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Operational properties of performance engine intakeaair cleaners

The paper presents an analysis of the design otlaaners in performance vehicles. The paper corfithat their fundamental
property is a much lower flow resistance comparestamdard air cleaners. The consequences of repdeaiatandard air filter element
with a performance one have been described. Thedhgfahis modification i.e. an increase (decreasehe engine torque and power
output has been shown. A need to perform testserkle the filtration properties of performance aleaners has been indicated.
A methodology of laboratory research has been dgesl for performance vehicle air cleaners. The ltesof the research on the
filtration efficiency and accuracy characteristibave been presented along with the flow resistanaardfiter elements/air cleaners
depending on the dust absorbance coefficigntThe accuracy of the filter element has been ewatu following a Pamas particle
counter measurement.
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1. Introduction

One of the factors influencing the engine repdervals
of modern combustion engines is the purity of thiake
air. The said purity is ensured proper design & #ir
cleaner, the chemical and granulometric composibithe
dust and its concentration in the intake air. Thetdjrains
passing through to the engine penetrate the erfgat®n
pairs damaging the structure of the mating paite ain
friction assembly exposed to the destructive actbithe
dust is the piston-piston ring-cylinder assemblyPR-C).
Following a premature wear of the said frictionrpaidrop
in the air tightness of the combustion chamber cctead-
ing to an increased blow-by to the crankcase, aatézh of

the engine compression, hence a decrease in theeen
power [4, 11, 20]. The most extensive engine wesar

caused by grains of the size of 5-3% [1, 5, 6, 8, 26],
which is why grains of the size exceedingrd should be
trapped by the air cleaners with a maximum (ove®%9
efficiency [1, 3-5, 7, 17]. This job is performey &ir filter
elements with a paper filtering partition charazed by
high density of packing and the dust absorbanciddby

the admissible resistanceyq.,. Nanofibers are increasingly
used in the production of the filtering partitiol®&ich nano-

fibers are obtained through electrospinning or bieln
[2, 13, 16, 19, 27].
With a steady value of the admissible resistanpgqp

the extension of the vehicle mileage can be obthine

through the application of;

- Filter elements of greater filtering area,

- Materials of higher dust absorbance or lower ihft@av
resistance.

In recent years, fitting performance air cleanemns i
standard vehicles has become very popular. These ai

cleaners are mainly characterized by low flow tesise,
and the possibility of multiple regeneration [28].2From
the available data [14, 15, 28, 29] we know thatfqve
mance air cleaners replacing the OEM (Original Bqént
Manufacturer) ones usually lead to an increasherengine
torque and power output as well as vehicle acceédera
According to [32], the efficiency of the filtratioof perfor-

mance air cleaners determined using the AC-coaust d
(d;max= 200 um) reaches a value of 99.5-99.8% i.e. @eval

g

not much lower than that obtained for filters wétistandard
filtering partition measured with the AC-fine duskmax =

=80 um). There are no data on the accuracy oéfiitin of
performance air cleaners i.e. a parameter thadeasom
the filtering efficiency, is the most decisive dfetengine
durability and its wear resistance.

The paper presents a methodology and results ofirec
naissance research of performance air cleaneesimstof
filtering efficiency and accuracy as well as floasistance
following the application of a PTC-D test dust,(g =
=80 um) — a local replacement dust for AC-finecading
to the PN-ISO 5011 Polish standard [21].

2. The design of performance air cleaners

i A performance air cleaner commonly denotes a non-
standard air cleaner manufactured in a technolatpero
than traditional paper filter elements. The filtgyrimaterial
is a multilayer cotton or cotton synthetic fiberaked in
a dedicated oily formula, which boosts the filtgrieffi-
ciency. The layers of fibers are reinforced withmatal
mesh on both sides to strengthen the constructibiy—1.
The filtering component is pleated just like in tbese of
a traditional filter and then formed into the fiitgg element
— Fig. 2. The design of the filtering layer alloits periodic
regeneration consisting in cleaning with detergests
soaking it again in dedicated oil.

a)

b)

Fig. 1. The filtering layer of a performance agaher following the
pleating procedure: 1 — fiber, 2 — protective mesh
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Performance air cleaners are made in two versions:

- as aring element (Fig. 2a) or a panel element (&Y
allowing its fitting into the original air cleanegplacing the
OEM one,
- as filtering elements of a conical or cylindricddape
(Fig. 2b, 2c, 2d) fitted on an extended flexiblpedirectly
to the intake system following a removal of thegoral air
cleaner.

Filters of performance vehicles are mostly shapad i
cut cones or cylinders, usually with an inner cérmunter
cone — confuser) — Fig. 2d. Performance filterdaitcoun-
ter cone have an increased filtering area, thusee reffi-
ciently used space. The lack of the filter casimgl &he
inflow of air directly from the surroundings reduite flow
resistance compared to standard solutions — Fig. 3.

a) b) c) d) e)
Fig. 2. Filter element: a) ring filter element,donical filter element,

c) cylinder filter element with a counter conecdical filter element
with a counter cone, e) filtering panel [28, 29] 34

a)

Fig. 3. Schematics of the airflow through a perfante filter element: a)
cone shaped, b) cone shaped with a counter-cone

Fitting of a performance filter element in the ergin-
take system causes the filter to suck in hot amfrthe
engine compartment, which is why it is necessargepa-
rate the filter from the engine with a special iemn —
Fig. 4.

