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1. PROCEDURE REVIEW AND APPROVAL OF SCOPE OF WORK

1.1. The undersigned have reviewed and hereby approve the following process procedure:

	Company / Department
	Representative Name
	Signature / Date

	Flushing / Cleaning Contractor:

ASTRO PAK CORPORATION
	
	

	Owner:


	
	

	Other Representative:


	
	


Note: These approvals to be obtained prior to commencing these procedures.
2. NON-DISCLOSURE AGREEMENT

2.1. This document is comprised of information that shall not be disclosed outside of the companies to which it is submitted, and shall not be duplicated, incorporated as a part of another document, or otherwise utilized, in whole or in part, for any purpose other than evaluation by the intended parties.

3. APPLICABILITY
3.1. This procedure is applicable to fluid (PAO) handling systems constructed of stainless steel, carbon steel and or corrosion resistant materials.

4. SCOPE OF PROCEDURE

4.1. This document describes the procedures that Astro Pak shall utilize for precision PAO fluid flushing of piping and equipment in order to ensure that the internal surface is suitable for its designated use. It is also intended to demonstrate Astro Pak’s understanding of the scope of work and to provide sequential guidance to Astro Pak and Owner’s project personnel.
4.2. The list of Piping & Instrumentation Diagrams - P&ID(s) that defines the physical boundary of the systems and the equipment that will be processed and / or affected by this procedure (or which needs to be isolated) are shown in Attachment “A” Line List and P&ID’s with highlighted Process Flow Path.

5. GENERAL 
5.1. This procedure uses a multi-stage process to perform leak testing, fluid replacement and precision PAO fluid flushing to remove debris and undesirable particles and to ensure internal surfaces are suitable for use in high quality PAO fluid coolant systems.
5.2. Astro Pak proposes to provide the personnel, equipment, materials, technical expertise, process documentation and certification necessary to accomplish the work in accordance with the procedures and conditions given within this document.
5.3. The following activities will be executed per this procedure:
· Pre-process preparation
· Process set-up

· Leak test and fluid replacement
· PAO fluid flushing process

· Equipment rig-down and documentation
6. REFERENCES

6.1. The content in this procedure is in accordance with accepted standard industrial practices used in a wide range of industries.
7. PROCESS MATERIALS AND EQUIPMENT SET

7.1. Process Materials
7.1.1. Attachment “D” Materials and Instrument Certifications, provides details of the materials used for precision PAO fluid flushing.
7.2. Equipment Set

7.2.1. Astro Pak shall provide as needed, pumps, tanks, hoses, tubing, control valves, manifolds, fittings and flanges, safety gear, filters and small tools.

7.2.2. The equipment set shall also include calibrated analysis instruments. A listing of instruments to be utilized by Astro Pak is provided in Attachment “D”.

8. OWNER / REPRESENTATIVE’S RESPONSIBILITIES

8.1. The Owner / Representative shall be responsible to supply the following, unless otherwise noted. 
8.1.1. Utilities such as plant air (150 scfm @ 100 psig), electrical power 480V/3Ø/30A and 110V/1Ø/20A and a qualified electrician to connect Astro Pak equipment to an appropriate electrical supply.

8.1.2. Site access and support elements such as special connection flanges that exceed 2.5” in size, valves, jumper spools, scaffolding, etc; as well as Owner / representative’s operations and support personnel required by Astro Pak for conduct of work.

8.1.3. A means for approved waste disposal and or storage of PAO fluid in quantities required to facilitate timely accomplishment of the processes and procedures described by this document.
9. PRE-PROCESS PREPARATION

9.1. Astro Pak PL shall meet with the System Owner / representative to discuss, implement the issues listed in section 9.1.1 through 9.1.9.

9.1.1. Provide Owner’s representative with a list of Astro Pak personnel on project, obtain badges for access to plant area and arrange for required site orientation.

9.1.2. Inform Owner’s representative about Astro Pak’s working hours and shift operations required for conduct of the work.

9.1.3. Confirm / prepare a schedule to determine the sequence, priority of all the systems to be flushed by Astro Pak in order to minimize disruption of plant operations and complete maintenance / project activities on time.

