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Basic performances of the target

TM-34-07-05 K.Samec /Design of the EURISOL converter target. — PSI 2007

Parameter syrrbiol wralue nit
Ligud corapound Hg 135 kail
Flow rate b 172 kel Ab.131/s
Entrance temperature Ta = a0 C
Ext ternperature Tomt = 1Z0 C
Pmtﬂm =150

4AMW thermal power L IosSUte o A7 &= ==

Static pressure Py =5 Bar
Beam, 4MW | v=22mls
Flow reverser ' Re=490000
Beam entrance window
Frame Liquid metal hull Guide tube| v=4 .. 6.2mls
Re=870000

Hg inf;w

(DN100)

v=4.5m/s
Re=1900000
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Mock-up of the target

995

I —

E‘;‘g&.ﬁzl s : | s j" Blades for Hg
¢ u| Z | — ; flow stabilization
m: \ Hg flow ] Hg hull- /

Flow reverser

o,:' "~ Hg inlet pipe with flange

Specification: scale 1 : 1; material — INOX; working liquid — Hg;
flowrate — depending on IPUL Hg loop, about 11lI/s

PSI drawing: 0-10009.BB.1331
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Mercury Target Experiment

METEX 1: METEX 2.1: METEX 3 (optional in
Hydraulic Hg test of the mock- Record and analysis of “cavitations future):

up with the purpose to check noise” with use of acoustic or/and high Measurements of heat
workability and regime of the >| frequency pressure sensors in 21 transfer coefficients

target operation under close to collaboration with the Fachhochschule; distribution between Hg flow
nominal Hg flowrate: pressure preparation ongoing, ab 3 months, and the BEW shell, PSI,
loss, vibrations, cavitations, 25kCHF J.Patorski

velocity distribution in the BEW .

inlet; stress in the welding

seams: session 1 - without the
blades; session 2 - with the Hg velocity measurements downstream from the flow reverser:
blades

METEX 2.2 (optional in future):

Doppler anemometry, Dr.S.Eckert (FZK Dresden — Rosendorf); Prof.
Y.Takeda (Hokkaido University); MET-FLOW AG, Lausanne

US anemometry, Prof. R.Kazy (Kaunas University)

Potential probes for local velocities measurements near a wall, PSI
S.Dementjev.

Duration of the experiment preparation 6-8 months, coast 50-100 kCHF
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Meetings:

-
I

» |PUL-CERN-PSI technical meetings February 8 and April 18:
v" Requirements to the loop

v Responsibilities: IPUL - the Hg laboratory and the loop; PSI — the mock-up,
measuring system, test matrix, data analysis

v’ Safety measures
v Financing
» IPUL-CERN-PSI “Ready for the test” meeting in May 29 (no decision)

» |IPUL-CERN-PSI repeated “Ready for the test “meeting in June 2 (decision to
postpone the test)
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Documents:
TM-34-07-05 /Design of the EURISOL converter target. — PSI 2007

2. METEX-DS34-103/1 /EURISOL converter target. METEX1: Hydraulic mercury

6.

test of the target mock-up. Technical requirements on mercury loop.- PSI,
February 29, 2008

AN-34-08-01/2 /Operation Manual for the METEX1-Exeriment in IPUL. —
IPUL/PSI, May 18, 2008

TM-JS34-342410-1/EURISOL METEX: Cooling and temperature control of the
Mercury loop. — PSI, May 2008

EURISOL-MR34-005/0 /EURISOL converter target. METEX 1 experiment: Post-
processing of the experimental data: test matrix, precalculations, data recording
and mining, statistical and advance data analysis. — PSI May 2008

Minutes of the meetings
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PUL mercury loop 4 e

Basic parameters:

Length of the loop — 13 m

Hg volume — 127 liters

Max flowrate with the mock-up —ca. 11 I/s
Max Hg velocity in the pipes — 1.6 m/s
Max Hg temperature — ca. 88°C (S.Joray)
Cover gas (Ar) pressure - 0-5bar

EMP pressure head, Platacis info

Pressure head and loss, bar

Total pressure lpes'in the Iéop and
nkovic calc)

D123455?891D1112131415

Hyg flowrate, I's

d2 SDMOG

To Ar bottle and

| ii | : | |||\\:~,\ ventilation ling

1400

HEX 3, pipe d129x2x1750

The target mock-up l

& ,F ﬁi/ | Ar> o
| mﬁ_. | N .' _,_ﬁ
_ IIFEETIN 4
% e o
2) % iy ;;;Ive 1. | M&E %
/ | | = %:
_ Ll

