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Cooling Power TWINBIRD Stiring Cooler
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* Cooling C t . -
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2015 3/27 - 4/7
Maximum : 4.69 2 /min

Gas Circulation Pump

4.69 4 /min[FM]
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PTR PT]
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Heater 11W ¥ |
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Operation for 10 days
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Temperature profile during pre-cooling and liquefaction
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Temperature profile during pre-cooling and liquefaction

Temperature in the vessel : Lt-1[K]

Internal cryostat
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Temperature profile during all data-taking

Holidays
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Temperature profile during all data-taking
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Temperature profile during pre-cooling and liquefaction
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Temperature profile during pre-cooling and liquefaction

Holidays
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Pressure profile inside cryostat during pre-cooling and liquefaction
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Pt-1 [MPa] vs Time
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LXe level profile during Liquefaction
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Circulation

Flow Rate vs Time. Data from 18/11 to 29/11
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Flow Rate vs Time
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Temperature profile during circulation

Temperature stability during

relative long period

Temperature (°C) vs Time *T1( ]
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Pressure profile during circulation

Pt-1: pressure inside cryostat Pressure stability during
Pt-3: pressure at exchanger inlet relative long period
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Pressure profile during circulation
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Flow rate vs Time
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Flow rate vs Time
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Temperature vs Time

Flow rate of 4.5 I/min
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Heater vs Time and Heater vs Flow rate

Flow rate of 4.5 I/min
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Flow rate vs Time
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Temperature vs Time

Flow rate of 7.5 I/min
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Heater vs Time and Heater vs Flow rate

Flow rate of 7.5 I/min

PDCO08- CH heater [W]
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Ratio Pressure/Temperature vs Gas Flow

Pression in chamber [Mpa] / T[ €] vs Flow Rate [I/min]

-0,00104

-0,00106

® Pression in chamber [Mpa] /T1 [ C]

M Pression in chamber [Mpa] /T2 [ C]

-0,00108

-0,0011

-0,00112

-0,00114

-0,00116

-0,00118

-0,0012

-0,00122

-0,00124

[ . O
[ |
=8 iy o @
' 3
& , &
D ¢ @
‘ 3
0 2 4 8 10 12

KEK 01/12/2015

28




Flow rate vs Time

Flow rate around 4.5 I/min

Flow Rate [I/min] vs Time
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Ratio Pressure/Temperature vs Time

Flow rate around 4.5 I/min
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Ratio Pressure/Temperature vs Time

Flow rate around 7.5 I/min
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Ratio Pressure/Temperature vs Time

Flow rate around 11.0 I/min
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Flow rate vs Time

Flow rate around 11.0 I/min

8 h 30 min Flow Rate [|/min]
12
m
o
9 .
Flow Rate [I/min]
- 12
6 11,5
B s i
3 * 10,5
o
10 ' : : :
11/26/19 7:41  11/26/19 10:06  11/26/19 12:31  11/26/19 14:57  11/26/19 17:22
0 : : : .
11/26/19 7:.41 11/26/19 10:06 11/26/19 12:31 11/26/19 14:57 11/26/19 17:22

33



Cryogenics Study

TWINBIRD

~606,| PTQTC}T} ~16.2 | Gas flow (I/min) 4.5

=
272 , PT7 (°C) -124.8 -125.1 -124.9
%é /| conduction

‘ | PT6 (°C) -109.6 -109.5 -109.2
PTA PT4 -105.¢ -
/7- ! f PT4 (°C) -104.7 -104.5 -104.3

PT5 (°C) -104.4 -104.3 -104.0

. ~12 ~12 ~ 12
insulation lost
insulation los 5 5 0
*Average values during stability .
*PTR Cooling power from data sheet | —> P
By courtesy of Eric Morteau -
pra || 1
SUBATECH i
Gas flow (I/min) 31.3 4.5 7.5 11.0 T _PQEI
Tinside cryo T2(°C) | -100.7 | -1069 | -1065 | -106.3 || Thermal loss between cryostat|—— § = .
PT1 (°C) -106 -107.9 | -107.5 | -107.3 | | @nd heat exchanger Soa = S
PT2 (°C) 18.1 585 | -50.3 | -44.1 | Thermal conduction inside i o
PT3 (°C) 245 15 6.7 117 | | heat exchanger
PT5 (°C) 1044 | -1047 | -104.3 | -104.0 | | Thermalloss between
exchanger outlet and cryostat ;
T1(°C) -104.4 | 986 | -985 | -985 | | injet g
*Average values during stability
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KEK Cryogenics Set-up — Data (18 - 26/11/2015)