9.1.4. Hold a safety meeting to discuss work plan, site safety and PPE issues with all participating personnel.

9.1.5. Astro Pak PL / Owner’s representative shall inspect equipment, hoses, piping, fittings, and instrumentation provided by Astro Pak for acceptable cleanliness level prior to setting up for flushing.

9.1.6. Review the system P&ID(s) (if available) and perform a walk-down of the system with Owner’s representative to identify flow paths, resolve any interferences, restrictions and other issues that will impact the work plan.

9.1.7. Highlight P&ID’s (if available) to show flow paths of system being processed in Attachment “A”.

9.1.8. Resolve any issues such as flow rate and volume of effluent to be transferred to process/sewer drains or waste storage.
9.1.9. Obtain approval for field setup and location of Astro Pak process and effluent handling equipment and temporary piping.

	Description
	Sign / Date

	Confirm completion of Sections 9.1.1 through 9.1.9.
	


9.2. Astro Pak PL shall continue the pre-process preparation and documentation:

9.2.1. List line number and equipment ID number of items included in this system in Attachment “A” Line List (if line and equipment ID is not known give brief description).

9.2.2. List control valves such as PCV, FCV, LCV and TCV’s (pressure / flow / level / temperature control valves) and instruments to be removed or relocated in Attachment “B” and ensure these are carried out by Astro Pak or Owner’s representative.

9.2.3. Confirm that the subject system has been isolated from other process equipment as per isolation points required, shown on P&ID(s).

9.2.4. Check calibration records for all instruments / devices to be utilized in execution of this procedure and verify that they are current. (List Instrument calibration records in Attachment “D”).

9.2.5. Obtain approval from Owner’s representative to proceed with field installation activities and set-up flow path for procedure execution as approved during the walk-down of the system and shown on P&ID's (if available).

	Description
	Sign / Date

	Confirm completion of Sections 9.2.1 to 9.2.5.
	


10. PROCESS SET-UP

10.1. Astro Pak PL shall carry-out the following process set-up activities:

10.1.1. Situate equipment in a location that is free of congestion and unauthorized traffic.

10.1.2. Install inlet and outlet connections, rig up all tees, valves and use points with proper bleeds to ensure proper performance of the PAO flushing process.

10.1.3. Ensure that all use points further than 5 pipe diameters from the drop have been set-up to flow as identified on the flow paths / P&ID.

10.1.4. Identify hazards in work area; meet with all personnel participating in execution of procedure to discuss safety and PPE issues.

10.1.5. Barricade and label work areas, uninsulated pipe, temporary piping and hoses that are under pressure and or contain hot fluids to protect personnel and plant facilities.

10.1.6. Establish and maintain control of work site, equipment location to ensure the safety of all personnel transiting or working in the area.

	Description
	Sign / Date

	Confirm completion of Sections 10.1.1 to 10.1.6.
	


10.2. Astro Pak PL will review the system flow paths to confirm:

10.2.1. All valves are in the open or closed position as required to set-up the flow paths and as listed in Attachment “C” Valve Position and Location List.

10.2.2. That isolation valves are closed and tagged to confirm the integrity of the flow paths. 
10.2.3. Install PAO fluid cleaning filters (50 microns or less) on the discharge and return side of the Astro Pak flushing skid with by-pass lines for transferring the existing coolant fluid out of the system.
	Description
	FILTER SIZE
	Sign / Date

	Confirm completion of Sections 10.2.1 to 10.2.3 and field setup of procedure flow paths is complete. 
	Microns
	


10.3. Following completion of the process set-up activities listed above:
10.3.1. Pneumatic test the temporary hoses installed to the system boundary (by closing valves at the system boundaries) with clean, dry air or nitrogen using minimum pressure required to detect leaks up to a maximum pressure limit of 60 psi.

10.3.2. Displace and transfer the existing coolant fluid (approximately 250 gallons of Castrol Micronic 889) from the subject system and support equipment including mobile aircraft test carts using filtered nitrogen (5 micron) to original coolant fluid containers or DOT approved waste drums; label all used coolant fluid drums with client name, location, system, name, type of coolant fluid and transfer date.

