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Foreword

ISO (the International Organization for Standardization) is a
federation of national standards bodies (ISO membep bodies
of preparing International Standards is normally ‘carried out t
technical committees. Each member body interested in a
which a technical committee has been established has the
represented on that committee. International organizations, gq
and non-governmental, in liaison with IS©; also take part in th
collaborates closely with the Internatiohal Electrotechnical (
(IEC) on all matters of electrotechnical standardization.

The main task of technical cémmittees is to prepare Interna
dards, but in exceptional giteumstances a technical committg
pose the publication of a . Téchnical Report of one of the follow

— type 1, when the required support cannot be obtained fq
cation of an Intérnational Standard, despite repeated effort

— type 2, when the subject is still under technical developme
for any-other reason there is the future but not immediat
of an@greement on an International Standard;

—type 3, when a technical committee has collected data o

worldwide
. The work
hrough 1SO
subject for
right to be
vernmental
e work. 1ISO
Commission

tional Stan-
e may pro-
ing types:

r the publi-

5,

nt or where
e possibility

a different

kind from that which is normally published as an International Standard

(“state of the art”, for example).

Technical Reports of types 1 and 2 are subject to review within
of publication, to decide whether they can be transformed
national Standards. Technical Reports of type 3 do not necess
be reviewed until the data they provide are considered to b
valid or useful.

ISO/TR 13353, which is a Technical Report of type 2, was

three years

into Inter-
arily have to
e no longer

brepared by

Technical Committee ISO/TC 22, Road vehicles, Subcommittge SC 7, In-

jection equipment and filters for use on road vehicles.

This document is being issued in the type 2 Technical Repd
publications (according to subclause G.4.2.2. of part 1 of the

rt series of
ISO/IEC Di-

rectives, 1992) as a “prospective standard for provisional application” in

the field of filters for road vehicles because there is an urge

nt need for

guidance on how standards in this field should be used to meet an iden-

tified need.

This document is not to be regarded as an “International Standard”. It is
proposed for provisional application so that information and experience of

its use in practice may be gathered. Comments on the con
document should be sent to the ISO Central Secretariat.

tent of this
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A review of this type 2 Technical Report will be carried out not later than
two years after its publication with the options of: extension for another
two years; conversion into an International Standard; or withdrawal.

B, C, D, E and F form an integral part of this Technical Report.
2 ia far infArmat



