% [ The Engineering Society
wacs g == For Advancing Mobility

iy el Land Sea Air and Space

A Product of the

Cooperative Engineering Program

SAE J1839 FEB87

Fuel/Water Coarse
Droplet Separation
Test Procedure for
Suction Side
Applications

SAE Information Report
» Issued February 1987



https://saenorm.com/api/?name=7e6b0a6005d03e2695da060c74711ff8

No part of this publication may be reprodticed in any form,
in an electronic retrieval system or otherwise, without the
prior written permission of the publisher.

Copyright 1987 Society of Automotive Engineers, Inc.


https://saenorm.com/api/?name=7e6b0a6005d03e2695da060c74711ff8

SAE J1839

The Engineering Socie

Q‘ EFor Advancingg Mobilitt}' HIGHWAY
IR ( 2nd Sea Air and Space VEHICLE
400 COMMONWEALTH DRIVE, WARRENDALE, PA 15096 REPORT

Issued: February 1987

FUEL/WATER COARSE DROPLET SEPARATION TEST
PROCEDURE FOR SUCTION SIDE APPLICATIONS
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An emulsified (finely dispersed) water separator testing procedure is covered
in a companion document (SAE J1488).
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2. S

COPE: To determine the undissolved water removal performance of a

FueT/water separator under realistic and controlled conditions, using water
droplets.

3. TEST APPARATUS: A test system, as illustrated in Fig. 1, to include:

3.1

.3.2
3.3
3.4
3.5
3.6

3.7
3.8
3.9

3.10

3.12
3.13
3.14

“Operating sump with a flat bottom. Material to be compatible with diesel

fuel (polyethylene, etc.). Sump size to be adequate to hold test fluid
volume under test conditions. Outlet to be 2.5 c¢cm from bottom of tank or
higher,

A wdter-dispersing device, as described in Appendix 1.

Thermometer or temperature readout accurate +2°C under test condi tfions.
The [fuel/water separator under test.

Difflerential pressure gauge or manometer with 1.0-tm’Hg or 0.1 kPa
subdivisions, or as required.

Inline static mixer with at least three internal mixing units, or [similar,
to grovide a representative sample at the sample port.

Samflle port. Provision must be made.to allow adequate flushing, immediately

pridqr to sampling.

Test fuel flow meter, flow rangé appropriate for the unit under tgst,
accyracy +5%, repeatability +2%.

A final fuel/water separator assembly, such that not more than 5¢ ppm
undissolved water is recycled on an average basis under test conditions.

Su{table heat exchange and controls for maintaining constant tesf
tenpperatures as ‘specified.

Sui{table valve or other control for adjusting and controf]ing tegt flow.

Diffusérs to promote uniform mixing in test reservoir,

Wa

Ler—flow—meter with range +n cuit npph’raﬁnn rapah]n of mnaclning flows
of 0.25% of fuel flow rate, +5% accuracy.

o
Ow—mcTtCcT—¢ ) ToO—>utt—a

Suitable valve for adjusting and controlling water injection flow.

Supply of clean deionized or distilled water, adequate pressure must be

available to inject water on the high pressure side of the pump. (Use of a

deionizing filter, for example, housed Barnstead D8901, will permit use of
Tocal water supply and pressure.)
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3.17 Automatic Karl Fischer Titration Apparatus for water content analysis.

3.18 A1l interconnecting piping should be selected, sized, and oriented to
prevent the separation of water and solid contaminants from the fuel or
provide traps for these contaminants (13 mm PVC is recommended for 0-23 1pm.
flow rates). :

4, TEST MATERIALS:

4.1 Test Fluid: Since fuel oil contains various constituents, the test oil type
shou Fé—be—eategorized—and—recorded—as—one—of the following:

U oTTCatTgot

\ sample of the fluid used in the application.
#2 diesel fuel, locally available.

bpecially treated fluid, per Appendix 2.

\ standard reference fluid to be specified.

les N qp ool

In a)1 these cases, it should be understood that the\results are relevant to
this| fuel and that some amount of variance in perfermance can be gxpected
with|different fuels, depending on the particular-design of the tqst fuel
watel separator,

4,2 Cleap, distilled or deionized water, to be supplied as in paragraph 3.16.

5. TEST CONDITIONS:

5.1 Volume of fuel in the test systemc{including filters, piping, etc{) shall be
a mipimum of 8 times the flow rate per minute.

5.2 Tempgrature: 30 + 2°C.
5.3 Flow rate-of fuel: rated’flow of unit to be tested or as specifiqgd.
5.4 Watel flow rate: 0.25% of fuel flow rate.
6. TEST PROCEDURES:

6.1 If clay-treated fuel (Appendix 2) is not the selected fluid, use g fresh
quantity(of fluid. Retreat clay-treated fuel, if used.

