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Abstract Summary:  
This document describes the nitrogen purge system which will be used to maintain a clean dry environment inside the g-2 cryostat rings during transport over the harsh ocean environment.  Since the rings will be in transport and inaccessible for up to 45 days, the system released nitrogen gas from 8 high pressure cylinders at a slow rate via a low pressure regulator and control valve to ensure the purge lasts the duration of the voyage.  The system complies with FESHM 5031.1, which states the system tubing and components must adhere to ASME B31.3 code for process piping

 



FESHM 5031.1 PIPING ENGINEERING NOTE FORM
Prepared by:   Erik Voirin                                                Preparation Date: 5-24-2013
Piping System Title: g-2 Nitrogen purge system
Lab Location: N/A – (affixed to g-2 rings)                          Location code: N/A
Purpose of system: purge g-2 cryostat during ocean shipment 
Piping System ID Number: none assigned
Appropriate governing piping code: ASME B31.3
Fluid Service Category (if B31.3): Normal Fluid Service / Category D
Fluid Contents: Nitrogen
Design Pressure: (high side) 2200 psi  / (low side: 20 psi)
Piping Materials: (high side) 304SS  / (low side: 304SS and HDPE)
Drawing Numbers (PID’s, weldments, etc.): Figure #1
Designer/Manufacturer: Fermilab
Test Pressure: 2420 psig     Test Fluid: Argon/CO2 @ 95%/5%     Test Date: June 3, 2013
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: ______ Del Allspach___________________________ (Print Name)
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Signature: _____________________________________________Date: ___ June 3, 2013___

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: ¼” x 0.035 SS Tube and braided cylinder hose         Volume: < 0.5 Liter
Relief Valve Information:
Type: Spring Loaded                    
Manufacturer: High Side Normal Fluid Service:  SVC (Included On Cylinders)
Manufacturer: Low Side Category D:  Kingston 
Set Pressure: not applicable Relief Capacity: 3360 psig / 20 psig
Relief Design Code: ASME
Is the system designed to meet the identified governing code? Yes 

Fabrication Quality Verification:

Process and Instrumentation diagram appended? Yes, Figure #1
Process and Instrumentation component list appended? Yes, Table #1
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:  None
List welder(s) for assemblies welded/brazed in-house: N/A
Append welder qualification Records for in-house welded/brazed assemblies. N/A
Append all quality verification records required by the identified code (e.g. examiner's certification, inspector's certification, test records, etc.)  N/A




Table of Contents

Body:

1.  Introduction /  Piping and instrumentation diagram.	.	.	  5
2.  Piping and instrumentation diagram	.	.	.	.	  6
3.  Design code and evaluation criteria	.	.	.	.	  7
4.  Materials	.	.	.	.	.	.	.	.	  7
5.  Pipe Design	.	.	.	.	.	.	.	.	  7
6.  Internal pressure design	.	.	.	.	.	.	  8
7.  Relief Valves	.	.	.	.	.	.	.	.	  9

Appendices: 
     A.  Relief Valve and Orifice Sizing Calculations
     B.  Pressure Test Procedures and Results
     C.  Cylinder Attachment to Shipping Fixture 
     D. Purchase Requisition for Parts	

    	
1)  Introduction / Piping and Instrument diagram

A nitrogen system will be used to purge the vacuum space of the g-2 cryostat rings during their ocean transport in order to avoid any air/water from the harsh sea environment from causing corrosion to the superconducting coils or other internal components. This document describes the system and documents the high pressure flex hoses, manifold, tubing, fittings, valves, and regulator on the g-2 nitrogen purge system.  In Figure 2 below, this includes everything from the 8 nitrogen cylinders up to the Pressure Regulator (PR-3).  Everything beyond the Pressure Regulator (PR-3) up to and including PR-7 will be protected by a 20 psig relief valve and is classified as a Category D fluid.  Everything beyond PR-7 is outside the scope of ASME B31.3.  Figure 1 shows the placement of the components on the shipping fixture, where the cylinders and manifold are placed in close proximity to enclosure #1, and connected by ¼” 304SS tube.   Enclosure #2 is placed near the cryostat purge port so more accurate pressure readings, not influenced by pressure drop, can be obtained. 
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Figure 1:  Placement of the main components of the g-2 nitrogen purge system.  Enclosure #2 is mounted on the outer side of the inner-upper ring near any available inlet port 
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Figure 2: P&ID of the g-2 nitrogen purge system 
2) Valve and Instrument List:
Table 1: Valve and Instrument List.
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3) Design codes and evaluation criteria
This nitrogen purge system meets the requirements of section 5031.1 of the Fermilab ES&H Manual. Section 5031.1 states the system piping shall be designed according to ASME B31.3.   The code for process piping states that the high pressure portion of the system, (nitrogen cylinders up to and including PR-3) falls under the category of Normal Fluid Service. 
All system components after PR-3 will be protected by 20 psi relief valve, this portion of the piping system is category D, and does not require an engineering note or a preliminary pressure test, an initial service test is sufficient.  Everything after PR-7 will be protected by a 1 psi relief valve and is outside the scope of ASME 31.3.  

