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SIMULATICN ASSESSMENT OF OPTIMISATION POSSIBILITIES
OF COCOPEEATION OF THE TEACTION ENGIIE
AND THE TUEE OCHAR GEER.
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Summnary. The paper presents aselection method of the trbocharzer to the engive, whuch alloars for cb taning
the maannmm efficiercy of the mapercharging systern for the selected engive cperation pont on the extemal
charactenistics. The vahies of the characteristics of the corpres sor and the tathine have been deternoned on the
basis of sinmlation stadies using owrn numerical program The calmlabons have been camed oot for the W
5280 enzive with the factory B4 A hobocharzer

Key womnds: conbustion engine, modelling, tithacharzing

INTRODUOCTION

COine of the rain reguirerne s whenmate hing 4 tothoc havger to the erngine s to ensure proper
efficiency and stability in cooperation with the engire, while sigraficantly re ducing the teraperature
of the e dinra introduce d info the cylinder and the work of the chame exchange and increasing the
overall efficiere v of the engine . This is also facilitated by proper shaping of the charge exchange
systern [Lisowskd 2008 a, Lisowski 2005 b, Ivlystowski 2002, Optirnisation of ¢ o-operation of the
engine and the supercharging device is fraportant both in tenms of the fuel conswraption and the
dymamic and ecological propertes of engines, and is partic ularlywimportant in traciion diesel engines
operating in the conditions of high excess air This is shown by the development trends of new
designs of charge compression systerms [Christnanm ef ol 2005, Walele of ol 2007, Steinparzer of
al 2005, Syordvef @l 2000]. The crocial factor is the wide spread uze of the research rae thods based
ot reliable mathetnatical models of o processes in the engine and the tobochager [Sorenson of
al 2005, Wirdder ef ol 2007, Westin ef al. 2005, Vavra ef of 2009].

The cquality of the selection of the cormpressor is estirnated on the basis of the location of
points of the engine operation, plotted onto the o characteristics of the compressor. Such char
acteristics present a dependence of compressor ratio 7 — f[”-,uwm,_ﬂ} anbrd the compression
efficiency n_— f [nmﬁ_ ,m}_ﬂ_} asa functionof air mass fow rate s and the tubocharger speed
Moo Cotected to standard conditions [Wistocki 1991, Ivlorasl ef ol 19997 With the requuired wvalues
of the supercharging pressure and the air low deterrnined by the demand for airby the engine, the
points of the engive operation shouldbe i the characteristics ares of the compressor with a hazh
cornpression e felene yand within an appropriate distance from the paaping it
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The matherwatical description of the tarbive [Tvlacelk of af. 2003, florsal of ol 1999, Wisbocla
1991, Wanszejdt of al. 1977] iz most often based on the expernimertally obtained ditne nsionless chax
acteristics that are presented in the forra of the functional dependence of the scaled rnass Ao pa-

mneteer=m£-JI?/p:=f(n“ J]:_“,?z:)nnﬂ:w huhinﬂspeed}:ammtermfﬁ {w“.'{\fi?}

and the expansion ratio Ell and the adishatic efficiency dependence ¥, f[m,."'f,uh.-’ad] on

the blade-speed parameter u,f ¢,y and the parameter of i, ‘IE {u‘}{{\!??}. The assessment of the
turbine ratching to the traction e ngine based on the available fow characte nstics is, however, ruch
raore difficult. Such charac teristics obtained on flow stands i the condibons of a steady Aow of
the strearn of gas allow for an assessinent of the degree of perfection of a particular design. They
do ot allow, however, for reliable assessment of the qualityof their cooperation with the engine.
In the case of traction engives, where there are nsed systerns with pulsation supply one must take
mto account the irmpact of the pulsatility of the exhaust stream fo the change in the efficiency and
throughgmt of the tobine [Miacek of @l 2005, Westin of 2l 2005, Vavra of 2l 2009].

FROBLELI DEZCRIFTION

Ensurirg of the hest working conditions of the tuhine operation requires keeping the oph-
ream value of the ratio of the peripheral speed u of the tubine rotor to the gas flowr veloeity theough
the turbine c , at the adiabatic expansionw fo,, {5, ], that should comrespond to the maximm
turhine efficiency 1. In the systems with pulsation tuthine supply; for assessment of the actual con-
ditions of the tubine operation it is necessary to determine the flow welocity of the exbaust zases
stream c_, with faking indo account the eneizy of the presswe pulses supplying the tobine. In such
conditions, the sverage velocity o, sigraficantly differs from the walues obtained in a steady flow.
The criterion for optiranm matching of the characteristics of the tohine with pulsed supply o the
enginge at the welocity of'c |, may be presented in the form of the dependence:

b fey {0/t (1)

With a known strearn i and the curve of the variation of the pressure and the terperatoe
of exhanst gases, the velocity o, (for any point of the engine operation determined by the speed
pararmeter value nw."rﬁ} car be deterrnived on the basis of the averaged, within one working cyele
of the engine (720 degrees of crankshaft rotation) walue of the strearn of the exhaust zas enthalper
[Grodejewski] 1986, Korezewska 2004):
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The impact of the pulsatility of the exhaust gases strearn on the parameters of the tuhine
operation can be presented by the so-called pulsatility coe ficients. The walues of these coe fficients
cat be de terrnined based on the results of identification research of @ particular engine [Kowalczyk
ef @l 1929] orcanbe taken from the hteratore [Wanszejdt ef @l 1977]. The coefficients presented
there have been arvanged accordivg to the criterion of siwdlavity of the exhaust gases fow in the
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exbaust pipes of engines with similay design to with specified nmmber of cylinders connected to
one outlet pipe.

