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The outline

Structure of the talk (30 mins’):

1. Specifics of MPD cooling system design;
Finite-element modelling;

Model for control systems;

Verification results;

Conclusions and upcoming challenges;
Gratitudes.
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The systems

Outer thermal screen SAMPA & FEC electronics
+ ROC cases
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The goal and the scheme

* The goal is to provide water Pipes from — Pipes from TPC
. MPD windows
supply both to cooling and
thermostabilization systems; J — I _
Water 1L
tank
Cooling: FPGA, ECAL, LVDB
Thermostabilization: SAMPA, Pipes to MPD
ROC cases, Outer thermal windows
screen, Internal  thermal Pipes to TPC

screen, Flanges

Collectors |nternal pipes of
system

Principal scheme of cooling design
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The challenge

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

 Each meter of water
column adds or substracts
about V10 atm;

* Height of MPD = 8 m;

* Pressure higher than 1 atm
may cause leak;

* Pressure lower than 0.1 atm
may cause stagnation or
cavitation.

Need to simulate the flow in details!
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The model for physics

Navier-Stokes equations for pipes: Colebrook-White equation for Darcy factor:
(o0 _ VP 1, ,|u|U -
—+(U-V)U=————fl+g 1 £ 2.51
ot p 2 D ——=-2log +
: N 37D ' ReT
—+V-(pl)=0
p (pU)
_ Re — Reynolds number;
o€, (%H]-VT,J:V-(Z, 'VT|)+% f pluld + Qi € —roughness of pipe walls.
T
PC, aats - V(ﬂ’s 'VT5)+Qheat
) Pressure drop from an elbow: <
U — velocity, Q — heat source, 1
P — water pressure, g — gravity constant, Ap =——K ,0U2
T; — water temperature, p — density, ? f
T — solid body temperature, D — pipe diameter, o
A — heat conduction coefficient, f— Darcy factor. K¢ — loss coefficient.

¢ — heat capacity,
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The computations

Example of SAMPA boundary value problem

Outlet: (_p' “‘(Va +(Vu)' ))ﬁ =~ Pranic N

P = 0.35atm t

2

D? . -
Inlet: —pZ=4-n =m

4
Mass flow rate m is known from technical specifications ‘

We explore for two questions:

* What pressure must be supplied to the inlet?

* Willit be in 0.15 atm < p <1 atm range? Example of SAMPA boundary value problem
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The computations

7 = .. .
* Finite-element method with 2M-order
% o COMSOL polynomial approximations;

e Computational domain graphs was
created by handwritten scripts with
possibility of quick rearranging;

800

600

cm

* Pressure difference is taken into an
400 account:

* Hydrostatic difference;

* Pressure loss due to wall friction;

* Local pressure drops from elbows.

200

: 200
cm 100 400

Example of ECAL mesh

(similar for each of 8 systems)
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The internal thermal screen

Computational study report: Reynolds number:
Parameter Value
Pipe diameter tank-MPD 20 mm
Pipe diameter MPD-tank 20 mm
Pipe diameter MPD-TPC 20 mm — L —
Pipe diameter TPC-MPD 20 mm S
Volume flow for whole system 2 m3/h 8.5
Tank upper collector height h_, 4.1 m y _Gm
Tank lower collector height h_4 2.6m \ ozzatm J N > 4

Pipe roughness € 0.046 mm a5
4
eg e 0.615,at
Boundary condition Value i 0.638atm ] 0,304.atm
0.756,atm
Volume flow per 1 subsystem 0.5 m3/h Vhye 3
Pressure in tank 0.35 atm 25
ptank
2
Found from model Value 15

Pressure at entrance to subsystem | p,, 0.775 atm
Pressure at entrance to subsystem Il p,, 0.756 atm
Reynolds number Re 5-103

o5 4 s 2 253 33

A 0.897 atm

V¥ 0.336

0.4 0.5 0.6 0.7 0.8

Absolute pressure distribution

Desired volume flow 2 m3/h is achieved (may reach
up to 2.8 m3/h) for pressure in 1 atm range
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The outer thermal screen

Initial concept: “same MPD window for enter
and exit of pipes” —too low pressure on return