Fig. 4. A performance air cleaner in a vehicle [33]

Fitting of a performance air filter element suhstiig
the standard one results in a reduction of the flesistance
in the engine intake system. A significant reductaf the
flow resistance is obtained when conical or cylicalr
filters are fitted. The elimination of the air ctea casing
results in the air flowing directly from the surralings
over the entire area of the filter element not mowa pipe
in the case of an EOM solution. The conical fikdement
eliminates swirls inside the filter and directs #idlow.

Figure 5 presents (determined for the nominal awfl
Qmay the values of the flow resistance; of an OEM filter
of a Subaru passenger car and the performanceltair f
elements (Fig. 6) fitted in the engine intake syst&rom
the presented analysis we know that the conicétrsil
(clean before operation) have their flow resistateeels
lower by 60-75% compared with the OEM Subaru air
cleaner.

| Subaru Impreza engine 2.0 T
— | Airflow Qpq, = 620 m¥h

2a-conenrl
4 2b - cone nr 2 H
2c-conenr3
2d - cone nr 1 (contaminated) | |

7| 1a - clean filter element, complete air cleaner
1b - clean filter element, incomplete air cleaner

4| 1c - contaminated filter element, complete air cleaner
1d - filter with out the filter element, complete air cleaner|

Fig. 5. Flow resistancep; of an OEM air cleaner of Subaru and the per-
formance air cleaners

Original filter Cone 1 Cone 2 Cone 3
element

Fig. 6. Investigated filter elements of performawehicles

3. The effects of fitting of a performance air cleaer in
a passenger car

Fitting of a performance air cleaner in place ofGEM
one usually brings measurable results such asntdredse
of power, torque and acceleration. This is confairbg few
experimental investigations of passenger car esgifig. 7
shows example results of these investigations pegd on
a 1.6 GTI Volkswagen Polo, where the original filtde-
ment was replaced with a performance one (BMC).[28]
increment of power and torque were obtained onldtel
of 4.22% and 3.61% respectively.

26

COMBUSTION ENGINES, 2018, 172(1)



Operational properties of performance engine intakecleaners

14

12 12.9

L on,
Bl ov.,

=
o

8.35

[e)

Power increment DNy [%]
Torque incremwnt DMy [%]

1.2

l-IU w
i{-65.00
"40 00
/-55.00

5000

138,2 PS (1016 kW) /6748 1/min (173 knvh) 169.2 Nm / 3491 1/min
ILE: D:\tat_w9B\VAG\POLO_16_GTL.01 DATE: 21/7/2003 TIME: 18:08:50
RIGINAL

132,6 PS (97.5 kW) /6854 1/min (176 kmvh) 1633 Nm / 3570 1/min

2.0 16v
Honda Civic
type R

Seat |biza 1.4
16v
Renault Clio
Volkswagen
Polo 1.6 GTI
Fiat Punto 1.2
16v
Dewoo Lanos

Fig. 8. Percentage increments in the power outpyfxEnd the maximum
torque Mmax following an OEM filter replacement with a perfcance one

' ' ' ' ' ' ' ' 14410
3000 3500 4000 4500 5000 5500 6000 6500 70007247

Engine speed [rpm]

Fig. 7. Power output N = f(n) and torque M = f(hpcacteristics of
a 1.6 GTI Volkswagen Polo generated on a chassiardgmeter [28] "

Table 1 presents the results of investigationsoperéd
on other vehicle engines whose OEM air cleaner rgas
placed with a BMC one. The percentage incremerthef
maximum power output MNax and the maximum torque |
Momax IS different for each of the tested vehicles @l fin
the range between 3.2-12.9% and 2.2-10.2% resphctiv
Besides, the increment of the engine torque ispnopor-
tional to the increment of power (Fig. 8).

The results of investigations, in which the OEMgiil
element of an Alfa Romeo 156 (but in two separatres |
— spark ignition 2.0 TS and diesel 1.9 JTD Sportwvag
was replaced with a performance BMC filter an thath D D
a conical BMC filter have been presented in Fig.TBe
investigations have shown an increase in the paagrut
and a drop in the maximum torque.

Maximum power
increment Ngpax

Maximum torqug
increment M

omax

Fig. 9. Changes in the power output.Nand torque Mnaxof
a 1.9 JTD Alfa Romeo 156 and 2.0 TS Sportwagon [14]

Table 1. Value of the maximum power output andrtfa&imum torque for passenger vehicles fitted wiBMC CDA performance air cleaner [28-31]

Power output Mhax Increment of engine Engine torque Increment of engine
No. Vehicle make Engine type with an OEM air cleaner| maximum power output [ Momaxfitted with an OEM maximum torque
[kw]/ [KM] Nemax [kW] / [%] air cleaner [Nm] Momax [NM] / [%]
1 fgj“ Ibiza 1.4 ﬁgg’é;g"gg’i‘rate g 74.06 / 100.7 4.716.36 134.0 4.6/3.43
2 5_%“;‘;3‘\'} Clio ﬁgg’é;g"i‘r’)’i‘rate g 119.3/162.2 6.6/5.54 191.6 16.0/8.35
3 \gg:ﬂggé% Sgﬁ’;;g"gg‘rate g 97.53/132.6 421422 1633 5.9/3.61
4 Te?vt Punto 1.2 Sﬁ:rg‘eig”mo” turbo- 59.13/80.4 2.2/3.73 117.4 5.9/5.03
5 t';',ggds Civie :;’Srglig’”g;?rate g 139.3/189.4 45/3.23 192.9 42/218
6 ?_‘;""00 Lanos ﬁg&’é;g“i%’i‘rate g 49.35/67.1 6.4/12.9 79.3 8.1/10.2

