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1 Summary

This document and the content herein contains the procedure, log, protocol, report and analysis for
the Purifiner leak test performed at Wagene Purifiner Technology AS, where 400 ml of seawater
taken from the sea was added every day for 30 days. A total of 11 oil samples were taken from the oil
tank excluding reference oil (New oil).

As we are focused on being open about the whole progress, the protocol also shows the struggle we
had with a pump batch, that evidentially made us restart the test.
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5 Introduction

September 13", 2017, the Water Leak Simulation Test was initiated.

Due to a machining error related to the pump bypass system integrity, we had to re-initiate the test.
A new reference oil was taken the 27" of September.

The content in this report shows the results from 27" of September to 30" of October, the analysis
of oil samples taken, comments on the results and an evaluation of the purifiner.

5.1 Conditions

Every day for the duration of the test we added 400 ml of water, every 3" day we took an oil sample
at 15:30, before the next quantity of water was added. Pre-heater was set to 65°C (This is adjustable
from 40°C to 90°C). Pressure from the pump was stable at 4 bars. Water was added around 15:30
every day.

Volume of oil in tank was 100 Liter.
Temperature measured in tank, fluctuated between ~48°C and ~54°C
Purifiner was operating 24 hours a day for the entirety of the test

Purifiner was run with oil for some days to saturate the filter with oil. This helps compress the filter
and reduces the chance to trap water on the initial run

5.2 Purpose

The purpose of this report is to show the water evaporation capability of the Purifiner oil cleaner
under the condition of a water leak to EAL oil for 30 days. It should be noted that under the
circumstances where a leakage is present in any oil system, it is important to identify and repair the
leak as soon as possible. A leak should not go on for a prolonged period.

Rev. B @stergyveien 36, 3236 Sandefjord, Norway Side 4 av 17
Phone: +47 33 48 90 20 Fax: +47 33 48 90 48
E-mail: post@waagene.no web: www.waagene.no



mailto:post@waagene.no
http://www.waagene.no/

Wé’lene lz;_lll;ifing;

6 Water leak simulation testrpcedure

The procedure can be found in Appendix 5. The appendix is available upon request.
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6 Test setup

Picturel Test Setp

Purifiner

Transport pump

Water feed

Oil hoses

Wooden stand
Oil tank

List of actions to be performed

To the left on this picture a TS5060PMH, see Technical data in
chapter 6.1

Mounted on wooden blocks, located in front of the oil tank in
the middle of the picture. Purpose is to create turbulence in the
oil to emulsify the added water.

Located in the upper right corner of the picture. 400 ml of
water is added to the water feed, and poured into the oil within
a couple of minutes.

Two larger ones connected to the transport pump diagonally
opposite to each other. Two smaller ones connected to the
Purifiner, also Diagonally opposite to each other.

Mounting and securing the test equipment

An aquarium, purposely chosen to contain the oil and letting
the oil be visible

A note was printed with reminders of required daily actions
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6.1 Purifiner TS5060PMH Technical Data

Type
Manufacturer
Applications
Weight
Dimensions

Pump

Interface couplings
Max pressure inlet

Max pressure outlet

Oil type

Viscosity range

Oil flow through filter

Oil flow through by-pass
Water removal technique
Filter purification capacity
Expected lifetime

Filter change cycle
Mechanical maintenance
Temperature adjustment

Filter water absorption

Voltage

Hertz

Power cord and plug
Required fuse

Total energy consumption
Effect of Heat chamber
Effect of Pre-Heater
Effect of Electro motor

Rev. B

TS5060PMH

Wagene Purifiner Technology

Pressurized interfaces up to 8 Bar

45 Kg

H: 640 mm

W: 450 mm

L: 470 mm

Dual pump

Inlet: suction

Outlet: pressure

Male 3/8” BSP

200 Bar with reduction valve

3 Bar without reduction valve

8Bar or 0.8Mpa

All oil types

32-320cSt

Dependent on viscosity, but normally 600 L/day.
Dependent on viscosity, but normally 1560 L/ day
Evaporation

Between 1 and 3 um

> 10 years

Every 3-4 months dependent on contamination
5-7 years

40-90°C on the pre-heater, no adjustment on the heat
chamber.

None. The filter is a special type of cotton filter. During
high water content in the oil, the water may be trapped
between layers, but not permanently.

230V

50-60 Hz

Power cord 3G 1.5 type HO7RN with CEE7/4 plug
Minimum 16 Ampere fuses

2400Watts

150 Watt

2000 Watt

250 Watt
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Picture2 TS5060PMH Front

Picture3 TS5060PMH Back
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7 Analysis

The analysis as presented from Norsk Oljelaboratorium can be found in Appendix 4
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Figure 1 Viscosity 40°C cSt
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Figure2 Water content
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TAN mg KOH/g
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Figure3TAN mg KOH/g
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7.1 Particle count