4\67-9/7’1:7\
- | 25
i NPT3
D e _ | o
S 20
o » °
. . S
; -1057" . o 15 o
—"PT4 ¥ o
| -5 ‘;'/4\(»«0;; ()]
] ~10.82% o 10
~-,::In\> Heater 8
i Vv, OV
.ni,,() PT7 A.oA E 5
| -12639% o
0
0 1,5 3 4.5 6 7,5 9 10,5 12

Gas Flow (I/min)

’ By courtesy of Kasami-san

PTR (164 K@24 W)

30

Gas flow (I/min) 4.5 7.5 11.0

T inside cryo T2 (°C) -100.7 -106.9 | -106.5 | -106.3 Cold Head T (°C) 164 164 164

PT1 (°C) -106 -107.9 | -107.5 | -107.3 PTR Power (W) 29 29 29

P12 (°C) 18.1 -58.5 -50.3 -44 1 Heater (W) 11 8 6.5

PT3 (°C) 24.5 -1.5 6.7 11.7 18 21 22,5

PT5 (°C) -104.4 -104.7 | -104.3 | -104.0 | "Average values during stability

*PTR power from KEK measurements
T1(°C) -104.4 -98.6 -98.5 -98.5




Heat Exchanger Efficiency

b9Ymen
Sbkp Warm "
&@— B 60 " A N
i 50
i Cold _
39 ¥ 40 4 ATwarm
T 4\0"’03 Ia 30 e ATcold
Ts. - —~1[0:82%
fqu\‘i.‘;.C r"@'-‘" — Heater 20
2 € éh/ v, oV
a ‘&& are | QP17 Hob "
& N ER R 0 - o bt ht
o i 0 2 4 6 8 10
P\=16dk : : -
B> e i By courtesy of Kasami-san Gas Flow (I/min)

SUBATECH

Gas flow (I/min) 11.0
PT2 (°C) 18.1 -68.5 | -60.3 | -44.1 | -58.5
PT3 (°C) 245 | 15 | 67 | 117 | -2.1
Efficiency (%) 99.9 86.1 | 86.1 | 86.5 | 86.3
0.34 C,xAT,,.,, xF(g/s)
96.26 || £=1- W
O (W)
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Heat Exchanger Efficiency
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L)
a3 tndhe
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Heater

Gas flow (I/min) 11.0
PT2 (°C) 18.1 -58.5 | -50.3 | 441 | -585
PT3 (°C) 24.5 -1.5 6.7 11.7 -2.1
Efficiency (%) 99.9 86.1 86.1 86.5 86.3
0.34
g — 1 . Cp X ATwarm X F(g/s)
96.26 W
Q (W)

Efficiency (%)
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AM A
A ATwarm 4
e ATcold
o» o ) )
4 6 8 10 12
Gas Flow (I/min)
% o ° o
4 6 8 10 12

Gas Flow (I/min)



Heat Exchanger Efficiency

Q(W)

38

Gas Flow (I/min)

: 0,04
- b"_j',féoc e AP (MPa)
. 0,035
©
= o
%
0,03 .
o { J
0,025
0 2 4 6 8 10 12
Gas Flow (I/min)
100
95
11.0 -
& 90
PT2 (°C) 18.1 585 | -50.3 | -44.1 | 585 | & o o o
S 85
PT3 (°C) 24 5 15 | 67 | 117 | 21 | & o
L
Efficiency (%) 99.9 86.1 | 86.1 | 865 | 86.3 5
0nd C xAT, xF( 70
warm g/S)
_ P
- e=1— 0 2 4 6 8 10 12