In the case of the 1.9 JTD diesel engine, the as@eén
the power output is significant and amounts to 5df%he
maximum power Rha. In both engines, upon fitting of the
BMC conical filter element the torque decreasedtia mance one, a reduction of timeof the vehicle reaching the
case of the Alfa Romeo 156 1.9 JTD engine, the drdpe required speed (for both cars) was recorded. Féa Rb-
maximum torque reaches as much as 8.5%. In theafasemeo fitted with the 1.9 JTD engine (Sportwagong time

the conical filter element fitted directly on thetdke mani-
fold, the engine torque increased but only by 1.7%.
Upon replacement of the OEM filter with the perfor-
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to reach the said speed from v = 0 to v = 120 kmés

reduced fromt= 13.5 stot=12.7 s i.e. by 6%. For Alfa

4. Aim and subject of the research
The aim of the research was to determine the ffiltna

Romeo 156 2.0 TS Sportwagon, fitting the BMC cohicaproperties of a performance air cleaner and a péiper

filter element resulted in the reduction of thiméi from § =

element through the obtainment the following chimas-

=13.9stot=13.6 si.e. only by 1.5%. The obtained intics:

crements of the vehicle acceleration are ratherll samal
may go unnoticed by the driver.

From the above analysis it results that the aptdicaof
a filter element of lower flow resistance causeditimhal
mass of air passing to the cylinders. Increasiegntass of
air in the cylinder forces an increased mass dfifuerder
to keep the stoichiometric nature of the mixturs.aesult,
the engine power output increases, but, as we knom
the performed analysis, it is not the case foeafjines that
had the filters replaced. The intake system of modenhi-

- Filtration efficiency ¢ = f(ky;) and flow resistancep; =
= f(km;) as a function of coefficient of absorbangg &f the
filtration material,

Dust granulometric composition downstream of the
filter,

Filtration accuracy ghax = f(km) — the size of the maxi-
mum dust grains in the air downstream of the filder
a function of coefficient of dust absorbange k

where: k, — coefficient of absorbance determining the mass

of dust mg trapped per 1 fof active surface A of the

cles is designed to ensure maximum power outptte. Tjjiration material until the end of a j-th measerent cycle

diameters and lengths of the intake and exhausts g
well as the air cleaners are selected to obtaiyrardic
engine boost relying on the wave phenomena. Itistnis

generating resonance between the pressure shockaade

the frequency of the vibrations of the gas insiie intake
duct. A characteristic feature of this form of bitog is the
fact that the resonance occurs in a narrow rangengine
speeds, usually the engine speed of the maximuyueay,

[25]. Any parameter-related interference with sicipre-
cisely composed intake system (changing the asneg
changing the length of the intake duct) may lead fading
effect of the resonance boosting, hence a shith@fmaxi-
mum torque towards different engine speeds. Thecef
that the replacement of the original filter elemamith

a performance one, aside from generating a smaiéase
in the power output and torque, does not bring nnedde
results (vehicle acceleration).

expressed with a relation:

n
Mz >
ST
A

cz

(1)

The objects of the investigations were K&N perfor-
mance air cleaners in the shape of a cut cone gaper
filter element (Fig. 10).

a) b)

Performance engines are designed to reach maximungig. 10. Investigated air cleaners; a) performaaiceleaner by K&N,

power outputs at high engine speegs reaching 11000

rpm. It makes much sense to apply performance fte-
ments in such engines as these filters are chaizadeby
low flow resistance at high airflows. Engines okgenger
vehicles are designed to operate at lower engiaedspg,

not exceeding 6000 rpm.

b) AP 019 air filter element

The filtration material in the performance air aleais
a natural-synthetic fiber formed in layers and f@iced
with a metal mesh on the inflow and outflow sidébe
filtration material has 28 pleats of the heightiof 15 mm,

From the above data we do not know how the fuel comhich ensures an active surface area of the fidinamate-
sumption changes after OEM to performance filter rdial of A;, = 0.0452 fi

placement. An increased mass of fuel mixed with ithe
creased mass of air results in an increase in dhéyhfuel

consumption in order to keep the stoichiometricimeg
The data related to fuel consumption are intentigmamit-

ted by the manufacturers of performance filtersdlovious
reasons. The available data do not contain valdehe
filtration accuracy of the base material, let aldhe value

of the flow resistance of the OEM and the perforagan

filters. This obstructs a full analysis of the inspaf a per-
formance filter on the engine parameters in a pagecar.
Such data are well available for filtration pappredomi-
nantly used in filtration of vehicle consumableidis

It is, thus, necessary to carry out experimentatstiga-
tions of the performance filter elements in ternfistheeir
efficiency, filtration accuracy and flow resistancghich
would allow assessing their applicability as reptaent
components in passenger vehicles.