New oil 09/27/2017 10/01/2017
Antall: Antall: Antall:
Provesterrelse ml. 100 > 5 um 48 720 | Provestorrelse mi. 100 > 5 um 175997 |Frevestarelse ml. 100 > 5 um 92 950
Antall paralelle praver 3 Antall paralelle prever 3
> 10 um 10 793 Antall paralelle prever 3 =10 um 35210 p p >10 um 14 920
NAS Klasse: 8 > 15 um 4723 INAS Klasse: 10 > 15 um 6000 NAS Klasse: 9 > 15 um 2643
> 25 um 1333 > 25 um 477 >251um 207
> 50 um 160 > 50 um 23 >50 um 10
> 100 um 13 > 100 pm 3 >100 um 0
10/04/2017 10/30/2017
Antall:] I Antall:
Preovestgirelse ml. 100 >5um 22 067 Prgvestgrrelse ml. 100 > 5 um 13 250
Antall paralelle prgver 3 Antall paralelle praver 3
>10 um 5750 >10 um 4100
NAS Klasse: 7 > 15 ym 5083 | NASKlasse: 6 >15pm 158
> 25 um 58 >25um 23
> 50 um 0 >50 um 0
>100 pm 0 > 100 um 0
Tablel Particle count
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Figure4 Particle count
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8 Results
New oil Sep-27-17 Oct-01-17 Oct-04-17 Oct-07-17 Oct-11-17 Oct-13-17 Oct-17-17 Oct-19-17 Oct-22-17 Oct-25-17 Oct-28-17 Oct-30-17
Water content 161 236 393 234 229 224 212 205 198 178 172 153 124
Viscosity 40°C cSt 99.1 100.3 99.8 99.6 98.6 98.6 98.6 98.6 98.7 98.7 98.6 98.3 98.1
TAN mg KOH/g 0.7 1.2 1.05 1.03 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Natrium (NA) 0 0 1 0 0
>5um 48720 175997 92950 22967 13250
>10 pm 10793 35210 14920 5750 4100
>15um 4723 6000 2643 2283 158
>25um 1333 477 207 58 NO FURTHER METAL OR PARTICLE ANALYSIS UNTIL END OF TEST 23
>50 um 160 23 10 0 0
> 100 pm 13 3 0 0 0
NAS Class 8 10 9 7 6
Table 2 Results
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9 Comments on results

Seawater was taken from the sea in Sandefjord, this was collected in plastic cans. The seawater has
not been filtered before it was added to the oil, and may contain different types of particles other
than water with salt. With this in mind, the purifiner still managed to bring the NAS class down to 6
from 10, in comparison, new oil of this type has a NAS class of 8.

9.1 Water content

We see a very interesting trend, that the amount of water drops slightly over time from 393 on
October 1° to 124 on October 30™". 400 ml of water was added every day. This indicates that the
capacity of the purifiner is enough to remove 400 ml of water and then bring down the water
content of the oil even further. We have seen the oil becoming white with water, shortly after the
water was added. With a time-lapse camera we saw the oil becoming visibly clear during the night.
The morning after the water was added the oil looked visually free from water, thus the amount of
time given to reduce the water content further has inevitably become the main factor for the
continuous decrease of water content as shown in the analysis.

The oil samples were taken at the same time of day, right before water was added

9.2 Particles

The most interesting particles to measure is the smallest size of 5um. This has a reduction of
approximately 92.47% from 175’997 down to 13’250particles. All the other measured particle sizes
from the oil analysis has been reduced as well.

175997 92950 22967 13250 48720 92.47 %
35210 14920 5750 4100 10793 88.36 %
6000 2643 2283 158 4723 97.37 %
477 207 58 23 1333 95.18 %

23 10 0 0 160 100.00 %

3 0 0 13 100.00 %

9.3 Acidity numbers

The acidity number goes from 1.2 down to 0.9 where it stabilizes. This is a healthy progress for the oil
condition. New oil has lower acidity value, but the value the purifiner achieved has nonetheless been
brought down despite continuous seawater addition. The purifiner has managed to keep the acidity
level stable for 23 consecutive days, albeit no decrease, there is no increase either.
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9.4 Viscosity

The viscosity changes from 100.3 to 98.1. cSt. There is a slow but steady decrease in viscosity. The
decrease in viscosity may be the result from filtering of particles. This would most likely stabilize
when the particle count is brought down to a minimum. Even so, we do not foresee the level to drop
by any significant amount.

The oils viscosity for this type should, when new, have a kinematic viscosity of approximately 100 cSt.

Bringing down the viscosity means making the oil more running.

10 Observations

The oil looks clear at 08:00 in the morning, this is consistent. Water is added around 15:30 every day,
this is logged. A camera was set up that took a picture every 1 minute, and showed us that the oil
becomes clearer late in the evening, and visually clears up during the night.

The oil turns darker over the course of this test. We do not know what causes this, but the analysis
from the final sample indicates no
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11 Abbreviation list

°C Degree Celsius

pm Micron

3/8” 3 by 8 inches

BSP British Standard Pipes

cSt Centistoke

FT-IR Fourier-Transform Infrared Spectroscopy
H: W: L Height: Width: Length:

Hz Hertz

Kg Kilo gram

KOH/g Potassium hydroxide required to neutralize one gram of chemical substance.
L/day Liter per day

mg milligram

ml Milliliter

mm milimeter

Mpa Mega Pascal

NA Natrium

NAS National Aerospace Standard

PMH Purifiner with heater

PPM Parts Per Million

TAN Total Acid Number

TS Pressurized

Vv Volts
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