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Evornra 11
Tpipec kai Ainavorn Klvnrr]po)v

11.1 Bloaywyn

To £pyo Mou YIiVETA NAVW aTa EHBOAG and Ta agpia Tou KUAivBpou (EVBEIKVUUEVO £pY0), BEV
afionoieital €€ OACKANPOU WG £PYO ATPAKTOU GTOV OTpoYaropodpo. Eva HIKPO HEPOG TOU
£VBEIKVUPEVOU EPYOU KQTAVaMIVETal YIQ VA UMEPVIKNBOUV ol NAoNg UOEWS TPIBEG (Epyo
TPIBWV). 10 ZY.11.1 QUYKPIVOVTAI Ol KUPIEG KATNYOPIEG AMWALILV TRIBLV G'évav epBoAOPORO
KivnTnpa.
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Comparison of major categories of friction losses: fric-
tion mean effective pressure at different loads and
speeds for 1.6-liter four-cylinder overhead-cam auto-
ol s ipeed  motive spark-ignition (SI) and compression-ignition

S CI i | {CI) engines.

Tynupa 11.1
M0 ouykeKpIpéva, To £pyo TpIBLV danavaral yia Toug akoAouBouGg oKomnouc:

- Ma Tnv avrAnon TG yopwong HEoa aneé To uoTNUd I0aywyng NPog ToV KUAIVEpo,
Kal YIG TNV EKNOUNN TWV KAQUOAEPIWV and Tov KUAMVOpo kal Tnv eEaywyn. MNpokeiral
Yid TO £pY0 AVTANCNG, TO OTOIC NMOAEG POPEC EVOWHATWVETAI RSN OTO EVOEIKVUHEVO
£PYO TOU KUKAOU (apvnTiKOG Bpdyog Tou diaypauparog p-V).

- Ma va unepviknBoUuv ol avTIoTACEIG TPIBWY OAMIV TWV KIVOULEVWY HEPWY TOU KIVATAPA.
Npdkeiral yia Tig TPIBES Twv £AATNPIWY KAl TOU TTOUKAMICOU TOU MGOTOVIOU aTO XITWVIO,
TG TPIBEG oTa duo £dpava Tou BIOTAHPA, OTa £5pava Tou GTPoPar0POPOU Kal
EKKEVTPOYOPOU, OTIC BAABIdEG Kal TOUG HNXAVIGUOUCG EVEQEYOMOINONG Toug, Ta
ypavagia Kai Tig TPOXAAEG MoU 0dNyouV TOV EKKEVTPOPOPO KAl TA NAPEAKAHEVA TOU
KIivnTipa.

- Ma va Jiverar Kivnon o1a NApeAKOUEVA ToU KivnTApA, dniadn oTn QTepwTh TOu
pUONTAPA TOU YUYEIOU, TIG QvTAieg vepou, iadiou kal Kaucipou (Bevdivng -
netpeiqiou), TN yewnrpia (duvaud) Tnv avthia Tidoviou (UBPGUAIKO TIUOVI), TO
KOUNPECGEP TOU KAIPATIOPOU, MBavA aviiia Seutepelovia agpa yia Tov KAtaauTn,
QvTAIEG UYpLV avapTnong KTA.
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11.2 XapakmmpIoTika HEYEDN

Epyo avtinong W.: n gpyo apvnrikoU Bpdyou (LOVo YIa 4-XpOovoug KIVNTAPEG)
Epvo TpiBwv oNaBnong kai kulong W i ata eEaptnpara Tou kvnthpa

Epyo napeikopevuy Kivnmipa W, : yia TV Kivnon Twv NapeAKOPEVWY

OAIKo €pyo TpIBwv W, TO GBpoioua Twv napanavw

Wy=W,+ W, + W, (11.1)

ZuvnBwe n avaiuan Yiveral Pe Ypnon Tng PEong Npaypankng nieong

W,

mep = 7‘

Kal TNG I0YU0G N

P=mep x V; x —

fr

Onote n Yéon evBeIkvUEVN TECN, YIA £va TETPAYPOVO KIVATNPA, UNOPEi va opIoTEl e Baon

TOUG EMBONOUOUG CUUNIECNG KAl EXTOVWONG HOVO (Imepg, BpoYog VYNNG mieanc), eiTe ye

Baon kai Toug TECOEPEIG eUBOMOUOUG (imep,, He BAon To emkaunUlo CAOKANpWUA -
BETIKOG UEIOV ApVNTIKOG BpdYog). Onarte IoYUEl

imep, = imep, + pmep (11.28)
tfmep = pmep + rimep + amep {11.2b)
bmep = imep, — tfmep ((11-':53;

bmep = imep, — rimep — amep

11.3 TpiBég

O1 anwheieg TPIBLY G évav KIvnNTNpa sival Suo e1dwv:

-+ O1 TPIBEG METAEU SUO HETAMIKWY EMPAVEIWV, UE Eva OTPWHA ANAVTIKOU avapeod, Kai
~ H TupBwdng okédaan.