The investigated performance air cleaner was agjitie
a Vs = 0.9 dni engine of a sports car — Seicento Citymatic.
The airflow passing through the filter calculatednf the
air demand of the engine was determined accordirthe
principles and relations presented in [21, 22]. ., =

= 1000 rpm and the engine speed of the maximum powe

output iy, = 5500 rpm, it assumes the following values
respectively: Qi» = 25 ni/h and @ = 135 ni/h.
The filtration rateur of the investigated performance air
cleaner of the surface area of the filtration mateh., =
= 0.0452 m? calculated from the relation below asss
values in the ranger = 0.156-0.829 m/s.
Ue = Omingna [y @)
3600%A ,
The cylindrical filter element (AP 019) fitted inief

126p was made from J.C. BINZER 796/1 VH 186 filtvat
paper of the surface areg,A 0.148 m2,

28

COMBUSTION ENGINES, 2018, 172(1)



Operational properties of performance engine intakecleaners

The investigations of performance air cleaners were
ried out in three stages. In the first stage chiaratics

=04 m(0.7-1.1 m; 1.1-1.5 m; 1.5-1.9 m; ...; 11.5—
—11.9 m) and four intervals of diameter measurement

were determined for three new performance air @ean (d,imin—Gimay 11.9-17.9 m, 17.9-25 m, 25-42 m and

each operating at different filtration rates:

- Up=0.16 m/s,
- U =0.32m/s,
- Upz=0.48 m/s.

In the second stage, characteristics of a filtgenerat-
ed in detergents after the first trial were deteedi Upon
drying and moisturizing, the characteristics oftfiter at
the filtration rate ofip,g = 0.32 m/s were determined.

The third stage consisted in determining of theratxa
teristics of a paper filter element of the filtcati rateug, =
= 0.08 m/s. For the filtration papers, the maximtete

should not exceedr,x= 0.07-0.12 m/s [1, 5, 10, 23, 24].

5. Research methodology and conditions

The investigations were carried out on a typicalnwfl
test stand (Fig. 11) allowing determination of flbeda-
mental characteristics: efficiency, filtration acacy and
airflow resistance for standard air filter elementpassen-
ger cars within the airflow range 40-300/mand dust
concentration up to 2 gfn

42-50 m respectively.

The tests were performed in measurement cycles+esu
ing from time { of even dust dispense to the filter. During
the measurement cycle at a moment ¥: t, the procedure
of counting of the particle number and measureroétits
size was initiated in the counter downstream offilles.

After each j-th measurement cycle the following ever
determined:

1. Flow resistanceDp; of the filter was determined as
a drop in the static pressure upstream and dovemstief
the filter based on the measured (upon completiothe
dust dispense) heighhy, on the water manometer (U-pipe)
utilizing the relation:
— D mj

Dpfj 100¢ (r m r H )g [Pa] (3)
where:r ,, — manometer fluid density ¢@) at the meas-
urement temperaturey,,t y — density of the atmospheric
air, g — local gravitational acceleration.
2. The calculated value of the flow resistaridg; was

The test stand was equipped with a particle countéPnverted to normal conditions{¥ 293K i p, = 1013 kPa)
(Pamas — 2132 with a HCB-LD-2A-2000-1 sensor) réeor USing [22]:

ing the number and size of the particles in thestimsv Q
(downstream of the filter) of the range 0.7-X0 in i = 32
measurement intervals constituting ranges limitgdthe

Py (29350 [kPa] ()
|1)fn] 1013% mf

where: t, py — average temperature and pressure during the

diameters (gmin—0zimay. The test dust was dispensed to thgagts.
dust chamber where it mixed with the intake airseib 3. Tne efficiency of filtration (as per [21]) — as adagient

guently sucked in by the investigated air cleaner.

of the mass of the dust m trapped by the filter and the

At an appropriate distance downstream of the iwesinass of the dust gnintroduced into the filter during the

gated filter a measurement probe was placed cbninahe
axis of the duct that uptakes the air to the Pam&432
particle counter. The measurement duct ends wipezial
filter protecting the rotameter from the dust.

Qg- test flow
Q- screening flow

Airflow
=> flow of contaminated ai
=> flow of cleaned air

—=> flow of compressed air

-==> dust flow

Fig. 11. Functional schematics of the filter teand: 1 — filter, 2 — dust

chamber, 3 — protective cone, 4 — rotameter, 5stdispenser, 6 — meas-

urement duct, 7 —U-type pipe manometer, 8 — measneprobe,

9 — absolute filter, 10 — rotameter, 11 — Pamasgh@icounter (a — sensor,

b — microprocessor, ¢ — test flow filter, d — vaecupump, e — flow control

block, f — readout panel), 12 — micromanometer- f2essure, humidity

and ambient temperature measurement set, 13 evaifijustment valve,
14 — suction fan

During the tests, a research cycle was appliedjhich
five counts of the dust grains in the range 0.7-80were
programmed, divided into 28 identical measuremetsri
vals limited with diameters {ghi—imax) With a step of d;;

subsequent j-th measurement cycle based on th®rela

Mz 1 0% (5)
Mp;
4. Coefficient of absorbanceqkof the investigated filtra-
tion material:

=

n

M-
< g/l ()
" ACZ
5. The number I of the dust grains in the airflow down-
stream of the filter (passed through by the fittigrmaterial)
in the measurement intervals limited with diametes,—
_dzimax)-
6. The accuracy of filtration — as the greatest siz¢he
dust grain g = d,maxin the airflow downstream of the filter.
7. Percentage share of individual dust grain fractiarthe
air downstream of the filter for a given test cycle
U, =N = Na 100
N
z N

i=1

()

32
where: N = N,
i=1
through by the filter (from all measurement intésyan the
test cycle.
According to the PN-ISO 5011 standard [21], thetdus
concentration in the intake air was assumed a0 $3g/ni.