	Description
	Pressure
	Sign / Date

	Confirm successful completion of pneumatic leak check.
	psi
	

	Confirm successful completion of Sections 10.3.1 to 10.3.2.
	


10.3.3. Fill the temporary hoses and system with new coolant fluid (AeroShell 602).
10.3.4. Astro Pak will start circulating the coolant fluid through the system at ambient temperature and purge air from the system at all high point vents.
10.3.5. Astro Pak will constantly monitor the system for any leaks in the system equipment, piping and in Astro Pak installed temporary connections and hoses. Any leaks observed shall be repaired by the appropriate party.
10.3.6. Astro Pak shall perform a hydraulic leak test by pressurizing the system to 10% above the expected system working pressure. The test pressure should not drop for a minimum period of 10 minutes.
10.3.7. Walk the system to locate any leaks in the system equipment and piping or in Astro Pak installed temporary connections and hoses.
10.3.8. Astro Pak shall repair leaks that are located in its hoses, connections and fittings.

10.3.9. Inform Owner’s representative to arrange for repairing of leaks that are on system equipment and piping. 
	Description
	Pressure
	Sign / Date

	Confirm successful completion of Sections 10.3.3 to 10.3.9 and hydraulic leak test.
	psi
	


11. VARIANCE LIST

11.1. List any system changes, modifications, or discrepancies observed while executing the requirements of this procedure and notify Owner’s representative of any deviations.

11.2. The Owner’s representative shall contact any necessary support personnel in order to obtain resolution as needed.
	Reported By (Name):                                                                       Date:

	Variance / Change:

	Resolution:

	Resolution Acceptance
(Owner’s Representative Name / Signature / Date):


11.3. Should additional attachments be required, include these supplementary attachments after the Attachments section. 

12. PAO FLUID FLUSHING PROCESS
The objective of the PAO fluid flushing process is to filter and flush the new PAO fluid in the system and remove loose debris, undesirable particles in the system piping in order to meet the cleanliness specification.

12.1. On completion of PAO fluid transfer, filling and hydraulic leak test of the system, commence the PAO fluid flushing stage.
12.2. Flush the PAO fluid through the system in four (4) stages using different filter media in each stage. Install 50 microns filter media for the first stage of PAO fluid flushing followed by 25 microns for the second stage, 10 microns for the third stage and 5 microns absolute for the fourth stage.
12.3. Circulate the PAO fluid through each circuit in the system at 100 to 140ºF to flush the system at a flow rate sufficient to create a minimum velocity of 5 feet per second (turbulent flow) for a period of two (2) hours or until an inspection of the filter sock shows no significant debris.
12.4. Monitor differential pressure across inlet and return filter units; change filter media as necessary to maintain low differential pressures. Change filter sizes at the end of each flushing stage as required.
	PAO FLUID FLUSHING 1st FILL - STAGE 1
	Filter Size
	Sign / Date

	Start Time:


	End Time:


	microns
	


	PAO FLUID FLUSHING 1st FILL - STAGE 2
	Filter Size
	Sign / Date

	Start Time:


	End Time:


	microns
	


	PAO FLUID FLUSHING 1st FILL - STAGE 3
	Filter Size
	Sign / Date

	Start Time:


	End Time:


	microns
	


	PAO FLUID FLUSHING 1st FILL - STAGE 4
	Filter Size
	Sign / Date

	Start Time:


	End Time:


	microns
	


12.5. Collect two samples (500 mL) of coolant fluid on completion of first (1st) fill stage 4 for particle count tests.

12.6. Test first (1st) fill coolant fluid samples to determine particle count and document these results as the baseline in Attachment ‘H’ Particle Count Analysis Log.

12.7. Displace the first (1st) fill coolant fluid (AeroShell 602) from the subject system using filtered nitrogen (5 micron) and transfer to original PAO containers; label all used PAO drums with client name, location, system, name, type of PAO and transfer date.
12.8. Fill the temporary hoses and system with new coolant fluid (AeroShell 602).