11.3.1 TpiBEg peraly PETaAIKWY EMPAVEIV

210 ZY. 11.2 gaivovral of SU0 KUPILTEPEG NEPINTWAEIC TE KIVNTAPEG.

Qil

Joumnal G Bearing

bord /Pad Oil
AR ﬁ<j

Supporting oil film Bearing
Supporting ail ilm :

Schematic of a lubricated journal and a slider bearing.

Zynua 11.2

O1 BIaPOPETIKEG NEPIOYES TNG UYPNG Ainavong napouaiddovral oto Sidypappa Tou £x.11.3
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0.1 F=af + (1 - a)f
[y I Hydrodynamic lubrication
c
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8
; 0.0l | Mixed lubrication
= Boundary lubrication
¢ 1\ |
) |‘ I ; Stribeck diagram for journal
0.001— l ot o _ bearing: coeflicient of friction f
. )‘(l/ Hydrodynamic friction (1 — alfy versus dimensionless duty param-
, eter uNjo, where u is the lubricant
\ e
)’ \]\ -ZSDM friction af, dynamic viscosity, N is rotational
I S~ speed of shaft, ¢ is the loading
uNjo force per unit area.
2ynua 11.3

11.4 M£Bobo1 PETPNONG TRIBWV KIvRTAPWY

H pETPNON TWV TPIBWY LIAG MNXAVAG £V AEITOUPYIQ, YNOPE va Yivel povo JE agdipeon TG
IoxUoG otov Giova ano v evOEIKVUKEVN 1I0YU Nou unoloyideral Ye Bacn éva uyning
akpiBeiag SuvapodeikTikd diaypappa. H pedodog aurh opwe Sev evdeikvutal yia
MOAUKUAIVOpOUG KIVITAPEG, Kal yI'auTd GUVNBWG Ol HETPNOEIC YIVOVTAl PHE PULOUAKOUHEVO
TOV KIVATAPA. PUOIKG OI TPIBEG OTOV PUUOUAKCUMEVO KivnThpa Bev gival ol ibiec HE QUTEG Tou
KivNTApA O€ Npaypankn Asiroupyia. Mapaxdrw neplypagovTal ol mé ouvnBITPEVEG TEXVIKES

HETPNONG:

(i)

Merpnon Tng fmep ye Baon tnv imep. H péon evdeikvupevn niedn BETIKOU BpoYou
UMOAOYIZETAl UE OMOKANPWON Tou p.dV. Ze KaGBe KUMvEPO Tmpénel va unapyel
MECONAEKTPIKOG AICONTAG TMieong, evw Ba MPENEel eNiong va undapye!l aiocdnTng aro
CTPOYPAAOPOPO.

An’subeiag OOKIMEG LE PUHOUAKOUHEVO KivnTiipd. ESL o1 BeploKpacieg HECA OTN
Hnyavn (Madia, vepd KTA) 6a NPENEl va npooeyyidouv Karda 1o Suvardv auteg TG
MPAYHATIKNG AEIToOUpYIag. AUTO UNOpEl va Yivel €iTe ge BEpuavan ToU VEPOU Kal
AQdIou TOU KIVATAPGQ, €iTE UE pIA SOKIUA ONMoU O AEITOUPYWV KIvnTAPAC, Eapvixd
CBAVETAl Kal 0T QUVEYEID PUHOUAKEITAI. TEToIoU gidoug SoKIYEG oc Evav KivnTnpa
onou oTadlaka agaipolvial eEapTauara, YpnoigonololvTal yia Tny €KTipnon g
NOCOCTIAIAG CUVEIGPOPAG Twv Siagopwv eEEapTNHATWY KAl BIEPYACIWV OTIC GUVOMNKECG
TPIBEG {BA. Ev.2).

(paupn Willans. lMpokeitat yia Kard npoogyyion 10o8Uvapn HEBoSo e Tnv
TPONYOUHEVN. MIG UETPNUEVN KAUNUAN KATAVaMIONG KQUaiou oav ouvaptnon Tou
POPTIOU, MPOEKTEIVETAN WEYP! TN Undevikn Karavamon (Zy.11.4).

