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Introduction to OvBB and nEXO
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Adapted from: https:/arxiv.org/pdf/1108.4193
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Introduction to OvBB and nEXO

nEXO Experiment

- 5-tonne single-phase liquid Xenon Time Projection
Chamber (TPC)

- Enriched to 90% in isotope 13¢Xe

- OD used for passive and active shielding

- Target half-life sensitivity of 1.35 - 10% years

Charge collection tiles

nEXO vessel
Photodetectors

<— Cryogenic

vaCuum space

Source:

https:/nexo.lnl.gov/nexo-overview


https://nexo.llnl.gov/nexo-overview

Introduction to OvBB and nEXO

nEXO Outer Detector (OD)

- Passive and active shielding

- Quvalue for OvBB ¥*Xe — **Bais 2458 keV [1]

- Muons passing through TPC can create neutrons that can create
energy signatures around Q value :(

- ODis veto for TPC by detecting Cherenkov radiation :)

[1] Search for double-beta decay of 136Xe to excited states of 136Ba with the KamLAND-Zen experiment
https:/arxiv.org/pdf/1509.03724

Source:

https:

holarship.mcgill.c

ncern/theses/j9602648j



https://arxiv.org/pdf/1509.03724
https://escholarship.mcgill.ca/concern/theses/j9602648j

Intro to the PMT Testing Setup

The PMT Testing Setup

- Located at Laurentian University
- PMT attached to barrel lid
- Barrel lid indark enclosure

- This will help learn for future setups

SNgLAB
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Intro to the PMT Testing Setup

The PMT Testing Setup

Barrel needs a way to change and keep
stable temperature
OD will be held at 12°C

PolyScience AP15R-40-A11B refrigerated

circulator




Initial Design Ideas

Design Ideas

- Coil Inside Barrel
- Coil Outside Barrel
- Eachsetup has some pros/cons

- lupdated CAD models in Fusion 360

Refrigerated Circulator

Refrigerated Circulator




Calculations

Calculations — Simple

Time to cool barrel from 25 °C to 10 °C,
P =956 W (Cooling Capacity at 17.5°C)

Time with no heat leaking in barrel : Time with Insulation with an R-Value of 2:
Q = mcAT t:g @:U-A-AT:i-A-AT
P dt R

t=4.07 Hours t=4.14 Hours




Calculations

Calculations — Coil in Barrel

%Q:U.A.AT A=0.0127-7-L

1. dQ/dt< 956 W - Area of coil is bottleneck cooling

2. dQ/dt=956W - Coil exchanges heat at the same rate as the

cooler: | L=4m

3. dQ/dt > 956 W - Making coil longer has no cooling benefits

Will Cool in 4.14 Hours if more than 4m of tubing is used
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Calculations

Time to Cool (t) [hours]

Calculations — Coil Outside of Barrel
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Time to Cool Barrel from 25°C to 15°C with Respect to Coil Length
and Insulation with an R Value of 2

8
Length of Coil (

10
L) [meters]

t= 14 x 108
3600(400 x 0.002 x L x 15—-17) A — L . 0002
- Too Long to cool
- Don't want to use more than
15m of coil
ll2 1|4 1I6 11
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Bill of Materials and Concerns S AB

DESIGN A
Material | Link | Quantity | Supplier [ PartNumber | Cost/Unit (USD) | Total (USD)

Bill of Materials

https://www.mcmas
Barbed Fitting ter.com/5357K39/ 2 McMaster-CARR 5357K39 $ 536] $ 10.72

Hose Clamp (10 | https://www.mcmas
pack) ter.com/5415K33/ g McMaster-CARR 5415K33 S 11.84] S 11.84
Section 2

- Still concerns with setup

(50 ft) ter.com/5231k89/ i, McMaster-CARR 5231K89 S 69.00 | $ 69.00

Soft PVC Tubbing | https://www.mcmas

- Coil in barrel could interfere with detection insulation (6 ft) |ter.com/a4745Kk23 7 McMaster-CARR 44745K23 s 11.72] 8 82.04

