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The system

System parameters: R
1. Total power: 32 kW
2. Total flow: 60 m3/h Outer thermal screen Frontal thermal Internal thermal
screen screen

Leakless regime of operation:
absolute pressure in TPC &
ECAL< 1 atm.

Thermal stabilization of TPC

working gas mixture of 0.1 K SAMPA & FEC Flanges  LVDB and reading
ECAL electronics + ROC controllers
cases
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The approach

Goal: develop and install cooling & thermal stabilization system
Tasks:

e Make detailed hydrodynamic simulations;

e \erify simulations with hydraulic experiments;

e Prepare the technical design and deliver the equipment;

e Find appropriate regimes using thermal experiments;

e Formulate controlling algorithms and assemble the system.
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Hydrodynamic simulations
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Leakless achieved! We found: /lo,0im
1. Pump flow and pressure conditions; v 0 550
2. Vacuum tank pressure;
0.154 | M A13
0.2 0.4 0.6 0.8 1 1.2 atm

3. Pipe diameters;

4. Pipe tracing enhancements. Example of pressure distribution in ROC cases
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Hydrodynamic Experiment
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Hydrodynamic experiments

Motivation: ensure that modelled and real radiators behave the same way

Model Darcy Law

Pressure-flow characteristic is a dependence | Bquaion  y=Arows Cu
1 1 1 50+ /TOt 5,474221;522141
of applied pressure difference on the fluid flow used | 820
for characterization of hydraulic system 40 [ressacser oz
S R-Square (COD) 0,99839
D_ 1 |Adj. R-Square 0,99821
X
. . 2 N
Darcy-Weisbach law: AP = Aq o
AP — applied pressure difference;
q — fluid flow;

A — hydraulic resistance of system. —
0,10 0,15 0,20 0,25
A depends on system’s properties, computed with Q, m°/h

Navier-Stokes/measured experimentally Example of pressure-flow
characteristic for FPGA
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Hydrodynamic experiments

Experimental setup, ArcolLab, Great Stone, Minsk
(similar to setup upcoming to ECAL testing)
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Hydrodynamic experiments

Frontal thermal Outer thermal

ECAL <creen <creen LVDB ROC case FPGA

g, m3/h 0,55 0,12 0,08 0,91 0,1 0,1 0,27
APy AM 0,47 0,16 0,15 0,41 0,5 0,5 0,52
AP, atm 0,50 0,18 0,15 0,38 0,5 0,5 0,55

Frontal thermal screen behaves better than predicted, the rest are similar
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Hydrodynamic setup for ECAL testing
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Setup upcoming to ECAL testing

Motivation: assembled ECAL modules must be tested with cooling
HB

BanaxcupoBouHbIi kpaH gn TI-2 Pl-3
Bakyymubii HECOO/ KOppPeKUHW JaBneHus Ha

KLL-2 Boixode u3 cBpasua m m
NaTtunk abconoTHOrC gaBneHu
B Bake AnA KOHTPONA YPOBHA Balcyyr.l:\ PI-1 KO-1 MNBTP-NOBYLLKA
m AnA enard
\._ / CM-3 KB-2 KLU-7
"] A , Sk
U < O3k
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NoBbIWEHWA A3BNeHHA [0 aTMOocgepHoro /j PB BOAkLl cFT'ﬁ:quEHHux ‘:' W
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Bopanana Tpybouka nnH/ ? — \ / \
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HC-1 OXNaMOEHUS HarpeToli Boal \4
KLL-3 KLL-4 KLL-5 nocne npoxoxaeHus uepea ECAL L’ 3MepuTens pacxoga

anaHckpoBOYHbIH KpaH ans
p KOPPEeKYMH AAENEeHHA Ha Bxoge

KLL-6

/ B oBpasey
LLlapoBoii kpaH ANA CNWB \_\HPWMHHOHHHE Hacoe

BOALI U3 BaKyyMHOro Baka
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Setup upcoming to ECAL testing

Equment
Vacuum tank, 701, stainless steel;
* Vacuum pump VE 115N, up to 20 Pa;
* Circulation pump BWIJ2-4, up to 3.5 m3/h;
e Ultrasound flow meter WM9100, 0.01 — 2.5 m3/h;
* Temperature sensor T.Pt—420-DIN, = 0.5 K;
* Pressure sensors Aplisens PC-28, £ 0.002 atm,;
* HDMI Touchscreen Weintek cMT2108X2.

All-new equipment, toll product by Arcolab

Has been tested in thermal

Custom manifolds

experiments, delivered in May! with 16 ports of

water supply

Setup showcase

https://youtube.com/shorts/ixjC55NTrjY?feature=share
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https://youtube.com/shorts/ixjC55NTrjY?feature=share

Thermal experiments
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Thermal experiments

Motivation: we need to know if thermal stabilization of 0.1 K is possible by design

e \‘ ‘
g L\
\
:

The goal: thermally stabilize pad
plane of Read-out chamber in
laboratory condition under nominal
water supply

i an }1

W
\ l 1\
L\\;

as
,."“

United team:
 BSU INP Lab of FPM;

F o e Working gas volume
+ BSU INP EMMEL; F o«
* JINR LHEP; ‘
* Arcolab.