12.9. Astro Pak will start circulating the coolant fluid through the system at ambient temperature and purge air from the system at all high point vents.
12.10. Circulate the PAO fluid through each circuit in the system at 100 to 140ºF in accordance with the listed specification or a flow rate sufficient to create a minimum velocity of 5 feet per second (turbulent flow) for a period of two (2) hours or until an inspection of the filter sock shows no significant debris.

12.11. Monitor differential pressure across inlet and return filter units; change filter media as necessary to maintain low differential pressures. Change filter sizes at the end of each flushing stage as required.

	PAO FLUSHING Final FILL - STAGE 1
	Filter Size
	Sign / Date

	Start Time:


	End Time:


	microns
	


	PAO FLUSHING Final FILL - STAGE 2
	Filter Size
	Sign / Date

	Start Time:


	End Time:


	microns
	


	PAO FLUSHING Final FILL - STAGE 3
	Filter Size
	Sign / Date

	Start Time:


	End Time:


	microns
	


	PAO FLUSHING Final FILL - STAGE 4
	Filter Size
	Sign / Date

	Start Time:


	End Time:


	microns
	


12.12. Collect two samples (500 mL) of coolant fluid on completion of final fill stage 4, one each for client and for particle count test.

12.13. Test the final fill coolant fluid samples to determine particle count and document these results as the final fill results in Attachment ‘H’ Particle Count Analysis Log.

12.14. Continue circulating and flushing of the coolant fluid through system at 100 to 140ºF at a flow rate sufficient to create a minimum velocity of 5 feet per second (turbulent flow) for an additional period of two (2) hours

12.15. Collect two samples (500 mL) of coolant fluid on completion of section 12.14, one each for client and for particle count test.

12.16. Test the final fill coolant fluid samples to determine particle count and document these results as the final fill results in Attachment ‘H’ Particle Count Analysis Log.
12.17. Repeat Sections 12.14 through 12.16 until particle count specifications are met. 

	Description
	Sign / Date

	Confirm completion of Section 12.1 to 12.17 of PAO fluid flushing process.
	


13. INSPECTION

13.1. Review particle count test results with Owner’s representative and confirm acceptance.
	Description
	Sign / Date

	Particle count results accepted by Owner’s representative.
	


14. PROCESS COMPLETION
14.1. Review this procedure to ensure completeness.

14.2. Remove Astro Pak’s temporary valve or piping tags, Astro Pak’s furnished equipment from subject system, and insure all product and waste containers have been removed to designated storage and or disposal area.

14.3. Reinstall fittings and instruments to return subject system to operational configuration as identified in Attachment “B”, Equipment and Instrument Isolation / Removal / Restoration.

14.4. Return Customer’s system to pre-service status and Customer’s environment/ site to pre-Astro Pak state or better.

14.5. Walk site with Customer showing all work complete and condition of process area.
	Description
	Sign / Date

	Confirm completion of work listed in Section 14.1 to 14.5.
	


15. SYSTEM ACCEPTANCE AND CERTIFICATION
15.1. The undersigned have reviewed and accept the completion of the process procedures for the subject system as documented above. This confirms the Certification of PAO Fluid Flushing for the above listed system.
	Company / Department
	Representative Name
	Signature / Date

	Oil Flushing / Cleaning Contractor:

ASTRO PAK CORPORATION
	
	

	Owner:


	
	

	Other Representative:


	
	


Note: To be signed on completion of all procedures listed in this document.

16. DOCUMENTATION
16.1. Astro Pak representative shall review documentation and field records with Owner’s representative.

16.2. Astro Pak representative shall submit copy of completed and signed PPD (Process Procedure Document) to Owner’s representative on completion of work and document review by Astro Pak’s Quality Assurance Department.