Section 3
Through Wall https://www.mcmas
S h ddo . | I Connector ter.com/6696K58/ 2 McMaster-CARR 6696K58 $ 126.86 | $ 253.72
- etup has additional Issues... i
NPT (Male) X NPT | ter.com/44665K151
(Male) connector i 4 McMaster-CARR 44665K151 $ 347 S 13.88
Barbed Fitting (5 | https://www.mcmas
pack) ter.com/5346k38/ 1 McMaster-CARR 5346K38 $ 16.92| $ 16.92
Section 4
Through Wall https://www.mcmas
Connector ter.com/6696K58/ 2 McMaster-CARR 6696K58 S 126.86 | S 253.72

Quick Connect Body| atersystems.com/pr
(NPT Male) (IN | oducts/Ig6d10006bl
CAD) u-valved-pipe-thread 4 Fresh Water Systems|  LQ6D10006BLU S 104.00 | S 416.00

Quick Connect | atersystems.com/pr
Stem (Barbed) (IN | oducts/Ig6d22006bl

CAD) u-valved-in-line- 2 Fresh Water Systems|  LQ6D22006BLU S 73.00| S 146.00

Quick Connect | https://www.usplast

4 Stem (NPT Male) |ic.com/catalog/item.
(IN CAD) aspx?itemid=102531 2 Usp LQ6D24006BLU $ 11588 [ $ 231.76

Push-to-Connect to | https://www.mcmas
NPT Female ter.com/5483K47, 2 McMaster-CARR 5483K37 S 7991 $ 15.98
Section 5

https://www.mcmas
Barrel Insulation ter.com/9349K9, 8 McMaster-CARR 9349K9 $ 3067 S 245.36
https://www.mcmas

Copper Tubbing (50 |ter.com/5174K24-
ft) 5174K6, 1 McMaster-CARR 5174K24 $ 159.91 ] $ 159.91

If we want to use Swagelock quick connects it is an extra $1000 USD on top of the current subtotal Subtotal (USD) S 1,926.85




Bill of Materials and Concerns

20.0 A

17.5 A

15.0 A

Flow Rate (q) [Ipm]
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Quick Connect Concerns

Flow Rate vs Pressure for QTM2 and QTM4
Quick Connects

— . ../ bp
—_— quM2—3.7854 0.8 T

- 164/ |~
—t— quM4—3.7854 1.6 T i

T T T T
5 6 7 8

4
Pressure (Ap) [psi]

T
10

SN AB

Cooler max Pressure: 4.35 Psi

Cooler max Flow Rate: 20.1 Ipm

Spillage
A] ) Series cm3
QTM2 (019
QTM4 0.2
QTM8 1.0
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Improved Design S@(AB

Refrigerated Circulator

Improved Design

- TRACIT-1100 heat transfer compound

- Heat transfer coefficient: 114-227 W/m**K

- Relatively inexpensive solution

- Avoids quick connect flow and spillage issues

- Avoids coil interfering with detection issues

14



Calculations

Calculations

- Used thermal resistance

- Putty buffer is amount of putty on

either side of tubing

- Cooling time reasonable making this

option feasible

Heat Transfer Coefficient Area
Utcopper-putty = 114W/(m? - K) Ap =0.0127 - - L
Usteel-water = 400 W/(m2 . K) A= 2B
Ubputty-steel = 114 W/(m? - K) Ap=L-2:B
i dQQ AT
Rtot —= Z ﬂ _— =
’ dt Rtot

0.060

0.055 A

0.050 A

0.045 A

0.035 A

B (Putty Buffer) [m]

0.030

0.025

1
L (Coil Length) [m]

12

and Coil Length with Insulation with an R Value of 2

SN AB

Hours to Cool the Barrel from 25°C to 10°C with Respect to Putty Buffer

15

14 - 106

- 3600(

15

1

1

114-0.0127-w-L

i
T 400-2-B-L + 114-

2-B-L

~17)

16.35

15.00

13.65

12.30

S
©
w
Hours to Cool [h]
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Final Bill of Materials S AB