https://standardsiso.com/api/?name=16ff71a7782eefbe03af8f81f4d19e12

i Qv ,
[0} =~ Q) I~ ‘& ] LR
+= T = Qo 3 .£ C oL -
) O //” Q. - _suv T Q m“ m = ,W, s B C 0 r .
5 O RS © L O ® FE 5 €0 -
O = Q m N = W O = O S o «©
= @ E S S 5 O o5 € 2 _E o0 ©Q -
s g @ S0 358 T 3L 3L o
a o OS8 B F° S=2 32 R ] o 2
S U S S 0 - = C 2 0 DF © £
- | Aw _ fﬂ RS | ¥ - 0 u_m = M-lu > =
~ P “ Q% = s - AL o W T £
(»] o 5 O = 2 v 3 s ~c 09 £
] 2 Q ¢ o 52 G2 - i N =t I
4= S 2 : 5 280 2 & ©.82£50 S
N 2% 88 g 84,2 g ] 2E S22 573 =
-y oS 5 -8 = w 2o oe® 2 ) &
- 2 vt ®8 HT8E ud 3 BEo2.°5% = E
Lu. i S Q S % 9 S © S = L () £ = g O 0 0o
j u! ~ O SN >~ & EU 3~ ¥ bt O, g O c
— o 2 - W n = 1S Uw NS MW Q 58 % o T T EC =
- Q3 &) o — 2 E T € > = s T .
- S L2 L& v B & 3523802 5 O
p e S = S0 =80 0% gceBE = O S
Q . =5 IR T ES = J-= 5 O, 0 0= Q + O O &
@ | $=0e 5SS 5.8 S ED 5 6 SRR +- T G
N4 I NQ S © © = © Q n 5 2 E 3= - )
R x>g SElg X8 & 2 0 = Q5 - T 9
— O I © c = > 0.8 o C faliie)) D Q - O
P 2o L3 s I BN .C — c = o - S0
( ﬁ - Q - wn = - O = yrav} 2 O W - = MI - =
m «— ~ © m - w o © Qs T B2 0 = © 9 o nm. - >
I O N= . @ ~— = = N b = oy
oy SRS DEw D 25 @ h o OE¥09O 350w 2 8 - Q©
| - - »Ls 9EIF O | o 5 2522802 5* 5 5 5 c
Q. w0 5 e S Qoo oo = a gQcc°a2 > o = e
e L © 2 o NEEHR b mw - Q 2 2% ©o0.2.=0 [T} b - 2
. D © SEE Q2T O E 0 » _ o5 g8 c > - b7 T
= 88y $§8,.35389 S ¢ & BO9%9&8tgile 0 8 £t
i 0O®L O =g T~ YEOS a =332 ® O C § @ b= - @
- coa 8L O, §8 Ot%E 328 2080 - S
T PDWL.L D2o& T2 qt IR 2500 FC2 -z
Qk~ Y& c < 0 9o Q = - =
Q 2RE o Foeo3555%%9 T Soe
S <t «+ < O <
-
_s- L !
- L © T )
i 555382825 :
O Ssggds? P
) O B = = +— - o [l Farli— T L
® =2 ¥ - &) o) [ T ©O|= o O QD
i N o, 0 Q6.2 ® 0§ = O = =2 2
= o Sxe5c20 Q 58 ,0 2 2> , Q.=
i _ 525823 23 38LgE0 ol = &
i S 83T A o] > 00 €T 0l o 2 S s
QO F ol Qo w5 a2 o <= E o o 90
— S0 gl oBao 33T ELD e NG o ©
O o Qoa=3 6] Q<o L ol = -2
\ S cc o= °g 58,2 ETDT 1= = =g
[ — [N — © N += 4- + m - = = ) »))
ihn B .0 O © 2 g e =T 500 o 0w =] Sy uw
ot 025 cx o = 3 o8 s |0 Y =
| 2P0 OS o= ® g 2 o) S
Q - + o .8 S o m c a® g < O35 £ 3 3 S W i3
Q. =5 S35+ 02 T E_.%000 © Sc.o ©F5
. MW mm ~ .mv o .c m m.m ”n c o T o O L Qfy Q < < Mw
- AR ] = gL ¢ - S = -
©. LEaBC=8L8 h) T 2T 6 53a 89 9
. S = R =R W = s > 9 o gl S o Q Q
= oS3 0385 S O 3. O g £ =|U SE o iS
O 4 L R S =1 (e} O += 2O .= w S K ol
- Q & c 5 2 = )2 o 2 3% Sgo BE
n Q- T &+ 2 O - <{ = %@ > oo = = 5 @
« = [0) - C 3 Q < Q S
5058558 ERS 6§ wo,28:.8%8° £%3 =
- ® ) = - R - 2 [~ SIS
T E2og o+ € oy & 2E57wvgr” = %53 £ 2
o =28 S E2 $ 5 @QpEisysd fsz B8
G . s 5 $ o C p® © @ O T+ O = ) @ =
- w2 = o P RS S ] = 5 W o x 53]
S - - E ) B o~ ok >8Il3 NSRS SIS
- . > n O % 26w = .m.n. © MM 8o u.y 3
m— R ot c 8RGO a S S =S C O
(<] @ ) 33 S o0 ETEGBIHD F PNV )
. Q. - © CE0En® o O ¥ 95 ~ _
» Q g e = SEoe-ggeesw 2 = )
nv Lt 4 S @ el o~ _.alv o9 _m_w acg|™ c — _ m 2
L o 4 » © = i ~) B = 2, (ORI ko] mw _M = N
- = (D ) [ &) 24 0 o n © N O
) d Q% &= 5= © = s DL NS
-l O i g2 e ow £ P05 49 c & c©-f S Q
= CEas52eles?2 © 2" 8 o O 5 ~ Q& M &S
- s L cuw=c 360 ) 4+ o - W
N —FE0=mo6o m we ou m ,W mw S suv


https://standardsiso.com/api/?name=16ff71a7782eefbe03af8f81f4d19e12

ISO/TR 13353:1994(E)

4.1.2 Antistatic agent at 0,02 ml/I? added to each
new batch of clean test fluid and to each batch of
used fluid after cleaning. Antistatic agent is to be dis-
carded one year after opening of the canister.

4.2 Test contaminant

© ISO

4.41 Filter test circuit

4.41.1 The main reservoir 4 shall have a conical
bottom with an included angle of not more than 90°
and the fluid entering below the fluid surface. The
total volume (V) of test fluid in the circuit is 6 |.

4.4.1.2 The main pump with a variable rotational
frequency 10 is insensitive to contaminant and does
not alter the particle size distribution of the contam-

Test contanLinant is silica powder called ACFTD (Air
Cleaner Fing Test Dust) whose particle size distri-
bution in mgss is given in table 1.