/////////// éj{l%iiﬁﬂﬁ/y //// A(/
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Manometer for cover gas pressure measurements in the expension tank

Hg level detectors (HH and LL) |

Acceleration sensors, interface flange

Differential manometer for pressure

Acceleration sensors (2 pes) for the mock-up
loss measurements in the mock-up

vibration parameters measurements

= { o 1 T— {1~ Thermocouple
Laser, CERN — [T ; '1\'-— e 12 '
2, Thermocouple, the mock-up outlet
US sensor FLD22 for
velocity measuremen_ts n 1— Thermocouple, Hg temperature
the BEW inlet in the mock-up inlet
Strength guages, oy Themecouple
welding seams I il |

Thermocouple (4 pcs) \L

CIRCUTOR, 3-phase —4

METEX 1. Measuring || a1 |
S Stem T Thermocouple | :

Conductive flowmeter for Hg flowrate
measurements (IPUL), better industrial FLD12
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Reasons of the METEX 1 postponing

Sent: i 03.06,2008 00:09

Fram; ‘Wacing Kadi [Yacine. Kadi@cern.ch]

To: Clausen kurt; Mats Lindroos; Janis Freibergs; Roberto Losito
Cr: Dementjevs Sergejs; Karel 3amec; Manfrin Enzo; erik@sal.lv; Wagner Werner
Subject:  Re: AW: Test readiness meeting

Following the very high levels of Hg vapors in the mercury lab at IPUL, and the lack of internet connection which forbids a remote operation and
control of the loop as well as the data acquisition | have asked for the test to be cancelled. Our visit to IPUL these last days clearly demonstrated that
it is too difficult to carry out a proper test of the target mock-up without putting at risk CERN, IPUL and PSI's personnel.

| will take the opportunity of my visit to PSI Tuesday June 17th to discuss in details how to proceed with the test.

| am reluctant to resume the test under these conditions and expose in particular IPUL colleagues to such a harsh environment unless some actions
are taken to reduce the Hg vapor levels. A proper decontamination and refurbishment of the experimental hall should be carried out as soon as
possible with the support of the European Commission. EURISOL-DS is after all an EU Project.

Postponing the run to winter will not resolve this situation since the temperature level is not the dominant factor for the high levels of Hg vapors
observed, up to to 6-8 times the allowed concentration with the loop completely empty !! Most of the mercury vapors are emanating from the
floor and side walls.

Paul Scherrer Institut « 5232 Villigen PSI PSI. EURISOL converter target. METEX status. Technical meeting. PSI June 17 2008 DS34



—

Lu_— PAUL SCHERRER INSTITUT
METEX 1. Distribution of
Hg-Concentration in IPUL
Hg-laboratory

Check of Hg concentration in
different points of IPUL Hg-
laboratory. — June 2, 2008:
ventilation and air cooling are on;
the floor and contaminated units
are closed with polyethylene

A

21ug9/m3

16u9/m3

A 39u9/m3
27 ug/m3 A
In the pit,

30-100ug/m3

b #

Check of Hg concentration in
different points of IPUL Hg-lab. —
May 28, 2008: ventilation is on by
day, no air cooling (19%21C)

A

59 ug/m3

A

40-140ug/m3 — height
75cm, continuous record

A\ A\

90 ug/m3

Control room

43ug/m3

& Hg loop

91ug/m3

/N

25ug9/m3

Z6%
151 ug/m3 — height 10cm
4949/m3 — height 75¢cm

m
)

VAN

16.19/m3 - checkroom

87 pyms in the pit,

no measur.

& Hg |
AN

oop &

113ug/m3

£ £

Control room

DsS34

m

108ug/m3  303,9/m3 — height 10cm
145ug/m3 — height 75cm

87ug/m3

Average during about 10 minutes

Check of Hg concentration in A
different points of IPUL Hg- Below 20ug/m3
laboratory. — June 6, 2008:

Below 30ug/m3

A

Below 50ug/m3

Below 504:9/m3

In the pit,
30-100ug/m3

ventilation and air cooling are
on (17%=18<C); EMP is on (up
fo 40°C); the pit is “sealed” with

polyethylene Control room

mNasur

DS34

& Hg loop

30-140ug/m3

A /6

76X
Below Below 50ug/m3
50ug/m3

o
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METEX 1. Continuous Measurements of Hg-
Concentration in Air