The coorditate s of each point of the engine operation inthe characteristics of the corapressor
correspond to the specified rotational speed of the tatbocharger and the value of the hobine speed
parameter mei’? {uh.-"IJi'?}, depending on which the values of the characteristics of the tuthine
are determined. Thus, the value of the parameter n, /77 (/") that detemoines the required
corditions of the twbine operation is to be taken as set, depending on the point of the corpressor
selection. In this case, for the calculated value of the flow parameter F | the crifenion of the optimurm
matching of the hobine iz reduced to cormpliance with the condition:

U a0 ) 3

The appropriate value of the speed 1 can be achieved by changing of the turhine blade di-
ameter O while ¢, —as a result of the selection of effective tarbine flow area & In the case of
a single-stage supewharging without regulation, a sigrificant restriction for the optitaisation of the
pararneter wfc, —c_ is the condition of not exceeding the permissible walue of the supe rcharging
pressure at the rated engine operation point. This condition dete nmines the need to keep a deterrnined
value of the effe chive turbine flow area b Depending on the selection of the tubocharger, corapli-
ance with the condifion (3) canbe obtained at the speed comesponding to the maivm torgue, or
for the rated engine operation conditions, or atanyother point of its characte ristics.

SIMOLATION RESEARCH

For assessment of the conditions for coope ration of the engine and the twhocharger an own
cornpntatioral model hasbeen used, hased on mathermatic sl models of partic ular cormponents of the
syster: diesel engine, radial compressor, radial twbine [Darlecki 2007]. The idertification of the
mode] coefficients has heen caried out on the basiz of the results of measre ments carvied ot for
the SW 20 engine . The desigh of the mode] allows for deterrnivation of the swverage walues of the
circulation of the engine with a selected hubocharger set for the given load walue and the speed. In
this model, changes in the turbine power and theonghgmt with pulse exhanst gases flowr are taken
into account by means of the pulsatility coefficients b, and k_ [Wanszejdt ef al 1977]. The power
halance equation for the compressor M and the tuthine N with taking into account the pulsatility
coefficient k, is defined by the dependence:

N, =k, N, ()

The values of the pulsatlity coetbeient k, are deterrared from the erapinical functional
depe ndence k. = fim,m) from the cormpression of the cormpressor m, and the expansion ratio of the
turhine 1.

Changes of the strearn of the exhanst gases mass th with palsating fowr theough the turbine,
which are taken into account by the coefficient k_are determined by the expression:

e, AT ()
The coefficient k. is caleulated frora the forraula:

Ky iy, ()
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The average velocity of the streamc |, is deterrained from the dependence:
. 2HX [mhd]. (N

The enthalper of the exhaust gases at the expansion ratio deterrine d with taking irnto account
the pulsatility coefficient k_(3) is caloulated from the formula:

o L
L 1
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To deterznine the e xpansion ratio inthe tbine &, = pfp, with the caloulated strearn of exhanst
gases (3) the twbine flow characteristics is used F, i - :‘;'rp:. The walues F_are determined
depending on the expansion ratio & and the turhine speed parame ter uwl"lJT_: while the adiabatic
efficiency m, from the dependence simplified to the form of 1, = finfe ).

Using the developed cormpmtatioral model that allows for deterrrdnation of the course of the
engine and tobocharger characteristics, relevant re-caleulations have been carried out for differ
ent values of the blade diaraeter D and the fow area & of the tarbine. For the walue of the flow
paratneter F determined from the turhine characteristics, suchvalues D and & of the parareters
hiree been sought, at which the conditions of the engine sapercharzivg ave keptat the point of the
cornpresaot selection, and where the optitnisation criferion is et (3).