— total number of dust grains passed

COMBUSTION ENGINES, 2018, 172(1)
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The actual dust concentration was determined emeé t two stages. The first (initial) stage of the filtgperation (1)
upon completion of the test cycle. For the test&C® test is characterized by low efficiency and accuracyiloftion
dust was applied whose chemical and granulometiio-c as well as low flow resistance. The higher thedtlon rate
position has been given in [21, 22]. the higher the efficiency of the filtration. Afténe first test
cycle, the filtration efficiency forug; = 0.16 m/s,ug, =

; L . = 0.32 m/s andigz = 0.48 m/s assumes the valugs =
The results of the investigations and the caloufetiof _ 46.6% g, = 61.4% and s = 86.1% respectively. During

the efﬂuenc_y  and accurac_yzqax pf f||trat|pn as well as this time, the particles deposit on the elementh®fporous
the flow resistance p; of the investigated air cleaners have

Co structure (on the surface of the fibers). The cimdlifor the
been presented in Fig. 12. As the mass of the éxhpjust . " .
in the filtration layer grows (increase in thg doefficient) particle deposition from the fluid flow on the sacé of the

the efficiency and accuracy of filtration and tHew re- fiber is the following relation [17]

sistance assume increasingly higher values. Thasresult FR+Rh+R+R<Kk+FK (8)

of filling of the inter-fiber spaces (pores) witlust, which

is in agreement with the literature knowledge [718, 18].
The operation of the performance filters, whoseratya

teristics have been presented in Fig. 12, can \adedi into

6. Analysis of the results

where: [ — inertia force of the particle,~ adhesion force
of the particle to the surface, +friction force, E — gravity
force, K — force of elastic collision,~ resistance force.

100 6
8 P Y N P P -

90 O/)__ > : ’O\‘Of/ O——=0- 5.4

80 N \ 4.8
E : ! HLO =
i 70 1 —@— filtration efficiency v = 0,16 m/s 42 &
% —_ I —O— filtration efficiency v = 0.32 m/s =
£ X L 1 —O— filtration efficiency v = 0.48 m/s 1| 8—
i ‘_»‘_ 60 Staa I ‘ S age ” 1 —O0— filtration efficiency v = 0.32 m/s (after regeneration) 36 ®
% ; ! —a&— filtration accuracy v = 0.16 m/s 8
5 g 50 7 ! Lo filtration accuracy v = 0.32 m/s H 3 9
8 g | —— filtration accuracy v = 0.48 m/s g
(] = —#&— filtration accuracy v = 0.32 m/s (after regeneration) ]
= A—A— I N—7\ /\ =
g <] 40 A i == = N —8— flow resistance v=0.16 m/s H 2.4 =
= S —{3— flow resistance v = 0.32 m/s [}
@ o 2
= % \ Stage | %Staqe I —{0O— flow resistance v = 0.48 m/s [

i g 30 ‘E/J T —{@— flow resistance v = 0.32 m/s (after regeneration) —H 1.8

LL 1
« | X\ A
20 ' A _ D/D’ 1.2
10 A 0.6
A—ATA
0 T T 0
0 100 200 300 400 500 600 700 800 900 1000 1100

Dust absorbance coefficient k,, [g/m?]

Fig. 12. Characteristics of efficiency , accuracy of filtration gha.xand flow resistanceps depending on the dust absorbance coefficigntfkhe inves-
tigated performance air cleaners

It was assumed that the first (I) stage of theffitipera- The second stage (ll) of the filter operation iareitter-
tion lasts until the increase in the filtering a@my, i.e. ized by a further growth in the filtration efficiey, but it is
a clear drop in the maximum size of the graipg,dn the less intense compared to the first stage. The piasticles
air downstream of the filter. For filter 1 (testetiur, = deposited on the porous structure form a layerdbates as
= 0.16 m/s), this period lasts until the coefficied dust another porous structure for the subsequent pastibbw-
absorbance reacheg k= 350 g/m. At this time the maxi- ing with the intake air. Agglomerates form growisignifi-
mum size of the grains,g., maintains the level of g, = cantly filling the spaces between the fibers — E§j[12].
= 50 um, the filtration efficiency increases fromy = The formation of a layer of dust around the fiiat
46.6% to ;; = 75% and the flow resistance changes onlgomponents results in a modification of the gaw ftmndi-
slightly from py, = 0.0051 kPa to p;, = 0.0085 kPa. For tions and a separation of subsequent inflowing dusins.
higher filtration rates the initial stage is shortéor filter 2 The distances among the fragments surrounded bgiusie
(tested at the rate of-, = 0.32 m/s), the first stage ends aget smaller (porosity of the filtration material neduced),
the coefficient of absorbance reaches k 178 g/mM. For which results in an increase in the flow velocibgnce
filter 3 (Urs = 0.48 m/s), the first stage of the filtration pro increasing the hydrodynamic flow resistance in fittea-
cess is very short (k = 21 g/mf) and a clear drop in the tion layer along with the filtering capability ohe layer.

maximum size of the grains,gy downstream of the filter The rate of formation of the agglomerates and tk&ie
can be observed. mainly depend on the density of the filtering gaoti and

the aerosol flow rata.

