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Advantages of dynamic flow variation

¢ Delivers only as much liquid as is instantaneously needed;

does not need to know the instantaneous demand from the silicon detector
cooling circuit — works to eliminate unevaporated liquid in the exhaust
(though this can also be made available if desired)

¢ Eliminates the need for a heater in the exhaust
to vaporize any remaining liquid;
(in the present system heaters are required to operate reliably in any
orientation in stratified liquid-vapor and biphase coolant mixtures)

¢ Coupled with cold delivery using precooling from separate
circuits operating the same coolant, enthalpy can be
maximized without a local (ID volume) heat exchanger per
circuit as at present;

¢+ Not based on particularly new principles;

replaces the on-evaporator vapour pressure bulb flow control system with an
electronic system for an environment where VPB’s cannot be installed
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PRE-HISTORY...

From conceptual design of pixel services workshop: Dec 7, 2001

Comparison with Industrial Practice

Industrial refrigeration, thermostatic valves regulate coolant mass flow.

HOWEVER, valve is the only detent, and is mounted directly on the evaporator

(1) Valve body with membrane and connected stem tip

(2) Injectors of varying sizes, variable over certain

pressure range by pressure on stem tip (1)

(3) Vapour pressure bulb containing
same process fluid as cooling circuit,
clamped to evaporator exhaust tube and
acting on stem tip (1) to vary flow rate,
avoiding unevaporated liquid in
downstream tubing
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In our application, radiation length concerns preclude the
placement of vapour pressure bulbs (VPBs) and dome loaded
throttle valves on the evaporators (SCT & pixel structures):
capillaries also preferred for innermost delivery tubes

Simply moving VPBs and throttle valves to the service
platforms does not help: the entire supply and return tubing
through the magnet would be redefined as the evaporator
and would operate at — 27°C in the present system

Correct solution is to use a dome-loaded pressure regulator
on the service platforms and a low mass measurement of
post-evaporator temperature (PT100, NTC thermistor etc)
with combined electro-pneumatic feedback to pressure
regulator. This was demonstrated in 2000 but not taken up.
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Example of ligquid supply multi - tube bundle sized for passing through
ATLAS magnet to ID volume (Andy Nichols, RAL, 2000-2001)

Precooling Supply Tube:

INSULATION

Precooling Return Tube:
Loop-back

TRACING TUBE:

SINLET TUBES

ACTIVE
HEATING
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Principe « on-detector » de refroidissement
(toutes fluides)

—

B

Dispositif de livraison liq
Réglage de debit par dét
amont d’un restriction

(qui provoque I’expansion J-T:
capillaire sert aussi comme
tube fin de livraison liquide)

Dispositif de réglage

de la température
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dans la structure a refroidir

1 Concentration de
@ | liquide dans le tube

| Max (4eqte) = 100%0, Min (jeq1) = 0

Déverseur/
Back-pressure
regulator pour

: : chaque circuit
Reunion ATLAS —mécanique IBL, (P, individuelle)

LAPP, Annecy, le 10 juin 2009
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Flow variation (flow regulator)

for variable thermal load on a pixel stave
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Back-pressure
regulator (P

evap)

Chilled (Hot)
water C3Fg(CaFyp)

Capilliary -
(resistance)

Flow
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to pressure here

Regulator
control of flow
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Equivalent electric circuit

Regulator

Capillary

Pixel stave

Capacitance
(volume of liquid —
supply tubing)

Discharge of capacitance through capillary



Pas de réglage

dynamique
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Figure 3. Schematic diagram of the evaporative system.




Development of Fluorocarbon Evaporative Cooling Recirculators and Controls

for the ATLAS Pixel and Semiconductor TraCklng Detectors. To reducehe influence of noise. the comparator circuits

Bayer, C.1, Berry, S.2, Bonneau, P.2, Bosteels, M.2, Burckhart, H2, Cragg, D3, English, R 3, vithf/a fixed resistor network. In the pixel detector, the
Hallewell, G.34*, Hallgren. B.2, Kersten, S.!, Kind, P.!. Langedrag, K.5, n

Lindsay. S.6, Merkel. M.2, Stapnes. S. 3, Thadome. J.!. Vacek, V.27 id reset ("POWER RE-ENABLE”) at —0.79 °C.

