Preliminary Cooling Model of OTS and ITS
with Helium




* The cooling down for both of shield is done with a MATLAB code

* The Helium is used in vapour phase for OTS and supercritical
phase for ITS

* The cooling down is made by a elicoil serpentine (half pipe)

* The phisycal properties of helium is considered constant (TIME &
TEMPERATURE)
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_The Thermal Radiation on OTS
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With the RML solution we expect to have

a radiation value of 2 W/m?2 on the OTS shield
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- OTS - Geometry Data

Geometry Input Data Helical
Geometry Input coil (half pipe)
Data OTS Dyype (M) 0.025
Dors (M) 2 Dhatr-pips (M) 0.015
Hors (M) 4.6 Hpelicat coit (M) 4.6
Thors (M) 0.006 Thy, (M) 0.002
Aors (M?) 108 Coil Pitch (m) 0.76
Vors (M) 0.34 Number of turns 6
Lheticat coit (M) 76
Aneticat coit (M) 3.64
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- OTS — Physical Helium Data

PRESSURE = 0.101325 [MPa]
TEMP DRNSITY PV/RT ENERQY ENTHALPY ENTROPY c, Cp VSOUND
(K] [kg/m’] [-] (/9] [3/g] [J/g-K] [J/9-K] [J/g-K] [m/s]
40.00 1,318 1.003 139.7 113.0 21.12 3.119 5.3206 3173.4
50.00 ©0.5%7312 1.002 170.9 275.0 a1.38 3.118 5.301 417.3
PRESSURE = 0.101325 [MPa]

TEMF T IV [ v e ] [ E 3 ] ~ CONDOCT visc THDIFF  FRANDTL
(K] [ v T ], <, ar v P 3 - [W/m K] [uPa- 8] [m /8]

40.00 0.9998 0.6694 0.9574 0.4716E-03 | 0.4045E-81  5.542| 0.6387E-05 0.7134
50.00 0.9989 0.6687 0.9975 0.3773E-03 | 0.4668E-01  6.360| 0.9223E=-05 0.7087

References: ‘NIST — National Institute Standard Technology’
Book Title: ‘Thermophysical Properties of Helium-4 from 0.8 to 1500 K with Pressures to 2000 Mpa’
Author: ‘Vincent D. Arp, Robert D. McCarty ,Daniel G. Friend’
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- OTS —The Thermal Model - Transient Simulation (time)

1- Global Balance

Mgrs * Cp ors(T) * ~”

2- Helium Balance

*Cp (out THe) Ux A * ATy,

dTors(t)

= Qr — Qeonv(t) = 300

Simulation Data

Flowrate (kg/s) 0.001

The,in (K) 38

Q. (W) 216

v (m/s) 3.35
Re 11234

Pr 0.71

Nu 36.2

U(W/m2 K) 95.8

AP(mbar) 124
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9 days,8 hours,59 minutes

The target temperature reached for the OTS shield is 79.59 K
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- OTS -The Thermal Model - Energy Balance: Q_.,, Vs Q

rad

Energy Balance: Convective Heat vs Radiant Heat
1600 B S SR R RN RS AR RN AN RS R RN RN EERE LR EAREE RN EER RN EEEE R
Q_,,,, (Heat Removed by Helium)

1400 | — = Q_, (Radiant Heat Input)

1200

Let's assume that the radiation heat transfer
involves the 100% of the OTS surface and that its
emissivityise = 0.1
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OTS - The Thermal Model — Transient Simulation (1D Model)

1- 1D Model
Fxcppe* Ty —Q*T* Dpgippipe ¥ AX = F * Cp o * Ty px

350
Where Q = U * Aors * (Tors — T(X)pe)
300 F---—------————————————2
. T 8t Ty, = 300.0K (Time: 0 min, 0 sec)
2- 1D Model solution o Ty = 3000K
[ —_ —_ 250 The At Ty, = 256.5K (Time: 14 hrs, 19 min, 6 sec)
T(x)ne = Tors + (THe~ Tors) * € ax{x=o) - Ty = 2565K
THe at TWa” =212.5K (Time: 1 days, 8 hrs, 0 min)
X Tovar = 2125K
Uxtt«D ; © T, atT,,, = 168.5K (Time: 2 days, 7 hrs, 2 min)
Where a = halfpipe
F*Cp,He !g_ The At Ty = 124.5K (Time: 3 days, 16 hrs, 11 min)
[ ———T, al =1245K
- T‘:e‘.‘at TWa” = 80.5 K (Time: 8 days, 14 hrs, 4 min)
To perform the graph the equation 1% Tw Z805K |
. . . T 8t Ty, = 80.0 K (Time: 9 days, 8 hrs, 59 min)
is used how a sigmoid model LoT,, =B00K
100 |
T(x) _ T + TOTS — Tin,He 0 j J j / |
He in,He 14+ e_kparam*(x_xinflection) : ‘ ‘ | | | |
0 10 20 30 40 50 60 70 80