4) Materials
The tubing which connects the manifold to MV-1 is standard ¼” OD x 0.035 wall 304 stainless steel tube.  The lowest allowable stress for this material from Table A-1 of ASME B31.3 is 16,700 psi. The piping will be operated at ambient outdoor temperatures.   

5) Pipe Design
Calculations were done for internal pressure rating of the tubing. All fittings are standard stainless steel or brass fittings, which meet applicable ASTM standards, and have pressure rating given below in Table 2.  The Flow orifice (FO-5) is on the low pressure side of the system, but failure of PR-3 could subject the orifice to higher pressure;  for this scenario, an orifice with a 4000 psi pressure rating was chosen.     
Table 2:  List and description of all components in the high pressure portion of the nitrogen system.
[image: ]
6) Internal pressure design
The minimum thickness of the pipes is evaluated using the procedures in 304.1.2(a) of ASME B31.3.  All trapped volume relief valves are supplied on the  set at 100 psig. 
The minimum tube thickness for seamless or longitudinally welded piping for t<D/6 is given by the equation:

	[image: ]

Where:
 t  =  wall thickness,
P =  internal design pressure
D =  outside diameter (manufacturers nominal value is used)
S  =  allowable stress from table A-1
E  =  quality factor from table A-1B = 1 for seamless,  0.8 for clamshell
W =  weld joint strength reduction factor = 1 for seamless tubing, 0.8 for 
         clamshell per 302.3.4.
Y  =  coefficient from Table 304.1.1 = 1

Rearranging this equation and solving for the pressure ratings of the SS tube,  we show they are each rated for nearly 6500 psi, so internal pressure should be of no concern:  No calculations are done for the HDPE tubing as it is only on the low side (20psi) and the tubing is rated to 270 psi by the manufacturer.    

[image: ]

7)  Relief Valves

As there are no additional sources of overpressure other than what has already been addressed by the relief valves on the cylinders themselves, no additional relief valves are used on the high pressure portion of the system.  The cylinder relief valves included on each of the cylinders set to 3360 psi. 
The low pressure side of the system contains a relief valve (PSV-6) in case of failure of the primary pressure regulator, (PR-3).  An orifice (FO-5) is used after the primary regulator to limit the flow to the 15 SCFM relief capacity of PSV-6.   Detailed calculations are in APPENDIX A:
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Internal Pressure Rating of Tube:
· APPENDIX A – 
Relief Valve and Orifice Sizing
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Low Pressure Regulator (PR-7) can only permit a 20 psi inlet pressure, therefore the relief valve (PSV-6) must be set at 20 psi, and be able to vent the maximum amount of flow which can flow through the upstream regulator (PR-3) and orifice(FO-5).  The flow capacity chart of the relief valve is seen below, which shows a 15 SCFM capacity at a 20 psi setting.
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________________________________________________________________________________ 
Is the resistance of the regulator (PR-3) alone enough to limit the flow to the relief valve (PR-6) capacity?
Curve fit functions
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NIST Cryogenic Database Temperature Curve Fits
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(F) 
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(psi) 
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
This is too much flow for the relief valve set at 20 psi, we will use an orifice to limit flow to the rated capacity of the relief valve at 20 psi: 
[image: ]
________________________________________________________________________________ 


