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Abstract Summary:  
This document describes the LHe tubes in the g-2 cryostat rings, which were designed and installed in the g-2 cryostat at Brookhaven National Laboratory in the early 90’s.  The LHe tubes cool the aluminum superconductor containing mandrel which is Aluminum T6061-T6.  The tube itself is Aluminum T6063-T52 and has three relief valves set to 100 psi.  The design pressure is 291 psid, with the relief valves set lower since a large pressure rise is seen during the relief scenarios analyzed.  This piping note analyzes the tubing and shows the system complies with FESHM 5031.1 and ASME 31.3 code for process piping for operational pressure/temperature design, as well as all relief scenarios, which include simultaneous complete loss of vacuum and magnet quench without consideration of the dump resistor.    



FESHM 5031.1 PIPING ENGINEERING NOTE FORM
Prepared by:   Erik Voirin                                                Preparation Date: 10-8-2014
Piping System Title: g-2 mandrel LHe Tubing
Lab Location: MC1 Building                           Location code: 209
Purpose of system: Supply Two-phase Helium to cool superconducting coils in mandrel. 
Piping System ID Number: none assigned
Appropriate governing piping code: ASME B31.3
Fluid Service Category (if B31.3): Normal Fluid Service 
Fluid Contents: Two-phase Helium
Design Pressure: 291 psid @ 4.4K,
 (relief valves set lower (100 psi set point) since pressure rises during a relief scenario)
Piping Materials: Aluminum 6063-T52
Drawing Numbers (PID’s, weldments, etc.): g-2 Doc 1830 -  Attachment C
Designer/Manufacturer: Brookhaven National Laboratory
Test Pressure: 320 psig                       Test Fluid: Nitrogen                    Test Date: TBD
Statements of Compliance
Piping system conforms to FESHM 5031.1, installation is not exceptional: Yes 
Piping system conforms to FESHM 5031.1, installation is exceptional and has been
designed, fabricated, inspected, and tested using sound engineering principles: N/A

Reviewed by: ________________________________________ (Print Name)

Signature: _____________________________________________Date: _____________

D/S Head's Signature: ___________________________________Date: _____________

The following signatures are required for exceptional piping systems:
ES&H Director's Signature: _______________________________Date: _____________
Director's Signature or Designee: __________________________Date: _____________

Pipe Characteristics
Size:	1.5” x 0.75” Rectangular tube; 0.156” wall   		Volume: ~ 65 Liters
 0.75” OD x 0.062” wall SS Tubing               
Relief Valve Information:
Type: Spring Loaded                     Manufacturer: Circle Seal
Set Pressure: not applicable Relief Capacity: 
100 psig (lower than 291 psi design pressure due to pressure rise during relief event)
Relief Design Code: ASME - Non-Code Relieve Valve
Is the system designed to meet the identified governing code? Yes 

Fabrication Quality Verification:

Process and Instrumentation diagram appended? Yes, Attachment C
Process and Instrumentation component list appended? Yes, Attachment C
Is an operating procedure necessary for safe operation? No
If ‘yes’, procedure must be appended.

Exceptional Piping System

Is the piping system or any part of it in the above category? No
If “Yes”, follow the requirements for an extended engineering note for Exceptional
Piping Systems.

Quality Assurance

List vendor(s) for assemblies welded/brazed off site:  Brookhaven Nat’l Lab
List welder(s) for assemblies welded/brazed in-house:  Leonard Harbacek
Append welder qualification Records for in-house welded/brazed assemblies. Attachment F 
Append all quality verification records required by the identified code (e.g. examiner's certification, inspector's certification, test records, etc.)  
Simulation with Three Circle Seal Relief
Erik Voirin – evoirin@fnal.gov – 630-840-5168
Scope of Calculations:
Due to Oxygen Deficiency Hazard (ODH) reasons, it would be beneficial if the Rockwood Swendeman relief valve (RVI1) were smaller.  A large valve will leak more if it fails, therefore we re-simulate the relief scenario using the three circle seal relief valves mounted on the rings helium lines.  This time we include the entire geometry, and all interconnect piping including all three relief valves.  Preliminary calculations, setup, and simulation results are shown below:
[image: ]
Expressions in The Relief Simulation are listed below, where the step(f(x)) function = 1 if f(x)  is positive, 0 if negative, and 0.5 if f(x) is zero.
[bookmark: _GoBack][image: ]
The highest pressure seen during the relief event is 313 psia, and happens 1.9 seconds after the relief valves open.  Figure 1 shows the local absolute pressure at this point in time. Figure 2 shows the velocity at this same time period.  Figure 3 shows the transient results and maximum numerical solver residuals.  The attachment ReliefAnimationThreeCircleSeals.avi shows the transient results, click below for video:








[image: ]
Figure 1:  Pressure in helium lines at 1.9 seconds, where the maximum pressure occurs.  We can see the maximum pressure occurs in the region furthest from the relief valve, in the outer ring.
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Figure 2:  Velocity in helium lines at 1.9 seconds, where the maximum pressure occurs.