Table 1 —| Contaminant particle size distribution

Percentage of total mass
Size %
pm min. mean max.
5,5 35 38 41
11 51 54 57
22 68 71 74
44 85 89 92
88 94 97 100
176 — 100 —_
NOTE — Wprk is progressing towards an ISO standard-
ized test duft.

4.3 Labogatory equipment

4.3.1 Autdmatic particle counter ‘calibrated in ac-
cordance with ISO 4402 or equivalent.®

4.3.2 Sampling bottles.and glassware prepared in
accordance with 1ISO 3722.

Inant. The pump shall not induce excessivé flow
pulsations. A diaphragm-type dosing pummpwith two
pistons and a damper as described inanhnex A is
suitable and guarantees pressure pulsations gf less
than 1 % of mean pressure.

4.41.3 Clean-up filters 5a and 5b shall be chpable
of providing an initial contamination level of less than
30 particles greater than 8'\um/ml. The clean-up filter
5b is on-line during the)initial efficiency test apd off-
line during the retention capacity test.

4.41.4 Upstream and downstream samplers (see
8a and 8b){shall be provided in accordancg with
ISO 4021 On-line particle counting is thg rec-
ommended method. Bottle sampling may be uged as
an.altérnative but this shall be clearly indicated|in the
report.

4.41.5 The double-headed peristaltic pump 8 pllows
flow control of both upstream and downstream sam-

pling.

NOTE 1 Sampling flowrate is stated to be 50 mlfmin. It
is recommended that the sensor be calibraled at
50 ml/min. Where the calibrating flow is different, the sam-
pling flowrate will be different and the injection flowrpte will
be twice this flow.

Continuous sampling is not shown in figure 1.

4.41.6 All pipes and the reservoir are chosen| so as
to avoid particle settling or segregation. For test
flowrates specified in clause 1, pipes of 6 mm|inside
diameter are recommended. The reservoir height
should be 1,5 to 3 times its diameter.

4.4 Test stand

A typical test stand is shown in figure 1, where some
of the reference numbers are amplified in 4.4.1 and
4.42. It is composed of the test circuit and an in-
jection system.

4.41.7 Pressure taps shall be in accordance with
ISO 3968 and annex B.

4.41.8 Pressure gauges, temperature indicator,
flowmeters and controllers shall ensure the accuracy
stated in 4.5.

2) Dupont de Nemours Stadis 450 is an example of a suitable product available commercially. This information is given for the
convenience of users of this Technical Report and does not constitute an endorsement by ISO of this product.

3) A new calibration procedure using latex spheres in oil is being prepared by ISO TC 131/SC8/WG9.
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(d = pipe i.d., in millimetres)
1 First injection tank (10 | to 15 1)
2 Second injection tank (10 | to"30.1)
3 Mechanical mixer (1 000 r/min“to 1 500 r/min, 50 mm diameter stirrer)
4 Main reservoir (8 1)
b5a | Main clean-up filter with-high capacity
5b | Return clean-up filter\with high efficiency
5¢ [ Injection clean-up-filter
6 Pressure indi¢atoer
7 Test filter,
8 Double-headed peristaltic pumps (50 ml/min each)
8a | Upstream sampling line
8b | Downstream sampling line
9 Flowmeter
10  Diaphragm-type dosing pump with damper (volume 2 ) (see annex A)
11 Contaminant injection pump (100 mi/min) (e.g. three-roller peristaltic type)
12 Recirculation injection pump (centrifugal type)
13 Heat control system
14 Injection sampling taps (outlets)
15 Level indicator
16  Temperature indicator
17  Flush-type static pressure tap (see annex B)
V1  Valve to isolate first injection pump
V2  Valve to isolate second injection pump

Figure 1 — Typical test stand

V2

d


https://standardsiso.com/api/?name=16ff71a7782eefbe03af8f81f4d19e12

ISO/TR 13353:1994(E)

4.42 Injection system

4.421 The two injection tanks 1 and 2 shall have a
conical bottom with an included angle of not more
than 90° and the fluid entering below the fluid surface.
The volume of the tank should be appropriate to the
most probable test duration and calculated on the ba-
sis of an injection flowrate of 100 ml/min.

4.4.2.2 Each injection tank shall be equipped with a

© ISO

5.1.2 Adjust the fluid volume, V, in litres, to the rec-
ommended value of 6 | and the flowrate to the mini-
mum flow at which the test system will operate.
Introduce into the main reservoir 4 a quantity of dried
test dust, m, in miligrams, so the theoretical
gravimetric level is 5 mg/l.4 Use the mixing procedure
in annex C.