Pad plane is in contact with working gas mixture
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W

Thermal experiments

LVDB

FPGA

ROC case Water supply Electric cables
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Thermal experiments

Experiment design:

ROC SAMPA water supply
 Water had been supplied _\ 17
. =5 Vacuum setup for ECAL
by 4 lines separately; L testing
- | 4@ Eolys.tyrene heat (|

e ROC was therma | |y im:rgrir:wag isolation tunnel _t{ _— Heating element + PLC

isolated from the camers L O ‘ Water chiller

environment; LVDB i
e Room was conditioned: rower supply &

Power Supp|y, LVDB water supply

® Agilent 34970a — FPGA water supply

Temperature sensors and +34901. DAQ | ROC case water supply

calibrated thermal camera
were used. General scheme of combined setup
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Thermal experiments

Full setup
for thermal
experiment

https://youtu.be
kcda9WyVOU
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https://youtu.be/_kcda9WyVOU

Environment: 24°C

Thermal experiments SAMPA input: 25°C (stationary)

FPGA input: 17-18 °C

= Thermal
| camera Flir ES8
| was calibrated

sensors
Pad plane without ROC Pad plane with ROC input
Sensor  T,...,°C T °C input water heating water heating 7= 23 °C
Yellow 21,82 21,87 22,7 for . . .
22,6—- ¥ \ 24,55 - o p-o :.-
Red 21,67 21,67 o 28 A_/ """‘\,\_\ 0 polr i AL
ERA DY B I
Blue 21,50 21,56 = 22,3_: 1-7‘" b o "'H, = rass] = £ 0.08°C Y
Grey 21,86 21,87 221 - - = .
. - O @ OO OO OO OO OO 440
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Measurement point Measurement point

Xl Collaboration Meeting of the MPD TPC and ECAL cooling system: status 17
Experiment at the NICA Facility



Thermal experiments

42 Questions remained:
4091 . 1) What if there is a gradient of external
38- : heat load?
O 36- 2) What if frontal thermal screen are
O<‘: 34 subjected to overheating?
§32_‘ 3) What is the degree of thermal
= stabilization at the outer thermal
301 screen?
28 -
*1 | | | Funding for the development of advanced
26 23 20 17 thermal measurements setup has just
Tinput °C been  granted by  Plenipotentiary

T Representative of the Republic of Belarus
Distribution of FPGA card temperatures for (delivered to JINR by August 2024)

different temperature of input water
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Conclusions

* The experimental measurements of flow-pressure characteristics
of MPD cooling system coincide with numerical evaluations;

* Functioning front-end electronics of the ROC was stabilized at
nominal flow using four water lines equipped with ultrasonic
flowmeters and controlled via PLC. The temperature homogeneity
achieved on the pad plane is not worse than 0.1 K, which meets
the requirements for MPD experiments;

* Hydraulic testing setup for ECAL modules is coming after May
holidays; thermal testing setup is coming in August.
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Additional slides: status from engineering team
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Cuctema Tepmoctabunmnsaumm n oxnaxgeHusa MPD paspabatbiBaemaa komnaHuen OO0 “Apkonab” pacnonaraetca Ha KOXKHOM
noaBu»KHO naatdopme. CUcTeEMa KOHCTPYKTMBHO NoAapasaensieTca Ha TP NoACUCTEMBI:

. Cuctema TepmocTabuamnsaumm meaHoro KOHTypa;
. Cucrtema Tepmoctabuamnsaumm antoMMHUEBOIO KOHTYPaA
. CucTtema oxnaxaeHusa MeaHOro KoOHTypa

baku ¢ BaKyyMHbIMMU HacoOCamMM
Ha cerogHAwHMM aeHb pa3pabotaHo K 1 nsrotosneHbl 6akun Ha 3 noacmctembl. BakyyMHble HAaCOCbI TaK K€ U3roTOBIEHbI U
noctasneHbl 000 «Apko/l1ab).

HacocHble moaynu

HacocHble moaynu — pa3paboTtaHo K/, HauyaTo n3rotoBaeHue 3-x HACOCHbIX moaynen. Bce obopyagoBaHmne Ans1 HACOCHbIX
MOAYNEN 3aKYNJIEHO.

Paspatowme Konnekropa

Paspatouwme KoNNekTopa HaxoaAaTca Ha PMHANbHOM CTaAUN MOAENTMPOBAHMA, NJIAaHNPYEMbI CPOK caaum K - 10.05.2024. B
HACTOSAILLMIMA MOMEHT 3aKynJieHa NPobHaA NapTMA PeryInpyroLmx ceaenbHbiXx MTHEBMOKAANAHOB. MN1aHNpyeTca nx TeCTUpoBaHUE
00 16.05.2024r. TakKe 3aKynsieHa NpobHaa naptma pacxogomepoB. OXnaaeTca nx NoctaBKka B Havyane mas. lNocne noayyeHums
PACXO040MepPOB MAAHUPYETCH UX TECTUPOBAHME B TeueHne mas. [ocne TecTUpoBaHuA, ecnm 6yaet No/IyYeH NONOKUTENbHbBIN
pe3ynbTaTt, NIaHUPYETCA UX 3aKYIKa.