To simulate the behaviour of the final power supplies
in the present tests, relays were put between the power
supplies and the dummy modules Figure 5. The I-Box
channels controlled these relays. Starting from stable

! Physics Department, Wuppertal University, Germany: 2 CERN. 1211 Geneva 23. Switzerland:
SRutherford Appleton Laboratory, Chilton, Didcot, 0X110QX, UK:
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Condensation risk if vapour exhaust tube temperatures
are below the local dew point(s)

How to avoid this?

Deliver sufficient fluid to evacuate the heat from the Si modules
(variable; function of n° of modules powered per stave, I, etc...)
but not too much (to avoid evaporation in ~ 25m tubing)!
One intelligent technique;
Feedback from temp. Sensors on exhaust tubing to flow regulators;

Done by Proportionnel, Intégrale & Dérivative firmware bloc;
p(t) = K [e(t) + (1/7) [y e(t*)dt* + tp(de/dt)]
Object: maintain temperature downstream of evaporator a few °C above Ty,

defined by the backpressure regulator downstream of 25m exhaust tubing:

Thermistor or PT100 to E-LMB analog input
+ DAC output (0-10VDC) to flow regulator (coolant mas flow)

PID could have been easily added to E-LMB (sufficient memory in pcontroller)
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~Evaporative Cooling System Exhaust Tube Studies
verification of operation of proportional flow

Exhaust tube modification for the Cooling System set-up with Haug Compres

2nd Heater - 210 ecm long in two sections:

( - ) 1st section 150 cm long: 2nd section 50 cm long __231Q Transparent tube
o

M}j 5

L=} L]
Heaters : o Dip .
1) Inner separated from ( i') )')
the tube by thermal layer =
{a) 1.1 mm; /b) 0.34 mm} ss—— Pt 100 in fluid

: 2) Outer separated from a) b)
Armaflex by Aluminium foil = Pt 100 iis 0.35 mm
.15 mm
= B Thermal layer [1-15 mm]

0.1 mm 0.15 mm

Tube [Cu] I Kapton heater
ID =6mm g Al foil 5 mm 5 mm

OD =8 mm
Bl Armaflex Insulation
2000

CS_TESTS_PID.doc 2111/ -




ADC SEGMENT:
10.0

Node 37, 0-15 | (Hode#, Cha, Hame)
37,0 Flew

27,1 Dead
8.0- 37,2 Supply
37,3 CH1 press
37,4 StaveExhP
37,5 BPRegPrd
37,6 MeatVens
37,7 HeaterCuar
37,8 Mr1PerOh
37,9 EchPri
0.0 - 37,8 M 1ExhPr

A 1

CONTROL PARAMETERS
Set press. inlet 1 (1)
| —

3,8 HAExk By

TempTrign iw{ra.w;]-
40 |
Set press. oulput (2)
| —
T e

External heater (4)

Set press. inlet 2 (3)

Engine Module Heating Flow Flow
Count level Stave 1 Stave 2

on Auto Auto Auto Auto
off Manal Manual  Manual  Manual
Hhrad Farmels Flew Fermsts §  Few fermuia 3

Save Rate (milli ssconds) 32000
il Display Rite (ssconds) 31100

LMB PT-100 SEGMENT:

DELLE

" 1089
I

vitﬁndc#.ch#'. Hame)

AF, 0 Mod 151H

17,1 Mod 15621 S
1F,2 Med25t 1L S
1F,3 Mod25t2L Sl

AF, 4 Mod 35 1H
1F,5 Mod 35t2H

166 ModastTL Sty
AF,7 ModdstL Sl

AF, 3 Mad S 1H
AF,3 Mad 5521

1F,8 MedE St 1L g
AR, B ModEst3L Nl
AF,C Med TS TH Sy

1F,0 MedTRIN

TFE Modast1L S
AFF Mod3stal Sy
1F, 10 Med 3511 S

1F, 11 Med 9821

17,12 Med 105 LIS
AF 13 Med 109 ]
1F, 14 Mad 113 Sl

1F,15 Med 118
1F,16 Med 128"
AF1T Med 128

1F,18 Tuba 1IN Rl

1F,19 Tuba 10U
1F,1A Tuba 2N

1F, 18 Tubs20U Sk

1F1¢
1,10
116

PID ‘Algorithm burned into

h>

ATMEL;microcontroller

mer.n>

GNU-=>» microcode

‘mic.h

int16_t volatile temp, disp[DISPLAYS]
aktsig

n;

int16_t last_error, acc_error, lastout;

