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Aug 16, 2022 INTT Cooling



Ladder –> Barrel
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52 Chips + HDI components   2.6 Watts

INTT Cooling

Silicon                  Module Silicon                  Module

HDI HDI

FVTX chips  ~0.05W each

Rounding up to 3Watts per ladder

3 W x 56 ladders = 168 W



Thermal – Temperatures
Stave ΔT – 3.8 °C (6.8 °F) Sensors ΔT – 1.2 °C (2.2 °F)
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Flow 120ccm

Higher Chip Density

INTT Cooling



Barrel Extension
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We will need 3.4 psi to obtain a flow of 
150ccm per ladder through the barrel.

Half barrel with 28 ladders

All Ladders will be plumbed in parallel inside the barrel Assembly. The manifolds will be 
external to detector to allow for modifications post installation.   
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Temp monitored by 4 TC on each ladder 4 humidity probes on each half barrel

Barrel Purged with N2 to keep dry



Service Barrel
Tracking System: MVTX+INTT+TPC 
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Service Barrel
Tracking System: MVTX+INTT+TPC 
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External Chiller required to 
control temp below 20C.  
Merlin M33,  +/- 0.1C control 
-15C to 75C,  2kW 

T

Pressure 
Transmitter

4.2 lpm

28 ladders
~100 Watts per half

Sub-Atmospheric Cooling System

• Monitors water temperature flow rate and heat transfer, fills, drains and test 
for leaks
• 9 lpm at ½ atmosphere per unit. (will have 2)
• Data logging of key performance parameters 
• Web based software: control and monitor from anywhere. 
• Uses negative pressure on both supply and return so if a leak occurs anywhere, 
air will flow into the system instead of coolant leaking out.

High Vacuum
(Return)Lower Vacuum

(Supply)
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Flow
Transmitter

CF-CDU15

3.5 PSI drop across detector manifold to manifold. 

Supply 
Manifold

Return 
Manifold

3/8”I.D.
20Ft

2.7mm I.D.

1”I.D.
100Feet

1”I.D.
100Feet
0.07psi drop

3/8”I.D.
20Ft (0.05psi drop)

Both Units located Outside of shield wall
Each Ladder has 4 Thermo Couples to monitor temp
Barrel with be kept dry with N2 (16 lines)
Humidity monitors to measure dew point in several places

Coolant: Water plus inhibitor (Optishield)

Outside of 
Magnet

Outside of 
Magnet

1.4m
2.7mm I.D.
1.4m

ByPass

Flow
Transmitter

T

Pressure 
Transmitter

Few Flowmeters to reduce 
restrictions. CDU measures total 
flow of each loop and monitors for 
leaks.



1A

1C

1B

2A

2C

2B

2D

One ½ Barrel
4.2 lpm total Flow
3.5psi drop

Each ladders flow 150CCMEach Layer 2 flowmeter 600CCM.  4 Ladders per Flowmeter

Each Layer 1 flowmeter 600 CCM 4 Ladders per flowmeter

1a 
(Inner)

1b 
(Outer)

2a 
(Inner)

2b 
(Outer)
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Half Barrel Flow Segmentation

28 Ladders per half

Manifolds (in box on previous sl

1A

1B
1C

2D

2C2B

2A



Temp
Pressure Trans

Dwyer 673-6

Temp
Pressure Trans

Dwyer 673-6

Flow TransFlow Switch

½ BarrelAt Detector

5/32” OD
1.4 meter

5/32” OD
1.4 meter

3/8”ID
20 feet

3/8”ID
20 feet

On Platform
On Platform

X7X7
~1/2 meter

Dwyer
VFA-43-SSV or BV

Dwyer
VFA-43-S or B
No valve

Bypass



Status– Have 2
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• CF-CDU15 Purchased 2
• System run for several months
• Flow test preformed
• Load testing preformed
• Pressure drops measured
• Compatibility Testing ongoing
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https://youtu.be/552tzND2Xx0


Status– Backup unit running in lab
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• Built a prototype of the manifolding for use 
in the Lab

• System is currently running 6 layers. (below)
• In IR, one Unit will cool 4 layers
• Final panels being drawn, parts ordered



Testing—Connectors and hose
Testing of connectors. Ran for 40 days.

28 channel mockup built 
and tested. 

Various fittings were tested 
below atmosphere.
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Long Term Flow Testing

We are preformed a long term flow 
testing on the staves. We placed 2 pre-
production and 2 Batch 1 staves under 
circulation.  The cooling fluid is water 
plus a corrosion inhibitor.  

They were run for over a year and have 
tested fine. 

Pre-
Production

Batch 1 Staves
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Load Tested the CDU

Chiller 
set to 
20C

Heater 
ON 
400Watt
s

Chiller temp adjusted 
to bring back to 20C

Red-> Output temp
Blue-> Input temp

400watt heater
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END
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External Chiller required to 
control temp below 20C. +/-
0.5C control -15C to 75C,  
2kW 

Pressure 
Transmitter

4.2 lpm

28 ladders
~100 Watts per half

Sub-Atmospheric Cooling System Overview   ½ Barrel Shown

High Vacuum
(Return)

Lower Vacuum
(Supply)
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Pressure 
Transmitter

CF-CDU15

Supply 
Manifold

Return 
Manifold

3/8”I.D.
20Ft

2.7mm I.D.

1”I.D.
100Feet

1”I.D.
100Feet
0.07psi drop

3/8”I.D.
20Ft (0.05psi drop)

Both Units located Outside of shield wall

Coolant: Water plus inhibitor (Optishield)

Outside of 
Magnet

Outside of 
Magnet

ByPass

T
T

Pressure 
TransmitterPressure 

Transmitter

INTT Overall System

1.4m 1.4m



Service
Tracking System: MVTX+INTT+TPC 
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Current Drawing
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Distance Test
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• Built a mockup of a ½ barrel of the 
INTT (top with 2.7mm ID tubing) with 
200 foot of 1” I.D. tubing to test 
circulator with large tube runs.   Ran 
for 30 days without problem.  Flow 
was 9 lpm.  
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Pressures and flow analysis 
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• 1.3psi to obtain a flow of 120ccm through 
the ladder. 

• Additional 1.8psi for the 2.7m I.D. 4 mmOD
Poly Tubing

• Measured pressure drop is 3.4psi at 150CCM

2.7mm ID 4mm OD
2.8m Polyethylene 
Tubing

Coupling with 3mm bore
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