- -

~

—_———_—-

0.489,atm
0.227,atm

83123

. 0.379,atm

New concept: “return pipes in upper part

0.401,atm

/—N\Olatm

0.461,atm

0.190,atm
0.212,atm

go to side windows” — pressure is OK

0.401,atm 0.568,atm J__W
0.461,atm 0.480,atm — e : !
/_/\ 0.644,atm
0.190.atm 29.478,atm V¥ 0.188 EEE—— B ] A 124
0.212.atm = 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2
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atm

Absolute pressure distribution in new concept



The outer thermal screen T AT

R\
e ‘ -;h\ﬁ;
Two types of 1B v
N

4-panel subsystem  3-panel subsystem

Pressure was optimized

for each subsystem to

achieve same Reynolds

number & cooling 1

efficiency

(table in additional slides) S
Reynolds number 10 subsystems per side
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The frontal thermal screen

é‘i‘é

Initial concept: “same MPD window for enter and exit of
pipes” —too low pressure on return and leakless is violated!

7 "-._.
o) 58 gt70,atm
Ry - \‘é \
. T

Frontal thermal screen

High losses in

panels:
6 elbows of 180°
and Single panel
11 elbows of S0°
Flow per manifold = 0,25 m3/h 0017 e—— e — A L5
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The frontal thermal screen

0.527,atm
New concept: gz /
1. Increase pressure on return by using side / \ I
windows and narrow pipes on MPD-tank line ST atgn-ﬁf?// ] 5&40-187'6”" 0.189,atm
(14 mm)’_ 0.203,atm — —-' ;?/D ‘ \

2. Decrease flow from 0.24 m3/h to 0.18 m3/h

L WA ES ) Y f |
\Y ) E D T ‘
\ 2 | ~ \ i
‘ " u J0/464,atm

max: 1.16 atm

V¥ 0.15 EE—— B A 116 atm
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1

¥ 1.29x10°

x10° A 5.28x10°

15 2 25 3 35 4 45

Reynolds number Absolute pressure distribution in new concept

Ergo: forced to decrease volume flow due to resistance of screen panels, still Reynolds number is 5.3-10%
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The LVDB

Initial concept: “same MPD window for enter New concept: “return pipes in upper part
and exit of pipes” —too low pressure on return go to side windows” — pressure is OK
0.549,atm 0.552,atm

~
/
-

0.201,atm
0.90k 2
9 .

0.554,atm

¥ 0.0651 L ——— A 12 atm
0.2 0.4 0.6 0.8 1 1.2 ¥ 0.16 0__ A 119 atm
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The flanges

Initial concept: flow 0.25 m3/h per single ~ New concept: “return pipes in upper

- B part go to side windows” and increase
(renné]cglrfglr?d rettl:)ronllow pressure both on g, up to 1 m3/h — pressure is OK

- -~

, ~

. 0.312,atm 0.364,atm
R | i Pacxopn 1 M3/4

0.182,atm | | 0.202,atm

0.474,atm 0.535,atm

0.161,atm  0.186,atm e
0.301,atm / \T
0 , 0.349,atm
\ i 8'4&§’atm = 5-0.425,atm \ /
: & 468 5t 0.747.at 736,atm
%:2 ' = 0.410.3tm 0.503,at 0.513,atm
oY 4 ,’ - .l'_:""“‘ o /
2 '
w 0.647,atm = LO0L atm\7 j
.658,atm 5 1.01,atm
0.626,atm 0.638,atm 0.683,atm 0. 702 atm

Flange pipes & plate

Ergo: increase of flow (up to 1.38 m3/h) and rearranging return pipes in upper half with Re 2-:10*
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The ROC cases

Initial concept: large manifolds
(6 ROC each) make impossible
to ensure proper pressure
regime for every ROC
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New concept:
1. individual water supply with no manifold;