Name [ Description | Link | Quantity. | Supplier [ __PartNumber | Cost/Unit(USD) |  Total (USD) | Image [ _Diagram Letter |
Section 1
Aluminum, Hose ID
u L u https mem
Barbed Fitting ster.com/5357K39)/| 2 McMaster-CARR 5357K39 s 536 1072 A
Final Bill of Materials
ster.com/45045K63
Hose Clamps 5/8"-15/16" & 10 McMaster-CARR 45945K63 $ 647 S 64.70 B
Section 2
25 ft/unit, 1D 1/2", | https: m ~
Soft PVC Tubing op3/a" ster.com/5231K89)/| ? McMaster-CARR 5231K89 s 3450 § 34.50 A
hitps mema Q
ster.com/44745Kk23
. . . . . .
_ AVO I d S I SS u es Wlth p reVIO u S Set u p by p u ttl ng CO I | Tubing Insulation_| 6 ft/unit, R value 2 7 4 McMaster-CARR 4474523 s 172|s 46.88 [
Fitupto31/4" https: mcma ;
Cable Holder Diamiter ster.com/6912K45/ | s McMaster-CARR 6912K45 $ 7.80]$ 39.00 [
Section 3
O u ts i d e Of ba r re | Through Wall | 3/8" NPT Female, |https: mem: a
Connector Stainless Steel _| ster.com/6696K58/| 2] McMaster-CARR 6696K58 s 12686 § 253.72 A
Aluminum, Hose ID
1/2",3/8" NPT | https: mem @
Barbed Fitting Male ster.com/5357K41/| a McMaster-CARR 5357Ka1 s 564]% 2256 B
Section 4
- BOMwas ordered sy =
Brass Push-to- | and 1/2" tube OD, | httos: mema ﬁ
Connect Fitting | 1/2" NPT Male _| ster.com/5483K47, 2 McMaster-CARR 5483K47 S 7.99|$ 15.98 A
NPT Female Barbed| Hose ID 1/2", 1/2" | https: mcma a
Fitting NPT Female, Brass | ster.com/5346K57/ 2 McMaster-CARR 5346K57 s 433[$ 866 ]
Section 5
https m P
1D 3/8", 0D 1/2", | ster.com/5174K24- ég,
Copper Tubing 50 ft/unit 5174K6/ :! McMaster-CARR 5174K24 $ 15091 $ 159.91 A
1Gallon, Look at [ https: mema
Heat-Transfer Putty| SDS for more info | ster.com/3568K4: 2 McMaster-CARR 3568K43 S 9833 § 196.66 ]
s
Instant-Bonding https: mema g H
Adhesive 2 FL. 0z /container | ster.com/7605a13/ 1 McMaster-CARR 7605A13 $ 7871 7.87 [
3 https://www.home 5
Tube Clamps (Price [ Copper, 10 Clamps/| a/product/d . ,;m
is CAD) Bag ahl-1-2-tube- 2 The Home Depot 1000148597 | $ 670 13.40 - D
Section 6
Bubble Sheet | 48"x25 ft, Forall |httos: mema
1 Insulation sides, 4.2 R value |ster.com/9367k21/ 1 McMaster-CARR 9367K21 S 7937 $ 79.37 A
Fiberglass  [48"x10 ft, For sides, | https: mcma
Insulation 38Rvalue |ster.com/9346K11/| 1 McMaster-CARR 9346K11 s 2516 $ 25.16 8
Hard Foam 4Feetx48",1" |httpsy mcma
4 Insulation Thick, S R value _| ster.com/9255K11, 1 McMaster-CARR 9255K11 S 4958 S 49.58 c
172" Thick, 36" | hitps mcma
Soft Foam Wide, 4 Feet Long, |ster.com/93265K46)
- Insulation 2Rvalue L 1 McMaster-CARR 93265K46 s 2520 § 25.20 )
| For fiberglass
1 insulation, |httos m
Bags 55"xd5"x85" | ster.com/1066T22/| 2 McMaster-CARR 1066722 s a61]$ 922 3
ther
https m
Paper, 12 Rolls/ | st 45011202
Paper Towel Pack ik 1 McMaster-CARR 45011202 S 5357) 53.57
hitps: mema
Pipe Cutter Blade Steel ter.com/2757A21 1 McMaster-CARR 2757A21 S 259] ¢ 259 16
Total (USD pre tax) | § 1,144.41




