G. Hallewell and V. Vacek 137 IDSG at CERN, May 11, 2000

Recent M odifications and tests of the SCT & Pixel Evapor ative
Cooling System for the Atlas I|nner Detector

Prepared by G. Hallewell and V. Vacek

With special thanksto: C. Bayer, H. Burckhart, D. Cragg, R. English, B. Hallgren,
K. Langedrag, M. Merkel and M. Bosteelsteam
and
S. Stapnes & G. Tappern, withesses and observers
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AGENDA:

(1) Postmortem of Dec’99 Input Liquid/Exhaust Vapour Counter-Current Heat
Exchanger Test — Some Comments

(2) Modificationsto Lab Circulator to study New Flexible Supply/Exhaust
Configuration

(3) Statusof Testsin May 2000 & Current results & Additional tests
(4) Phase (2) Circulator Plans and Satus — Some Comments
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G. Hallewell and V. Vacek 2137 IDSG at CERN, May 11, 2000

(1) Postmortem of Dec '99 I nput Liquid/Exhaust Vapour Counter -
Current Heat Exchanger Test

Are heat exchangers needed? If so, what type?...Should we use the exit vapor (and
more dangerously? any unevaporated liquid...) to sub-cool the input liquid ?

RISK OF A POSITIVE FEEDBACK (FLOOD) SITUATION?

Role of a(ny) heat exchanger should be to minimize the mass flow of coolant necessary to
evacuate a given heat dissipation, by optimizing the arrival condition of the liquid
coolant.

LIMITATIONSTO RESPECT IN OUR
EVAPORATIVE SYSTEM

(1) We have a fixed orificereducing element that is not accessible;

(2) The pressure of liquid upstream of this (PEyvAP) cannot drop below the saturated liquid
pressure (Pgp ) at theliquid temperature, or boiling will occur (saturated liquid line crossed
in cyclediagram); = =»
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G. Hallewell and V. Vacek 3/37 IDSG at CERN, May 11, 2000
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(3) Above the SL.L. arange of pressure ((Pconp) - (Pevap) is available for the linear regulation of mass

flow rate (Thereis an advantage to having the lowest liquid temperature that is reasonable, upstream of
the orifice sincethisextendsthislinear range); > >

(4) The evaporative circuit behaves like an enthalpy potential divider. If too much enthalpy (heat take up
potential) is available for the heat to be evacuated from the evaporator (stave), it will be used up

elsewhere (i.e.) downstream in the exhaust tubing at a rate (length) depending on insulation level and
additional heat sources. Boiling liquid in exhaust line, but << % X0 all liquid.
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G. Hallewell and V. Vacek

Reaction timein an evapor ative cooling system depends on

thetimeto adjust enthalpy (rather than mass flow)
to avarying heat load...

At a given mass flow, an exhaust vapor =2 supply liquid HeX alone can (depending on its
efficiency) cause a positive feedback in enthalpy availability (seen in the HeX tested by
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G. Hallewell and V. Vacek 537 IDSG at CERN, May 11, 2000

This excess enthalpy is mainly available in the form of extra liquid that cannot be
evaporated in the evaporator stave at its given power dissipation (rather than
sensible heat of any cold, already evapor ated vapor).

- Reducing the mass flow by variation of the pressure upstream of the orifice will
take a long time to give a visual effect on temperatures on the stave since, even in
the absence of any new liquid at all, it will take time to evapor ate the excess liquid

that has built up.

ORIGIN OF ALONG TIME CONSTANT EFFECT OBSERVED...
THISHEAT EXCHANGER WAS REPLACED BY MORE FLEXIBLE
ARRANGEMENT

- Aim of the modifications—to bring design of the cooling circuit
closer to thefinal arrangement within the ATLAS detector
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G. Hallewell and V. Vacek 6/37 IDSG at CERN, May 11, 2000

(2) Modificationsto Lab Circulator to study New Flexible Supply/Exhaust
Configuration

Foreseen | mplementation of the Cooling Cir cuit
Aim of the modifications —to bring design of the cooling circuit closer
to thefinal arrangement within the ATLAS detector

SERVICE PLANT PHYSICAL LAYOUT ..
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G. Hallewell and V. Vacek 7137 IDSG at CERN, May 11, 2000

Comparison with Industrial Practice

In an industrial system, a thermostatic valveis often used to regulate mass flow.
Three parts...