EXAMPLE
m=Vx5b

recirculatiof pump of centrifugal type 12 and with a

stirrer 3. Th

e recirculation flowrate in I/min should be

at least twige the injection fluid volume in litres.

4423 Al
as to avoi

pipes and the tanks should be chosen so
| particle settling or segregation. Pipe

If V=61, then m = 30 mg.

5.1.3 Circulate the fluid in the testysystem
while counting particles every &.min at the

or 1h
down-

lengths sholild be minimized.

4.4.2.4 Thg contaminant injection pump 11 is of the
three-roller |peristaltic type with a variable rotational
frequency. | The injection flowrate is kept at
100 ml/min|+ 2 ml/min.

4.4.25 Temperature and level of injection fluids 15
are continuqusly indicated.

45 Test pondition accuracy

Set up and maintain test condition accuracy within the
limits given|in table 2.

Table 2 — Test condition accuracy

Allowable deviation from

Test condition
actual-value

Flow +2%
Pressure +2%
Temperaturg +2°C
Volume +2%

5 ValidTion procedure

4 HES T

stream sampling point 8b.

5.1.4 Record three differential counts for ea¢h per-
iod of 5 min and fora-minimum sampling volime of
25 ml at the following particle size ranges, in|micro-
metres:

3 to 5;. 5.to 10; 10 to 15; 15 to 20; 20 to BO and
> 30

5.15 Accept the validation test only if

a) the average of all particle counts obtainedq for a
given size from each bottle or on-line count does
not deviate by more than x % from the ayerage
particle counts for that size, x being detefmined
by the curve in annex E;

b) the average for all particle counts per milliljtre for
particle sizes larger than 5 um is not lesg than
2 400 nor more than 2 800 (see annex F);

c) the average for all particle counts per millilftre for

particle sizes larger than 20 um is not legs than
110 nor more than 150 (see annex F).

5.2 Validation of main clean-up filter

The validatler—test—is—econducted—at—the—rtpirrgm
flowrate to verify that the contaminant is not altered
by the components of the circuit, to prove the ability
of the main clean-up filter 5a to clean the system, and
to verify that the contamination level is kept constant
at the specified value.

5.1 Validation of test circuit

5.1.1 Fit a straight pipe in place of the test filter.

5.2.1 At the end of the validation of the test circuit
in 5.1, when the last sample has been taken, switch
the valves so that the main clean-up filter 5a is in
service.

5.2.2 Circulate the fluid in the test system for 1 h
while counting particles every 5 min at the down-
stream sampling point 8b.

4) This contamination level is below the saturation limitations of most automatic particle counters.
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5.2.3 Record three cumulative counts for each per-
iod of 5 min and for a minimum sampling volume of
25 ml at the particle size ranges specified in 5.1.4.

5.2.4 Fit the curve of the number of particles for
each particle size as a function of time and determine
the time to reach the acceptable cleanness level
specified in 4.4.1.3. This time period should then be
used as a minimum time to clean the test circuit each
time it-is_necessary |If excessive time is necessary

ISO/TR 13353:1994(E)

5.4 Validation of complete system
5.4.1 Fit a straight pipe in place of the test filter.

5.4.2 The validation of the complete system should
be conducted by particle counting to confirm the abil-
ity of the contaminant injection system to deliver a
constant number of particles to the test circuit during
120 min and the ability of the return clean-up filter 5b

(more|than 1 h), change the clean-up filter ba to a
finer gne.

5.3 Validation of injection system

5.3.1 | Prepare in the injection reservoir a quantity of
suspefsion to simulate a test duration of 120 min to
provide a base upstream gravimetric level, C,, of
50 mg/l at the minimum flowrate, gy, of the test
stand.| Use the mixing procedure described in
annex| C.

Calculgite the volume of fluid, V;, in litres, by

Vil= 120 x gy;

[}
whereg g,; = 100 mi/min (injection flowrate).

Calculpte the amount of test dust, m, in milligrams,
by

m|= 120 x Cgy X gy,

wherg gy, is the minimum flowrate, \in litres per min-
ute, anpd C,, is expressed in milligrams per litre.

5.3.2 | Orient the outlet 14-9f the injection piping into
an auxiliary reservoir (noty)shown in figure 1).

5.3.3 | Switch on,the injection pump 12 at the speci-
fied flowrate<ahd take 50 ml samples at the outlet 14
every [15 min during 120 min.

- i l o ey e e M
toTetam particles ot retamed-by-thetesy filter 7.