Thermal Losses

/7-1974 | PT4¢ -10s5.¢

h & | IS TWINBIAD
insulation lost > B

insulation lost

By courtesy of Eric Morteau

T A y Air
A T=203K T=203K
thickness = 1 mm Internal diameter = 6.4 mm
|— —I diameter = 3/8” External diameter = 11.9 mm
! VCR | !
30 mmm Xe ‘ Xe
1 la T |
| . 130 mm v = | g _400-450mm ¥
- T=1745K O 1] T=1745K
© 50 mm c o
§ ICF70 S| 2
> g ©
O L

Exchanger

*Temperature values for a gas flow of 4.5 I/min
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Thermal Losses

/v-"’T" | PT4 -105.¢

hl& | / J., TWINBIAD
insulation lost ' '
/ PTs
\. T2 T4 “"/ insulation lost

Cryostal” .
By courtesy of Eric Morteau et
....... Air :
4 T=293 K v .
Aeroflex T o3 K
o0 mm 40 mm Aeroflex
l_ _l 40 mm
X(_a Xe
1
1 } & e v ‘q-,
LI : | : :
2 T=1744K e 8 T=166.1K |2
: gl 2 g
S 215 :
G £ S

*Temperature values for a gas flow of 4.5 I/min
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Thermal Losses

~66,] PT2 Q‘r} ~16.7
L1

/V-PH | PT4¢ -10s5.¢

\JV

N\AL

h & Ik TWINGIAD
insulation lost / ots _
\. T2 T4 ""/ insulation lost

By courtesy of Eric Morteau

Assumptions:

- Negligible resistance between the tube wall and
the LXe.

- Constant properties

- Negligible radiation heat loss

- Stability

Thickness insulator (mm)

40 60
1.80 W 1.57 W
2.48 W
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Slow Control
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SUBATECH Set-up

A-N
v
D — | :
<3l Gas flow (I/min) 31
5 Echa-q .3&.“’
- 23, | 70
.n T& » Tg- =104 Te-T¢ A hlack
h> 4m 4B | Coaxial Heat
AR Exchanger
- >ETUY ?MBA TeC H Gas flow (I/min)
Cr/vost'ql'

—
-
o

PTR

Rescue tank

Efficiency (%)
©
©

(e
co

| heat exchanger

\ Cryostat (TPC) /
\"\-\. -'f,-

e -

w
~J

P I T TR T TR N TR TR S TR R
10 20 30
Flow (NL/min)

(e
@)
o

Cryostat (flange only)

N
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Temperature of the Cold Head T1 [K] vs Time

174

172 -

Reached stability

170

168

166

164 -

162 -

160 y . . . - . . .
18/11/15 00:00 18/11/1512:00 19/11/15 00:00 19/11/15 12:00 20/11/15 00:00 20/11/15 12:00 21/11/15 00:00 21/11/1512:00 22/11/15 00:00 22/11/1512:00

Pressure within the Cryostat [MPa] vs Time

02 7

0,15 ¢

01

1.12 kPa

0,05 ¢

Reachéd stab-i lity

-0,05

-0,15 3
18/11/15 00:00 18/11/15 12:00 19/11/15 00:00 191115 12:00 20/11/15 00:00 20/11/1512:00 211115 00:00 211115 12:00 22/11/15 00:00 22/11/1512:00




Temperature profile during liquefaction

300 | -
280 | | = ZOOM T1 [K] temperature of the Cold Head
1 o Lt-1 [K] temperature in the vessel
260 ¥ 200
- 220 ——T1(K)
240 - - = 1-1(K)
- 200
220 - | 4 s —=T1-1(K)
¥ || g _' )
& 160
200 - ! 1
- J 1;’:?11509:38 1811151048 181115 1200 1811151312 181115 14:24 1811151536 181115 1648
180
160
140
18/11/15 00:00 18/11/1

5 12:00 19/11/15 00:00 19/11/15 12:00 20/11/15 00:00 20/11/15 12:00 21/11/15 00:00 21/11/15 12:00 22/11/15 00:00 22/11/15 12:00