2.  return pipesin upper part go to side windows.
0.585,atm

= n

0.597,atm

0.659.atm _
' © 0.716,atm

0.154,atm
’ 0.799 30, agmy

0.771,atm pF——— ' 820 atm —a 0.171,atm
0.181,atm U257 O TOBOB Y it 54,0 \

> 501/ S wCh 0.214,atm
0.239 G
.239,atm SO/ . -

-\I . r

0.220,atm
| 0.884,atm

= | 0.315,atm

B A13
0.2 0.4 0.6 0.8 1 1.2

atm



The FPGA & SAMPA electronics

AP1a.21><105
oy e . . x10°
Initial concept: united in same opsep T T T L2
manifolds, which does not allow to rs ] e T LN L] $Lt B 11
distinguish cooling (FPGA) and & JFM,a;Tg/JXA BN A A L O 1
thermostabilization (SAMPA) 65 % L S B Y .Jbﬁﬁ";i“g—p,atiﬁ o eammam
GJ -j583}atm : -:. "'..; 2\0-686,atm 0.707,atm 09
55 HHJ s il i‘ 0.347,atm .
il Ee=- |
.313,atmf -673,a o 0.7
e L
_ 04, 0.762,atm 0.6
3.5 H Yy (.
3 H 0.5
251 11 0.4
2 ’/
15 L ‘ _—— ——1009] e "
e ———————y
New concept: 4 35 3 25 2 15 1 o.smo 05 -1 -15 2 25 -3 .35 4™ 72;7“04

1. Separate FPGA & SAMPA;

2. Return pipes in upper part go
to side windows.

Pressure distribution in SAMPA thermostabilization system

It is possible to increase volume flow for SAMPA from 0.23 up to 0.6 m3/h !
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The FPGA & SAMPA electronics

FPGA has higher flow resistance

SAMPA system:

FPGA system:
long straight pipes

short pipes and lot of
fittings

Due to high FPGA flow resistance lower
subsystem is at 0.79 m3/h while others meet
target specification was 0.84 m3/h

V¥ 0.242
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0.694,atm
—

~ 0.791,atm

0.878,atm
0.267,atm

0.243,atm /hx 0.929,atm

_0.952,atm

é 0.430,atm <

iy \ \;"‘\;}‘;’/
R ‘V‘ 1.07,atm
"

0.984,atm
0.406,atm

0.435,atm
0.468,atm
0.569,atm
\ 5 0.680,atm ]
I | A 1.47
0.4 0.6 0.8 1 : :

“The computer-aided design of cooling system for MPD detector of NICA”, A.S.Fedotov

atm




The ECAL

Initial concept: no manifolds New concept: 5 manifolds to save space in windows
atm
0.696 atm
0.708 atm 0.75
_ _,-a-ﬁ«r.'02656..a._t_rn 0.7
0.644 atm .
\ 0.689 atm i 0.65
P 0.425 at / 0.476 atm L‘ 0.488 atm
/ ;ff}"; 0.648 atm
h . atm W 0.6
o3 at 0450 atm 0.437 atm
0.55
" 7 : ‘4 0.5
0.647 atm 0478 4tm
0.45
0.699 atm —f  0.427 atm 0.4
0.35

ECAL works in nominal regime at Re 2:103
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The model for engineering

Mass conservation equations Systems of ordinary differential  (&[&)[F ml*ﬂ

6av L+l . equations are solved with Torolmd
Apf,A=2DZS 2’" m, Matlab Simulink (Simscape). P
64v L+L,, .
Aps g = oD’s o e * Additional verification of finite-element
. : simulations;
m,+m; =0
* Easier-to-handle engineering model for virtual
my — mass flow rate at the entrance, testing of equipment;
mpg — mass flow rate at the exit, .
Ap; 4 — pressure drop at the entrance, * Automatics can be added to model.

Apsp —pressure drop at the exit,

v — kinematic viscosity,

D — pipe diameter,

L — pipe length,

L,.4 —equivalent length for local losses
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The example of single subsystem