6.2 Determine the water saturation level for each batch of test fluidi

A. According to Appendix 3.
B. By using tables or charts where available, see Appendix 4.

6.3 Install clean-up filter (95% efficiency at 5 um or better suggested) in
place of test filter; fill fuel tank; start circulation of fuel at clean-up
filter flow rating. Continue system clean-up until a particulate
contamination level of 5mg/1 or less and 25 ppm undissolved water or less is
obtained. Low clean-up flow rates and/or lower efficiencies will require
long clean-up times. The final fuel/water separator may be used as a
clean-up filter if suitable.
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6.4 Install fuel/water separator to be tested (Fig. 1).
6.5 With flow set near zero, start pump, adjust to specified flow rate.

6.6 Bleed air from system if necessary, take initial (fuel only) pressure drop
reading at the test flow.

6.7 Open the water valve and adjust water to 0.25% of fuel flow. Start the
clock at the same time water begins to flow. Establish proper flow rate
within one min.

6.8 Withput interrupting test flows, periodically drain the water from the water
collection sump of the unit under test. Do not let water buildiup beyond
the haximum recommended level in water sump. DO NOT TAKE ANY)SAMPLES WHEN
ASSEMBLY IS BEING DRAINED.

6.9 Record test time for each drain.

6.10 Every 20 min carefully withdraw a sample, being sure to flush the| sample
port thoroughly. Be sure that the sample syringeor container is
thojoughly dry. Analyze the sample immediately. using the Karl Figcher
method (IS0-R-760), or similar. Record each reading. Additionallsampling
is permitted.

6.11 Record differential pressure across and test temperature at the test water
separator at each sample interval.

6.12 Te inaté the test if'ohe or more of'the_f011ow1ng conditions is met:

A. | water concentration in.effluent fuel is above an acceptable level, to
be specified by manufacturer or user.

B. | Two h and 20 min.or more of test time has elapsed and an equiflibrium
pressure drop s attained. Equilibrium pressure drop has begn reached
when an incréase of no more than 2.5 mm Hg (0.34 kPa) occurs [during a
20 min interval.

C.| Differential pressure exceeds an upper 1limit specified by thg
manufacturer or user.

7. PRESHENTATION OF DATA:

7.1 Plot concentration of undissolved water in effluent (ppm by volume)* versus
time (minutes) on linear graph paper. Undissolved water = total water minus
dissolved water (see paragraph 6.2). Indicate drain times on graph.

*Many Karl Fischer titrators will determine micrograms. Convert this to
ppm by volume.

Karl Fischer reading ugms _ Karl Fischer ugms X Fuel sp. gr.
SampTe Volume (ml) » Sample Weight (grams)

ppm by vol =
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7.2 Plot pressure drop (mm Hg or kPa) versus time (minutes).
7.3 Note the following:

7.3.1 Test fluids

7.3.2 Fuel flow rate

7.3.3 Actual test temperature

7.3.4 Total test time

7.3.5 Equilibrium pressure drop

7.3.6 Digsolved water saturation level, method used to determinedlevel

7.4 Calcylate and report the average free water content ofreffluent:

E,, ZE_i xLlty -ty D/t gotar]

Eav 7 Average undissolved water content of-effluent, ppm by volumel

E; ¥ Undissolved water content of the "i th" sample = Total watef content

ti -[tj - 1 = time since previous sample, minutes.

ttota] = total test time tol-final sample, minutes.

of the sample - water saturation level (Paragraph 6.2), ppm|by volume.

7.5 Calcllate and report average undissolved water separation efficiency.

E
Average Efficiency = (1 - ?%%U) X 100
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®
1]
WATER DISPERSING DEVICE
DIRECTION
test D i
sepgrator. r{( €y
) \\\ —
" Y FUEL LINE TO INUET
| \\\\\ OF TEST SEPARATOR
24 . :
I DISPERSING NOZZLE
INCHES. : (HYPODERMIC NEEDLE OR
MICRO-MINIATURE TUBING)
FUEL VELOCITY PAST NOZZLE TIP SHOULD BE BETWEEN . |
® .75 AND 1.50 M/SEC. o

©4

ATER VELOCITY THROUGH" NOZZLE SHOULD BE BETWEEN
.7 AND 7.0 M/SEC. . i

WHERE -LPM = TEST FLOW RATE

D = MAXIMUM DIAMETER (MM) = 20 [LPM X .07074
FOR .75 M/SEC VELOCITY i

D = MINIMUM DIAMETER (MM) = 20 [LPM X .03536
FOR 1.50 M/SEC VELOCITY o

= MAXIMUM DIAMETER (MM) = 20 [LPM X 0000282
FOR 4.7 M/SEC VELOCITY

d = MINIMUM DIAMETER (MM) =

20 JLPM X .0000188
FOR 7.0 M/SEC VELOCITY =

(SEE APPENDIX 13 AND 1b FOR NOZZLE I.D. AND GAUGE AT
VARIOUS TEST FLOW RATES)

THIS WATER DISPEHSING.METHGD HAS BEEN FOUND TO PRODUCE
DISPERSED PHASE DROPLET POPULATIONS WITH MEAN DIAMETERS
OF APPROXIMATELY 180 TO 260 MICROMETERS.