Future Setup

Design

. Pressure Vessel
- Same as successful barrel design e

Refrigerated Circulator

- Heat transfer putty will be used, and coil is outside
pressure vessel

- I made CAD model for PV from scratch in Fusion

\

Tubing

360

Copper Coil

17



Future Setup SN,;‘(AB

Hours to Cool the PV from 25°C to 10°C with Respect to Putty Buffer

Calculations 0060_and Coil Length with Insulation with an R Value of 2

13.95
0.055 A
F12.75
. . 0.050 -
- Fast cooling time z F11.55
. . ; 0.045 A 1035 =
- Canuse less coil for PV due to this g 3
@ 0.040 915 ©
i .. . . = .
This is good for space reasons since PV is 2 [ yos 5
& 0.035- I
smaller than barrel @ 6.75
0.030 A
5.55
Heat Transfer Coefficient 0.025 A
or Thermal Conductivity AT 4.35
Ucopper-puty = 114 W/(m? - K) | A, =0.0127 -7 - L
Usteel-water = 400 W/(mz - K) Aw=L-2-B 0.020 H 5 p ; s 5 2 3.15
Uputty-steel = 114 W /(m? - K) Ax=L-2-B .
M K = BW/(m K T —I 5B L (Coil Length) [m]
53 - 10°
R d 1 t =
pr— pr— =
k-A U-A 3600 (( 0.025 T L5 T 1 ) = 17)
S P2E+ + +
45-L-2B 114-0.0127-w-L 114-2B-L 400-2B-L 18




Future Setup SN;(AB

Bill of Materials

Name ‘ Description | Link | Quantity ‘ Supplier Part Number | Cost/Unit (USD) | Total (USD) | Image ‘ Diagram Letter
Section 1
For 3/8" tube ID | https://www.mcm
Brass Push-to- |and 1/2" tube OD, |aster.com/5483K4 @
- Ve ry affo rd a b | e B O M Connect Fitting 1/2" NPT Male 7. 2 McMaster-CARR 5483K47 S 7.99($ 15.98 A
https://www.mem
NPT Female Hose ID 1/2", 1/2" | aster.com/5346K5 a
Barbed Fitting | NPT Female, Brass 744 2 McMaster-CARR 5346K57 S 433[$ 8.66 B
https://www.mem
- Canreuse parts from barrel setup sorpsecEpin (B Eoiateid a
Hose Clamps 1/16" 3/ 1 McMaster-CARR 5076K43 S 12.23[$ 12.23 C
Section 2
https://www.mcm
Heat-Transfer 1 Gallon, Look at |aster.com/3568K4
Putty SDS for more info 3/ 1 McMaster-CARR 3568K43 $ 98.33| $ 98.33 A
10 Clamps /pack, |edepot.ca/product
Tube Clamps For 1/2" OD tube, | /dahl-1-2-tube- The Home Depot ; %
(COST IN CAD) Copper clamps-solid- 1 Canada 1000148597 $ 6.70 | S 6.70 /&J B
https://www.mcm
1D 3/8", OD 1/2", |aster.com/5174K2 @
Copper Tubbing 50 ft/unit 4-5174K6/ 1 McMaster-CARR 5174K24 S 159.91( $ 159.91 C
https://www.mcm 1
Instant-Bonding 0.9 FL. oz aster.com/5551T7
Adhesive /container 3/ 3 McMaster-CARR 5551T73 S 9.43| $ 28.29 ; D
Section 3
https://www.mcm
Bubble Sheet 48"x25 ft, For all |aster.com/9367K2
Insulation sides, 4.2 Rvalue 5174 1 McMaster-CARR 9367K21 S 79.37| $ 79.37 A
https://www.mcm
Fiberglass 48"x10 ft, For |aster.com/9346K1
i sides, 3.8 R value 1/ 1 McMaster-CARR 9346K11 S 25.16 | $ 25.16 B
For fiberglass | https://www.mcm
insulation, aster.com/1066T2
Bags 55"x45"x85" 2/ 2 McMaster-CARR 1066122 S 461] S 9.22 - C
Total (USD pre
tax) S 443.85
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FFT and Peak Isolation Stress Test

How the Code Works

- The oscilloscope captures chunks of PMT data

- FFTis applied to convert the data to the frequency domain
for filtering

- Inverse FFT brings it back to time domain

- Peak detection marks the start and end of peaks based on set
amplitude thresholds

- I made ascript that lets me analyze what is happening visually

Amplitude (V)

Amplitude (V)