Toyia na mmae L3 T.w&e»c wane 1 ﬂo:::::ug;ﬁ;;ezu
B us_we. \ 45_pipn_44, B Koneo L A OnwHa NPAMONUHERAHOTo
\g T B LJ o B y4acTka mexay uambamu g 45 rp.
45_ppo_45 @ MNaTepu no nwse H
cnom 180 1 A
— — DE—
_— o B 2 o T < e
e v at] [ s orepw @ MECTHbIX NOTEPL MECTHbIX NOTEPL
"Bl i i | vt . Ta Ha narnbe B Ha narnbe B
e T . ﬁg};w e @ . _ N < 51 45 rp. o 451
o
g:g’:;:ﬂ:;;;::yp:a?cztmyumwmMaanxusi “acTH m s -: N -: . -’: . 1 C;> e n,::::‘:,‘:;rﬁn 2 rennootwenHmka A B -
R ksl —— A 45 rp. warv61 @ (2o
§ TennoOGMEHHMKS @ 45 rp. uarmb B
R . . o [ -
) o ECAL heat exchanger subsystem ECAL elbow subsystem
== - «\rwmm nnnnnnnnnnn Toytea LT Trytea L28 Toytua L28 et e
: loo N v R e B For AP=0.12 atm
= A of & | M [ M
45_pipe_20 A5 _pipe_21 . . . .
Mass flow from technical specifications: 0.006 kg/s
— e
- : Mass flow f COMSOL: 0.0059 kg/
- pa— L ass Tiow 1Trom . 0. g/s
45 ppe 22 o A .
Mass flow from Simscape: 0.0057 kg/s

Equivalent fluid dynamics scheme of ECAL panel

149,54
K5y

T

Geometry of ECAL panel
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°
e eX e rl e : - '-' V i ‘ ” Tmnwm:mj T
20T .69 i 76, 11 4620 ‘T3 =~ 25.86 }H"g_u TG.W ‘
| mel |t T e ] S
| L
r gig HARERT | = AR R AN AR AR AN :
L LLEHERE ARG SE NSRRI NARARANERRANAY o RUSERRRRERERRRE NN ES20RI
i3 LHEA] N RARERUNERRNNA: L Lipn i

Expernnental setup i | T
| 164537 164544 164551 164558 164605 16:46:12 16:46:19 164626 14 16:45:37 16:4544 164551 164558 16:46:05 16:46:12 1646119 164826

Temneparypsi (T5,76) i

] 16:4620 2747 1116 2704 || emavam| 70,0004 | ||
i S i
il t
! |
C RN RN NARRa | —5
| ettt L L L L
TR AN AARATARA
QEELRTT T
164551 164558 164605 1646:12 16:46:19 16:4626 1) 164537 164544 16:4551 164558 164605 164612 1646:10 164628 |
| 08/21/23 MON 16:46:19  /orupoganue pannbix T —

Tk ST [l | Touch panel of data logger

"5‘, 'T ~ ,.j{\\;r :
N

e

o w \i,_ »7\\1-_-1"«_3

Equipment:

e Pump Wilo MHIL903-E-3-400-50-2/IE3,
Q=16 m3/h;

* Flowmeters SV3150 and F608 Flexus;

* PC-28 pressure sensors.

The XV-th International School-Conference «The Actual Problems of Microworld Physics» “The computer-aided design of cooling system for MPD detector of NICA”, A.S.Fedotov




ECAL

The experiment 20N et pygesozsbar
100 - Bernoulli law i

) 80- i

al i

ECAL (6 panels) R el |

‘ < 40- 1

20 ]

0 ]
00 01 02 03 04 05

Q, m/h
Outer thermal screen
501 | o Experiment Ptank = 0,49 bar ’
Outer thermal ° Subsystems obey 404 Bernoulli law |
Bernoulli law. Y

screen (3 panels) s | ;o
b The difference vz | FEM simulation_

: " under nominal

] betwegn experimental & 20- operating conditions -

Bernoulli law: and simulated values ]

V2 is about 3% and 6% 10 -

Ap = Y 0{ee® | | | |

2
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The conclusions

1. The problem of water supply to TPC & ECAL detectors was studied. The important
parameters were established and optimized in order to keep leakless regime and
sufficiently high pressure:

tank height;

straight and return pipes design;
pipe diameters;

manifold design.

2. Ordinary differential equations-based model of Simscape can mimic the features of the
flow computed by Navier-Stokes equations and provide great potential for the development
of control models for virtual testing of flow regimes.