17. ATTACHMENT LIST

A. Line List and P&ID’s with Highlighted Process Flow Path

B. Equipment and Instrument Isolation / Removal / Restoration
C. Valve Position and Location List

D. Materials and Instrumentation Certifications
E. System Batch Volume and Waste Disposal Plan

F. Pipe Sizes and Flow Values

G. Flow Calculations

H. Particle Count Analysis Log

	ATTACHMENT A

	LINE LIST AND P&ID’s WITH HIGHLIGHLTED PROCESS FLOW PATH

	

	TOTAL NUMBER OF LINES:
	Page ___ of ___

	LINE / EQUIPMENT ID
	DESCRIPTION
	DRAWING NUMBER

	2” Supply / Return lines
	Aircraft Support Equipment (ASE) Room 012 to Anechoic Chamber
	

	
	Room 032
	

	1.5” Flex hoses
	To / from Aircraft Service Carts
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


	NOTES:

	

	

	ASTRO PAK REPRESENTATIVE SIGNATURE:
	DATE:


	ATTACHMENT B

	EQUIPMENT & INSTRUMENT ISOLATION / REMOVAL / RESTORATION

	Page ___ of ___

	COMPONENt Tag NUMBER
	Description
	IsolatED / RemoveD or

RELOCATED
	Removed By

Company /

Sign / Date
	Equipment /

Instrument

re-installed

(Circle One)
	Company /

Sign / Date

	
	
	
	
	Y     /     N
	

	
	
	
	
	Y     /     N
	

	
	
	
	
	Y     /     N
	

	
	
	
	
	Y     /     N
	

	
	
	
	
	Y     /     N
	

	
	
	
	
	Y     /     N
	

	
	
	
	
	Y     /     N
	

	
	
	
	
	Y     /     N
	

	
	
	
	
	Y     /     N
	

	
	
	
	
	Y     /     N
	

	
	
	
	
	Y     /     N
	

	
	
	
	
	Y     /     N
	

	
	
	
	
	Y     /     N
	


	NOTES: 

	

	

	ASTRO PAK REPRESENTATIVE SIGNATURE:
	DATE:


	ATTACHMENT C

	VALVE POSITION & LOCATION LIST

	Page ___ of ___

	VALVE ID NUMBER OR LOCATION
	INITIAL VALVE POSITION
	VALVE POSITION /  ACTUATIONS DURING PAO FLUSHING 
	COMMENTS

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


	NOTES: Show location of valves on P&ID’s with flow paths.                      O = Open     C = Closed    CCO = Closed Cycle Open

	

	

	ASTRO PAK REPRESENTATIVE SIGNATURE:
	DATE:


	ATTACHMENT D

	MATERIALS AND INSTRUMENT CERTIFICATIONS

	

	PROCESS MATERIALS
	MANUFACTURER
	LOT NUMBER
	CERTIFICATE DATE

	Coolant Fluid, AeroShell 602
	Shell Oil Company
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	INSTRUMENT DESCRIPTION
	MODEL NUMBER
	SERIAL NUMBER
	CALIBRATION DATE

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


	NOTES:

	

	

	ASTRO PAK REPRESENTATIVE SIGNATURE:
	DATE:


	ATTACHMENT E

	SYSTEM BATCH VOLUME AND WASTE DISPOSAL PLAN

	

	SYSTEM BATCH VOLUME

	DESCRIPTION
	GALLONS / LITERS *
	FLUID SOURCE
	COMMENTS AND CALCULATIONS

	Owner provided fluid volume used
	
	
	

	Astro Pak provided fluid volume used
	
	
	

	
	
	
	

	
	
	
	

	Total System Batch Volume
	
	
	

	  

	WASTE DISPOSAL PLAN

	DESCRIPTION
	GALLONS / LITERS *
	DISPOSAL / STORAGE?
	COMMENTS

	PAO Fluid 1st stage flushing waste volume
	
	
	

	PAO Fluid 2nd stage flushing waste volume
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	Total Waste Volume Generated
	
	
	


	NOTES: * Circle units used.

	

	

	ASTRO PAK REPRESENTATIVE SIGNATURE:
	DATE:


INSTRUCTIONS FOR USING THE FLOW CALCULATION WORKSHEET (ATTACHMENT F)
1. Place cursor inside the rectangular chart block and double click the cursor.

2. Attachment I will change from a Word document page to an Excel worksheet page.

3. Fill in the actual Tubing OD and Wall Thickness in the blank cells in columns 1 and 2.
4. This will immediately calculate and show the Tubing ID in millimeters and meters in columns 3 and 4.
5. Fill in the Flow Rate in gallons per minute in the blank cell in column 5.
6. This will immediately calculate and show the flow rate in Liters per minute and Flow Velocity in m/sec and ft/sec in columns 6, 7 and 8.
7. Fill in Kinematic Viscosity (in CentiStokes) of the Flushing Oil in column 9.