(a) Valvebody with membrane and connected stem tip

s

|

(b) Vapor pressure bulb
containing the same fluid
asthe processfluid, and
connected to (a) through
acapillary.

The bulb isclamped to
the exhaust tube of the
evapor ator

(c) Injectorsor varyingsizesthat arevariable over a certain range by pressurefrom the
stem tip of ()HOWEVER... INCOMMERCIAL SYSTEMS, SUB-COOL/SUPER
HEAT HeXsARE OUTBOARD, NOT INBOARD OF THE REGULATION VALVE
AND BULB (WHICH ADJUSTS (DECOUPLES) MASSFLOW FOR A GIVEN SUB-
COOLING)
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G. Hallewell and V. Vacek 8/37 IDSG at CERN, May 11, 2000

Range of Optionsof Liquid Delivery & Vapour Exhaust
Configurationsto Test (= = May 2000)

Varying between:
- variable mass flow over the full range of circuit power dissipation;

Cold liquid delivery preferable:
=>» =>» Evaporation temperature for maximum effect:
a few additional cooling lines per bundle may be
required to keep liquid cold right to point of use...

And:

- fixed flow: exhaust heater attached to each circuit exhaust line;
Exhaust heater power 3 circuit dissipation + sensible heat;

=>=>| nvestigate tuning mass flow and/or heater power to number of powered
modules on circuit =>»>=>

New heater has been manufactured [heating elements soldered on the cooper tube]

with better thermal contact and section of the tube with the heater was “ separ ated”
by stainless steeel swagelok connectorsfrom rest of the exhaust tube.
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Approximate tube routines:
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G. Hallewell and V. Vacek 10/37 IDSG at CERN, May 11, 2000

Current Cooling System Setup

2\ - Modification of the Inner Detector Cooling System
; with Heat Exchanger
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G. Hallewell and V. Vacek 11/37 IDSG at CERN, May 11, 2000

HeX Geometry Tested

- Chilled liquid HeX (to —25 C) cooling of liquid upstream of flow regulator valve,
with coolant tracer tube with C3Fg tube under same overall insulation jacket

- FLOW REGULATORSATTACHED TO PARALLEL PLATE HeX
CONTINUATION BUNDLE COOLING TUBE (1=25 m) INSTALLED = =

Present status of the installation in the lab — part one

Rack with control devices

""I '1‘| = ;

LEFT:

Pressure gauges,
regulator, mass

floner-regulators
and vapor mass

RIGHT"

".I"\. £: : 5 T =5 Fromt wiew of the
Lisn ¥ i T == 31 5 pa.nel

Dretailed wiew of the C3F3
pre-cooler with pressure
regulators and electronic
PrESSUE SENSOrS @DDD
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G. Hallewell and V. Vacek 12/37 IDSG at CERN, May 11, 2000

| mplemented Control System

BridgeView Software (CanBus, LM B DAQ) commissioned (K. Langedrag, Odo) to vary flow regulator
output pressuresvia: P(ORUPl,Z) :P(SV) + Myo* (Noguies2) =2