The orifice (FO-5) must limit flow to 15 SCFM under the regulator failure (PR-3) scenario, but also permit enough flow (1.5 SCFH) under normal conditions to purge the cryostat.  
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Analyze maximum flow rates through orifice sizes based on diameter  
Air Properties:
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Find maximum acceptable orifice size
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Based off these calcs, we will choose an orifice with a diameter of 0.032in which has the lowest probability of clogging.  
Available orifice sizes:
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________________________________________________________________________________ 
How much will the does the orifice flow under standard conditions, it must flow 1.5 SCFH minimum
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Flow Rate under standard conditions
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Meets Flow Criteria 
________________________________________________________________________________ 
Double Check:  Will the orifice restrict flow enough to lower flow to the relief valves capacity of 15 SCFM under the scenario where the regulator fails?
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Sonic flow - Maximum through orifice 
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Meets Restriction Criteria 
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APPENDIX B / EXHIBIT B
Pressure Testing Permit*

Type of Test: [  ] Hydrostatic      [X] Pneumatic

Test Pressure 2420 psig                  MAWP 2200 psig

Items to be Tested: 	¼” x 0.035” SS tubing, fittings, manifold, valves, regulator 


Location of Test:     CDF_                                   Date and Time: May 31, 2013: 13:00

Hazards Involved:      
1.) Overpressure of pipe. 
2.) Sudden release of pressure. 

Safety Precautions Taken: 
1). Relief Valve in Place on Cylinder 
2.) Eye protection worn during test.  
3.) Pressure Testing area restricted access / stay clear area


Special Conditions or Requirements
			None  

Qualified Person and Test Coordinator: _Erik Voirin ___   Dept/Date: PPD/_May 31, 2013_

Division/Section Safety Officer ___ Eric McHugh   ________ Dept/Date:  PPD/_May 31, 2013_

Results: ______Pass / No Leaks / Pressure held at 2420 psi for 10 minutes________________

Witness/Dept/Date:  ____Dean Beckner_ - _ PPD/_June 3, 2013______________________________
[image: U:\signature.jpg]
(Safety Officer or Designee)  ___Eric McHugh____________________________________________________

* Must be signed by division/section safety officer prior to conducting test. It is the responsibility of the test coordinator to obtain signatures.




Pressure Testing Procedures:
The Nitrogen purge system will be leak/pressure tested in accordance with ASME B31.3 which states a pneumatic test shall be performed at no less than 1.1 times the design pressure.  This tubing will be used for normal fluid service and will be pressure tested accordingly.  The low pressure portion of the system does not need to be pressure tested, as it falls under Category D fluid service, and an initial service test is allowed by code, though it will be leak checked during the pressure test of the high side.  

Pressure Testing Schematic:
The equipment for pressure testing the system will be comprised of the normal components of the system with the exception that one of the nitrogen cylinders will be replaced with a 95%/5% argon/CO2 cylinder, which has a pressure of 2420psi , to provide the overpressure above the size 200 cylinders normal 2200 psi.

[image: ]
Figure 3: Schematic of pressure test with one 2420 psi argon/CO2 high pressure cylinder.


Preliminary Leak Check:  Pressure Step 1:  25psig 
1. All nitrogen cylinders shall be closed, the 7 standard pressure cylinders can be either full or empty.  
2. OPEN: MV-1, MV-2, and MV-11
3. Connect a nitrogen cylinder and regulator to the port at the inlet of MV-2.
4. Set external regulator to 25 psi and pressurize system.
5. Set PR-3 to 10 psi
6. Set PR-7 to 4” H2O
7. Set FICV 8 to 1.25 SCFH
8. CLOSE: MV-11
9. Bubble test all components, find and fix any leaks. 

Pressure Test Step 1:  500 psig 
1. Close MV-2 and disconnect external leak test cylinder. 
2. Place Cap on inlet port of MV-2 
3. While monitoring PI-0, slowly open the argon/CO2 cylinder valve to raise the pressure to 500 psi, then close the cylinder valve. 
4. Monitor Pressure via PI-0 for 2 minutes, if pressure drops find leaks by bubble testing. 
a. If leaks are found, release pressure by opening MV-11, fix leaks, close MV-11, then repeat Pressure Test Step 1.
b. If pressure stays constant, move to Pressure Test Step 2.

Pressure Test Step 2:  1000 psig 
1. While monitoring PI-0, slowly open the argon/CO2 cylinder valve to raise the pressure to 1000 psi, then close the cylinder valve. 
2. Monitor Pressure via PI-0 for 2 minutes, if pressure drops find leaks by bubble testing. 
a. If leaks are found, release pressure by opening MV-11, fix leaks, close MV-11, then repeat Pressure Test Step 2.
b. If pressure stays constant, move to Pressure Test Step 3.