30 COMBUSTION ENGINES, 2018, 172(1)



Operational properties of performance engine intakecleaners

The filter tested atir; = 0.16 m/s reached a maximumreaches pi = 3 kPa already at,k = 408 g/m. This results

value of efficiency fmax1 = 82% at k; = 862 g/rﬁ and then

from the increase in the mass of the dust trappethe

an abrupt drop occurred tg, = 71.6 %. This phenomenon filtration layer. The forming and significantly gsing

was accompanied by a drop in the filtration accyrain-
crease in the maximum size of the grains.d The phe-

agglomerates fill the spaces between the fibersmaller
distance between the surfaces of the filtering ctnes

nomenon of the efficiency drop may have been cabised covered with dust results in the increase of tlevfrate,

the fact that the detaching forces (vacuum) exakdte
adhesion forces of the grains to the surface. Aalaanche
detachment of the grains took place and the grsilhse-
quently moved further inside or were grabbed bydh#et
air from the filter. As a result, the filter partlyst its prop-
erties. For this reason as well as due to thenfalbf the
dust particles previously trapped in the filter opppmple-
tion of the measurement cycle, the tests were textad.

a)

b)

Fig. 13. Schematics of the agglomerates formatpsubsequent phases
of particle trapping in a fiber moisturized witH and a dry one [12], b)
flow of aerosol between the fibers covered withtdgglomerates

The higher the filtration rate the higher the efficies
of the investigated filters in the entire operatmagge. The

hence the increased resistaimyg whose value is the func-
tion of the square of the filtration rate.

Out of the three investigated performance filtéhgr 2
(ugz = 0.32 m/s) had the highest dust absorbance cieeffi
Kmomax = 1043.8 g/rh — almost twice as high compared to
filter 1 (ug; = 0.16 m/s) and four times higher than filter 3,
not exceeding the admissible flow resistanpg,, = 3 kPa.

The efficiency; and the accuracy,gh of filtration and
the flow resistance p; are different for each filter and de-
pend on the structure of the filtration layer, doshcentra-
tion in the air, dust grain size and flow rate thgb the filter.
In the case of the investigated filters, the changehe effi-
ciency  and accuracy g Of filtration as well as the flow
resistance depend on the airflow rate throughiltes (filtra-
tion rate). As the filtration rate grows in the gemg = 0.16—
—0.48 m/s, the efficiency of filtration and flowsistance
assume increasingly higher values. The highest alsirb-
ance coefficient kmax= 1043.8 g/ was obtained for filter
2 tested at the filtration ratg, = 0.32 m/s.

The explanation of this phenomenon is not easyuseca
the process of aerosol filtration has a stochamsttare diffi-
cult to describe quantitatively and qualitativelyapping of
the particles in the porous partition is a proagsgending
on many forces and phenomena. The particles ofount
nants and the elements of the porous structure aave
regular shape and microstructure. The grains of digysosit
evenly on the surfaces of the fibers. The porosityithe
partition decreases and detachment of already dedos
grains may follow under the pressure of the flowfiigd.

At low filtration rates (r; = 0.16 m/s), the dust grains
have little kinetic energy and it is much more idifft for
them to penetrate inside the filtration materiaicture. They
deposit mainly on the surfaces of the fibers Iatatear the
intake side of the partition. Since the filtratilayer is moist,

filter tested aug, = 0.32 m/s reached a maximum value ofhe intensity of the grain trapping increases. Osilygle
efficiency mae = 92.7% (komex= 1044 g/m) and for the grains penetrate inside the partition. As morengrairrive,
filter tested alugz = 0.48 m/s the maximum value of filter they deposit on the previously trapped ones. Thavigg

efficiency was fmag = 93.8% (Kamax = 493 g/m). At the

agglomerates fill the spaces between the fibedirigato the

same time, the dust graing,g assumed increasingly lower trapping of the grains on the surface of the maiteaind

values. At the final (Il) stage, filter 1 reachedadue Qyax1=
= 9.1 um, filter 2 ghaxo= 5.5 pm and filter 3 ghaxz=5.1 pum.
With the increase of the dust trapped in the filbma

blocking them from penetrating inside the filtratimaterial.
The further filtration space is not used, whichutessin a
lower dust absorbance coefficient (ig. 14).

layer (increased coefficientka continuous increase in the
resistanceDp; takes place, only the intensity of the growtH)
at the second stage of the filter operation is miigimer.
Besides, the flow resistance and the intensitynefgrowth

b)

is higher when the filtration rate increases. la final stage O
of the second operating period the filters usuadch flow

resistance values several times higher than thilimine o)
(Dpro) of a given filter. For filter 1 tested at; = 0.16 m/s, o) (©

the flow resistance assumes a valpg = 0.21 kPa at k =
= 728 g/m. For the same value of coefficient, khe filter
tested atugr, = 0.32 m/s reaches a flow resistangg, =
= 1.45 kPa. The conical filter operatinggs = 0.48 m/s