. T RAT TIOT ol &) 2} R YR FET TN
reree o wtgemeets - LMB TESTBENCH CONTROL SYSTEM
Dieveloped by Kaare Langedrag | University of Ciala . wew.ubo no )
Based on the ProteCon project ( Gjoevik Callege - www kig o)
||ADC SEGMENT: NTC RAW TEMP 1 | (odex, Chit, Mame)  LMB PT-100 SEGMENT: Node 1F, 0-15 | Modes, Cha, Neme)
| 16,0 WTE1ST | -10.0 .0 Med 1R TH
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18,3 WTE33T 11,2 Med1a1L
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N0 NTEIET | 1205 caa 0 MedEmIL
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ey T Med S3IL
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L Barisal Manual Mtanuial M sal
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Nmodmesl’2 counted via “module OK” bitsfrom Wuppertal Power Interlock Box (BIT = module on and
Temp Correct)
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G. Hallewell and V. Vacek 13/37 IDSG at CERN, May 11, 2000

Installed Test Structuresand DAQ/Control System

Present status of the installation in the lab — part two

2 SCT thermal model staves and 2 “parallel ghost”
= CT staves placed in the temperature controlled box

Detail of the manifolding into the staves,

temperature sensors and heater wiring

LME and WAGO hased
CanBus DAQ) System
that enahles monitoring of the
temperatures and hasic control
parameters of the Cooling system @DDD
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(3) Testsin May 2000 & Current results & Additional teststo come

Situation in the Temperature Controled box

Tha=scand inkt of the Cutlet fram the staves, Thafirstinkt af 1he
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Various tests were performed with 50 cm heater
[the only dimensional specs we obtained] attached
to the exhaust tube of the setup. They included
runs.

With pre-cooling:

Start-up procedure and shut-down procedure
Steady state runs with flow regulation and
power on the external heater ranging from
100W to 150W {with surface of the heater
temperature PID control [20-25 °C} while
power introduced into modules was set to:

100%, 50% and 10% of the nominal power or
one module; plus accidental switching of the
modules “on” and “ of f”

Standby runs were investigated
Fixed flow runs with external heater power
variation were tested

Without pre-cooling:

Start-up procedure and shut-down procedure
Steady state runs 100%, 50% less of the
nominal power

IDSG_prepl4 _end.doc




G. Hallewell and V. Vacek 15/37 IDSG at CERN, May 11, 2000

One Half of Stave Quartet Heated and Cooled ->

Map of NTC and Pt100 Sensors

Ghost SCT staves
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16/37

G. Hallewell and V. Vacek

Typical SCT stavetemperature profile at steady state conditions

4 Pt100 reading

[0 Pt100 corrected

Two Geneva SCT staves, Nominal power [7.5W (Hyb.)+2W (Si)] per module;
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G. Hallewell and V. Vacek 17/37 IDSG at CERN, May 11, 2000

Short summary of thetest runs:

- With pre-cooling and refrigerant flow regulation
1. For 50%, 100% power; External heater & 100 W and PID for the heater surface
temperature @ +20°C; temperature of return pipe £ 10°C;

ADC SEGMENT: Node 37, 015 w| modes, chit Hame)  LMB PT-100 SEGMENT: Node 1F, 0-15 ¥ | Hodes, Che, Hame)
40.0- 27,0 Flow | FT 0.0- 1F,0 Mad 15E1H
27,1 Dead = 1,1 Med 15t 1H

27,1 Sapply 16,2 Med 2L Sl
37,2 BH1 pross 1,3 Mad 1Sl (R (|

-2.0-

6.0- 27,4 EchPross1 1F, 4 Med 351H
37,8 ExhPrassl 1F, & Mad 3SEIH

4.0- 27,6 HeatViakic 1F, 6 Mad4ot1L Sl |
27,7 HemterCun 1F,7 Mad 45tL

1F, € Med SSLTH
1F, 5 Mad SSEIH R
-'Ii.l- . 16, A Med 65ETL
” - 16, MadestiL Ta® |
B B o F, 6 e 758 TH il

2.0 27,8 Heat Pyl
_— o

1
0.0-) ! 2 L
E31811 oA
¥

K

TempT nag levfraw]