: 1T, TOr,

, par[PARAMS], aktpar,

static int16_t dummy_attribute_((section (“.eeprom”))) = 0;
static int16_t savepar[PARAMS] _attribute_((section

(“.eeprom”))

)={

PAR1, PAR2, PAR3, PAR4, PARS5, PARG, PAR7

b

void delay( uint8_t anz ) {
uint8_t i;

uint16_t j, k;

for (i=0;i<anz i++)

for (j=0; j < 32768; j++ )k +=j;

}
int16_t round (float t ) {
t*=10;

if (fabs( t) ==t ) return (int16_t) (t-0.5);

else return return (int16_t) (t+0.5);

void display( int16_t n) {
uint8_t tmp;
if (n<0){
- _n ’
sbi( PORTC, CMINUS ) ;

}
else cbi (PORTC, CMINUS) ;

if (input && aktsign && ( ziff ! =4 || fon ))

bi( PORTC, CMINUS ) ;
f (n>999)n =999;

SEG ( SEG1,

mp=(n/100);
f(ziff ==1 ) FLASH ( SEG1, tmp ) ;
Ise {
if (tmp == 0 && ! ziff )
EGBLANK ) ;

else
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ATLAS DCS E-Local Monitor Board

Sensor inputs

* ATMEGA103 .

6AC 9948 | G Sensor inputs

ad existed in comm

Front side of Embedded Local Monitor Board ELMB Size 50x66 mm October 2000 version

» Node CAN bus (=32 on a bus)
» Resistant to S0KRad

(10 yr/cavern ATLAS @1033)
» 64 analog inputs (PT100 etc.)
» 32 bits DI/O Carte mere
» 2Mo program space in p-controller

Sensor inputs

Thermosyphon workshop, CERN, July 6, 2009



ELMB-PID CANopen system v0.1 20-May-2002

ELMB
PID-controller
(framework)

ELMB-based multiple PID-controller
with CANopen interface

- software user manual,

version 0.1 (draft)

20 May 2002

Henk Boterenbrood
boterenbrood @nikhef.nl

NIQEEF

DAC-module for the ELMB v0.0 18-Feb-2002

ELMB-DAC
16-channel 12-bit DAC-module

for the ELMB

user manual, version (.0
18 Feb 2002

Jaap Kuijt, Piet de Groen, Paul Timmer,
Daniel Tascon Lopez, Sander Schouten, Henk Boterenbrood

NIEEF

Amsterdam, NL

1 INTRODUCTION 2
2 HARDWARE DESCRIPTION 2
3 SPEED OF OPERATION 3
4 SETTING A DAC-CHANNEL 5
5 CONNECTORS AND JUMPERS 7
REFERENCES 8
APPENDIX A. MAXS525 DAC 9

DERCRITION . L or £ 0 i adisa i ssik bt th it

KEY FEATURES AND SPECIFICATIONS

FUNCTIONALIDIAGRAM.. . iiit6sosersersessnssase
APPENDIX B. COST ESTIMATE 10

APPENDIX C. SCHEMATICS 11




Rapid response pressure regulation (by backpressure regulator only)
for variable thermal load on a pixel stave

=l

Back-pressure
regulator (P

evap)

Chilled (Hot)
water C3Fg(CaFy)

Capilliary -
(resistance)

Flow
proportional
to pressure here

Needle valve
(resistance)




Equivalent electric circuit

BPR Valve 1

l¢

Capillary

Pixel stave alve 2

Capacitance
(volume of liquid —
supply tubing)

Rapid discharge of capacitance via parallel path
(BPR+ valve 2)



Precooling Return Tube:

Precooling Supply Tube: .
Precooling Temperature

Flow set by Forward

Regulator INSULATION Set b%; Baclklt)ressure
shared? egulator
( A\ — /  (shared?)

