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INITIAL MOTIVATION:

Exhaust pressure drop problem
(heaters, HeX and return tubing) 

will not allow present C3F8 compressor system to maintain 
an evaporation temperature of -27ºC 

(to operate silicon below -7°C (TDR spec.) 
after significant irradiation (increased Ileak))

Possibilities for operation with C3F8/C2F6blends
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Present C3F8 implementation (from evaporative cooling paper)

Enthalpy
~75 J/g
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Omega Insert to Round Insert Fixed Staves
Delta T (Coolant to Si Heater) for 195W Electrical (~210W Total) Power Dissipation 

1.1m Capillary, 4.7 g/s
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Stave 1 - D insert
Stave 2 - O insertRequires ~  -28°C evaporation temperature 

in on-detector cooling channel

Example of temperature gradients acrossExample of temperature gradients across
(pixel) cooling & support structures.(pixel) cooling & support structures.

(Temperature differences to be (Temperature differences to be subtractedsubtracted from from --77°°C to get inC to get in--tube tube 
evaporation temperature: mass flow ~4.7 g.sevaporation temperature: mass flow ~4.7 g.s--11, enthalpy ~50 J.gm, enthalpy ~50 J.gm--11))
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So where are the actual pressure drops?

Backpressure
regulator

Exhaust Heat
exchanger

Exhaust heater for
unevaporated C3F8
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vMore recent estimates for SCT barrel @ 8.9 gm.s-1

(exhaust hex, heaters, ‘internal’ tubes, BPRs, tubes to compressor) 
suggest 520 mbar as a more reasonable figure

v However, including the losses in SCT end-of-barrel exhaust 
manifolding, and losses along staves pushes this to 1190mbar!

èèèè TSi +2°C (Spec +9°C!)
v Far from TDR specification on TSi post-irradiation…

AND THIS WAS BEFORE ‘FAR HEATER’ PROPOSAL 
STARTED TO BE CONSIDERED, WHICH ADDS ~220 mbar 

èèèè TSi +4°C (Spec +11°C!!)

WHAT TO DO??

Original exhaust Original exhaust ∆∆∆∆∆∆∆∆P budget (Olcese):  350mbarP budget (Olcese):  350mbar
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Si temp spec

Déverseur/
Back-pressure
regulator for
groups of circuits
(Individual Pevap)

Original Intention
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Si temp spec

Déverseur/
Back-pressure
regulator for
groups of circuits
(Individual Pevap)

Recent situation: SCT barrel

Practical limit 
~800 mbar
with high comp ratio
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Fluorocarbon blending
Already experience with C3F8/C4F10
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C3F8 properties: p-H diagram
CC33FF88, the third lightest saturated fluorocarbon, the third lightest saturated fluorocarbon

Present fluid: Perfluoro-propane (C3F8) for reference (Tevap ~ -25°C)
Liquid delivery @ <<<< 60°C (Tcritical): clearly no problem

But C3F8 evaporation @ -27°C èèèè Pevap < 1.7 bara∗
•Present C3F8 system will need modifications 
(reduced exhaust pressure drops) for temperature margin to   
achieve stable long-term operation with irradiated Si(see later)
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6-8 December 2006 ATLAS HLUTW, Liverpool

Perfluoro-ethane (C2F6) less difficult to manipulate
Liquid delivery @ δδδδ 20°C (Tcritical)

Evaporation at a higher temperature than possible with CF4

e.g. Evaporation C2F6 @ -45°C èèèè Pevap 4.5 bara
Maximum enthalpy ~ 110 J.gm-1

CC22FF66 , the second lightest saturated fluorocarbon…, the second lightest saturated fluorocarbon…



USA15

Remote control
pressure (flow) regulators

Pin ~ 14-17bar

Haug compressors
in USA15 

Low temperature surface condenser

Tracker

Liquid pump  (if necessary, depends on whether
Liquid supply tubing remains uninsulated):

Hydraulic/pneumatic drive for high B-field operation
Must  generate ~14-17 bar C3F8

capillary input pressure

Compressorless primary loop operation

∗

Priming height
(maximum possible)

ρ∆ρ∆ρ∆ρ∆h(liquid)10101010m èèèè
∼1.5∼1.5∼1.5∼1.5 bar(C3F8888)

(boosts pump output)

Maybe still use Haug compressors..?
to cool local condensers in UX

(no longer in primary cooling loop)
Or else oil CO2 compressors on surface? 

Oil CO2 compressors 
on surface? 
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Tune mixture to target evaporation temperature 
-28ºC? Tune to ~ 2 barabs?

∆∆∆∆P (∆∆∆∆T) between Evaporation & 
Condensation determined by sizing

of exisiting internal services

Pressure regulators 
& present choice
of capillary (Ø,L)

∆∆∆∆P liquid via
Gravity + 

possible pump
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Tune mixture to target evaporation temperature 
-28ºC? Tune to ~ 3 barabs?



Tune mixture to target evaporation temperature 
IBL @ -45ºC? Tune to ~ 2barabs?
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Fluorocarbons can be mixed (blended )
to arrive at compromise thermodynamic properties

(many modern refrigerants are blends)
v This was tested with C3F8/C4F10 

(2 papers in Fluid Phase Equilibria 2000-2001)

Mixture thermodynamic, transfer properties calculated & set up
as ‘temporary’ folders in NIST database
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Possible to calculate a blend for C3F8 and C2F6 having Pevap= 3 barabs @ -25°C 
Using molecular dynamics (vacek, Prague) or  modified Benedict-Webb-Rubin equation 
of state, and avoiding low critical temperature problem of pure C2F6

(Sidesteps pressure drop problem and raises aspiration pressure)
But needs mixing set-ups and batch assay (ultrasonic or GC…)
Question of heat transfer coefficient: measurements needed



•  
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Paire de transduceurs ultrasoniques Polaroid 
(45kHz) ; écart ~1m (±1mm), dans un tube 

thermostaté ou l’enceinte du  radiateur à gaz RICH

Not a new idea: C5F12/N2 
mixed for SLD RICH and 

analysed by sonar (1988è)
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Real time ultrasonic Gas Analyzer

Polaroid camera
ultrasonic transducer

Computer screen real time display



Fluorocarbon Blend Assay
v Speed of sound the most convenient way to verify predictions 

of NIST calculations* for combined superheated state
* Modified Benedict-Webb-Rubin equation of state

Demonstatration (measurement) of differential condensation 
of the heavier component with increasing pressure:

* Test of NIST database prediction (~ 2%): 
* Sound velocity increases once C4F10 concentration 
in superheated phase starts to decrease (@ saturated liquid line)
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v Thermodynamic cycle calculations on good theoretical basis
(Vacek, Prague)

v Have ideas on how to mix small samples and measure mixture
by ultrasound but these need more work

v Extensive HTC measurements will be needed in trial blends of 
C2F6/C3F8 @ realistic power loads and  evaporation temps 
-25°C èèèè -45°C (IBL?)

C2F6 / C3F8 Fluorocarbon Blending
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