[image: ]
Figure 3:  Transient Results:  (A) is the maximum numerical residuals.  (B) shows maximum velocity and temperature. (C) is the relief valve flow. (D) is the maximum pressure in the rings.
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	[bookmark: TABLE3]Table 1.  Domain Physics for CFX

		Domain - HeliumTubes

	Type
	Fluid

	Location
	B528, B529, B530, B531, B548, B549, B550, B551, B568, B569, B578, B579, B580, B581, B594, B595, B596, B597, B614, B615, B616, B617, B634, B635, B640, B641, B642, B643, B648, B649, B666, B667, B668, B669, B694, B695, B704, B705, B706, B707, B708, B709, B710, B711, B712, B713, B754, B759, B765, B766, B767, B780, B793, B794, B795, B805, B818, B819, B830, B831

	Materials

	RealHelium

	     Fluid Definition
	Material Library

	     Morphology
	Continuous Fluid

	Settings

	Buoyancy Model
	Non Buoyant

	Domain Motion
	Stationary

	Reference Pressure
	0.0000e+00 [psi]

	Heat Transfer Model
	Total Energy

	Turbulence Model
	Laminar






	[bookmark: TABLE4]Table 2.  Boundary Physics for CFX

		Domain
	Boundaries

	HeliumTubes
	Boundary - RVHV1

	
	Type
	OUTLET

	
	Location
	RVHV1

	
	Settings

	
	Flow Regime
	Subsonic

	
	Mass And Momentum
	Mass Flow Rate

	
	     Mass Flow Rate
	RVHV1Flow

	
	Boundary - RVHV2

	
	Type
	OUTLET

	
	Location
	RVHV2

	
	Settings

	
	Flow Regime
	Subsonic

	
	Mass And Momentum
	Mass Flow Rate

	
	     Mass Flow Rate
	RVHV2Flow

	
	Boundary - RVI1

	
	Type
	OUTLET

	
	Location
	RVI1

	
	Settings

	
	Flow Regime
	Subsonic

	
	Mass And Momentum
	Mass Flow Rate

	
	     Mass Flow Rate
	RVI1Flow

	
	Boundary - TubeWalls

	
	Type
	SYMMETRY

	
	Location
	F532.528, F533.528, F534.528, F535.528, F536.529, F537.529, F538.529, F539.529, F540.530, F541.530, F542.530, F543.530, F544.531, F545.531, F546.531, F547.531, F552.548, F553.548, F554.548, F555.548, F556.549, F557.549, F558.549, F559.549, F560.550, F561.550, F562.550, F563.550, F564.551, F565.551, F566.551, F567.551, F570.569, F571.569, F572.569, F573.569, F574.568, F575.568, F576.568, F577.568, F582.581, F583.581, F584.581, F585.581, F586.578, F587.578, F588.578, F589.578, F590.580, F591.580, F592.580, F593.579, F598.597, F599.597, F600.597, F601.597, F602.594, F603.594, F604.594, F605.594, F606.596, F607.596, F608.596, F609.596, F610.595, F611.595, F612.595, F613.595, F618.617, F619.617, F620.617, F621.617, F622.614, F623.614, F624.614, F625.614, F626.616, F627.616, F628.616, F629.616, F630.615, F631.615, F632.615, F633.615, F636.635, F637.635, F638.635, F639.635, F644.634, F645.634, F646.634, F647.634, F650.649, F651.649, F652.649, F653.649, F654.648, F655.648, F656.648, F657.648, F658.643, F660.643, F662.640, F664.640, F670.641, F671.666, F672.666, F673.666, F674.666, F675.667, F677.667, F678.667, F679.667, F680.668, F681.668, F682.668, F683.668, F684.669, F685.641, F686.669, F687.669, F688.669, F690.642, F692.642, F696.694, F697.694, F698.694, F699.694, F700.695, F701.695, F702.695, F703.695, F714.713, F715.713, F716.713, F717.713, F718.712, F719.712, F720.712, F721.712, F722.711, F723.711, F724.711, F725.711, F726.710, F727.710, F728.710, F729.710, F730.708, F731.708, F732.708, F733.708, F734.709, F735.709, F736.709, F737.709, F738.706, F739.706, F740.706, F741.706, F742.704, F743.704, F744.704, F745.704, F746.707, F747.707, F748.707, F749.707, F750.705, F751.705, F752.705, F753.705, F755.754, F756.754, F757.754, F758.754, F761.759, F762.759, F763.759, F764.759, F768.765, F769.765, F770.765, F771.765, F772.766, F773.766, F774.766, F775.766, F776.767, F777.767, F778.767, F779.767, F781.780, F782.780, F783.780, F787.780, F788.780, F792.780, F796.795, F797.795, F798.793, F799.793, F800.793, F801.794, F802.794, F803.794, F804.794, F806.805, F807.805, F808.805, F812.805, F813.805, F817.805, F820.819, F821.819, F822.819, F823.819, F824.819, F825.818, F826.818, F827.818, F828.818, F829.818, F833.831, F834.831, F835.831, F836.831, F838.830, F839.830, F840.830, F841.830

	
	Settings

	
	Boundary - RingWalls

	
	Type
	WALL

	
	Location
	F659.643, F661.643, F663.640, F665.640, F676.641, F689.641, F691.642, F693.642, F784.780, F785.780, F786.780, F789.780, F790.780, F791.780, F809.805, F810.805, F811.805, F814.805, F815.805, F816.805

	
	Settings

	
	Heat Transfer
	Adiabatic

	
	Mass And Momentum
	Free Slip Wall
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We are using three circle seal relief valves: K-5120-B8MP-100
Since these are not ASME rated valves, we will solve for an equivalent flow area and discharge
coefficient and use that in the relief valve simulation of the rings. We choose 200 psi since itis
nearthe average of our relief set point (100 psi) and the Maximum Allowable (320 psi)

Manufacturer Air Flow Ratings: at 25% overpressure

|Air Flow Rates (5100-MP)

Inline valves, ¥"-1"

Air Propetties at Standard Temperature (60F)

Cymas = 1351

Py = 200psi-125% + latm = 264696 psi

_ Matches Flow Rating: Ourequivalent area .
Araigee Co = 2685 Tin 002

We define the three relief valves in our simulation as outlets with the outflow being a function of
three local variables (Compressibility, Density, and Absolute Pressure) at each relief inlet.
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