Fig. 14. Deposition of dust on the filtration maaéduring aerosol flow at
low speeds: a) change in the structure of thafitin material, b) perfor-
mance filter after the tests
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In such a situation, the detaching forces (vacumay
exceed the adhesion forces of the grains to therdib
A grain detachment phenomenon may take place and
displacement towards the inside of the filtratiaructure
that still has spaces free from dust. In this péthe filtra-
tion structure, the filtration process continuesagshe ini-
tial stage of filtration, i.e. with lower efficiegic

At high filtration rates rz = 0.48 m/s) the dust grains

have greater kinetic energy, which is why they mimgide
the partition and deposit mainly on the surfacéheffibers
located near the outlet part of the partition. Asrengrains
arrive in this area, agglomerates form growing isicgntly
and blocking the flow of air. This is the reason fiee ab-
rupt increase in the flow resistanceuas = 0.48 m/s. In this
case, the filtration layer is not fully utilized.h& filter
reaches a value,k = 408 g/mi already at p = 3 kPa.
From the above analysis, it results that the poads
filtration in the filter structure is most effecéiv(optimum)
when the entire filtration space is used, the sifjwhich is
the highest value of the dust absorbance coefficign
Besides, the value of the flow resistance shoutdemoeed
the admissible one and the filtration efficiencyusld re-
main on a constant, high level. In the outlet dirst grains

filter decreases. In the last measurement inteofatach
measurement cycle there is usually one dust grhithe
fhaximum size of g« The size of this grain was assumed as
a criterion of assessment of the performance fdturacy
(Fig. 15).

Fig. 15. Total number of dust grains in the air detkeam of the perfor-
mance filter during the tests at the filtratiorena¢, = 0.32 m/s

In subsequent measurement cycles, as the timeeof th
performance filter operation elapsed, the total bemof
dust grains passed through the filter decreased tlagid

of great size gha (indicating grain detachment from themaximum size g, was increasingly smaller. During the

structure due to high flow rates) do not appeaonithe
investigations it results that such conditions wkidélled
during the tests on the performance filter at titteafion
rateug, = 0.32 m/s.

For this filtration rate, the characteristics weteter-
mined for the filter that was subjected to regetiena(de-
tergents) after the first stage of the tests. Ugoing and
moisturizing with mineral engine oil (for lack dfi¢ origi-
nal moisturizer), tests on this filter were perfedraccord-
ing to the methodology applied thus far.

The initial flow resistance of the original filtéested at
Ur> = 0.32 m/s has a value ofy; = 0.0051 kPa. The filter
after regeneration and soaking in the engine aiches

measurement cycle 2 (the dust absorbance coeffikien
=19.5 g/r) in the cleaned air, there were dust grains of the
size not exceeding g = 50 m (Fig. 15). During the
measurement cycle 7.k 220 g/m) in the air downstream

of the filter, dust grains of the maximum size Qf,f =

= 42 m were recorded and during the last measurement
there were dust grains not exceeding.¢= 5.1 m.

In the subsequent measurement cycles, the totab&um
of dust grains in the air downstream of the fildeicreased
but not identically for all grain sizes. Along withe coeffi-
cient of dust absorbance, Kthe time of filter operation)
systematically grew the number of the dust graiinsnaall
size (0.7-1.1 m) (Fig. 16). Their share Jin the total

a value of pg, = 0.44 kPa i.e. much higher than that of the@umber of grains for k= 19.5 g/m had the value pJ=

original filter. This most likely results from thagher en-
gine oil viscosity (compared with the original ntoiszer)
that soaks in the filter structure. As the masdhef dust
trapped in the filter grows (increased coefficidn), the
efficiency ; and accuracy ,f.y of filtration and the flow

= 7.6% and in the last measurement £1043.8 g/rf) the
share amounted top3 68%. The number of the dust grains
of the size (1.1-1.5m) grew until |} = 29.6% and then
decreased. For the dust grains exceedpwg 8.5 m, one
may observe a decrease in the number of the dasisgr

resistance p; of the performance filter assume higher valwhich indicates that it is these grains that weapged in

ues, yet, the higher levels of these parameters wet
observed in the case of the original filter. An noyement
of the filtration properties is particularly conspous dur-
ing the initial period of the filter operation. Thficiency
of filtration increases fromgaye = 61.8% (original filter) to
88.5% (regenerated filter) and the maximum sizethef

the filtering partition.

grains dmax in the air downstream of the filter assumes

values more than 60% lower than those of the aalditier
and remains on the level of, g = 17.9 um.

The number of the dust grains in the air downstream
the tested filter, passing through the filteringusture was
recorded with the Pamas 2132 particle counter sseqir
measurement intervals and the results have beemnsim
Figs 16-18.