Measurements near instrumentation table (point No.3) | In the pit (No.10)
- =l-‘- -
600 : :
<50-| Actuation of additional ventilation with air cooling, 17°-18°C, day and night Night, no the pit
ventilatilation
S00-| Cleaning and washing '
e 450 - of the floor
"‘? 400-
c 350- EMP is on, no Hg in the loop,
S aqq-| Initial state: ventilation | temperature of the inductor up to 40 C
m .
5 el /SON by day only
c - .
Q 200 Night Covering of the lab floor and
= B i y ;
contaminated units with polyethylene
S 150 - lDay S
)
T 100- Day
50 -
U I ] 1 1 1 1
26.05.2008 28.05.2008 30.05.2008 01.06.2008 03.06.2008 05.06.2008 07.06.2008

Date
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On the working conditions In the IPUL Hg-lab
Improvement

0
I

@L}IPUL made a lot in May and June 2008 to make the situation in Hg-lab
acceptable

@We have only possibility to give recommendations. The decisions concerning
safety measures in the Hg-lab makes IPUL management.

@L} Participation of a safety expert from PSI or CERN Is necessary

¢ Clear concept is necessary, minimum efforts and expenses for the goal
achievement: safety conducting of the experiment for IPUL personnel and the
guests.
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Measures on the safety conditions improvement were discussed:

» Disposal from the laboratory of idle contaminated units. - It will be done, J.Freibergs decision.

» Cleaning and demercurization of the floor, the pit and the loop (at regular intervals and after Hg leakage). -
Corresponding company exists in Latvia (Prof. O.Lielausis information). It is possible
to do by IPUL strength as well, demercurizants are necessary.

« INTERNET in the Hg-lab. - Offer from AS "BALTICOM": 824.23 LVL + felling of several
trees (done last week).

* Hg-analyzers with continuous data record and beep alarm: 1 —in the pit; 2 — in the instrumentation tent; 3 —
near the loop cover on the floor. - The PSI analyzer (ok); the TPUL analyzer (no
communication with PC); CERN analyzer (promised by Y.Kadi).

» Safety facilities: overalls, plastic shoes covers, gloves, gas-masks. - Delivered to IPUL by CERN.

« Safety measures regulations and instructions. - Operation manual by F.Groeschel contains the
most common requirement. But the safety regulations and personnel instructions
must be prepared by TPUL.

- Corresponding Health insurance for IPUL collaborators are working in the Hg-laboratory is important
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BE

Version 1: Reliable protection of the lab
from Hg vapor, but expensive and
fabrication is time consuming

Version 2: Simpler, cheaper and
evidently effective ...

v
Air
Ventilated cover (evidently from
metal and Plexiglas) fl'f m
! |

|
6 Air

1
lil B

L 1\

I
1
|

{ff
il

Open from the top/screen ?
around the pit, pgijyethylen 1

L 14 [}
o S S

Measures ... a cover to localize

and evacuate Hg-vapors from
the hot Hg-loop

il
LSS

77777

77

N
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Measures ... optimization of the loop

(1 Optimization of the loop cooling to reduce Hg temperature (and correspondingly Hg evaporation). -
See the recommendations in S.Joray report from May 2008, expected max Hg
temperature is 88°C. It is desirable preliminary to the experiment to conduct US
measurements of cooling water flowrate (probably S.Joray)

O Installation of a level detector in the Hg-expansion tank. - For Hg leakage detection, the
sensor can be fabricated by F.Barbagallo in PSI.

. Application of a CIRCUTOR or other 3-phase net analyzer for the EMP electrical parameters
measurements, visualization and record. - It is "nice to have" a remote adjustment of the
current from PC.
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METEX0 MEASUREMENT AND DATA AQUISITION SYSTEM

Kistler Piezo Charge Amp.