CONTROL PARAMETERS :dﬁw 1F,0 Med TRHIH
Set press. inlet 1 (1 Set output - ol
pre 1) S o press. 2) - it dedpsa,
R SEEVEEIEE  damae| ML Geses| | 6o P
Set press. inlet 2 (3) External heater (4) A% Fn A et
B TR S T T T B FR R e G 45.000 | WMl inn: |
] H 4 6 g 1w T ® z 4 € s 1o ¥ 26.0 1,13 Mod 105 : Sl |
[ FEEEEEEEEREE] [ [ T Tl 116 mearia S
- —— —— — 17,15 Mod 115t
-22.0
Module Heating Flow Flow 17,16 Mod 125 Rl
G o Count level Stave 1Stave2| ... 16,17 Med 125 Sy |
Stop Recording I i 1F, 18 Tube 1N S
on Ao Ao Auto Auto
Calibrated: = b 260 S —_————— ; 1,19 Tube 10
----------- i ' - ;4 . 26 1F, 1A Tube N Sale |
i EELIEY j — fA PRk 1F, 18 Tube 20U B9
T e teteos off Maral Marual Manual Manual -28.0-
thaud Fareaia Save Rate [milll ssconds T :;Iil]l]l] | 30.0-
Ll 4 gyl : Oizplay Rata (seconds) 5100 | 691873 €81300 EFI326 €31950 CII976 COI000 €9101E €RIBED E9I078

A 1
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G. Hallewell and V. Vacek 18/37 IDSG at CERN, May 11, 2000

ADC SEGMENT: Node 37, 015 "'] (Hodes, Chi, Hame)  LMB PT-100 SEGMENT: Circuit_Pora ¥ | Modes, Che, Hame)
27,0 Flow = 40,0 - 1,8 CapiUP
37,1 Bead | r 1F,8 CapliN
37,1 Sapply IF,A CapIHALF el
37,3 EH1 pross 1F,B Cap 100w S
37,4 ExhPressi IF, & Exbraust
37,5 ExhPressl 1F,0 Beximb
37,6 HeatVekis 1F,18 CEHox Lip Raaei
37,7 HeaterCun 1F,19 ChHex Dl St
37,8 Heat Pl 1F, 1A EENrCAP
7,9 1F,1B EEHex P
0.0-" sl = ' J 374 1F,16 E3FERel’
£31012 631050 £93100 €31180 B91118 | 4oy 16,1E ExkHLUP
JJ [ M) TempTiigg levivam) 1F,1F ExhibiD o)
CONTROL PARAMETERS = 432000 % Medam AL
1,6 Med 3 1H
Set pr-:f. inlet 4 (1) 5:1. press. output (2) 1#.18 Tube 1y D
S T P X K1 N © 3 836 “'-e' ...... L 17,18 Tube 210U IR

At

= | ' I ._."‘: Py Fa i
EHEHE i — e L
............................. wt off Manual Manual Manual Manual
Erad Faecata Flaw Farsoelx ¥ Flowr iwrvoeds 3 Save Rele [milll ssconds] Eh[l[I[l 30.0
ol PR G W I T = ) ] i 1 I 1 0 | 1L
= '-? L ol b ontii Pl Display Rate [seconds] =|' oo | ERI07E 632100 632126 632160 601176 691100 E31216 632160 E3l1¢
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G. Hallewell and V. Vacek 19/37 IDSG at CERN, May 11, 2000

2.  Standby /one module “ON”; External heater & 100 W and PID for the heater surface

temperature @ +20°C; temperature of return pipe slowly cools down to -27°C [but
“does not cause any problem to the stability of the cooling system]

ADC SEGMENT: Mode 37, 0-15 "l {Mode#, Ch, Hame) LMB PT-100 SEGMENT: Circuit_Para "’tmmg h, Hame)
10.0- 37,8 Mlow | 0.0 | 20,8 capup
37,1 Bead { F: ETETS
8.0- 7,3 Supply -2.0- | 2F.8 Cap THALF