Aokiuny Morse. EGW, of em pEpoug KUMVEPO! HIAC MOAUKUAVEENG WNYavng ot
AgiToupyia, diakonTovial SIaboyIKa kal HETPATAl N MEiWon TNG avanTugoousvng
pomnng, evw BIaTNEOLVTAI OTABEPEG Ol OTPOYES. XpelaZeTal IBiaiTepn NPOCOXN GT0
nwg 8a KoBeTal KABe gopd n Tpopodocia atov Eva KUMVSPO YWpig va ennpealovral
o1 AaAXol,
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le- fmep, kPa—~f bmep, kPa friction mean effective pressure.
Zynua 11.4

duoIKA, YOVO N MpWTR HEBOSOG UETRPA NPAYUATIKES ANWAEIEG TPIBLV HE TOV KlvnTﬁpq ot
AEITOUpYid. ZT10 £%.11.5 paiveTal n eMidpacn Tou opTiou aTig TRIBEG evog BevdivoKivRTApa.

Total friction mean effective pressure  (tfmep),
tubbing friction mep (fmep), and pumping mep
{pmep) as a function of load for four-cylinder 3.26-
dm? spark-ignition engine with bore = 95.3 mm,
stroke = 114 mm, and r, = 12, operated at 1600 rev/
bmep, kPa min. Motoring and firing conditions.

Zynpa 11.5

Zro Z¥.11.6 paiveral n enidpacn Twv oTpogwv OTIC TPIBEC EVOG KivnTApa diesel.

m Enginc-motored, complete
ook ° Engine-motored, manifolds removed N
2 o Engine-motored, valves removed and camshaft deactivated

= =Engine-fired of
g 150 =
a
£ 100 .
50 1
0 1 1 1 ] 1 1

800 1000 1200 1400 1600 1800 2000 2200
Speedt, rev/min E

Rubbing friction and auxiliary mep for six-cylinder diesel engine under motored and fired conditions.
Effect of removing manifolds, valves, and camshaft drive under motored conditions also shown.

ynua 11.6
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270 2¥.11.7 gaivovral anoteAéopara psrpncsgv TpIBwv ag BEVEIVOKIVNTAPES,.

35— o 80
o 873
30 as8
e 90
25476

204

fmep, atm

0.5

0 1 1 l ] !
500 1000 2000 3000 4000 5000 6000

Engine speed, rev/min

Friction mean effective pressure under motored conditions af wide-open throttle for several four-
cylinder spark-ignition engines.
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- Se—0 Pumping mep (pmep) and tubbing friction mep
0 ] ] I ! (rfmep) as a function of lead for r.=12 and 7,
0 200 400 600 8OO 1000 four-cylinder SI engine with B =953 mm and
bmep, kPa L = 114 mm. 1600 rev/min,

Zxhpa 1.7
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Ta ANOTEASCUATA MPOCEYYIZOVTAl UE KATAMNAES EKPPACEIG, YIG amo TIG OMOIEg Eival n
NApaKaTw: _
tfmep(bar) = 0.97 + 0.15 N )+ 0.05( ¥ ’ (11.3)
_ "7\ 1000 T\ 1000 :

oav guvapTnon Twv CTPoPWV.

Ooov apopad Toug kivnTApeg diesel, avrioToiya anotehéopara gaivovral oto zy.11.8

250 , , T
AN NERIHY
E 200 |- Swirl-chamber NY) i
¢ engines
E' 150 DI engines
g H
g Motored total friction mean effective pressure as a
g 100f - function of speed for several DI diesels (bores in
| _ range 100 to 137 mm) and IDI swirl-chamber
50 1 | ] diesels (bores in range 100 to 121 mm). Correla-
500 1000 1500 2000 2500  tjons for r, = 15 and L = 142 mm (DI engine) and
Speed, revimin r.= 16 and L = 142 mm (IDI engine).
500 T T T T

g
T

Eq. (13.7) %
N
&\\\%\%\\%\% Date

Motoring mep, kPa
T

2001 n Motored total friction mean effective pressure as a
150 1 L L= function of speed for smaller ID1 swirl-chamber
1000 2000 3000 4000 diesel engines (bores in range 73 to 93 mm). Correla-
Engine speed, rev/min tion for r, = 21 and L = 95.3 mm.
30
1 T T ok
70 * Motoring a- '
4 Firing -

pmep, kPa

0 Pumping mean effective pressure as a function of
2.5 5 7.5 10 125 mean piston speed for several naturally aspirated
Mean piston speed, m/s diesel engines.