Kistler Piezo Sensor
Kistler Piezo Sensor

" !
“am S
P amonp 1l
3 ]

-
L4
»
>

Kistler Piezo Sensor

Laser Vibrometer

(CERN)

T H A B H o  premmen ma
>

5 - Strain Gauge System
(CERN)

%

1
1
-
>

8x TC Type K
Flowmeter Signal

7 x Spare Analoge Inputs
8 x Relais Outputs

COM4 - Hg Monitor 2000
COMS - Hg Manitor 3000

Natinal Instrument
FieldPaint

LPT 1

IPUL NETWORK

Main PC With:
- Labview Program
- Datalogging and Supervisory Control Module
- Citadel Database

- Historical Trend
- Remote Operation Control
- Local and External Ethernet Access

Remote PC
- Archiving Databe on PSI AFS and CERN
- Remote control from Main PC
- Test, Analisys during Experiment Run

WAN (PSI; CERN)
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The measuring system lay-out

-
I

Ar pressure 0 — 10bar

Hg loop with

mock-up 220V, 10A Ground 220V. 10A

Elnsirumentation rack,i;
»i ¢a.0.5x0.5x0.75m? | : Control desk for PC |

Max 9m 3m
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Differential manometer for hydraulic pressure loss In

the mock-up measurements

One pressure tap on inlet NNl ) o
and one on outlet pipes of
the mock-up. No pressure

equalization grooves (!?). Swetchlocks d8

Power supply PULS SL2.5 — I
24V/2.5A Y
1 , * . Technical specification:
Manometer | T e 12ITI-PIE‘- FP-AI-100 T EIAL10 DVS2A 93NA / D
EJA110 5 S9N EA0E, 14T Analog Input ype EJA110 DVS2A.93 3

pesessssasssaasasaany
Il

, i m=Differential pressure range,
FP-160 10/100 Mbps 'E_RJ45"§‘ PC calibrated 0...10bar

HerUy oo SRl s . =Max error of differential pressure
FP-PS-4 24VDC | Confrol desk Measurements +25mbar

Power Supply »Allowable overload up to 140bar
“instrumentation rack =Output signal 4...20mA
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Manometer for cover gas
pressure in the expansion
tank measurements

. [ Power supply PULS SL2.5
’ 24V/2.5A
: E * Technical specification:
Manometer \ Signal cable,i_ FP-Al-100 =Type UT-10-A-SBK-GD-ZMSAAZ-ZZ
uTio [ 12m Analog Input R—— ALY

FP-160 10/100 Mbps —RJ45—-— - =Pressure range, calibrated 0...16bar
Mercury loop , Ethernet Network Interface . ‘ ; sMax error of the pressure

’ FP-PS.4 24VDC A i measurements *45mbar

Power Supply Coniroldesk 4 jlowable overload up to 22?bar

| — — | =QOutput signal 4...20mA
Instrumentation rack =Power supply 12...36V
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Acceleration sensor for the mock-up vibration
parameters measurements

Acceleration sensor
KISTLER 8632C5

Acceleration sensor
KISTLER 8632C5

~Mock-up

0
i

—-— Cagble, 12m—¢

Power supply/Coupler
KISTLER 5134

-2

- -

Specifications

Maodel (Single axis or triaxial)

Range
Sensitivity
Frequency Range

Resolution, Threshaold

Shock

= Supply

Yoltage
Housing/Basze
Sealing

Ground isalation
Mass

=====e= CONNECEOY

Diameter
Height

PiezoSmart (TEDS)

Maunting

—~BNC—
—BNC—

—'- Ca‘ible, 12rn—T

LeCroy Wave

surfer 454

P
v

v
P

Instrumentation rack

,.

= & Temp. coef of sensitivity
‘_—'—Transverse Sensitivity

_ _Q_'l. Mon linearity

= Operating temperature range

0.2 ms
half sine

tvne

4RJ45;-

PC

""‘rjfii}}'ffai"

desk

i
Hz
marms
O
% FSi0

A

T
T

Twpe BE32CH
Single axis linear
+5

1000

1..3000

012

Foon

-0.04

=

1

0..65

2..20

20..30

Hard anodized Al
2oy

Yes

]

10-32 neg.
14.22

14.22

no
waxfadhesive

Paul Scherrer Institut « 5232 Villigen PSI

PSI. EURISOL converter target. METEX status. Technical meeting. PSI June 17 2008 DS34



LJ__: PAUL SCHERRER INSTITUT

Hg velocity measurements
with PORTASONIC
flowmeter

.ﬂ:‘

..........................................

______

Measurement No.1

Settings of the flowmeter: wall material — stainless steel; sound
velocity in Hg — 0000 m/s; a — replaces diameter of pipe; ¢ —
wall thickness; b — distance between the sensors calculated by
the flowmeter.

V = Q*/ (r a /14), Q* - FM indication; V — Hg velocity.

Sensor FLD22 or
FLD12

- Cable, 2ma| PORTASONS L2145, oma| PC

; flowmeter FLC S2011 .