L AF,0 Cap 100N Sl
| 2F,0 Erhawst
2P0 Bexlanb
L AP TR CEHeR UP Sl

27,3 CHA press.
6.0 - 37,4 ExhiPress]
37,8 ExhiPrassd
4. - — P [l 37,6 HeatValts

-4.0-

37,7 Hesterfun | 2,19 CEHexn D
2.8- 37,8 Hest Prr 01 -8.0- | ar, 1A CENTAP
37,3 20,18 CEHeRPl: |
D“'_l 1 i | ] I A «10.0- L 3FA8 03T ROl
C304T2 EI0050 E308T8 | 4o, T —
] 3] temeriogievion) "Ry | an,AF Enh OO
CONTROL PARAMETERS w4[32000 | it I, Med 2BIL
2 i LIPS MedISLIH B
Set press. inlet 1 (1) Set press. output (2) R
e .*...1:" gg_gn: 16.0- (P—
Set press. inlet 2 (3) External heater (4) 18.0-
=1 | e S| i
Epeneoeorgond T T R cpreso o T T -
B  AEEEEEEEEEEEEEEEEEEEE N
T LT DT TP TEPE— = -z:.n 71
B0 B o [ o S ol
—
op Recording
At At Ao Ao
Ealibrated: '\
-26.0
m—— IR [ A e
(T & & A
e aff Marnal Manual Manaa | Manual -28.0 - -
b
i Fernnts EER PATL ) ST Sava Rate [milli ssconds): yP000 | 30.0
pliES0 | e e ] Display Rate {secands]: g/io8 | sa0s3s |

Created by Vaclav Vacek IDSG_prepl4 end.doc



G. Hallewell and V. Vacek 20/37 IDSG at CERN, May 11, 2000

3. Standby /one module “ON”; External heater has to be set permanently [no PID] to

100, 150 W to hold return pipe @ » 0°C (still very slowly raising); temperature of
the heater goes up to 60°C (still raising when test was stopped)

Stave temperatures under control and within the SPECS [all modules below -7°C]

Other Typical Circuit Parameters

Condenser: Peona = 8, 9 bary teond @0°C
Compressor Poutterser =1100 torr Poutier = 1200, 1300 torr

Pexhaust = Pevap = 0.45 barg

Pre-cooling teer @ 29°C tou @ 14.6 °C Flow =54 I/h

Pressure drops over staves:
Standby DP=0.08 bar or less  Steady runs DP = (0.3, 0.35) bar
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G. Hallewell and V. Vacek 21/37 IDSG at CERN, May 11, 2000

With pre-cooling; fixed flow of refrigerant (adequate to the 100% power
dissipation in the staves, approximately 2.2 g/s)
1. 100% power dissipation in the staves; External heater & 100 W and PID for the
heater surface temperature @ +20°C; temperature of return pipe @10°C;

ADC SEGMENT: Nede 37, 0-15 Vl , Ch#%, Hame) LMB PT-100 SEGMENT: Mode 1F, 0-15 v] {Hode#, Ch#, Name)
40.0 - 37,0 Flaw | i 0.0- 1F, 0 Mad 15 1H
#7,1 Boad = 1F,1 Med 1R IH
37,2 Supply | 2.0- 1F,2 Hed2m L Pl
27,3 EH1 pross 16, % Med 2L R
7,4 ExhPrass1 1F, 4 Mad 38 1H
37,5 ExhPress] 1F, 5 Med 3R IH
37,6 HeatValts: 1F,6 Maddiril Bl
7,7 Heatortan 1F, 7T MedasiaL Rl
37,8 Hoat Pya0l 1F, & Mad S5 1H
7,9 1F, 3 Mad S5t 1H
= E 1F,A Mad Bt 1L
TN | g J e 5 FE— 2| 1FE MedEstaL
[ TempTiigg levitaw) s - TR, & Mod T2t 1H R
CONTROL PARAMETERS +aEm | A2.8- 1F,B Med T5EIH
P 1F,E Med 232711 (S
_‘s.‘ s ll:|-t 3 ﬂ) =l - f:'l m o | _---—-—— - 1, F Medimil S
R g 10 "!"535! AR R R G S = .Iﬂ.ilﬂ} ~14.0- ———— XTI T LS~
Set press. inlet 2 (3) External heater (4) R, 11 Med 3521
<[ Bl il i A16.0- TF,12 Mod105t" R
R T S S '1""“'| s 3 e R e ;|II_.I_III | 1F, 12 Mod 108

