8.3 kW/cms for 2 GeV and Gaussiat=@) beam profile
14.8 kW/cm? for 1.3 GeV and Gaussi&x8) beam profile

4. The SNQ-type design

For this approach the SNQ design was scaled dows@0 mm in diameter and 70 mm in
active target material (tungsten) height. The tenaujpee rise between water inlet and outlet
would only be in the order of 10 K. Therefore onlye pin was considered for the thermal
calculation. The following conservatice assumptimese made:
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» Calculation for a single pin in the position whdhe maximum heat deposition
occurs.

Beam profile is only considered across the beanbebm direction the peak values
are considered.

30 rpm synchronised to the beam pulses, so thataime pin receives a full hit each
rotation.

The mean heat transfer coefficient to cooling wet@ssumed with 13.000 W/(m?2K)

Above 200°C wall temperature the mean heat trardefficient conservatively is
reduced to 900 W/m2K to account for possible Idibal boiling

The positive effect of nucleate boiling is conséimealy neglected

The pin dimensions assumed for the calculation8enm OD tungsten; 19 mm OD
lead (0.5 mm lead thickness); 20 mm OD zircaloyp (im zircaloy thickness);
70 mm tungsten height. 75 mm overall height.

Figure 3: SNQ design scaled down to a diamete660Imm.
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Figure 4: Heating-up for a single pin for a Gausdieam profile (leftk=3) and (right
K=2).

Figure 4 shows the heating curves for differenkdesat loads and Gaussian profiles with
k=2 andk=3. Even at 5 MW/2GeV and a Gaussian beam profile k=3, it is observed
that due to the instantaneous temperature riseheénntiddle of the pin the surface
temperature exceeds 200°C after a single pulse tlamckfore locally film boiling is
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assumed. Fortunately for this power level the raguaboling recovers during one cycle.
Increasing the peak heat load even further, tha fioiling area expands within the
following cycles and thus the heat removal capibié more and more reduced. This
effect finally leads to unacceptable high tempeeguChanging the beam profileko= 2

the peak heat load is considerably reduced fos#ime beam power. Figure 5 shows that
now even 10 MW seems possible.

5. The edge cooled design

The edge cooled design consists of involute shaegssten blocks with flow guides on

the top and bottom surface (cp. figure 5). Thuslgace of the flow is guarantied as well
as flow velocity will stay constant when flowingpfn the hub to the outer circumference
and back. Moreover the effective surface for thatheansfer is increased by the flow
guides on the top and bottom surface, which willesccooling fins.

target casing

coolant flow

central disc

involute-shaped segments

Figure 5: CFD model for the edge cooled design.

For the rotating target detailed CFD calculatiorsevperformed in order to investigate the
pressure drop and temperatures for low surfacedeatyres (no boiling along the cooled
surfaces). The first CFD calculations have alreatgwn that for 5 MW the surface

temperatures could significantly exceed the evapwaemperature of water (cp. figure 6)

and therefore boiling will affect the heat transfiemn the segment to the fluid. In a first

approach the possible negative effect of film Ingjlat the front surface was considered in
the CFD calculations by completely neglecting teathransfer to the coolant flow at this
surface. But these calculations could not exclugmssible burnout problem, where the
surface of reduced heat transfer due to film bgilexpands from pulse to pulse, till the
target cooling is no longer assured.

Therefore, additional calculations were performsthg a simplified thermal model of one
segment without flow guides on the surface (cpufgd’). The results of the detailed CFD
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calculations were used to fit the effective heamsfer coefficients for the flow through the
grooves and along the frontal part of the targettits simplified model.
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Figure 6: Segment and target container temperafiorethe considered segments while
| passing the beam (Gaussian beam prafike 3) with a rotational speed of 30 rpm
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| Figure 7: Segment temperatures the simplified model

The effect of possible film boiling was now consetk by significantly reducing the heat
transfer coefficient, like for the calculations aeding the pin design, if the surface
temperature exceeds a value of 200 °C.

The corresponding calculations have shown that 5 d®/possible if a flat power-density
distribution (assumed for 2 GeV) and a parabolianbgrofile or a Gaussian profile with
K=2 are considered. For a Gaussian profile with 3 the maximum segment
temperatures will exceed 500 °C by far and evertithe averaged maximum temperature
will reach the specified design limit of 500 °Cthalugh cooling of the target is still stable.

Further increase of the beam power will mean thateast the maximum segment
temperatures will be too high, but more importamtthe significantly raised risk of

burnout. For a flat power-density distribution (@&®d for 2 GeV) and a Gaussian profile
with Kk = 2 the limit with respect to the beam power Wl approximately 6 MW.
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Figure 8: Segment temperatures for simplified mdoleb MW at 2 GeV ané=2 and 3.
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Figure 9: Segment temperatures for simplified mddeb MW and above at 2 GeV and
K=2.

6. Conclusion and outlook
For the SNQ type (pin) design 10 MW seems not dueach if a parabolic beam profile

(or Gaussian witlk = 2) can be guarantied. This concept is basidetiited by the peak
energy leading to instantaneous local film boilinghe middle of the pin and significantly
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reduced heat transfer capabilities. The temperataréhe tungsten are well below 500°C.
The penalty in neutron flux compared to pure tuegsstill needs to be confirmed by
MCNPX calculations

For the edge cooled design the limit is clearly theximum temperature in tungsten
(safety case temperatures <500°C) which leadslitniof about 5-6 MW in the current
configuration fork = 2. Design optimization avoiding the boiling plains at the edge
towards the front surface could probably slightigrease the power limit.

The rotating target still has a lot of potentiab optimized for even higher beam power if
a compromise between both extreme design approa@sn in this paper will be
considered.
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