TMock-up T

“Thsirurmentation rack Controi desk
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Thermocouples for Hg
temperature control

-------------------------------------------------------------------------------------------------

Compensation|

! Thermocouple,

< K-type cable, 12m [ FP-TC-120

i | Thermocouple Input :
1 | et Netork nere [FR45%] PC |
((Themmupe’ Compensation| | |
Ktype cable, 12m 1 i FP-Ps-424vDC || Conrol desk
5 = i Power Supply ;

"""" Mercury loop "instrumentation rack
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Start-up of the loop and the test matrix

Session No.1 — without the blades:; No.2 — with the blades

The following steps will be carried out to start the experiment;
s Purge the target-loop system by filling with Ar of 6 bar and evacuating to GG Mercury Flowrate [VS]
1 mbar three times Pressure
s Maintain the system at 1 mbar for several hours and check pressure
evolution during 12 hours (the leak rate abowve should be confirmed) [bar] 1 2 3 4 9 6 / 8 9 |10 1112 ]13
Check the measuring system including the Hg-analyzers. m M
Start and check the loop water cooling (no leakage; flowrate if possible) 5 LLJ i >
s [ill the target with Hg by pressurizing the storage wvessel up to the /[\
indication of the level detector in the expansion wessel. The filling 4 >
pressure is < 10 bar. The wolume of the target loop system is 801 |
s Adjust cover gas pressure 4 bar Observe the loop during 1 hour: Check I >
the pressure evolution (no leakage). Check Hg-analyzer indications (no 3 [
rise of the Hg-contentin air). Check level of Hg in the expansion tank.
e Start circulating the EMP at low velocity (2 Ifs) for 30 min. Observe the 2
indications of the signals. Check Hg flow direction. l
Stop circulation for 30 min to let impurities swim up
Check for leakage by sniffing with the mobile Hg vapor monitor along the 1 v v y v v |v YAV VY Y V|V

loop (gas masks are obligatory)
s Checkforvibrations by manual verifications
Resume circulation for another 30 min (21fs)

Drain the Hg from the loop into the storage wessel, observe loop Measurements Of merCUfy Measurements Of: cover gas

pressure . Adjust cover gas pressure in the storage wessel =1har. i iotri i i i i .
s et settle for at least 2 hours VE|OCIty dIStr_IbUtlon In the pressure i the e>§pan5|on tank’
Repeat the filling operation as described above target BEW inlet mercury flowrate in the |00p;

Condition the loop until stable operation is achieved: 1ls; 2Ifs; 3lis; dlis;
alis,,,.. Observe the Hg temperature and Hg-analyzers indications.

hydraulic pressure loss in the
mock-up; vibrations parameters;
AN-34-08-01/1 EURISOL-MR34-005 stress in the welding seams
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Thank You for attention
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Vibrations of the target caused by resonance between the natural
oscillations of the target structure and vortexes in Hg flow

St - Strouhal number; L — linear scale; v — mercury velocity; f — vortex
f.L formation frequency in Hg flow.

St=——~0.2-0.3 Mechanical resonance between these processes can lead to the target
V vibrations and, correspondingly, under certain conditions, to fatigue failure of

the target structure.

K.Samec

'v=2.2 m/s; Re=490000: f=13...26Hz

v=4 ... 6.2m/s:
Re=870000:
f=26...52Hz

v=4.5 m/s; Re=1900000: f=15...30Hz

Figure 5-7. First three natural frequencies of the outer structure with added LM mas=s

Mafe: corfours show mass-normmalised sfress, herce indicafive of redafive value only
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The Hg velocity field

of the windoy

The most interesting flow areas are:

—The window inlet, to check distribution of Hg velocities
around the ring shape channel

— Downstream from the vanes top to detect the vortex
structures e - ~—K.Samec calculations
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Cavitations In the target

K.Samec gives nominal static pressure about 5 bar, no cavitations risk

P,-05-p-V/
0.5 -p-V?

max

K > 2

Cavitations in §
water flow, §§
\Milenkovic calc.

N

Empirical criterion of cavitations freedom for
electromagnetic pump inlet (E.Scherbinin, O.Lielausis,
J.Gelfgat, 1976): V= 4m/s and V.= 6m/s — volume
averaged and peak mercury velocities in the target; p
=12688kg/m? - density of mercury; P, = 8-10°Pa - static
pressure necessary to suppress cavitations

During the test minimal static pressure necessary
to suppress cavitations in the target will be
checked experimentally.

As indication 20 ... 100kHz cavitation noise will be
measured
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