5.4.3 Introduce into the injection\tank g quantity of
suspension to simulate a test duration of[ 120 min, to
provide a base upstream dravimetric lgvel (C,) of
5 mg/l at the minimum flowrate, gy,, of the test stand.
For test dust and fluid«snixing, see annex| C.

Calculate the volumetof fluid, V, in litres, [by
Vi=120 x gy;
where g€ 0,1 I/min (injection flowrate).

Calculate the mass of test dust m, in milligrams, to
bentroduced into the injection fluid to |prepare the
sump:

_ Qe X Ce1
m=Vix =
where

Vi is the volume of injection fluid, in litres;

qve is the minimum flowrate, in lifres per min-
ute;

C.; is the upstream gravimetric lgvel, in milli-
grams per litre;

Qv is the injection flowrate, in littes per min-

ute.

In this case, V=12 | and m = 600 x gy,

5.4.4 Switch on the main pump 10 at|qy, and the

5.3.4 Analyse the samples by the gravimetric
method according to I1ISO 4405.

5.3.5 Accept the validation if

a) the average of all measurements does not deviate
by more than 10 % from the theoretical concen-
tration;

b) the maximum and minimum values do not deviate
by more than 10 % from the average value.

njection pump _t1—at g, and _count patticles every
5 min for 1 h.

5.4.5 Record three cumulative counts for each per-
iod of 5 min and for a minimum sampling volume of
25 ml at the particle size ranges specified in 5.1.4.

5.4.6 The test rig is validated if the number of parti-
cles in each size range is within the limits given in
annex D when bottle sampling and in annex E when
on-line sampling.
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6 Test procedure

6.1 Preparation of injection systems

6.1.1 Preparation for initial efficiency

6.1.1.1 Calculate the volume, V;;, in litres, of fluid to

introduce in the first injection tank to allow a test
duration L of 80 min at the injontinn f!ﬁ\'l\'llr'ata o

© |SO

where
dve2 = qver (test flowrate), in litres per minute;

m’, is the total dust addition in the capacity test, in
grams.

6.1.2.3 Calculate the injection volume, Vi, in litres,
necessary to perform the test with a safety factor,
F,, of 1,2:

VI Cf
100 ml/rlnin with a safety factor, F;, of 1,2.

Vir F Fs X qyiq xtx 1073

In this c@se

Vi3 1,2 %100 x60x 1073

7.2 |

6.1.1.2 |Calculate the mass, m;;, in milligrams, of
dried coptaminant to be added to the first injection
tank to allow a gravimetric level of the first injection
fluid, C,q of 5 mg/l upstream of the test filter:

Gven
miy F qvei: x Cg1 X Vi

where
gye1| Is the test flowrate, in litres per minute;
gvin | = 0.1 l/min (initial injection flowrate);
Vi is as defined in 6.1.1.

In this cgse,

q
mi = O‘j‘? xbx72

360 x gy

Use the mixing procedure described in annex C.

6.1.2 Preparation for retention capacity and
gravimetricefficiency

Vp=Fyxtxg,;x107°
where gy, and ¢ are as specified above.

In this case
Vo=12xtx01=012%1t

6.1.2.4 CalculateCthe gravimetric level, Ch, in milli-
grams per litre, ‘%of the second injection fluid (tank 2):

Ce2 X Qye
G = Qyi2
where

Ce, is the gravimetric level for retgntion ca-
pacity measurement (50 mg/l);

qve IS the test flowrate, in litres per minute;

qviz  Is the injection flowrate (0,1 I/mif).

In this case,
50 x ¢
Ce=="%7 -
Ci2 = 500 X qu

6.1.2.5 Calculate the amount of test dugt, my, in
grams, to mix in the predetermined volume|V,,:
C2 X ‘/l

"2 = 47000

6.1.2.1 If the retention capacity of the test filter is
unknown, a preliminary test should be conducted to
determine it.

6.1.2.2 Calculate the test duration, ¢, in minutes, as-
suming a base upstream gravimetric level, C,,, of
50 mg/l:

mae=08xa x
T2 T Tvez f

where Cp,, V; and gy, are as specified above.

6.1.2.6 Using the previous calculations, prepare the
injection system in accordance with annex C.

6.1.2.7 Agitate the suspension for at least 5 min
with the recirculation pump before starting the in-
jection. The stirrer shall operate continuously during
the test.
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6.2 Initial efficiency measurement

6.2.1 If possible, check the test filter integrity in ac-
cordance with ISO 2942. If the element is not readily
accessible, as in a spin-on configuration, check after
testing the filter and disqualify the element if it fails
to meet the designated fabrication integrity value.