FREEREEEERREE | FRRERREEEE ) P e

F, 15 Med 1158

T Mosdule ! S . e TR 1F, 16 Mod 125 B
_._.:.:.'E!.*E.EEEEF._HJ En’h. Count lewvel Stave 41 Stave 2 -20.0 TF, 17 Mod 1758 g

Start Recording
on Ao At

F, 18 Tube 1IN S

R & i Auto Auto -22.0- 1E, 19 Tube 10U
e % c ‘ . #: TF, 14 Tube 21N S
i LT i —_ = Lk 24.0- 1F, 18 Tube 100U i
e T | off Manual Manual Manual Manual 7 -~

St Fuorials Fiow Farmwla 1 Flew Sfermenis ¥ Save Rate [milll secondsy 5 000 | 26.0

Eo g R e —_— T T ] | 0 | i | i i [

b ek aeid AT =i Andi - Dispiay Reta (saconds} w00 | TEIEET 761626 TEIEE0 TEIETE TEITOE TE1TIE TEITED TE1731

A U
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2. 50% power dissipation in the staves, External heater has to be set permanently [no
PID] to 150 W to get return pipe temperature to @10°C; temperature of the heater

increasing up to 40°C when test was stopped

ADC SEGMENT:

Mede 37, 015

10.0-

37,0 Flews

37,1 Baad
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3. Standby /one module “ON”; External heater power has been gradually increased up

to 300 W; temperature of return pipe @- 25 °C; run was stopped when surface
temperature of the heater, raising continuously, reached 80°C.

Stave temperatures within the SPECS [all modules below -7°C]

Other Typical Circuit Parameters

Compressor Poutterser =1060 torr Poutier = 1280 torr

Pexhaust = Pevap = 0.45 barg

Pre-cooling ter @ 29°C tou @ 14.3 °C Flow =53 |/h

Pressure drops over staves:
Steady runs  100% DP=0.4bar Steady runs 50% DP=0.29 bar
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No pre-cooling [refrigerant @ 22°C];
1. 100% power dissipation in the staves, External heater & 100 W and PID for the

heater surface temperature @ +20°C; flow of refrigerant close to the limit of the
compressor capacity @ 2.6 g/s a needed pressure and temperature conditions;

significant increase in pressure drop across the staves » 0.46 bar
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Problematic to cool down all modules [LMB acts on more then half of modules]

Created by Vaclav Vacek IDSG_prepl4 end.doc



G. Hallewell and V. Vacek 25/37 IDSG at CERN, May 11, 2000

General observation:

- No change of pressure in the staves [i.e. evaporative pressure]
has been observed even if cool “liquid/mist” [i.e. wet vapor with
guality factor less then 1] fills return pipe. It indicates a proper
and reliable behavior of the dome-loaded back pressure regulator

- Unless a surface temperature of the heater is controlled its
surface temperature will continuously rise [max. value achieved

was 90 °C, then we stopped heating]
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Status of new Pixel Engineering Structures
& Test Timescale

- Evaporator Control System Teststo Continue
= May-June

- CPPM back up stave availablemid May ( ? ) for tests.
- Pixel C-C Baseline Staves with Final Hydraulic Diameter
- NEW SCT disk sector cannot be tested before June

- 4 Pixel disk sectors prototype announced for middle of June—via
videoconference with LBL on May 4, 2000

Pixel Local Support FDR 6/2000...
Not enough circulator time and manpower available for tests on final
diameter pixel staves at CERN (?)
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“Demonstrator Phasell” of C3F8 Evaporative Cooling Project Plansand
Status.

