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THE EFFECT OF INLET VALWVE OPEMNIMG
AND CLOSING ANGLES ON ENGINE PEEFORMANCE

Janusz My stowsla

Department of Transport, Eoszalin Tniversity of Techrology

Summary The paper presents the peoblens conreced with modelling of the coarse ofenzive flling cn the basis
of B rands tetter’s method based onwing ron-dimersional crteria of sinnlarity and adapted for nmlt-cylmder
engires. After the analysis of cuterial manb ers we decided to determore the effect of criteria efanng to mlet
valve opering and clos g on the engine Alling and to find that effect by anexanunahonon the engine teststand .
Modelling whability degiee was detersmned as coapated to the real siiation.
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INTRODUCTION

The indicator characterising corabustion engine filling process is the filling ratio 7 It is the
ratio of the rmass of fresh chawe which tly reached the cydivder during the filling stroke to the
mass of fresh charge which conld have filled the pistor-swe ptvoluore cwlinder capacity at arnbient
termperature and pressure. In the classical forrmlation, the filling ratio is describedbyrair paratieters
at inlet and engine compression ratio:

M, =T EpT -pTiipi=-1) (1)

where: T —arabient teraperature,

b - ambient pressure,

£ —colpression ratio,

b —terruinal filling pressure,

T — terminal filling ternperatore,

b - exhanust gas pressure,

T - exhaust gas temperature.
O the other hand, terrinal flling teraperature depends on arbient fermperatare in accordance to
the following expression:

T.= (T +&T +yT) (1 +¥), (2

where: AT — alr femperatore imerement resultivg from corcduit wall warrning,
¥ —regidual gas coefficient.
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Beciprocal influence of different factors being of uge in deterrmination of the filling ratio
cornpels caution with respect to their walue. Forrnal approach to that peoble m tnasy lead to ervone ons
generalisations. It rnight be thought that the filling ratio ), would decrease proporionatelyto ele-
toent 1z — 1 together with an increase inthe compressionratio. & a matterof fact, that relationship
15 rch more complex becanse ¥1 T decrease with the increase of'e and the same the value v does
tot practically depend on = []. '

Theoretical considerations allow stating that analytical determination of the filling ratio is
wery complex and in this sitnation the theorsy of similarity proved to be useful, which was used by
Brandstetter [1]. The theory of similarity makes gereralisation of results into phe normena simidlar to
each other possible. In the flow problems, the condition of geometie similarity rnst be satisfied
in the first place, according to whdch the ratio of appropiate linear dimensions for fux lritations
cotnpearable to each other rmoust be the same [B]. On the basis of the theory of sirrdlarity, Brandstet
ter isolated ten criterial quantities F, 1o K| for cylinder filling process and filling value dete rmi-
nation [1]. These assurnptions were correct for single-cylinder test engine. The author modified
this rethod for application with modb-cylinder engines proving that the effect of syuraetric inlet
conduit bifurcation is swall if the fow nurdber on inlet into the conduit o, is lager than 0,8, howe
evet, Brandstetter adopts a walue of 0,63 as & lower lirnit securing dyramic sopercharging. In his
considerations, Brandste tier ordtted the effect of inlet corduit ronghness on the filling, which was
taken into account in the form of introduced loss coefficient X decreasing the filling to more real
values presented in the Sigurans’s corputer prograrnme [3].

Long-tirne engine test bed and sitnulation studies of rolti-cdinder engine s (SW 620, 4200,
Star 3590 and single-cylinder engine 5B 3.1 constructed on the basis of the SW 620 engine at W3W
DELTA Ivlielec (Diesel Ergine Factory) allowed for the deterruination of the effect of Brandstetter™s
coefficients on engine filling ratio. This effect can be divided into fleee groups [4]:

1. Criteria practically not affecting the walue of illing coefficient:

- COMpression ratio g,

- adiabate exponent +,

- connecting rod length coefficient A
2. Criteria greatly affecting the walue of filling coefficient:

- relatee flow ratio o, affecting this wvalue within 10-12% at average and large crankshaft

rofatiorial speeds,

- mlet vabre opening angle g, , affecting this value within 5-8% within the whole range of

usefil rotational speeds,

- pressure ration pp, affecting this value up to 10% within the whole range of useful ro-

tational speeds,

- suction ranifold inlet discharge coefficient o, affecting this value within 10-12% at aver

age and large crankshaft rotational speeds.
3. Criteria wery considerably affectivg the walue of filling coefficient:

- inlet wvalve closing angle g, after TDC affecting this-value within 25-30% at sruall and

average rotational speeds and within 20% at lage rotational speeds.
The aforesaid criteria deterrained the selection of further tests which focused on the effect of inlet
valve operdng and closing angles on four-stroke engine filling.