SN AB

PMT Dark Rate Signal with Detected Peaks and Peak Start/End Points

0.004 original signal
Filtered Signal
H x  Detected Peaks
0.002 e PeakStart
q 0 @ Peak End
whell fia L0 Rotaidats 0 Pt £ He0 . > s
0.000 - Xx| x x x X 1E3 e U1
X i‘ X 3
xxxx X i i‘x = x)gxx X" oo | xi“
-0.002 g‘x)'(* e S *xxxx zi‘* ,:Y‘ ,;‘ ;;x xx”‘x % "x" ¥ xx i‘i"‘
X XX X X Xy X )} X
% ¥ !XT ¥ % ’*x £'x
| x
-0.004 + o ' X
x
—0.006
—0.008 M x
-0.010
-0.004 ~0.002 0.000 0.002 0.004
Time (s)
PMT Dark Rate Signal with Detected Peaks and Peak Start/End Points
Original Signal
66 ) Filtered Signal
: x Detected Peaks
® Peak Start
' e Peak End
0.000
—0.001
—0.002
X
—0.003 -

—0.0038943 —0.0038942 —0.0038941 —0.0038940 —0.0038939 —0.0038938 —0.0038937 —0.0038936 —0.00389

Time (s)
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FFT and Peak Isolation Stress Test s[\br]{o‘g

Issue Found through Testing

PMT Dark Rate Signal with Detected Peaks and Peak Start/End Points

Original Signal
Filtered Signal

x Detected Peaks
Peak Start

- Codeis marking peaks that are too small as signals I . | B ; !

0.001

- Easy ﬁX! f_g—o.om
- Can adjust thresholds for peak detection to |
> -0.0005 V (pea ks a re negative) 0.0049370 0.0049375 0.0049380 0.0049385 0.0049390 0.0049395

Time (s)

PMT Dark Rate Signal with Detected Peaks and Peak Start/End Points

- Canverify if it works with visualization code | made ' aran s

\f Detected Peaks
® Peak Start

Peak End
0.000 LR o et

x

0.002

2 _0.002
v
°
2
g
g —0.004
—0.006
—0.008
x x
-0.010 . ; ;
-0.0023540 -0.0023535 -0.0023530 -0.0023525 -0.0023520

Time (s) 2 1



Amplitude (V)

FFT and Peak Isolation Stress Test

Improvement Results

- Quick fix, but important issue to discover

- Would have had incorrect dark rate

PMT Dark Rate Signal with Detected Peaks and Peak Start/End Points

Original Signal
» Filtered Signal
0.001 x Detected Peaks
@ Peak Start
[ @ Peak End
o ! 0 g
0.000
X
—0.001 -
—0.002
-0.003 X
0.0049370 0.0049375 0.0049380 0.0049385 0.0049390 0.0049395
Time (s)

Amplitude (V)

PMT Dark Rate Signal with Detected Peaks and Peak Start/End Points

Original Signal
[ N y
Filtered Signal
0.001: x Detected Peaks
@ Peak Start
(] ® Peak End
0.000
—0.001 +
—0.002
~0.003 A £
0.0049370 0.0049375 0.0049380 0.0049385 0.0049390 0.0049395 0.0049400

Time (s)
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Conclusion

Conclusion

- Designed multiple potential cooling systems

- Made CAD models for the various setups

- Did calculations to identify the best approach

- Made bills of materials for multiple designs and ordered parts for the final design
- Did the above for the future testing setup (Pressure Vessel)

- Made improvements to how data is managed for data analysis

- Stresstested FFT and peak isolation scripts and made improvements

A
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Conclusion
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Introduction to OvBB and nEXO

Double Beta Decay - 2vf33

- 2vBBdecayisrare
- Candidate isotopes: even-even nuclei where
single 3 decay is forbidden

- Observedin 14 isotopes

Atomic Mass Difference (MeV)

10

n p
— >
c
A%
v
v
\%
n p ©
B 136p,
i BYEC
‘in
__ 13SCe
L O 0 | T
58 59 60

o
N

Source: https://arxiv.org/pdf/1109.5515

Atomic Number Z
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https://arxiv.org/pdf/1109.5515

Isotopes that can Undergo 2vf3f3

Nuclide

48
Ca

76
Ge

78
Kr

82
Se

96
Zr

100
Mo

Half-life, 10%! years

+0.007 _ +0.012
0.064_¢ 006 * -0.009

1.926 +£0.094

92732 %13

0.096 + 0.003 £ 0.010
0.0235 + 0.0014 + 0.0016

0.00693 + 0.00004

0.6975 59 +0.07

0.028 + 0.001 + 0.003
+0.009
0.02670 00z

7200 £ 400
1800 + 700

0.82 +0.02 + 0.06
18+5+1
2.165 + 0.016 + 0.059

05-2.7)