AlIM

Simulate representative part of SCT& Pixel silicon...
Thermally
(include optimum scalable power compressor),
I n cooling channel (manifolds) count,
With Final Controls & DAQ electronics,
With Realistic Thermal Screens,
tube lengths, Height Differences
and Heat Exchangers

One eighth (~6 kW dissipation)

6 SCT barrel manifoldsand 16 pixel stavesin 17 circuitsrepresent similar
power (5 kW) & cooling circuit count (14) to outermost SCT layer =»

Thermal structures

6 Barrel SCT 4 foldsin fabrication
(modular block construction, with new Dy tube)

16 aluminum pixel staves already fabricated
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Other components :

Compressor : Haug 3 cylinder hermetic, oil-less: > >
80m3hr-1 CsFg pump speed at 1 => 10 bar (abs) ratio

e 1225
505 : 3o

3

180 200 |
180 __ 70X

#5
==t

70

-‘i

J
41,

E F| G| & 1 [ :‘3
I [ 8 J
™ - _ |
| 180 | 70| 70| 70
200 | va| &80 MELL]

(i) TECHNICAL SPEC WITH CERN PURCHASING =>Easter 2000
(needs | D community approval: ONLY: no CERN money),
(i) Market survey for remaining series published by May(CERN money)

First Compressor Delivery Required Aug/Sept 2000

[No compressor has been purchased by ID community up to now —all were landed to us!!!]
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25 dome-loaded flow & 17 dome-loaded back-pressure
(boiling temperature) regulators
(Part of final count already ordered, (Vespel, PEEK seats)

~ 500 channel PT 1000 sensor & analog input acquisition (deliver ed)
42 VV=»P air convertersand DACs

Modularity of Circuitsand Analog flow elementsin Phase (2)
Demonstrator.

Cooling Circuitsand Analog Flow Elementsfor SCT+Pixel Evaporative Cooling Demonstrator

Layer No. elements/ | Staves Supplies Exhausts Phase 2 Power | Phase?2 Phase 2
elements | cool circuit /8 (regs) (b.p. No. fcct No. No.
/ circuit regs/ circuits (W) regs b.p. regs
circuit
SCT 4 56 4 7 2 1 2 480 4 2
SCT 3 48 4 6 2 1 2 480 4 2
SCT 2 40 4 5 2 1 1 480 2 1
SCT 1 32 4 4 2 1 1 480 2 1
Pixel 2 56 2 7 1 1 4 208 4 4
Pixel 1 42 2 6 1 1 3 208 3 3
B layer 18 1 2 1 1 2 144 2 2
SCT 2 2 - 2 1 2 160 2 1
disk/4
Pixel 2 2 2 1 2 % 2 1
disk/6
TOTALS 19 5136 25 17
COMPARISON: TOTAL FOR SCT 4 14 6720 28 14
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Positioning of Evaporative Cooling Recirculator Componentsin Final Installation

qugeeeueeo . . |
pobbhhor, |
qugueegeg . , | |
bhpppbat, , | | | R

]

degddteenp o | 2 i WL
EF% TImEY IrIL%:.II ]
PEPEBPOY, , | =

Comlalle 1 Bl

[eerr—— |
[ ==
[eerr—— |

Created by Vaclav Vacek IDSG_prepl4 end.doc



G. Hallewell and V. Vacek

Created by Vaclav Vacek

DM | oddsd
back
prasEune
regulanor
RPREL

3137
Buffar
COMprEEEon
2 smage
Condens el
E &
- mrm |
1 "'I—I |
| L3}
L1
| L |
4 R
Exchangers

57

I:

E

ayrpar

manifla
(Iegmall

Caplllade=

Prossurc ard
bach prcssi s
vodlatars ol ek
corial.