00@
OO

|

|

ACTIVE
SINLET TUBES
TRACING TUBE: HEATING

Capillary Connection between Input and Output Pre-
Cooling Tubes in Type 1 Service Area
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CO, Closed cycle systems

As in CO, refrigeration industry :
Subritical vapor-compression cycle

1 Compressor

1

Gas return

R . >i‘ T » Warm transfer
Cooling plant Detector
LHCb-VELO: 2PACL pumped liquid system

Fluid: CO,

<
= ~
Chiller Liquid circulation COI d trans fer
Cooling plant Detector

Thermos

hon worksho

, CERN, July 6, 20
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Liquid Vapor

2-phase




Upstream PT100 & NTC
Temperature sensors

- Downstream PT100 & NTC
Temperature sensors

1

-

Precooling Capillary (under insulation)
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I Systeme au CPPM pour qualification des echelles .
(“staves” ) ATLAS Pixels

Chilled {Hot)
water C3Fg(C4aFyp)




Support-studies - circulator for “dual-fuel’, operation

* Theoretical prediction of the fluid
replacement had to be proven and
verified experimentally

Specialist

A Dpass « Experimental setup at CPP
Stave “Tbrecooling Marseille has been used for the

supply supply verification

.

Coaxial Heat
Exchanger: l
Jpixel" liquid
supply tube
in“precooling”
vapour return
tube

3
i

AAMAM Chillled (or Warm)
» 7 water for theCaFy
X (for the C4Fyg)

F’re:ﬁocnling
capillary

Pl [re]x H HI—’\J‘MV—\—JQ
Sr—

vacuum

sl

ECTP 2005, Bratislava, September 4-9, 2005 V. Vacek, CTU Prague




Evaporative Cooling Demonstrator:
Concept for Sub-cooling of C;F; liquid
with Counter-Evaporating C;Fg liquid

(¢

urrent)

Feedback Mass Flow Regulator—@

T= -20C, P>=8.2 bar]

(subcooled)
Point B

AN ENTHALPY TRANSISTOR.

in Heat Exchanger.

(two phase: 95% mass of liquid)
Point A"

Progressive Feedback for e

— T hermal Inertia

Warm C;F; liquid

from condenser

— 1=

P=1.67 bar

T should be above dew point (12C)
(point well to the right of
F-superheated vapour)

To compressor input r
via b.p regulator

February 1, 2001

(Sct below boiling pressure of load)

SCT Plenary 24




HOW DOES IT WORK? (1)
STARTUP (The case for 1 kW load cooling)

= § E i P=1.67 bar
T= - 25C

(two phase: 95% mass of liquid)

T™=

-20C, P>=8_.2 bar
(subcooled)
Point B

Start-up “Base Heat Flow” =0 Point A®
“Base Mass Flow” = s ol

A<-..
Start-up Enthalpy at Load ——
AH = 45kJ/kg (F-A’)

Mass Flow = 22 g/sec Q=0>4\ Almost no (pressure) margin of linear flow
T—25C, P=8.7 bar regulation before crossing Saturated Liquid ehoula be above dew point (12C)

(saturated liquid)

- . (point well to the right of
Point A Llne F-superheated vapour)

@ 9 bar(a) r
From Condenser To Compressor

............................................... —— repeeesenseenpeapaseofrsnasesnsens
25.0 l [
" 0.0 1|J.n 1s|n 2=
N i 1 R N //f
ﬁ N
1.67h b € x K, /\/\/F\J“ 1.52/
&Thax < ’ e
C3F8 \ \ £
€000 |-
Load Sheet /
O

150 160 170 180 190 200 210 220 230 240 250 2E0 270 p=i=in] p=i=ln] 300 210 320 330 340
Enthalpy [KJfkg]
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HOW DOES IT WORK? (2)
RUNNING (The case for 1 kW load cooling)

= § E i P=1.67 bar
T= -20C, P>=8.2 bar R T= - 25C

(subcooled) un State “Base Enthalpy (tvv_o phase: 95% mass of liquid)
Tome = AH = 95kJ/kg (F2-E2): Qzﬂ%\./ ot &
Heat Energy to Extract: S00W, [ ol e 4 -
< “Barse=1/ S e —_ g/’g o I"\ > _ /r\r L/
Run State Load Enthalpy ——— I ‘ """" oy HH =
AH = 95kJ/kg (F-E) o “Base”Sheet )|/ _ (DA S
Linear flow regulation range (BC) =4 bar in 1 .67 bor
addition to 1 bar AP (CD) on capillary before T e e Soinr A2
crossing Saturated Liquid Line @ 2 bar(a) Tuporhested vapoun
rT()Compressor

) /\/\/F\J“ 1 .52/
1.6Thar G ’ /
CFTFS \ \ g
000 - L
Load Sheet /
(@]

150 160 170 180 190 200 210 220 230 240 250 2E0 270 p=i=in] p=i=ln] 300 210 320 330 340
Enthalpy [KJfkg]
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