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Integration of the TOTEM Roman potsIntegration of the TOTEM Roman pots
in LHCin LHC

≈ 94 m, 154 m and 180 m from IP5
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Layout of a Roman pot stationLayout of a Roman pot station
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Cryogenic silicon detectors in theCryogenic silicon detectors in the
Roman potsRoman pots

Detectors:Detectors:

uu x-y stripsx-y strips
(10 (10 µµm spatial resolution)m spatial resolution)

uu edgeless (min. distanceedgeless (min. distance
to the beam 20 to the beam 20 σσyy))

uu circular dentcircular dent

uu overlappedoverlapped
(relative alignment)(relative alignment)

uu vacuum insulationvacuum insulation
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Edge current vs. bias potential andEdge current vs. bias potential and
temperaturetemperature

- Preliminary results -- Preliminary results -
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Module designModule design
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Summary of heat loadsSummary of heat loads
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Temperature ranges for cryogenics andTemperature ranges for cryogenics and
refrigerationrefrigeration
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“Conventional” way of sensor cooling“Conventional” way of sensor cooling
at cryogenic temperaturesat cryogenic temperatures

uu sensor directly attached to a coldsensor directly attached to a cold
finger (finger (stirling stirling or or pulspuls-tube)-tube)

vibrations, spacevibrations, space

oror

uu separation via copper braidseparation via copper braid

small distance, masssmall distance, mass

fluid circuit with direct evaporationfluid circuit with direct evaporation
to fulfill requirements in TOTEMto fulfill requirements in TOTEM
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Working fluids forWorking fluids for
evaporative cooling at 120 Kevaporative cooling at 120 K
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Cooling MethodsCooling Methods
Joule-Thomson ProcessJoule-Thomson Process
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Cooling MethodsCooling Methods
Flooded SystemFlooded System
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Principle of coolingPrinciple of cooling
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Heat SinkHeat Sink

Gifford-McMahon
Cryocooler

Integral Stirling
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Thermal interfaceThermal interface
condenser / receivercondenser / receiver
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Cryogenic Micro PumpCryogenic Micro Pump
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Two-phase flow pressure dropTwo-phase flow pressure drop
in microchannelsin microchannels

In microchannels:In microchannels:

uu tube dimensions are in thetube dimensions are in the
same order of magnitude assame order of magnitude as
the thermal and the thermal and hydrodynahydrodyna--
micmic boundary layers boundary layers

uu Reynolds analogy is no longerReynolds analogy is no longer
valid (Revalid (Recritcrit = 200-900) = 200-900)

uu no correlationno correlation

uu few data for single-phase flowfew data for single-phase flow
publishedpublished

In general:In general:

uu frictional, accelerational andfrictional, accelerational and
hydro-static termhydro-static term

uu correlations for homogeneouscorrelations for homogeneous
and separated flow modelsand separated flow models
((ddhh  ≥≥ 5 mm) 5 mm)

uu Storek Storek and and BrauerBrauer::

correction factor for correction factor for wwvv  > > wwll
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Calculated pressure drop in theCalculated pressure drop in the
Roman pot detector modulesRoman pot detector modules
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Flow boiling in microchannelsFlow boiling in microchannels

In general:In general:

uu heat transfer depending on:heat transfer depending on:
-- operating conditionsoperating conditions
-- fluid propertiesfluid properties
-- heating-wall propertiesheating-wall properties
-- phase distributionphase distribution
-- fluid qualityfluid quality

uu nucleate boiling: nucleate boiling: αα = f (q) = f (q)

uu algorithms only for macroscalealgorithms only for macroscale
tubes with dtubes with dhh  ≥≥ 5 mm 5 mm

uu SteinerSteiner  reference quantities:reference quantities:
dd00 = 10 mm; m = 10 mm; m00 = 100 kg/ = 100 kg/mm²²ss

In microchannels:In microchannels:

uu ‘simple’ scaling to our‘simple’ scaling to our
dimensions increases thedimensions increases the
HTC by factor 10HTC by factor 10

uu different flow profiles due todifferent flow profiles due to
relatively large boundaryrelatively large boundary
layerslayers

uu concept of ‘evaporatingconcept of ‘evaporating
space’ and ‘fictitious boiling’space’ and ‘fictitious boiling’
introduced by introduced by PengPeng

uu few data publishedfew data published
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Peng’sPeng’s  nucleation criterion fornucleation criterion for
microtubesmicrotubes
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Calculated HTC in the Roman potCalculated HTC in the Roman pot
detector modulesdetector modules
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Test circuit layoutTest circuit layout
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Test Stand - Total ViewTest Stand - Total View
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Test Stand - Cooling RackTest Stand - Cooling Rack
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ConclusionConclusion

uu Edgeless silicon microstrip detectors are being designed for the TOTEMEdgeless silicon microstrip detectors are being designed for the TOTEM
Roman pots with their sensitive area as close as 20 Roman pots with their sensitive area as close as 20 σσyy to the beam. to the beam.

uu Spatial resolution of 10 Spatial resolution of 10 µµm is obtained with a pitch of about 50 m is obtained with a pitch of about 50 µµm.m.

uu A circular dent and the detector overlapping allow relative alignment ofA circular dent and the detector overlapping allow relative alignment of
the sensors using the measuring data.the sensors using the measuring data.

uu Detectors are cooled by direct evaporation in integrated microtubes,Detectors are cooled by direct evaporation in integrated microtubes,
which provides minimum mass contribution, constant temperaturewhich provides minimum mass contribution, constant temperature
profiles and extremely high heat transfer rates, and effective decouplingprofiles and extremely high heat transfer rates, and effective decoupling
of vibrations.of vibrations.

uu Experiments are under way to study two-phase flow pressure drop andExperiments are under way to study two-phase flow pressure drop and
heat transfer in microchannels and to test the new circuit components.heat transfer in microchannels and to test the new circuit components.