Position along coil [m]
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TS — Geometry Data

Geometry Input Data Sepente
Geometry Input (half pipe)
Data OTS Dyype(M) 0.025
Dyrs (M) 1.8 Diat-pipe(M) 0.015
Hirs (M) 4.2 Hpeticat coil(M) 4.2
Thikirs (M) 0-006 Hpetical coit (M) 0.002
Ars (m?) 63 Coil Pitch (m) 0.70
Virs (M?) 0.28 Number of turns 6
Lheticat coit (M) 68
Lheticat coit (M?) 3.25
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_ITS — Physical Helium Data

100 References: ‘Cryogenic payloads for the Einstein Telescope: Baseline design with heat extraction,
suspension thermal noise modeling, and sensitivity analyses’
supercritical |Author: ‘Xhesika Koroveshi, Lennard Busch , Ettore Majorana, Paola Puppo, Piero Rapagnani ,3,4
10 E Fulvio Ricci, Paolo Ruggi and Steffen Grohmann”’

5 -

f Critical point R

%‘ ' superfiuia ] - | Inthis incipient point:

a Hell T.=5.19 KP_=2.27bar(0.227 Mpa)

0.1 - Vapor i
0.01 / : : - :
1 2 3 4 5 6 7
Temperature / K
SRESHUE = /230 [ial .Referencesz ‘NIST— National.lnstitute Standard Technology’ '
Book Title: ‘Thermophysical Properties of Helium-4 from 0.8 to 1500 K with
TRMP | DRNSITY PV/RT ENERGY ENTHALPY nmo:t Cy cp VSOUND Pressures to 2000 Mpa’
Sl = Lt g prew T TheR | e Author: ‘Vincent D. Arp, Robert D. McCarty ,Daniel G. Friend’
5.300 43.45 0.4808 23.15 28.44 7.001 3.022 27.33 107.5
The simulation is performed in the region of the
PRESSURE = 0.230 [MPa] helium supercritical phase
o | eai R (i i oo B et M i 1=5.3K
P=2.3bar(0.230 Mpa)
5.300 10.04 0.8011 4.144 0.16%1E-01 0.1490E-01 l1.828| 0.1254E-07 J.355

28-29/07/2025

Cryostat Design Meeting - Marco Orsini 10



- OTS —The Thermal Model - Transient Simulation (time)

Simulation Data

Flowrate (kg/s) 0.001

The,in (K) 5.3
Q.(W) 12.6

v (m/s) 0.58
Re 34047

Pr 3.35

Nu 177

U(W/m2 K) 172

AP(mbar) 2

Wall Cooling
I \

Curve and Helium Behavior (Fu
\ \
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The target temperature reached for the OTS shield is 5.53 K
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OTS - The Thermal Model - Energy Balance: Q. ,,,vs Q

rad

Energy Balance: Convective Heat vs Radiant Heat

Q_,,,, (Heat Removed by Helium)

(o]

o

o

o
T

— = Q_, (Radiant Heat Input)

Let's assume that the radiation heat transfer
. involves the 100% of the OTS surface and that its
emissivityise = 0.1

Time [hours]
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~OTS - The Thermal Model — Transient Simulation (1D Model)

280 Spatial Profiles of Helium and Wall Temperature at Different Times (Sigmoid Model)
‘ ' ‘ ' ' T, at T,y = 300.0 K (Time: 0 min, 0 sec)
— === Tyg = 300.0K
THe at TWaH =241.5K (Time: 2 hrs, 15 min, 48 sec)
300 o Tiyan = 241.5K
THe at TWaH =182.5 K (Time: 4 hrs, 59 min, 6 sec)
Ty = 182.5K
THe at TWaH =123.5 K (Time: 8 hrs, 12 min, 0 sec)
250 === Ty = 123.5K
______________________ THe at TWaH =64.5K (Time: 11 hrs, 31 min, 12 sec)
=== Ty = 645K
THe at TWaH =5.6 K(Time: 12 hrs, 52 min, 18 sec)
Ty =56 K
— Wall
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