3. Experimental verification showed divergence between computed and measured flow at
nominal pressure about 3% for ECAL and 6% for outer thermal screen.
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Cnacmnbo 3a BHMMaHue!l

[laHHOe nccneaoBaHue 6110 6bl HEBO3MOXKHO 6€3 AeATeNbHOro
y4acTUA U MHTENNEKTYa/IbHOrO BKAaa KONNET:

* banawos UN.A.; * Mewepakos [.B.;
* Mos4aH C.A.; * HosuKoB A.Jl.;
* Makapos A.A;; * CamcoHoB B.A.




dpaMeTpbl BHELWHETNo TenJ10BOro aKpaHa
ey e Jomerss |

Ownametp noasopos MPD d_MPD_in 20 mm

Onametrp otBogoB MPD d_MPD_out ans RN
KoHTypos li, IV, V, VI, VII

Ovamerp otBogoB MPD d_MPD_out ans Ll
KoHTtypos |, I, VIII, IX,X

Dvametp nogsoaos TPCd TPC in 20 mm
DOuametp otsogos TPC d_TPC out 20 mm

Pacxog Ha nogaKoHTyp q_out_th_scr 1.08 m3/y

CyMmapHbIii pacxos, Ha BCIO CUCTEMY 21.6 m3/u

BbicoTa BepxHero Konnekrtopa h_ 4.1 m
BbiCOTa HUXKHero Konnektopa h_, 2.6 m
doutthser NI

0.015 mm  Tnaakuii Tepmonnactmk COMSOL
0.35atm  [paHW4HOe yCcnoBuMe
0.996 aTm  PaccuuTaHo ana obecn. pacxoga
1.11 atm PaccumTaHo gns obecn. pacxoda f= ﬁ},;;‘\-.}
0.85 atm PaccumTaHo gns obecn. pacxoga ‘1) \L
0.94 atm PaccunTaHo gns obecn. pacxoga | '\}I L— Vi
0.92 atm PaccumTaHo gns obecn. pacxoga T[\l’ ’> :
0.90 atm PaccumTaHo gns obecn. pacxoga Vil —
0.80 atm PaccumTaHo gns obecn. pacxoga
0.92atm  PaccuuTaHo ans obecn. pacxoga
1.04 atm  PaccuuTaHo ana obecn. pacxoaa
1.04 atm PaccumTaHo gns obecn. pacxoaa
&

1.2)-10*

[paHM4YHOE ycnoBue
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Ovametp nogsogos MPD d_MPD _in 20 mm

Ounametp otBogos MPD d_MPD_out 14 mm

Onametp nogsogos TPCd_TPC_in 20 mm
Ounamertp otBogos TPC d_TPC_out 20 mm

Pacxoa Ha nogKoHTyp ¢_out_th_scr 0,18 m3/u

CyMMapHbIA pacxoa Ha BCIO cUCTemy 1,44 m3/y

BbicoTa BepxHero Koniektopa h_. 4,2 m
BbicoTa HUXXHero KoaneKkropa h__, 2,7m

4 mm

LLlepoxoBaTocTb TPy6OK € 0,046 mm

NasneHue B 6ake p,,, 0,35 atm

[asneHune Ha BXOA B KOHTYP | p 0,99 atm

[asneHune Ha Bxopa B KOHTYp Il p;., 1,01 atm

HasneHune Ha BXxopa, B KOHTYp Il p, 1,01 atm

[asneHune Ha BXog B KOHTYp IV p;.q, 0,99 atm

Yucno PeitHonbAca B Harpyske Re 5-103
Dvametp Tpy60K TepmoaKkpaHa d., ;.. 4 mm
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BakHo!

lpaHM4YHOE ychoBue

Kommepueckasa ctanb COMSOL
[paHMyHOEe ycnosue

PaccuntaHo gna obecn, pacxoga
PaccuntaHo ana obecn, pacxoga
PaccuntaHo gna obecn, pacxoga

PaccuntaHo ana obecn, pacxoga

apameTpbl PPOHTA/IBHOTO TEMNAOBOrO 3KPaHa
N

,’/\;>‘0.527,atm
0.572,atm \

v /o / 1

mi‘n: 0.150 atm

/ 0.684
/ 0.202 atm—4

0,674,atm /
) < 0.187,atm
0.203,atm INZAG %
// <G \S [ A
e ® 26
Ui
V) K%

0.189,atm

1.05,atm

max: 1.16 atm

V¥ 0.15 EE—— BB A116 atm
0.2 0.3 04 05 0.6 0.7 0.8 0.9 1 1.1

e e