CbopHble KonnekTopa

Ha cbopHble KonnekTopa pa3pabotaHo K/, 3anycKk B NpoM3BOACTBO MJIAHUPYETCA NOCNE OKOHYAaHUA KOHCTPYKTOPCKMX paboT no
pasgatowmm Konnektopam. 15.05.2024
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KoncTpykTopckue padorsl Ha MPD
Konnexmopa ECAL

ITpon3BOASTCS KOHCTPYKTOPCKHUE pabOThI IO MOASIUPOBAHUIO KOJIIEKTOpoB 1iisi ECAL, Moaenu 11 coriacoBaHUs
IJIaHupyeTcs npeaocTaBuTh k 30.04.2024

Ipaccupoexu mpyo

Pazpaborana cxema 3anosiHeHust okoH MPD u cumoBoro kapkaca, CMOJICIMPOBAHO 3aMOJIHEHUE CaMbIX 3arpyKEHHBIX
OKOH, U3rOTOBJIEH MakeT 17 u 19 okHa MarHuTONPOBO/A B MOJHYIO BEJIMUMHY U ITPOU3BECHA POKJIaiKa TpyO B

COOTBETCTBHH C MOJAEIBIO U pacyéTamMu. Mojiesib TPOKJIaJIKK TPyO BO BCEX OKHAX MAarHUTOIPOBO/IA MIAHUPYETCS 3aBEPIINUTh
31.05.2024

TpaccupoBka TpyO 10 MarHuTy U Mepexoj Ha miathopMy HaxOJATCs B pa3pad0TKe, IIaHUpyeMasi JaTa OKOHYAHHS
31.05.2024

3J'I€KTpI/IKa H aBTOMaTU3alnus

B Hacrosmuii MOMEHT UAET pa3paboTKa KOHCTPYKTOPCKUX U CXEMOTEXHMYECKUX perieHnii. OkoHuaHue padoT
IJIAHUPYETCS O KOHIA Masi. 3alyIIeHbl B MPOU3BOJICTBO IIKA(bI YIIPABICHUS HACOCHBIX MOAYJICH (METAITUYECKUE
0005104k ). OKOHYaHUE UX MPOU3BOJICTBA IIJIAHUPYETCS 10 KOoHIAa Masi. [[pon3BOACTBO OCHOBHBIX IIKa()OB YIpaBICHUS U
CUJIOBOM AJICKTPOHUKH IIJIAHUPYETCS 3alTyCTUTh TTOCTIC OKOHYAHMSI KOHCTPYKTOPCKUX pabOT B KOHIIE Masi. CpOK U3rOTOBJICHUS
— J10 KOHILIA UFOJISL.
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Koncrpykropckue padorst Ha MPD
Konnexkmopa ECAL

[Tpou3BOSTCS KOHCTPYKTOPCKHUE pabOThI O MOACIUPOBaHUIO KOJIEKTOpoB it ECAL, Moaenu 115 cornacoBaHUs
manupyercs npeaoctaButh k 30.04.2024

Ipaccuposxu mpyo

Pa3paborana cxema 3anosiHeHUs okoH MPD u cumoBoro kapkaca, CMOJI€JIMPOBAHO 3al0JIHEHUE CaMbIX 3arPyKEHHBIX
OKOH, U3roTOBJIEH MakeT 17 u 19 okHa MarHuTOINPOBO/A B MOJHYIO BEJIMYMHY U IIPOU3BEICHA ITPOKIIAJIKa TPYO B COOTBETCTBUU
C MOJICJIBIO M pacyéTamMu. Mojiesib MPOKJIAJIKU TPyO BO BCEX OKHAX MarHUTONPOBO/AA MlaHupyeTcs 3aBepinuth 31.05.2024

TpaccupoBka TpyO o MarHuTy U Mepexoj Ha miathopMy HaxXOJATCs B pa3padOTKe, IIaHUpyeMasl 1aTa OKOHYAHHUS
31.05.2024

3J1€KTpI/IKa H aBTOMaTU3alus

B Hacrosmuii MOMEHT UAET pa3paboTKa KOHCTPYKTOPCKUX U CXEMOTEXHHYECKUX perieHuil. OkoHuaHue padboT
MJIAHUPYETCS 0 KOHIA Masi. 3amyIIeHbl B IPOU3BOJICTBO IIKA(bl yIIPABICHUS HACOCHBIX MOAYJICH (METAIINYECKUE
0005104k ). OKOHYaHUE UX MPOU3BOJICTBA IJIAHUPYETCS A0 KOHIAa Masi. [[pon3BOACTBO OCHOBHBIX IIKa(OB YpaBICHUS U
CUJIOBOM AJIEKTPOHUKH IIJIAHUPYETCS 3allyCTUTh MOCTE OKOHYAHMSI KOHCTPYKTOPCKHUX padOoT B KOHIIE Masi. CpOK M3TOTOBJICHUS
— J10 KOHIIA UFOJIS.
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