Pressure Test Step 3:  1500 psig 
1. While monitoring PI-0, slowly open the argon/CO2 cylinder valve to raise the pressure to 1500 psi, then close the cylinder valve. 
2. Monitor Pressure via PI-0 for 2 minutes, if pressure drops find leaks by bubble testing. 
a. If leaks are found, release pressure by opening MV-11, fix leaks, close MV-11, then repeat Pressure Test Step 3.
b. If pressure stays constant, move to Pressure Test Step 4.

Pressure Test Step 4:  2000 psig 
1. While monitoring PI-0, slowly open the argon/CO2 cylinder valve to raise the pressure to 2000 psi, then close the cylinder valve. 
2. Monitor Pressure via PI-0 for 2 minutes, if pressure drops find leaks by bubble testing. 
a. If leaks are found, release pressure by opening MV-11, fix leaks, close MV-11, then repeat Pressure Test Step 4.
b. If pressure stays constant,  move to Pressure Test Step 5.

Pressure Test Step 5:  2420 psig 
1. While monitoring PI-0, slowly open the argon/CO2 cylinder valve to raise the pressure to 2420 psi, then close the cylinder valve. 
2. Monitor Pressure via PI-0 for 10 minutes, if pressure drops, lower pressure down to 2000 psi by opening MV-11 and monitoring PI-0.  Find leaks by bubble testing. 
a. If leaks are found, release pressure by opening MV-11, fix leaks, close MV-11, then repeat Pressure Test Step 5.
b. If pressure stays constant for 10 minutes, the system will have passed the pressure test.  
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APPENDIX C
Cylinder Attachment to Shipping Fixture

Cylinders will be placed side opposite of the interconnects, with four cylinders on each side of the cross girder as seen in Figure 1 at the beginning of the document.  They will be held using cylinder straps and holders on the top and bottom as well as a centrally located uni-strut piece which will be bolted to the shipping fixture with a threaded rod through the center to tightly grip the cylinders.  The braided hoses will go through the hole in the girder to the 8 port manifold.   Once they are placed they should be leak checked by using a separate cylinder connected to the MV-2 inlet port with MV-1 and MV-2 open.   
[image: ]
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	APPENDIX D - PURCHASE REQUISITION
	


Requisition 
	Requisition Number (Filled in by System)
	Oracle Preparer (Filled in by System)
	Date
	Request originator:                                                             Extension: 5168

	




	
	05/23/13
	 Erik Voirin                                                          MS: 219

	Division/Section Approval
	Date
	NEPA Approval

	




	
	

	Business Office Approval
	Date
	

	
	
	

	Directorate Approval
	Date
	

	
	
	



Requisition Header
	Description (of entire requisition)

	Purge system for G-2 shipping   

	Note to Approver

	

	Justification (To Approver)

	



Requisition Entry Defaults
	Requester
	Deliver-To-Location
	Buyer Note (use attachments)

	Erik Voirin
	Lab F

	(i.e., Previous PO)

	Suggested Vendors
	Suggested Vendor Site
	Suggested Vendor Contact
	Suggested Vendors

	McMaster-Carr
	200 Aurora Industrial Pkwy.  Aurora, OH 44202-8087
	
	Telephone #(330) 995-5500

	Reference #
	Need-By-Date
Project/Task /Esp. Type/Org
	  Project/Task/Expenditure Type and Expenditure Organization          
	Building Maintenance:   Yes   or    No   (Circle One)

	
	05/27/2013
	
	FIMS #

	Note to Receiver

	Total of Requisition

	
	$2206.04



Requisition Lines
	Line
#
	Line Type
	PO Line Category
	Description (Start with a Noun)
(240 Characters Maximum, Enter Additional Description in Cell Below Line Item)
	Quantity, Unit of Measure  and Price
	Project Information
	Split Coding Qty’s

	1
	GR
	N2 Purge
		Various, see below

	



	Quantity
	various
	Project
	
	

	
	
	
	
	Unit of Measure
	each
	Task
	
	

	
	
	
	
	Price per Unit
	$various
	Exp. Type
	Material purchase
	

	
	