TEETE

Examirations were canied out for the SW 620 engine with ivlet walve opening angle of 4747
before TDC and indet walve closing angle of 577547 after BDC. For both these situations, the ourwe
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of Brandstetter s coefficient is presentedinFizs | and 2 forinlet conduit length L, = 936 rore whick,
according to iritial calenlations, should heve guaranteed the ohtaimnent of dymarnic supe rcharging

effect according to the following formula:
L,=(fa/m)i+0075m, i3

where: & —speed of sound under normal conditions of 343,13 mfs
h — engine rotational speed, at which we wish to obtain the effect of dymarnie superchars-
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Fig. 1. Filling mtio vanation in the fincton of mlet  valve operng argle
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Fiz. 2. Filling raho vanation in the foncton of irlet valve closing angle
for the 5W 8200 engive at inlet conduit length of 556 nom
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The fillivg ratio curses, in conune tion with the degree of effect of regpe ctive criterial rovbe rs ghven
eatlier, clearlyindicate a favourable effect of inlet walve closing angle on the filling of the exarmined
engine within its reairanrm forgue.

Parareieters of the engine described in Fig. 3 are as follows:

L, =938 o, D= 127 mm, 5= 146 mam, £ = 158, 4 = 0238, 0, =088, g _ = 10% @, =d0°, x =
141, pip =11 =063
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Fig. 3. Filling ratio muve for the 5WEED engire dymanueally sapercharzed for irlet conduit length of 53
nun and dizmeter of 504 mur, fhin sohd hne 15 used to present a polynononal trend

Based on the trend line, a coefficient of divergence between the tend line and the data obtained
during exardnation [3] was caleulated; these calculations were made in Tabular form and are pre-
sented in Table 1.

The variance of trait vis s° = 0004615, a ¢° = &%n-&°,

where: n — nuraber of measure ments,

hence: g = 00013757 7 - 0004615 = 0.0425, 1. 425%.

This means that real and theoretical wvalues are inconsistent in 4.25% only Therefore, they are
consistent in 95.75%, which is an acceptable result.
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Tihle 1. Calmlation of the coeflicient of diverzence p? for engive Alling rato

Tt Feal vahie Theowetical vahie Difference At
¥ ¥ Fr.= 4

1. 09a nse 0 0
2. 0585 nsg L0005 0000025
3. 1.0 nag ool 0.0001
4. o098 0575 0005 0000025
5. 096 0s3 oo3 00002
&, 086 0875 001s 0o0m2s
7. 083 ngEz2 ool 00001
T A.5595 £58 0065 0001375

On the 5B 3.1 test engine, examination of the effect of angles g, and o, on the filling ratio of
Diigsel fourstroke direct-injection engine was carried out and its results are presented in Fig. 4.

Exarrdration of the effect of inlet wabve opening and closing angles for the engine, for which
the course of filling iz presented in Fiz. 3, showed cormrectriess of the walues of thess angles adopted
in sirmlation caleulations. It is clearly wisihle that for angle walues adopted in Fiz. 3 the engine
at rotational speed of 1400 Livin obtains the mavirmur filling and that within the whole range of
nsefil rotational speeds 1500-2200 1frain the filling iz larger by 29 frorm the next version of the
exarmined vabe adjustment In corpatison to theoretical adjustrment, ie. for valve opening and
closing in piston dead centres, the engine filling is larger by 4% outside the range of rotational
speed 1000-1200 1Fzrdx.
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Fig. 4. The effect of angles pdo and pdz on the filling :atio of 3 W eE0engine 1y = 0%, p =0 2 p, =
2 p= 37,5 g, =107, g, = a0°
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CONCLUSIONE

The briefly presented results of the examwination of one of the parameters affecting engine
filling ratio showed that the deseloped siralation test prograrame is reliable and the findings are
encouraging. The coefficient walues adopted in the sirlation programrne, further eldborated in
tnarne rous sirilation and engine testbed stadie s, properly express the nahore of phenomena taking
place during fom-stroke engine filling and the absolute walues of the filling coefficient are real.
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Stresrezenie. W pracy presdstawicno pwbleny marigzane = modeloararmem preebiegn napebuera sibmka
w ooparen o wetode Barandstiern opartsy o wdicrmrstarne bemanrnmatoaryoh lnvtendasr podobietstera | prms -
sovrang do silmkdeer wielooylind iowrych. Po analize liegh Joywtenabipeeh zdecydowrano na olxeslerme wpbeam
layteridar odmoszaeyrch sie do otwrard 1 zambkmed zaworier dolotoaryeh na napehuenie silnika i s tederdzenie
tegowpbran ra dod=e b ad an stanoariskoanech sibmka, Olaeslono stopefwianysod nosel modeloaramaw kon-
fiomtaml = reecmparistodoly.
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