8. This will immediately calculate and show the Reynolds Number and Friction Factor in columns 10 and 11.
9. Fill in the Length of the Tubing/Pipe (in Feet) in column 12.

10. This will immediately calculate and show the Length of the Tubing/Pipe (in meters) in column 13.

11. Fill in the Specific Gravity of the Flushing Oil in column 14.

12. This will immediately calculate and show the Density of the Flushing Oil and the Pressure Drop per 100 ft in columns 15 and 16.

13. Note the results obtained in Attachment H, Flow Values.

14. Change the tubing size and length combination to get the flow values for each tubing section to be flushed; note results as in step 13.

15. When all the lines have been covered; double click outside the excel worksheet block or go to the next page.

16. This will switch the Excel worksheet back to a word document page.

17. Check Attachments H and I for errors and correct as necessary.

18. Discard these instructions from the Attachment package before submitting to Customer.
	ATTACHMENT F

	PIPE SIZES AND FLOW  VALUES

	Page ___ of ___

	TUBING / LINE 
	OD
	WT
	D
	FLOWRATE
	VELOCITY
	REYLNOLDS
	FRICTION
	ΔP100

	#
	Inches
	Inches
	Inches
	Q – Gals / min
	V - ft / sec
	NUMBER - Re
	FACTOR - f
	Psig / 100 ft

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


           D = OD – (2 x WT);                 V = Q x 21.22            Re = 1000 x V x D               f = 0.3164 x Re - 0.25           ΔP100 = v2 x f x L x p

                                                      
      D2 x 3.281                                   v                                                                                        2D
 Where

  D = Inside Diameter of tube in millimeters (mm);    OD = Outside Diameter of tube in millimeters (mm);    WT = Wall Thickness of tube in millimeters (mm)

  Q = Flow rate in Liter per minute (Lit/min);  V = Velocity in meters per second (m/sec);    v  = Kinematic Viscosity of oil at 40 ºC in centistokes (cS) or mm2/sec
  Re* = Reynolds Number;   f *  = Friction Factor;       L  = Length of pipe in meters (m);    p  = Density of oil in Kilogram per cubic meter (Kg/m3)

 1 inch = 25.4 millimeters; 1 meter per second (m/sec) = 3.281 feet per second; 1 liter per minute (Lit/min) = 0.2642 gallons per minute;

 1 gallon per minute (gals/min) = 3.785 liters per minute; 1 millimeter (mm) = 0.0394 inches
  *Re and f   are non-dimensional numbers (no units)

	ASTRO PAK REPRESENTATIVE SIGNATURE:
	DATE:





	ATTACHMENT G

FLOW CALCULATIONS
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100

 =19.72 psi per 100 feet of tubing

V = Re =Reynolds number

OD =

v =

p =

Q = L =

WT =

Lit/min (Liters per minute)

f =Friction factor D =

= V2 x f x L x p

(11.115) 

2

 X 0.0380 X 30.48 

105.98 X 21.22

(14.224)

2

=1000 x V x D

=0.3164 x Re

-0.25

= 0.3164 X 4790.9

-0.25

ASTRO PAK REPRESENTATIVE SIGNATURE:

Inside Diameter of 

Tubing 

Pascals per 100 feet of tubing

mm (millimeters)

135,987 Pascals X '0.000145 psi per Pascal

cS (centistokes)

Kinematic viscosity



psi ( psi per 100 feet)

Density Kg/m3 (kg/cubic meter)                           

Inside Diameter of Tubing m (meters)

Pressure drop

Pipe length m (meters)

DATE:

Liquid Velocity of Flow 

Wall Thickness of Tubing 

mm (millimeters)

mm (millimeters)

m/sec (meter per second)

Liquid Flow rate 

Outside Diameter of Tubing




	ATTACHMENT H

	PARTICLE COUNT ANALYSIS LOG


Page ___ of ___ 
	Cleaning Specification: MIL-PRF-87252C
	Flushing Oil Used: AeroShell 602
	Manufacturer: Shell Oil Company