0.0091175 95> + 0.00063

0107 000

20+0.6

Mode

BB

Transition

e

€€

BE
BB

e |

BB

BB

BB

BB

€€

€€

0707

BB

BB

BB
BE

01074

Method
direct
direct
direct
direct

direct

direct

direct

geochemical

direct
direct
direct

geochemical
direct

radiochemical

Experiment
NEMO-3(11]
GERDA!Y
BAKSANI0
NEMO-3[10
NEMO-3[10]
NEMO-3[10
Ge coincidence! "%
NEMO-3[10]
ELEGANT V{10l

[10]

CUORE-0!'2]
XENON1T!!3]
EX0-200!1!
[14][15]
NEMO-3!10]

Ge coincidence! 0]
[10]

AB
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SN AB

Linear Interpolation for Cooling Capacity

- Most Calculations Look at cooling time from 25 °C to 10 °C

. Middleis 175 °C Average Cooling Capacity is:

- Cooling Capacity at 20°Cis 1000 W and at 0 °C is 650 W 956 W
+ 'S £
O (0.650)
Zo (20,1000)

Labe 1000 ! }
@ f(\’) _ 100025 650 x4+ 650 /
. 800 + +
£(17.5)
= 956.25

| ==t

400

28




Calculations - Simple

Simple Calculation Perfect Insulation:

3.78L
55GAL - ——— 15L = 208L + 15L = 223L
) GAL + 1o + 1o

.15°C =14 -10°)

o
o
o

J
Q = mcAT = 223kg - 4184

Coolers Max Cooling Capacity is 956 W

Q 14-10°J 1h
P= X = : ~[4.07 hour:
P 9561 36005 o

SN AB

Time to cool from 25 °C to 10 °C

Simple Calculation with R-Value 2 Insulation:

dQ) L
— =U-A-AT=—-A-AT
dt ; R

d@ 1

.2.27m? - 15K = 17.0W
gt 2miK m

956 W — 17W = 939 W

,_Q _14-10°0  1h
P 9392 36005

~|4.14 hours
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SN AB

Calculations — Coil in Barrel

i
ZQ=U-00127 -7 L-AT

‘Q=U-A.AT A
dti— T U-00127 -7 - AT
. . . 956 W
Cooling Capacity depends only on A. This gives 3 cases for dQ/dt L= —H4Am
that only depend on A: 400 %= - 0.0127m - 7 - 15K
1. dQ/dt <956 W - Area of coil is bottleneck cooling Increasing coil length past
2. dQ/dt=956 W - Coil exchanges heat at the same rate as 4m has no benefits
the cooler
3. dQ/dt > 956 W - Making coil longer has no cooling
benefits

A=00127 -7 - L

30



SN AB

Calculations — Coil Outside of Barrel

A=1L-0.002 Ti:se to Cool Bar;ildfrlgaéi:&tv%i%:;i vl;is;\allilljeesgfegt to Coil Length

200 - t= 55001300 xlt;‘.(;oéojL X15-17)

(1 W » 175
—Q =400 — - (0.002 - LYm? - 15K 5

dit 2 m2K ( ) . 2 150
,_ 14 - 106 5
3600 (42 — 17W) Ew

- 14-10° 0 : : e e

3600 - (400 - 0.002 - L - 15 — 17) FETEAEr A (e
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SN AB

Quick Connect Concerns

Spillage Flow Rate vs Pressure for QTM2 and QTM4
Series cm3 - Quick Connects
QTM2 0.1 '
e =37854-0.8- /%
QTM4 0.2 P iF
QTMS8 1.0 ~—— Qorma =3.7854-1.6- \/¥T
15.0 1
£
:Q- 12.5 4 o
G
‘; 10.0
Ap T
o 75
q = N1Cy\| —
] 1V G 3
Ww 5.01
4.35
919
qorm2 = 3.7854 - 0.8 = 6.321pm 004
0 1 2 3 4 5 6 7 8 9 10
Pressure (Ap) [psi]
) 4.35
qoTMma = 3.7854 - 1.6 = 12.63 Ipm
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Calculations Outside Barrel Final

d(@) 15

o 1 1 1
dt 114-0.0127-7- L + 400-2-B-L + 114-2-B-L

1
Rtof = E s
U-A
d(@) AT
dt Riot
Heat Transfer Coefficient Area
Ucuppcr—puuy =114 VV/(ITI2 . K) Acp =0.0127 -w- L
Usieel-water = 400 W/(m2 - K) A =T5+2'+B
Upully-slccl =114 W/(mz : K) ApS = FL+2%B