6.2.2 Fit a straight pipe in place of the test filter 7,
circulate 61 of fluid in the test system at the rated

ISO/TR 13353:1994(E)

6.2.11 Record the injection fluid volume at 0 min
and 10 min (V,, Vyo) and at 50 min and 60 min (Vg
Veo)-

6.3 Retention capacity and gravimetric
efficiency

6.3.1 After 60 min, by-pass the return clean-up
filter 5b.

flow, ind maintain the temperature at 40 °C + 2 °C,
with the return clean-up filter 5b in service. Add anti-
static agent at 0,02 ml/I.

6.2.3 | Adjust the sample flowrate with the peristaltic
pump @B in each sampling line 8a and 8b. Flows from
the sampling lines should not be interrupted through-
out the entire test. At this stage of the test (before
the refl beginning of the efficiency test), return the
sampling lines to the main reservoir 4.

6.2.4 |Check the cleanness through the upstream
sampling point 8a and continue to filter the system
until the cleanness is in accordance with the specifi-
cation|in 4.4.1.3.

6.2.5 |Fit the test filter 7 on the test rig in the specj-
fied pagsition (horizontally or vertically). If the element
can bg removed, fit only the empty housing first for
the defermination of the pressure drop of theshousing,
then fit the element into the housing for_the-determi-
nation|of the total pressure drop. The pressure drop
of the plement is then equal to the total pressure drop
minus |the pressure drop of the housing.

6.2.6 |Record the pressure_drop for 25 %, 50 %,
75 %, [100 % and 125 %-of the rated flow of the filter.

6.2.7 [Adjust the flow to the test flowrate. Check the
cleannpss throudgh' the upstream sampling point 8a
and cdntinug“to*filter the system until the cleanness
is in ag¢cor@ance with the specification in 4.4.1.3.

6.3.2 Close valve V1 and open valve-V2| to allow in-
jection of high concentrated slurry: Ensdire that the
injection flowrate remains cornstant at
100 ml/min £+ 2 ml/min.

6.3.3 At 70 min, take“a sample from the injection
tank 2 and measureythe initial gravimetrid level. Note
the injection fluid-volume after 65 min and|75 min test
time (V65' V75).

6.3.4 ~Conduct the test until the prgssure drop
reaches 0,7 bar or any value determined i agreement
withr the manufacturer. Extract upstream and down-
stream samples continuously at flgwrates of
50 ml/min.

6.3.5 At 70 min and 80 min, then, if[ necessary,
every 20 min, extract 150 ml samples Upstream 8a
and downstream 8b of the test filter 7 fo gravimetric
analysis. Record times corresponding fo pressure
drops of 10 kPa, 20 kPa, 30 kPa, 40 kPa gnd 50 kPa.

6.3.6 When the pressure drop reaches (,5 bar,
— record the corresponding time, #s;

— record the injection fluid volume, V; .

6.3.7 When the pressure drop reaches 7P kPa or the
agreed termination point,

— stop the injection pump 11;

6.2.8 Remove the sampling lines from the circuit
and initiate the test by starting the contaminant in-
jection pump 11.

6.2.9 Record three cumulative counts for each per-
iod of 5 min and for a minimum sampling volume of
25 ml at the particle size ranges specified in 5.1.4.

6.2.10 At 10 min and 50 min, take a sample from
the injection tank 1 and measure the initial and end
gravimetric level.

— record the corresponding time, #, ;;
— record the injection fluid volume, V, 5;

— take a sample from the injection tank for
gravimetric analysis;

— take samples upstream 8a and downstream 8b of
the test filter 7 for gravimetric analysis. The final
upstream gravimetric level is Cg, in milligrams per
litre.
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6.3.8 During the test,

the operating conditions

(temperature, flowrates, concentration) shall be kept
at their initial values.

7 Sample analysis

8 Report of data
8.1 Calculations

8.1.1 Initial efficiency

© ISO

Complete the test report in D.1, and calculate the fil-

ter efficiency by a number.

8.1.2 Gravimetric efficiency

7.1 Inthe
counting on
ing the initia

7.2 Condu
samples ext

7.3 On thg
particle cour
of filter effic
defined in 5
luted with u
level lower
sensor. The
ing the volur

7.4 Condu
extracted frg
main circuit,

case of bottle sampling, conduct particle
samples extracted from the system dur-
period of efficiency evaluation.

ct gravimetric analysis on initial and final
acted from the first injection tank.

samples extracted as specified in 6.3.5,
ting is possible to evaluate the evolution
ency during its clogging for particle sizes
1.4. In this case, samples should be di-
tra-clean fluid to obtain a concentration
han the saturation concentration of the
greatest care should be taken in measur-
hes of both test and dilution fluids.

bt gravimetric analysis on the samples
m the injection pump 11'and from the
downstream of the test filter 7.