	Particle Count Instrument Type:    
	Instrument Model #:  
	Manufacturer:  


	SAMPLE DATE
	TIME
	SAMPLE ID #
	PARTICLE SIZE
	PARTICLE COUNT RESULTS
	PARTICLE COUNT LIMIT
	SIGN / DATE

	
	
	
	5 to 15  um
	
	2664
	  

	
	
	
	16 to 25 um
	
	345
	

	
	
	
	26 to 50 um
	
	86
	

	
	
	
	51 to 100 um
	
	10
	

	
	
	
	>100
	
	0
	


	SAMPLE DATE
	TIME
	SAMPLE ID #
	PARTICLE SIZE
	PARTICLE COUNT RESULTS
	PARTICLE COUNT LIMIT
	SIGN / DATE

	
	
	
	5 to 15  um
	
	2664
	  

	
	
	
	16 to 25 um
	
	345
	

	
	
	
	26 to 50 um
	
	86
	

	
	
	
	51 to 100 um
	
	10
	

	
	
	
	>100
	
	0
	


	NOTES: 

	

	

	ASTRO PAK REPRESENTATIVE SIGNATURE / DATE:
	OWNER REPRESENTATIVE SIGNATURE /DATE:
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				Enter Tube OD (mm)		Enter Tube WT (mm)		Read   D (mm)		Read      D          (m)		Enter Flowrate      Q (gals/min)		Read Flowrate       Q   (Lit/min)		Read     V   (m/sec)		Read   V (ft/sec)		Enter Kinematic Viscosity v cStokes		Read Reynold Number  Re		Read Friction Factor      f		Enter Length   L (Feet)		Read Length    L (m)		Enter Specific Gravity		Read Density p    Kg/m3		Read ∆P100 psi/100 ft

				21.3		4.75		11.80		0.0118		3.2		12		1.85		6.1		10		2178		0.0463		100		30.48		0.822		822		24

				60.33		5.54		49.25		0.0493		150		568		4.97		16.3		33		7413		0.0341		100		30.48		0.869		869		33

				D		= OD - 2 x WT				V		= Q X 21.22				Re		=1000 x V x D				f		=0.3164 x Re-0.25				∆P100		= V2 x f x L x p

												D2						v												2D

				OD =		0.75"		Example		Q =		28 gals/min X 3.785 Liters per minute

				WT =		0.095"				Q =		105.98		Liters per minute				Re =		1000 X 11.115 X 14.224				∆P100 =		(11.115) 2 X 0.0380 X 30.48						x 822

				D =		OD -(2 x WT)=		0.75 -(2 x 0.095)		V =		105.98 X 21.22								33								2 X		0.0142

				D =		0.56"						(14.224)2						Re =		4791		at 40oC		∆P100 =		3862

				D =		0.56 X		25.4 mm		V =		2248.9														0.0284

								per inch				276.79						f		= 0.3164 X 4790.9-0.25				∆P100 =		135,987		Pascals per 100 feet of tubing

				D =		14.22		mm		V =		11.115 meters per second						f		= 0.03803

										V =		11.115 meters per second x 3.281						∆P100 =		Pressure drop				∆P100 =		135,987 Pascals X '0.000145 psi per Pascal

				D =		Inside Diameter of Tubing				V=		36.5 feet per second								psi ( psi per 100 feet)				∆P100 =		19.72 psi per 100 feet of tubing

						mm (millimeters)				V =		Liquid Velocity of Flow						Re =		Reynolds number

				OD =		Outside Diameter of Tubing						m/sec (meter per second)						v =		Kinematic viscosity				p =		Density Kg/m3 (kg/cubic meter)

						mm (millimeters)				Q =		Liquid Flow rate								cS (centistokes)				L =		Pipe length m (meters)

				WT =		Wall Thickness of Tubing						Lit/min (Liters per minute)						f =		Friction factor				D =		Inside Diameter of Tubing m (meters)

						mm (millimeters)

				ASTRO PAK REPRESENTATIVE SIGNATURE:																										DATE:






