Loop-Back for in-situ ID evaporative cooling system tests
Aim:


Earliest possible test the functionality of the evaporative cooling system all the way to the ID.


Functionality tests of the off-detector heaters, PLC and DCS.

Apparatus:

Loop backs connect the inlet of the cooling system at PPB1/PPF1/PP1b to the inlet of the heater via a capillary. The capillary maintains the required pressure drop in the system to obtain an evaporation temperature of -25C at the inlet of the Heater. The capillary is sized to deliver the maximum expected massflow of the final system (corresponding to the operating conditions of minimum inlet temperature to the Hex of 20C, no power on the detector structure and 13bara inlet pressure)

The system will be run with pressures as in the final operation; that is an inlet pressure of 13bara and an evaporation pressure of 1.74bara at the inlet to the heater.

Quantities:
Barrel = 44; EndCap = 72;
Pixels = 88
Total = 204
Should make 5% spares of each type incase they are damaged during installation.

Quantities with spears: Barrel = 46; EndCap = 76; Pixels = 92 Total = 214

Also required for in-situ tests: support brackets, heater power/control, DCS plus a fully functioning cooling plant and distribution racks and all pipe work to the inner detector.
Details of loop back are shown in figure 1. The loop back consists of a 6mm ID Serto connector (SO 50021-6 CERN stores number 41.37.06.006.3) for connection to the liquid inlet line. A filter with inner diameter of order 0.5mm, a copper capillary with internal diameter of 0.9mm and outer diameter of 2.1mm, with a length sized for functionality, to be defined per sub-detector, followed by a connector to the Heater (to be defined per sub-detector)
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Figure 1: The loop back and vapour return heater

The loop back must be clean with a non-aqueous solvent, leak tight, pressure tested to 25bara, and flow tested before delivery to the ATLAS cavern. The flow test will demonstrate that each loop back delivers a flow that is equal when compared to a standard to an accuracy of plus 0%, minus 5%.

The loop back as part of the system is shown in figure 2.
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Figure 2: The loop back in the system
Design:


Massflow through the SCT Barrel is 9.3g/s and 6.2g/s through the EndCap.


Massflow through the Pixel Barrels is 4.6g/s and 2.3g/s in the Disks (to be confirmed)

The total massflow through the SCT is 9.3*44 + 6.2*72 (not correct) = 855.6g/s 


The total massflow through the Pixels is 4.6*(56+16) + 2.3*24  = 386.4g/s 
Choice of capillaries:


ID = 0.9mm, OD = 2.1mm have been chosen for all designs. For the SCT designs two capillaries will be used in parallel to obtain the correct flow. For the pixels a single capillary will be used.


Object

Length(m)

Quantity
Total length (m)

SCT Barrel
1.3


44

57.2


SCT EndCap
2.6


72

187.2


Pixel Barrel
1.4


56+16(for services)
100.8

Pixel EndCap
3.6


24

86.4


Total





431.6

The lengths of capillary for the prototypes will have to be checked on the test system in blg 175. They have been chosen assuming an inlet temperature of between 20 and 25C.
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Production procedure of loop-back

Production:


Parts according to drawings in table 1 are required to test the full system, or a subset of these parts will be used depending on price and timescales.

Table 1: Drawings for the parts required for the loop-back

	Quantity
	Item description
	Drawing number

	140
	CONE SEAL, for Bheat1
	TD-1056-332-A

	50
	TOP HAT Bheat1
	TD-1056-663-A

	50
	SLEEVE NUT Bheat1
	TD01956-664-A

	50
	MALE Bheat1 LOOP
	TD-1056-911-A

	50
	SPACER Bheat1
	TD-1056-912-A

	227
	SCREEN LOOPS
	TD-1056-913-A

	227
	SCREEN MOUNT
	TD-1056-914-A

	227
	END CAP SCREEN
	TD-1056-915-A

	227
	SCREEN PLUG
	TD-1056-916-A

	227
	SCREEN OUTER TUBE
	TD-1056-917-A

	227
	CAP HEX EXHAUST
	TD-1056-920-A

	50
	HEX TUBE
	TD-1056-921-A

	177
	RETURN PIPE
	TD-1056-923-A

	177
	HEATER FLANGE
	TD-1056-924-A


Price: Paul Barclay as an estimate of 82pounds each for the parts, not including CERN issue copper pipe.
Testing:


The loop-back must be clean, pressure tested, leak tested and flow tested.

The capillary will not be cleaned internally except by the other tests to be performed on the loop-back. The ends of the loop-back will be cleaned from flux with a cleaning fluid that contained no water in an ultra-sonic bath (Swanslov is used at QM). The items will then be washed with alcohol.
Only a very simple flow test will be performed on the loop-backs if it can be shown that the flow rate through the copper capillary dose not vary significantly across the lengths of material that are to be used. To be confirmed soon at CERN. The flow test will show that flow is present in a loop-back and that the flow is within spec (+0%, -5%). The system used to trim the production capillaries will be used. The inlet side of the manifold set-up of figure 4 will be used before pressuring testing; the outlet of each loop-back will empty into a container on a balance for a mass measurement. The valves are used such that only one loop-back is connected into the circuit at a given time. The pressure at the start of the system is raised and flow is observed. If the flow for a given loop-back is significantly lower than observed in other loop-backs then this loop-back must be inspected for blockages.

Pressure testing is to be performed by filling the loop-back with C7F16 at a pressure of 25bara. The outside of the loop-back will be checked for leaks and the pressure in the loop-back system will be measured over 30 minutes to see if any leak is noted.

To fill many loop-backs at once two manifolds are required with a valve at the inlet of both. The first manifold, (manifold 1), will connect, via the value, to the pump. There will be 5 or more outlets connecting each to a loop-back. The other end of the loop-back will be connected to the second manifold (manifold 2). The single outlet of the second manifold will return the fluid to the reservoir of the pump, via a valve. At the start of the filling both values will be open to allow the removal of air from the system. The outlet valve is then closed and the pump is operated to obtain 25bara in the system. The inlet valve to manifold 1 is closed and the pressure in the system is measured for 30minutes to indicate if leaks are present, the system is inspected for leaks. After the system is run the system must be drained, this is done by opening the outlet of manifold 2. The pressure will fall to atmospheric pressure quite quickly. To dry the system the inlet of manifold 1 in connected to a pressurized dry air line. See figure 4 for an example of the system. 
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Figure 4: Loop-back Pressure test
The system can be leak tested with a second manifold based system that is similar to that used for the pressure tests. This system is shown in figure 5. The loop-backs are connected to a new set of manifolds to allow multiple testing. Manifold 2 is connected to a leak tester (vacuum pump based system). The whole set-up in placed inside a bag and filled with Helium. The bag contains the Helium around the object. The leak rate that is with-in spec is to be defined. Valves are used to isolate leaking loop-backs or to close un-used lines if less that the full compliment are tested at a give time.
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Figure 5: Leak test of loop-back
Method:


The loop back will be installed after/with the installation of the off-detector heaters at the start of 2006. The devices will then be used to test the Heaters, including its control, and the full evaporative system in situ without risk to the final detector system for a period of 1-2 months, before the Heaters are removed. After this the HEXs are fitted to the heaters and the HEX/Heater is reinstalled into the system.

Sensors required for monitoring the system:


The final DCS system will be used to monitor the loop-back tests, using the final DCS cables. Extra cables will be required to attach the loop-back temperature sensors, (NTC - required to be ordered), to the DCS lines. The DCS will monitor the vapour temperature after the return heater as in the final system. Figure 6 shows the position of the temperature sensors for the loop-back tests. Extra PVSS software will be required to monitor these temperatures, but this should be a simple modification of the PVSS developed for the final system. Senor-Technics low pressure, (5bar max), pressure sensors will be added to 4 loop-backs to measure the evaporation pressure before the Heater and 4 will be installed after the Heater. All low pressure sensors can be recouped from the blg 175 tests. These will require a locally mounted power supply and additional PVSS code as these are not implemented in the final system. It is expected that the existing DCS cables can be used to connect the pressure sensors to the DCS project. If this is not possible then a PVSS project running on a locally mounted laptop with its own ELMBs will be used, (supplied by the Prague group). The pressure sensors will be attached to the loop-back with a capillary and placed within the existing envelope of the cable trays. Only the power supplies will be outside this envelope. To measure the high pressure inlet liquid line, Keller and Huba pressure sensors will be installed before the filter on 2 loop-backs, and on their corresponding inlet liquid lines on the distribution racks. Therefore 4 such sensors are required. 2 Keller sensors can be used from the blg 175 tests and Prague, while 2 Huba sensors are available. These will also require extra PVSS software and power supplies. One pair will be installed on a upper distribution rack loop-back and one on a lower distribution rack loop-back. It is possible to use a connector to the Schrader value on the distribution rack so this connection is easy. For the connection before the filter a T-piece will be installed. 

A massflow meter on the vapour side of the system will be installed on one line to confirm that the massflow is as expected. The massflow meter will be installed between the distribution rack and the return vapour line where space is plentiful and access is free. The meter will require the breaking and re-making of the connection between the distribution rack and the return pipe work. Again extra PVSS software will be required to monitor the massflow meter.


The pressure sensors and temperature sensors will enable a full test of two cooling lines, a test of a further two loops with measurements of the evaporation pressure and a full temperature profile of all remaining lines. The temperature profile should be sufficient to calculate the fluid pressure before and after the heater. If time permits it will be possible to move the pressure sensors to allow full testing of two Endcap and Pixel loops.
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Figure 6: Position of the temperature and pressure sensors on a fully instrumented loop-back circuit
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Figure 7: position of the distribution racks and the pressure sensors

Tests to perform:

The aim of the loop-back test is to perform the first test of the evaporative system after the commissioning of the cooling plant so that confidence in the operation of the system can be gained before the SCT is installed.

The tests that will be performed aim to:

· Test the full system for the first time

· Confirm that liquid inlet pressure and BP are obtainable for a range of massflows

· Measure the final pressure drops in the system for liquid and vapour lines

· Long term tests of a few days continuous running

· Develop robust start up and shut down procedures for the system

· Demonstrate the full control of the manifold

· Inlet pressure regulation

· Liquid temperature at the manifold

· Back pressure regulation

· Test the full system with more than one cooling loop operating together

· Measure the level of cross talk between the heaters and inlet pipes when operated in a close packed bundle

· Measure the inlet liquid temperature as a function of environmental temperature/inlet liquid mono-phase cooling

· Confirm the successful operation of the return heaters under the final PLC control

· Exhaust temperature is always above the dew point

· Heater maximum temperature is controlled and within spec

· Confirm the successful operation of the DCS project

· Investigate possible failure modes

· Heater fails, what is the DCS response

· Pneumatic control failure

· Compressor failure

· Capillary blockage – how does the heater and DCS respond
· Sudden change in massflow – controlled by a sudden change in inlet pressure

As the loop-back tests does not have a HEX or detector structure it is not possible to fully simulate the system. However, the loop-back tests will enable a detailed performance and safety test of the evaporative cooling system to be performed.
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L = see text , OD 2.1mm





1 Custom connector to heater.


2 Expansion pipe – connects heater and capillary


3 Capillary. Define working point Tinlet=+20oC Exhaust = -25oC


4 Step up to filter


5 Filter. Made from copper
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Capillary Loop Back. Version 1
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