ZYnpa 11.8



Kai €5 pnopoupe va NPOoEYYioOUHE TA AMOTEAEGUATA HE YIA OXEON TNG HOPYNG

A6

. . N
Motoring mep (kPa) = C, + 48(]0_06) + 045}

onou N ol aTpopeg/min Kal Sp n péon quuTnTa gUBOAOU Ot m/s.
H otaBepa C,, naipvel Tig napclgdrw TINEG:

75 kPa yia kivntipa an’'suBeiag syyuong

110 kPa yia peydailou YEYEBOUG KIvTNpa HE OTpoBiroddiapo

144 kPa yid giKpou HEYEBOUG KIVNTAPA UE OTPOBIAOBArIpO

270 2Y¥.11.9 gpaivovral ot anaitnoeig dIAPopwY NAPEAKOUEVWV TOU KIVNTAPA CE 10YU.

Power requirements for engine fan, generator, and

- 1 l
0 1000, 2000 3000 4000 SOO0 60CO power-steering pump typical of §.7-liter eight-

Engine speed, revimin cylinder engine.

Zynua 11.9

11.5 Ainavan KivnrrApwv

210 2¥. 11.10 gaiveral To gucTNUa Ainavong svog KivnTApa DI karaokeunc KHD.

20

Sump

Suction pipe

Lube cil pump

Qil pressure control valve
Pressure pipe

Bypass pipe or alternative
Cooling coil or, alternatively:
Block-type oil cooler

Oil filter

Safety valve

Main oil gallery

Main bearing

Big end bearing

Camshaft bearing

Tappet (with timing groove
to pulse-lubricate rocker arm)
Push rodt (hollow, used as
rocker arm oil feed pipe)
Rocker arm bearing
Metering plug (to control
valve lubrication)

Push rod duct (used as
cylinder-head-to-crankcase
0il return pipe)

Splash hole to lubricate
timing gears

21 Piston cooling nozzle
22 Oil pressure gauge adaptor
23 Oil pressure gauge

Lubrication system layout for air-cooled D1 diesel cngine. (Courtesy Kiockner-Humboldr-Deutz AG)

Zxhya 11.10

(11.4)



Zrov Mivaxka 11.1 gaivovTal o ASITOUPYIEG Ka! anaITROEIG noeTNTAg Twv Aadiwv punxaving.

A

Mivakag 11.1

Functions and qualities required of engine oils

Main fonctions

required Where and when Qualities required

Reduce During cold-starting Low enough viscosity to provide good pumping

frictional and avoid undue cranking resistance

resistance Between con-rodd/ Minimum viscosity without risk of metal-to-metal
crankshaft bearings, contact under the varying conditions of temperature,
and journals speed, and load

Between pistons, rings,  Sufficiently high viscosity at high temperatures;

and cylinders good lubrication property outside the hydrodynamic
condition, especially at 1op-center
Antiscizure propertics, especially during the
run-in period

Protect During shut-down or Must protect metallic surfaces against corrosive

against when running at low action of fucl decomposition products (water, SO,,

corrosion temperature HBr, HCl, etc)

and wear Must resist degradation (resist oxidation, have good
_ thermal stability)

In normal running Must counteract action of fuel and lubricant
decomposition products at high temperatures,
cspecially on non-ferrous metals
By intervention in the [riction mechanism must
reduce the consequences of unavoidable metal-to-
metal contact
Maust resist deposit formations which would affect
lubrication (detergency or dispersive action)

Must contribute to the climination of dust and other
contaminants (dispersive action)
Assist in the ring zone, Must have sufficient viscosity at high temperatures
sealing especially at TC and low volatility
Must limit ring and liner wear
Must not contribute 1o formation of deposits in ring
grooves and must prevent such formation
Contribute Chiefly of pistons, Must have good thermal stability and oxidation
to cooling rings, and con-rod resistance

bearings Must have low volatility

Viscosity must not be too high
Facilitate During oil drains to Must be able to maintain in finc suspension afl
the elimination eliminate atmospheric solid material (dispersivity) whatever the
of undesirable  dust, soot from diesel temperature and physical and chemical conditions
products engines, Pb salts, (water)

wear debris, organic
products from burned
fuel and lubricants,

and other contaminants
which promote
deposits or accelerate
wear

Must be able to solubilize certain organic compounds,
particularly heavy oxidation products

-Source: From Schilling.
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Tro Ix.11.11 gaivovial Kaumuieg 1IEwSoug oav cuvaptnon Tng Beppokpaciag yia Tig
Bidgpopeg Karnyopieg Aadiwv KQTfJ SAE.

Kinematic viscosity, centistokes or mm3/s

| SAE
Z
A = SAE 10W 107
B = SAE 50
C = SAE 10W/30 N
wP_, , opF | g
~34 _18 0 20 40 60 80 100 Viscosity versus temperature curves
a b illustrating SAE lubricating oil clas-
Temperature, °C sification.

Tyipa 11.11
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