IDSG_prepl4 _end.doc

Lo 10395
pressuns
regularcr

RREL

IDSG at CERN, May 11, 2000
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Demonstrator Time scale and Planning

I TEM Timeto Completion

Circulator Definition

& Technical Specification =2 end 1999 COMPLETE
Market Survey of
Components & Purchases Jan =»May 00

WASON HOLD PENDING TESTS OF HEAT EXCHANGER AND CONTROL

SYSTEM :

SIGNIFICANT RISK OF MISSING MILESTONES
|F COMPRESOR ORDER DELAYED (13WEEK DELIVERY A.R.O.)

Component Delivery
(mainly smaller controls
Components & DAQ)** => end May 00
DAQ DELIVERED
REGULATOR PURCHASE
DISCUSSION WITH LBL
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I TEM Timeto Completion

Circulator Fabrication

& Ingtallation in B175 July = Sep 00

Detailed Tests Oct 00 =>» Feb 01

R R R R E R R R EEEd b dd b dd b dd i d b dd i i d i i i d il iR b i b i i b b . b b
NOTE:

*» Compressor identified (~ CHF 70K) has sufficient power for
SCT outer layer and can beintegrated into final parallel compressor set-
up for SCT and Pixelsin USA15 => =>» Detailed INFO for market
survey handed already to S. Stapnes

**This compressor will befirst used at thefirst SCT assembly
Site, starting mid 2001.

Cannot delay its procurement too long...

Created by Vaclav Vacek IDSG_prepl4 end.doc
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Cooling Demonstrator Test L ocation

Building 175 ;
(agreed 30/9/99, space clearing started 2/2000,

Could share supportswith services mock-up
(inc. Simulated cryostat bore, Magnet crack)

(savingup to1 M.Y. F.T.E. :CHF 90K) & implement active coolant tubing
thermal environment, inc. Cryostat wall heating
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Summary and very near future work

- Magority of requested measurements of the cooling system behavior were completed
and reliability of the system was verified

- Tests with exhaust heater [Ni-Cr heater was implemented for higher power , better
heat sinking to exhaust tube] PID driven @ 100W to 150 W AND GFg mass flow
variation showed practicality of varying on-stave cooling over full dynamic range
AND keeping exhaust tube temperature close to the dew point temperature.

More requirements for heater power are coming from standby conditions (more then
100 W needed). However, no change observed in cooling system technological

parameters, even if the return pipeiscold [» -27°C]

- Test with fixed high flow and/or no pre-cooling show that these conditions require
higher mass flow [i.e. high pressure drop over the staves| and higher input pressure.
Under these condition we get also low temperatures of the return pipe [i.e. more power
would be needed for external heater]
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Action list for next weeks:
- Cooling circuit modification:

- Replacement of pressure regulators for “real” dome-loaded ones [Order placed,
delivery foreseen in the middle of May]

- Preparation of the new return pipe to test active insulation and new heater [approx.
2.5 m long with kapton heating elements — delivery of the heating element expected at
the end of May from Italian manufacturer]

Note Vic's suggestion: It would be more desirable and efficient to use extended inner
surface of the “ heated” part of the exhaust tube then to play with the “ length” of the
heater

- Implement transparent section of the return pipe into the return line to study flow
pattern and check the quality factor of the refrigerant [is the mist flow in the return

pipe really problem 777]

- Some additional measurements and conclusions expected during the second week of
June
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- Structure measur ements.

- Backup pixel stave needs to be measured as soon as possible [prototype
expected to arrive next week from CPPM]; structure will be placed above the
existing SCT structure and Prague DAQ system will be modified for the
measurements

- Four pixel disk sector announced for thermal test at CERN; delivery of the
prototypes is set for middle of June; sectors have two different hydraulic
diameters : dh=24 mm and 3.3 mm and are to be tested in pardlél
arrangements and also in series. It will require alot of extrawork

- SCT disk sector also expected for measurements in June
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