For each measurement cycle, a|0ng the increashein tFig- 16. Share of the dust grains in the air doverash of the performance

dust grain size, their number in the air downstreznthe

filter during the tests at the filtration ratewa$, = 0.32 m/for preset
measurement intervals,(gh — thimay
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The granulometric composition of the dust upstreamleaned air does not exceeghd = 5.9 nm and quickly

and downstream of the performance filter for theafiion

stabilizes at ghax= 2.3-3.9mm. For performance air clean-

rateug, = 0.32 m/s has been shown in Fig. 17. For examplers, the maximum size of the dust grains in thgainperiod
the share of the dust grains of the size 3.9—4n3in the does not exceed, g, = 50 nm and then slowly moves to-
total number of test dust grains in the air upstres the \wards g, = 5.1-5.9rm. Such a size of the dust grains in
filter is U, = 16.2%. In the air downstream of the filter, thehe cleaned air is obtained by performance filterthe last,

share of the grains of these sizes j
absorbance coefficientk= 19.5 g/m and U} = 0.25% for
kn = 1043.8 g/rh

.9% for the dust short period of their operation.

The main period of operation of a performance rfilte

characterized by the presence in the cleaned abust

grains of the size in the rangeg,g = 20-50 m, i.e. very
hazardous to the engine friction pairs. This magdleo
premature wear of such pairs, a drop in the povatpud
and a reduction in the engine durability. From frer-
formed investigations it results that a performaraie
cleaner does not ensure the required efficiencyb{@® and
filtration accuracy (5 m) of the intake air. Therefore, it
should not be applied to clean intake air in pagsenehi-
cles.

Conclusions
1) For cleaning intake air in performance cars, aankrs

Fig. 17. Granulometric composition of dust in tlregstream and down-
stream of the performance filter during the testha filtration rateug, =
=0.32 m/s and k= 19.5 g/ and k, = 1043.8 g/rh

The results of research on the efficiengyand accuracy
d,;max Of filtration as well as the flow resistancey; of the
investigated performance filters and the filtratipaper
element have been shown in figure 18. The filten®nt is
characterized by a better curve of the efficierg accura-
cy characteristics. Performance air cleaners reatifes of
efficiency and accuracy that are much lower conghdce
the paper filter elements (Fig. 18).

3)

Fig. 18. Filtration efficiency y, accuracy ghaxand flow resistanceps
depending on the dust absorbance coefficigrifkhe investigated
performance air cleaner and the filtration paper

The efficiency of filtration of a paper filter elemt al-
ready at its initial period of operation exceed8®@Q%t this
time performance air cleaners reach their effigjeon the
level of ;= 46.6%+86%. In the further periods of the pa-
per filter element operation, the efficiency rensaom the
level of 99.9%. In the initial period of the pagdéter ele-
ment operation the maximum size of the dust grairthe

4)

commonly referred to as performance air cleanees ar
applied. These are cleaners of different shapeselpa
cylindrical (fitting the original casing) or conicéwith

the casing removed). The filtration material used i
these filters is natural-synthetic fiber of a losseicture
ensuring low flow resistance. The available datatee

to performance filters do not contain informatiamtbe
basic filtration parameters such as filtration @éncy
and accuracy.

) Performance filters are used by many drivers. Térey

used as filter elements fitting the original casargl as
independent cleaners (conical, cylindrical) fittBcectly

to the intake manifold replacing the original deaner.

As a result, an increase in the power output isiobd

(up to 13%) as well as an increase in the maximum
torque. In some engines, though, a drop in the powe
output and torque is observed. This is most likely
caused by the reduced dynamic charging due to the
modification of design of the original intake syste

For a steady filtration rate, as the mass of thet dur
trapped in the performance filter (increased coiffit

of absorbance § grows, a slow increase in the effi-
ciency and accuracy of filtration as well as floerr
sistance follows. As the filtration rate grows, fiilra-

tion efficiency assumes higher values, the flow re-
sistance increases and the maximum size of the dust
grains passed through is getting smaller. Suchaagsh

in the parameters of a performance filter resuitenf
the changes in the structure of the filtration mateas

the dust grains deposit on the surface of the dilf@em-

ing agglomerates.

In the initial period of the filter operation, perfmance
filters are characterized by low efficiency; & 46.6%—
—86%), accuracy {fax = 20-50 m) and flow re-
sistance. They have higher initial resistance. pies-
ence of such large dust grains in the cleaned ayr m-
sult in premature wear of the piston-piston ringtqn
sleeve assembly. This is one of the main reasons fo
a drop in the engine compression and power output.
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filters

5) Performance filters reach their maximum efficieanyd cy and accuracy of filtration as well as flow rézsise
accuracy only in the last period of operation assgm was obtained upon soaking of the filtering matenial
the values ; = 82.1-92.7% and,g.x = 5.9-17.9 m. the engine oil that has higher viscosity than thgioal
These values are lower than those obtained by gidper  moisturizer. Regeneration of performance
ter elements (efficiency; = 99.5-99.9% and accuracy (soaked in engine oil) by using detergents is irsjibes.
d;max = 2.9-5.1 m) in the entire range of their opera-7) Performance air cleaners, due to their low valdfesffo
tion. This results from the loose structure of filtering ciency and accuracy of filtration, should not bediso
material of the performance air cleaners. The péiper clean intake air in passenger vehicles, as it raaylt in
ter element, due to tighter structure packing,anbstter premature wear of the engine parts. The initiatifamed
curve of the efficiency and accuracy charactesstic increase in the power output resulting from theuced

6) The characteristics of accuracy and efficiency ef-p flow resistance may be quickly compensated by p dro
formance filters after regeneration have a betteve the power output resulting from excess engine wear.
than the original performance filters. Increasditieh-
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