14108
3600 (42 — 17W)
. 14 - 10°
3600 (— 15 —17)
56( 114~(>).0127v1r-L+4(')0-21-B-L+114-21-B-L
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Calculations PV

I
Q = mcAT = 84.28kg - 4181 kg—OC = 15°C

Q=>53-10°J
4 . | 5
= & =|(1.57 hours
939 - 3600

Heat Transfer Coefficient Ko
or Thermal Conductivity
Ucopper-putty =114 W/(m2 $ K) Ac o 0.0127 - - L
Usteel-water = 400 W/(mz . K) Asw — P
Uputty-steel =114 W/(m2 : K) Aps = E~=2+8
Kyan = 45 W/(m - K) Aw=L-2-B
Ow 1 1 1

Rt = —
o kw " Aw T Ucp X Acp o Ups : Aps i (]SW g ASW

53-10°

I

=
4 15
3600(( :
4)L 2)B+114001277r L+114 2B- L+400 2B-.L

1)
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Time for Exterior to Heat Barrel by 1 °'C wrt R-Value

Time to Heat Barrel that is 10°C colder than Surroundings
by 1°C with Respect to R-Value of Insulation

J
Q = mcAT = 223.175kg - 4181 —— - 1°C

& — 4]

Q=933 10%] g
D 31

: 93.3 - 104 93.3 =

= dQ = —R = -R 5
4@Q  86400-2.27- 10 196 9,

@]

o
£ 1

|_

0 2 4 6 8 10
R-Value of Insulation [m2-K/W]
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Data Management Improvements

PMT Data_Folder
—— Other Folders and files (not relevant)
—— Data
F—1
—— Other files (not relevant)
——— pmt-1560_noise_closed_loff-2023-11-23
C2pmt-1560-noise-000000
—— C2pmt-1560-noise-000001
—— C2pmt-1560-noise-000002
—2
—— Other files (not relevant)
—— pmt-1560_noise_closed_loff-2023-12-4
—— C2pmt-1560-noise-000000
—— C2pmt-1560-noise-000001
—— C2pmt-1560-noise-000002

Having to hard code file

and folder names every

time you change

something.




Data Management Improvements

PMT Data_Folder
—— Other Folders and files (not relevant)
—— Data
— Subfolder
—— Other files (not relevant)
——— Sub-Subfolder
Data File
—— Data File
—— Subfolder
—— Other files(not relevant)
L Sub-SubFolder
—— Data File
—— Data File

A

Only having to put things
in the right folder when

you change something.
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Data File Example

1 > pmt-1560_no
LECROYWS30547,46730,Waveform

1

Segments,1,SegmentSize, 10000002
Segment, TrigTime, TimeSinceSegmentl

#1,23-Nov-2023 14:47:51,0
Time,Ampl

-0.
-0.

=0
-0
=0
-0

-0.
-0.
-0.
-0.
-0.
-0.
-0.

-0

005000000467,0.
004999999467,0.
.004999998467,0.
.004999997467,0.
.004999996467,0.
.004999995467,0.
004999994467,0.
004999993467,0.
004999992467,0.
004999991467,0.
004999990467,0.
004999989467,0.
004999988467,0.
.004999987467,0.
.004999986467,0.
.004999985467,0.
.004999984467,0.
.004999983467,0.
.004999982467,0.
.004999981467,0.
.004999980467,0.
.004999979467,0.
.004999978467,0.
.004999977467,0.
.004999976467,0.
.004999975467,0.
.004999974467,0.
.004999973467,0.
.004999972467,0.
.004999971467,0.
.004999970467,0.
.004999969467,0.

00026666667
00026666667
0002

0002

00026666667
00026666667
00026666667
00026666667
00033333333
00033333333
[ EEEEEEEE]
00026666667
0002

0002

00026666667
00026666667
00026666667
00026666667
00026666667
00033333333
00026666667
00026666667
0002

0002

0002

00026666667
00026666667
00026666667
00026666667
00026666667
00026666667
0002

AB
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