	
	UN Number
	Hazard Class
	Extended Price
	$2206.04
	Exp. Org.
	G-2
	






	Line
	Quantity
	Product
	? 
	Ships
	Unit Price
	Total Price

	1
	12
Each
	79215A664
	Regulator Fitting Male Thread Inlet Nut, CGA #580, 1.143" Length
	today 
	$3.82
	$45.84
	 

	2
	4
Each
	5665K12
	Hose for Nitrogen Gas, Argon, and Oxygen Brass Fem Fittings, PTFE Hose, 2'L, 1/4" ID, 3600 PSI
	today 
	$61.01
	$244.04
	 

	3
	4
Each
	5665K13
	Hose for Nitrogen Gas, Argon, and Oxygen Brass Fem Fittings, PTFE Hose, 3'L, 1/4" ID, 3600 PSI
	today 
	$73.70
	$294.80
	 

	4
	1
Each
	4839K762
	Type 303 Stainless Steel Manifold 8 Outlets, 3/8" NPT Inlet X 1/4" NPT Outlet
	today 
	$120.22
	$120.22
	 

	5
	12
Each
	79215A665
	Regulator Fitting Inlet Nipple, 1/4" NPT Male, CGA #580, 3" Length
	today 
	$3.34
	$40.08
	 

	6
	1
Each
	8166T21
	Cleaned and Bagged Precision SS Regulator 1/4 NPT Female, 1-30 PSI Outlet Pressure
	today 
	$283.26
	$283.26
	 

	7
	3
Each
	48805K525
	Precision Extreme-Pressure 316SS Pipe Fitting 3/8 Male X 1/4 Female, Hex Bushing
	today 
	$9.96
	$29.88
	 

	8
	2
Each
	5182K112
	Type 316 SS Yor-Lok Tube Fitting Adapter for 1/4" Tube OD X 3/8" NPT Male Pipe
	today 
	$11.11
	$22.22
	 

	9
	8
Each
	5182K111
	Type 316 SS Yor-Lok Tube Fitting Adapter for 1/4" Tube OD X 1/4" NPT Male Pipe
	today 
	$8.16
	$65.28
	 

	10
	1
Each
	5079K63
	Panel-Mount Impact-Resistant Flowmeter with Valve, 0.2 to 2.5 Scfh, 1/8" NPT Female
	today 
	$60.71
	$60.71
	 

	11
	2
Each
	4357T11
	Fire-Tested Type 316SS Ball Valve Ultra-High-Pressure, 1/4" NPT Female
	today 
	$110.92
	$221.84
	 

	12
	1
Each
	48805K125
	Precision Extreme-Pressure 316SS Pipe Fitting 1/4 Pipe Size, Male Tee
	today 
	$35.34
	$35.34
	 

	13
	1
Each
	48805K193
	Precision Extreme-Pressure 316SS Pipe Fitting 1/4 Pipe Size, Female X Male X Female Tee
	today 
	$33.83
	$33.83
	 

	14
	6
Each
	5182K405
	Type 316 SS Yor-Lok Tube Fitting Adapter for 1/8" Tube OD X 1/4" NPT Male Pipe
	today 
	$10.01
	$60.06
	 

	15
	100
Ft.
	50375K81
	High-Pressure/Vacuum Polyethylene Tubing .170" ID, 1/4" OD, .04" Wall Thickness, Black
	today 
	$0.08
	$8.00
	 

	16
	1
Each
	4443K723
	High-Pressure 316 SS Threaded Pipe Fitting 3/8 Pipe Size, Hex Head Plug
	today 
	$5.94
	$5.94
	 

	17
	8
Each
	51205K132
	Extreme-Pressure 316 SS Threaded Pipe Fitting 1/4 X 1/4 Pipe Size, Hex Nipple
	today 
	$7.98
	$63.84
	 

	18
	1
Each
	4021K11
	Low-Pressure Differential Gauge Alum Case, 1/8 NPT Female, -5 to 5" of Water
	today 
	$76.42
	$76.42
	 

	19
	1
Each
	4003K11
	Stainless Steel-Case Gauge 2-1/2" Dial, 1/4 NPT Male Bottom, 0-30 PSI
	today 
	$22.99
	$22.99
	 

	20
	1
Each
	4003K11
	Stainless Steel-Case Gauge 2-1/2" Dial, 1/4 NPT Male Bottom, 0-3000 PSI
	today 
	$22.99
	$22.99
	 