Comparattve calculations have been carrded out for the 5W 620 engine, which iz ecuipped
at the factory with the B4s twbocharzer, with the corpressor rotor with denotation of 270 and
the turhing with the blade diameter of 0= 94 mm, and a effective tnbine flow area & of 21 cm’.
The co-operation of the engine and the twhocharger has been analysed in the conditions of the
external characteristics and the load characteristics. Calenlations in the condifions of the external
chararteristics have been carried out within the range of the rotational speed of 1200 rpro at p_ =
0574 IPa up to the speed of 2200 rpra at p = 0.742 IPa, which correspond to the rated powrer
of the ergine. The load characteristics havee been deterrnined at the speed of 1400 rpn within the
range of vanability of the average effectrve pressure from p = 0.35 DiPa up to p = 0925 IvPa,
corresponding to the maxiranmm torgue valae,

DISCTIEION OF RESULTS

It results frorm the obtained caleulation results (Fig. 1) thatin all the considered points of the
engine operation, the torhine operates at the walues of the parameter ufey,_, lower than the optiromm
that for the most of srnall-seale tothochargers desigred for traction engives isvirtuallyeonstant, and
iz approxitnately 0.7 Mlorsal ef of. 1999, hvelowski 2002]. In such conditions, also the efficiency
of the turthine 7 is lower than its maximum value. The most
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Fiz. 1. Changes in the parameter 1,/C,_ ,, deperding on the blade diameter [, and the fowr area 4,
of the hubine of the SW &80 engine in the conditions of the extemal charactens ics and the load
charaeteristios, (l-at n= 1200 spm at p = 0.974 MPa, 2-n= 2200 rpm at p = 043 MPa, 3n = 1400 1pem
ap =055MPa 4n= 1400 ;pmatp = 05985 WP

favourdble conditions of the tothine operation are close to the rated operation point of the
engine and in the conditions of the load characteristics (points 2 and 3, Figure 1), where wfcy _,
reaches the highest values. To ensure optiraarn operation of the torbire hoth at the rated power and
at the partial loads of the engine, one should increase the walue of the pararneter wfe,, ., from the
value of 0647 up to 0.7, Simple re-calenlations showr that this can be achieved by increasing the
diameter [ of the turhine rotor from 94 to approximately 102 mom. Such change leads to the desired
changes in the peripheral speed of the ratar 1, while allowing for keeping a constant rotational speed
of the wtor and the required walue of the parameter nwl,-'r . Pleaze note that following the increase
i the diameter D also the maxirourn value of the efficiency of the tubine increases, which results
ir a certain change in the speed-value o . A= a result, this irsrolves a certain correction of the ef-
fectrve tubine How area A The caloulated optireoarn values of these pararneters are: D =101 rem,
b =017cm" bt the same time, the efficiency of the tibine has increased from 0.724 up t0 0.739,
while mairtaining the supercharging conditions at the rated engine operation point (point 2, Figure
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2). b a result of the increase in the diaraeter D and the flow area & one can observe shifting of
the engine operation points toward the lower walue s of the cormpression and the air ow within the
range of low and medivrn speeds and under partial loads (points 1, 3, 4, Figure 2, leading to slight
deterioration of supercharging at the mairurm torgue.
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Fig. 2 Changes m the posthon of the pourts of the 5'W B8 engzive in the characteristos of the conpressor
B44 270 depending on the blade diareter I and the flowr area 4 of the engine tihire in the conditions
of the extemal and load chararteristies, (1-n= 1200 rpm, 2-n= L0 rpm, 3-n= 1400 pmat p = 055 1Pa,
4-n= 1400 mpen at p = 0.5985 MPa)

The performed caleulations have showm that the optirmization of the conditions of the tuthine
operation at the maxiraurn torgue of the engine would reguire an incre ase in the rotor diare ter frorm
94 up to 103 mm, while maintaining the flow area &= 21 e’ With so selected tothine pararaeters
in the rated conditions, shifting of the engine operation point wonld take place in the corapresaor
characteristics (point 2, Fizure 2) towards higher walues of cormpression, exceeding the imposed
Lirrats {increase inthe walue of the pa:mmeternwfn'{.ﬁj.
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CONCLUSIONE

The presented method allows for assessment of the guality of matching the experimentally
deterrnitied o haracteristics of the turbine to the fow characteristics of the traction engine. It allows
for selectionof the tubine design pararneters, at which optiraurn conditions for its cooperation with
the engine in the condiions of a pulsating exhanst gases fow will be ensured. &pplication of this
tre thod maybe sighificant both at the optirdsation of the existing engines, where the curves of the
variations of the exhanst zases pressure are knowr in the exhanst systerr, and at the developmment
of new designs, for which the relewant caleulations canbe perforned based on the pulsatility coef-
ficients available in the literatore.
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SYMULACYINA OCEMA MOZLIWOSCT OFTYMALIZACTI
WEPOLPRACY SILHIEA TRAKCYINEGO I TURBOSFREZ ARKI

Streszemae. W opracy mrmedstariono sposch dobom tithospresada do silmika, kitdey pomrala ma usyskane
malksymalre] s prearnosal ukkdu dotadosr avna dlaworbraneso punkeh pracy siliika na chamlternstre mowrnetz-
re]. Wartoicl charalterywstyk spresald oms tutbinywymacsonn na podstaerie badan symlacynych pemy ane-
horzys tanm wrlasnezo programm mmerremnego. Chhiczerma preeprosrad=omn dla silnika W AR0 = fabremg
tthospresarks BA

Showa K rowe: silmk spalinewny, modelosrane, torbodotadowarne