C65
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APPENDIX 1a
APPENDIX 1a
1.00
DISPERSING NOZZLE SIZE AND GAUGE FOR 0-70 LPM
TESI'E AT 4.7-7.0 M/SEC VELOCITY THROUGH
-80 — (ASSUMES .25% WATER ADD RATE) 4-7/M/SEC
ilB
.80 —
70 7.0 M/SEC
ASRNT
.80 —
NOZZLE
o 20 | N RueE
d=NOZZLE
IuSIDE
DIAMETER .50 21
{MM)
.40 22/
23
.30 24
25, 28
.20 )27 d (4.7 M/SEC)ID =20 VLPM X .0000282
d (7.0 M/SEC)ID =20 v LPM X .0000489
:: ' LPM=TEST FLOW RATE

.10 —334

30 40 50 60

TEST FLOW (LPM)

70
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APPENDIX 2

A2 Fuel Treatment to Obtain Fluid as Specified in Paragraph 4.1 (C):

A2.1

A2.2

A2.3

A2.4
A2.5

A2.6

Take the required volume of #2 fuel oil and continuously contact the fuel

- with Fuller's Earth.

commercially available Fuller's Earth or clay cartridge filters.
fluid sump may be used.

This may be done by filtering the fuel through

The test

Periodically (about every 2 h) take a sample of the fuel in a beaker.

Filter the sample through a 0.2 um membrane and measure the interfacial
ion (IFT) with distilled water at 16°C + 2°C. The platinum ¥ling
chment method (ASTM D971) is recommended, although other)>corrplatable

ten
det
met

If

wit
ade
tre

Rem
to

Add
of

Cir
com
now

ods may be used.

he IFT is greater than or equal to 30 mN/m, stop further contpcting

Fuller's Earth or clay. .Generally 2-4 h of contacting will
uately ensure that this condition is met. Report the IFT of.

ted fuel.

[

ve the Fuller's Earth cartridges from thevtest loop or adjust

isolate them from the test loop.

to the Fuller's Earth treated fuel@(in the test sump) 0.1% (1
etane number improver Ethyl D112°(Ethyl Corporation).

ulate the fuel with additive through the test system for 15 m
lete turnovers of the fuel)yvolume in the sump. The fuel trea
complete. o .

ore than
the

valving
DOO ppm)

in or two
tment is
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APPENDIX 3

A3 Method of Determining Saturation Level of Dissolved Water in Fuel: Use this

method for maximum accuracy or when tables or charts are unavailable,

A3.1

Wash a clean sample bottle (with a rubber diaphragm cap; minimum 100m]

capacity) with distilled water so as to remove traces of detergent; dry
bottle thoroughly.

A3.2

Take 150 ml of test fuel and filter fuel through a 0.2 micrometer membrane

compatible with fuel oil.

A3.3

A3.4

A3.5

A3.6

A3.7

A3.8

pm by volume.

he water concentration is below or equal to 100 ppm, proceed
ot, repeat A3.2 and A3.3.
ering (step A3.2).

rt a PTFE coated magnetic stirrer.

clean distilled water and remove @ny air. Carefully insert

at the lowest possible speed.
ot strongly agitated and ‘that no appreciable vortex develops
1t of mixing.

Take three readings. The average is the water
vert water saturation to ppm by volume; if the concentration
ween<Y00-150 ppm by volume, then repeat steps A3.6 through A3
fivm; otherwise report this as the dissolved water saturation

r mixing for approximately 18 h (overnight), place the bottis
ater bath at the test temperature for two h; insert a clean, dried,
odermic syringe—through the rubber diaphragm in the cap; gent]
1 of fuel from the top and analyze for water content using th
igcher method.

Detbrmine total water concentration in the fuel by the Karl FiscHer method

to A3.5;

If necessary, cool fluid to -4°C hefore
e 75 ml of the filtered fuel into the driéd clean 100m1 sample bottle.

a 50 m1 hypodermic syringe fitted with a long, large diametgr needle

25 m1 of

water into the bottom of the sample bottle taking care to crgate and
ihtain the water-fuel interface;with minimal agitation.
e| bottle with filtered fuel.

Complgtely fill
PTace the bottle on a magnetic st
Make sure that the fuel water

irrer and
interface
as a

2 gently in

y withdraw
b Karl
taturation.

s not
L8 to
level in
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