Complete the test report in D.2, and calculate
ter gravimetric efficiency.

8.1.3 Retention capacity

Complete the test report in D2, and calculate 1
tention capacity of the filter

8.2 Graphics

8.2.1 Plot on @an arithmetic scale the evolut
pressure droplversus flow (see figure D.1).

8.2.2 Plop'on an arithmetic scale the evolut

he fil-

he re-

on of

on of

average initial efficiency versus particle size (sg¢e fig-

ureD?2).

8.2.3 Plot on an arithmetic scale the evolut
average initial efficiency versus test time
figure D.3).

8.2.4 Plot on an arithmetic scale the evolution
gravimetric  efficiency versus test time
figure D.4).

8.25 Plot on an arithmetic scale the evolut
differential pressure versus test time (see figure

on of
(see

of the
(see

on of
D.5).
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Annex A
(normative)

Damper on diaphragm-type dosing pump

Dimensionss in millimetres

® 23

Outlet

Figure A.1 — Damper on diaphragm-type dosing pump
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Annex B

/ H \
\Hotiriative)

Flush-type static pressure tap

-

© |ISO

Figure B.1 — Flush-type static pressure tap

A flush-type ptatic pressure tap diameter, d, is calculated as follows:

D

=70

where D is the inside diameter of the pipe, in millimetres.

d shall be between 2 mm and 9 mm and h shall be greater than 24.

10
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Annex C
(normative)

Procedure for test dust and test fluid mixing

Drying of dust

C.2.3 Add 150 ml of new clean oil. Close the bottle

C.1.1
series
ceram

C1.2

C13
clean
the ex
dish. §

C14
and ¢
sampl
C.2

C.21

C.2.2
is com

Prepare a sufficient mass of test dust for the
of tests to be performed, in a clean metal or
¢ dish.

Dry in an oven at 105 °C for at least 24 h.
Just before use, extract from the dish with a
spatula a quantity of dust 1,5 times larger than
act mass required and put it in another clean
tore it in a desiccator.

After 1 h, weigh the exact mass of dust dried

boled to room temperature in a clean 250 ml
ng bottle.

Mixing dust and fluid
Add to the bottle about 50 ml of clean. @ik

Mix carefully with a spatula until'the mixture
pletely homogeneous.

and shake it vigorously.

C.2.4 Leave the bottle in an.Ultraso
2 min to 3 min.

C.2.5 Shake it in a paint'shaker for 5 m
C.3 Transfer to test rig

C.3.1 Empty. the bottle into the injecti
has previgusly been filled with a volume
equal t6 (Vi — 500 ml), where V;, is calcula
or 6.

€.3.2 Rinse the bottle by filling with 10(
oil and shaking vigorously; then pour thd
into the injection tank.

C.3.3 Repeat the rinsing twice as q
C3.2.

hic bath for

in.

bn tank that
of clean oil
ed as in 5.3

mi of clean
liquid back

escribed in

1
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D.A1

Date of test
Filter eleme

Housing typg:

Test flowrat
Initial presst
Gravimetric
Initial test s
Gravimetric
Gravimetric

Gravimetric

Injection flo
Injection flo

Injection flo

Mean level
Total dust a

Annex D
(normative)

Test report

Initigtparticle fittratiomefficiency {on-line counting or bottlecounting)

.................................................................. Test number: .o N
1T e e Test fluid: MIL H 5606 batch No.: ....{mdeeeiiiii..
T e Test dust: ACFTD batch No.: ...~ .

© [SO

L e I/min  Test temperature: 40 °C + 2 °C

re l0SS: iiiiiiii kPa  Final sump volume, Vi ..\ N e |
Upstream level, Coi ooooviiiiiiii e LT e mgy/I
stem cleanness [number of particles (> 3 pm) per millilitre], N 5 part./ml
injection tank level initial value, Cji ..o..ooociviiiiiiiccimt e mg/!
njection tank level end value, Cig: ..oooovviiiiiiii S mg/|

I G+ G

njection tank level mean value, C;,, = T T may/l
vrate initial value, Guii «oooveerrmeeee e 8 mII/min
Vrate eNd ValUE, Guiet . veeoereiieiiiiiie iy Lttt mlymin
(vrate mean value, gyiy, = -‘Z""zﬂ: ....................................................................................... miymin
imes mean injection flowrate.fesult in the dust addition, gy, x Cr x 1073 oo mgfmin
Hdition within 60 min testtime, m, = gy X Cim X 6 X 10720 i, .. g

12
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Range, um 3to5 5to 10 10to 15

15 to 20

20to 30

> 30

Sample Time 1
No. min.