Pressure in the chamber VS Time

Pression in Chamber [MPa] vs Time

0,022
0,021

0,02
0,019
0,018
0,017
0,016
0,015
0,014
0,013

0,012
23/11/15 00:00 24/11/15 00:00 25/11/15 00:00 26/11/15 00:00 27/11/15 00:00 28/11/15 00:00 29/11/15 00:00 30/11/15 00:00




Flow rate 11 I/min : 8h 30min

Flow Rate [|/min]

12
4
9 . g
i o - N o -
,; 12
-
11,5
6
10,5
3 ¢ .
10 ' , , |
11/26/19 7:41  11/26/19 10:06 11/26/19 12:31 11/26/19 14:57 11/26/19 17:22
0

11/26/19 7:41 11/26/19 10:06 11/26/19 12:31 11/26/19 14:57 11/26/19 17:22



Flow rate 7.5 I/min : 16h

Flow Rate [|/min]
7,9

7,675

7,45

7,225

7 , , , .
11/25/19 15:51 11/25/19 20:07 11/26/19 0:22 11/26/19 4:38 11/26/19 8:53




Flow rate 5.5 I/min : 5h 30min

Flow Rate [|/min]

5,8

5,625

5,45

5,275

5,1 ' ' ' .
11/28/19 7:46 11/28/19 9:22 11/28/19 10:59 11/28/19 12:36 11/28/19 14:13



Flow rate 5.5 I/min : Ratio pressure/temperature VS time

-0,001
@ Pression in chamber [Mpa] / T1 [ C]
B Pression in chamber [Mpa] / T2 [ C]
-0,0011
L | [ | m B [ |
-0,0012
-0,0012 = 4 :
-0,0013

11/28/19 7:46 11/28/19 9:22 11/28/19 10:59 11/28/19 12:36 11/28/19 14:13




Pressure in the chamber / Temperature VS Time

-0,00104
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-0,0011

-0,00112

-0,00114

-0,00116

-0,00118

-0,0012

-0,00122

-0,00124

23/11/15 00:00

Pression in chamber [Mpa] / T[ C] vs Time

® Pression in chamber [Mpa) /T1[ C)

M pression in chamber [Mpa] /T2 [ C)

o e

(o

¢

oo

——

et

Fewpmi o

24/11/15 00:00 25/11/15 00:00 26/11/15 00:00 27/11/15 00:00 28/11/15 00:00 29/11/15 00:00 30/11/15 00:00




Power (W) VS LXe level

Pwr [W] vs Level-1(mm)
14

o® ®
< ®
o » ¢
. ’ 5 O A
* * o
10,5 0® 8% ¢ % MM" 0"’5“ ¢ o8
N T
@ 880
g
®

%

® o

3,5

117 118,75 120,5 122,25

124



Pressure in the chamber / Temperature in the vessel (low) VS Time

0,0007

0,0007

0,0007

0,0007

0,0007

Pt-1(MPa)/Lt-1(K)
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Pressure in the cryostat / Temperature in the vessel (low) VS Flow Rate

0,0007

0,0007

0,0007

0,0007

0,0007

Pt-1(MPa)/Lt-1(K) vs Flow Rate [|/min]

¢

"wa

¢
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Pressure in the chamber / Temperature in the vessel (low) VS Flow Rate

0,0007

0,0007

0,0007

0,0007

0,0007

Region 4.2-4.7 |/min

Pt-1(MPa)/Lt-1(K) vs Flow Rate [|/min]

4 4,25 4,5 4,75



Pressure in the chamber / Temperature in the vessel (low) VS Time

Region 4.2-4.7 |/min

Pt-1(MPa)/Lt-1(K)

0,0007
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0,0007
®
Nl A g
°
S
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0,0007
0,0007
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Pressure in the chamber / Temperature in the vessel (low) VS Time

11 [/ min

Pt-1(MPa)/Lt-1(K) vs Time
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Pressure in the chamber / Temperature in the vessel (low) VS Flow Rate

11 [/ min

Pt-1(MPa)/Lt-1(K) vs Flow Rate (I/min)
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