	21
	1
Each
	4701K11
	Brass Pop-Safety Valve W/Test Lever ASME-Code, Med Flow, 1/4 NPT Male Inlet, 20 Set PSI
	today 
	$55.35
	$55.35
	 

	22
	1
Each
	2822T12
	NPT Threaded Type 303 SS Flow Control Orifice Male X Male, 1/4 NPT, 0.032" Orifice Diameter
	today 
	$21.57
	$21.57
	 

	23
	2
Each
	48805K471
	Precision Extreme-Pressure 316SS Pipe Fitting 1/4 Pipe Size, Tee
	today 
	$30.85
	$61.70
	 

	24
	1
Each
	45395K121
	Low-Profile Type 316 SS Ball Valve 1/4" NPT Female X 1/4" NPT Male
	today 
	$37.18
	$37.18
	 

	25
	2
Each
	69945K135
	Polycarbonate Enclosure (NEMA 4X) Transparent Lift-Off Cover, 14.9" H X 10.9" W X 7.1" D
	today 
	$110.44
	$220.88
	 

	26
	2
Each
	69945K57
	13.3" Height X 9.3" Width Enclosure Panel
	today 
	$14.70
	$29.40
	 

	27
	2
Packs
	50915K243
	Tube Support for 1/4" Tube OD X 1/8" Tube ID Brass Compression Tube Fitting, Packs of 10
	today 
	$6.67
	$13.34
	 

	28
	1
Each
	52245K627
	Cap for 1/4" Tube OD Type 316 SS Compression Tube Fitting
	today 
	$9.04
	$9.04
	 



	



	? 
	Merchandise 
	? 
	$2206.04
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Service

McMaster       

Part #

Detailed Description

Pressure 

Rating

Regulator Fitting Inlet Nipple, 1/4" NPT Male, CGA #580, 3" Length CGA580 certified 

Tube Fitting

52245K627

Cap for 1/4" Tube OD Type 316 SS Compression Tube Fitting 5000 psi

Pipe Fitting

48805K471

Precision Extreme-Pressure 316SS Pipe Fitting 1/4 Pipe Size, Tee 5600 psi

PI-0

4003K11

Stainless Steel-Case Gauge 2-1/2" Dial, 1/4 NPT Male Bottom, 0-3000 PSI 3000 psi+

Tube Fitting

48805K193

Precision Extreme-Pressure 316SS Pipe Fitting 1/4 Pipe Size, F X Male X F Tee 5600 psi

Tube Fitting

48805K125

Precision Extreme-Pressure 316SS Pipe Fitting 1/4 Pipe Size, Male Tee 8000 psi

MV-1         

MV-2

4357T11

Fire-Tested Type 316SS Ball Valve Ultra-High-Pressure, 1/4" NPT Female 3600 psi

Tube Fitting

5182K111

Type 316 SS Yor-Lok Tube Fitting Adapter for 1/4" Tube OD X 1/4" NPT Male Pipe 4160 psi

Tube Fitting

5182K112

Type 316 SS Yor-Lok Tube Fitting Adapter for 1/4" Tube OD X 3/8" NPT Male Pipe 4160 psi

Pipe Fitting

48805K525

Precision Extreme-Pressure 316SS Pipe Fitting 3/8 Male X 1/4 Female, Hex Bushing 5300 psi

PR-3

8166T21

Cleaned and Bagged Precision SS Regulator 1/4 NPT Female, 1-30 PSI Outlet  3500 psi

Manifold Plug

4443K723

High-Pressure 316 SS Threaded Pipe Fitting 3/8 Pipe Size, Hex Head Plug 3000 psi

Cylinder 

Manifold

4839K762

Type 303 Stainless Steel Manifold 8 Outlets, 3/8" NPT Inlet X 1/4" NPT Outlet 3500 psi

Cylinder 

Connections

79215A665

Cylinder 

Connections

5665K13

Hose for Nitrogen Gas, Argon, and Oxygen Brass Fem Fittings, PTFE Hose, 3'L, 1/4" ID 3600 psi

Cylinder 

Connections

5665K12

Hose for Nitrogen Gas, Argon, and Oxygen Brass Fem Fittings, PTFE Hose, 2'L, 1/4" ID 3600 psi

Cylinder 

Connections

79215A664

Regulator Fitting Male Thread Inlet Nut, CGA #580, 1.143" Length CGA580 certified 
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