E %

QL

ol
1 70

w
=
o

=z

E %

25 N,

E %

E %

E %

E %

Q0

45 N,

E< %

E %

E %

12 60 N,

E %

1) N, upstream number of particles per ml (differential count of the two adjacent channels)

N,: downstream number of particles per ml (differential count of the two adjacent channels)

- Ny — N.
E: efficiency by number: % x 100
()

13
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D.2 Retention capacity and gravimetric efficiency

© ISO

Gravimetric UPSTre@am IEVEL, C/gi oottt ettt et mgy/!
Gravimetric injection tank level initial value, C'jii ......cccooiiiiiiic e mg/I
Gravimetric injection tank level end value, Clig: ...ocoiiiiiiiiii e mg/!|
] o C.+C.
Gravimetric injection tank level mean value, C’;,, = %z ................................................................... mg/!
Injection flowrate iNitial ValUE, /il «eeieeeiiiiiie ittt seneaae ml/min
Injection flgwrate end VaIUE, @'yig: veoieiiiiiiiiiieit s mimin
Injection flgwrate mean value, ¢'yiy, = %‘Z—w—e: .................................................................................. mijmin
Mean level|times mean injection flowrate result in the dust addition, ¢’y x C'iy x 1073 Oy . mg/min
Elapsed time after finishing particle retention test, f5; —60: ... e min
Total dust gddition under capacity test, m, = q'y;,, x C'iry (tg7 — 60) x 107 SESURR, O OO . g
Total dust addition within 60 MIN tESt, Mgl ..oocviiiiiiiiiie e D e . g
Gravimetrid test reservoir level nd Value, Cri .......c.ooiiiiiiiiieiic e e e, mg/l
Total dust mass remaining in the sump, Mg = Cr X VEI oo et . g
Total mass |of dust extracted by upstream sampling,
My =Cyx 11 x B0 4 C’y x 0,1 X (fg7 = 60) X 1073 oo s oo . g
Cumulative|gravimetric €ffiCIENCY: ....oooiiiiiiee o e %
Total capacjty of filter for both test sections, Cr = m';, + M’ i 0 Mg — Mgl cooiiiiiiiiee e . g
Termination PreSSUME AIOP: ..o...eiii i e e, kPa
Time Préssure loss Downstream Cumulative gravimptric
Sal:'nple gravimetric level efficiency
[o B
min kPa mg/I %

1

2

3

4

5

6

7

8

9

10
1) 100 kPa =1 bar

14
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Pressure drop, bar

0,07
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0,05
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0.03
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0,01

100
90
80
70
60
50
40

]

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Flowrate; (/min

Figure D.1 — Evolution of pressure drop vs. flowrate

Averagd initiat2f ficiency, %

30
20
10

5 10 15 20 25 30
Particle size, pm

Figure D.2 — Evolution of average efficiency vs. particle size
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>

100 A 4 —A
Hﬁ
90 e

80

*—>

Particle size (um)

——&—3t05
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n! St010

50 Tt =
50 * 10 to 15

Gt
d

Efficiency, be

40
s —— 15020

——d— 20 10 30
20

10
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Time, min

Figure D.3 — Evolution of filter efficiency vs{test time
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0 4/‘L
40 /-/
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Figure D.4 — Evolution of gravimetric efficiency vs. test time
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0.9

0.8
7
0.6

0.5

0.4

Difflerencial pressure, bar

o /./
0.1 ——

0
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Time, min

Figure D.5 — Evolution of differential pressure vs. test'time
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Annex E
(normative)

Logarithmic relationship between number of particles (N) and
within-laboratory (CV,) and between-laboratory (CV,) coefficients of
variation, expressed in %

NOTE 2 Pafticles are counted by an automatic counter using light absorption.

100

90

80

\
70
N

& \(~cve = 126N
cC
2| 60
e \ \
o
<| 50 AN
= ——CV,g = 100N032 \
U
gl 40 - ™
4 \
S

30 N —

o \ \
20 P
\ +
oo
10 Em\kf} e
n]
0
1 10 102 103 10* 10°
Number of particles, N
Figure E.1 — Logarithmic relationship
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