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Abstract. With a view to achieving internal combustion Rezumat. In vederea realiizii de motoare cu ardere
engines as economical and less polluting as pessibl interra cat mai economicai mai puin poluante, Tn
this paper a new configuration for the driving systof  lucrarea de f@ se propune o nauconfiguraie a

the pressure wave supercharging compressors isistemului de antrenare a compresoarelor de
submitted. supraalimentare, cu unde de presiune.

A new driving system is absolutely necessary, as th De un nou sistem de antrenare este absolut nevoie,
currently used system, which requires a rotativeedpof  deoarece sistemul utilizat Tn prezent, ce presupane
the compressor in direct proportion with the oneltef  turaie a compresorului propgonak cu cea a arborelui
crankshaft, constitutes a major impediment in #&ch  cotit, constituie impedimentul major in atingereaditre
of maximum efficiency by the compressor. This ptdba compresor a eficigai maxime. Acest nivel probabil de

performance level may exceed even the one of theerformame 1 poate depi chiar si pe cel al

turbocharger, the latter being nowadays the modelwi  turbosuflantei, aceasta fiind Tn prezent cel mdlizat

used supercharging compressor. compresor de supraalimentare.

Key words: internal combustion engine, compressor, Cuvinte cheie: motor cu ardere inteincompresor,
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1. Introduction 1. Introducere

In general, the current trend of the automotives  Tn general, tendia actuai a constructorilor de
manufactures worldwide is to achieve internalautomobile din lume este de a realiza motoare cu
combustion engines of the highest possibleardere intericare & deina performarme economice
economical and ecological performance. In thissi ecologice cat mai ridicate. In acest context,
context, supercharging compressors have acquirecompresoarele de supraalimentare dpatat o
special importance, due to the positive influencemportana deosebit, datorit influertei pozitive pe
that the supercharging process has on theare procesul de supraalimentare il are asupra
performance of the internal combustion engines. [1]performanelor motoarelor cu ardere intérrjl]

Over time, manifold constructive solutions of De-a lungul timpului s-au dezvoltat numeroase
the supercharging compressors have beesoluii constructive ale compresoarelor de
developed and have proved both their performancsupraalimentare, acesteaatandusi in timp atat
and their limitations. [2] performanele, casi limitele. [2]

An efficient supercharging compressor, which Un compresor de supraalimentare performant,
holds another potential that has not been exploitedare mai dgne inG un potemial care nu a fost
yet at the most is thgressure wave compressdn  exploatat la maxim, esteompresorul cu unde de
supercharging automotives engines, there werg@resiune La supraalimentarea motoarelor de
widely used the pressure wave compressors of thautomobile s-a utilizat pe s&aiarga compresoarele
type Comprex (in compression ignition engines)cu unde de presiune de tip Comprex (la motoarele

and Hyprex (in spark ignition engines). cu aprindere prin comprimaredi Hyprex (la
motoarele cu aprindere prin scanteie).
The limitation of the pressure wave Limita compresorului cu unde de presiune, ce

compressor, which consists in the difficulty of consi 1in dificultatea optimiZrii functionarii
optimizing its joint operation with the superchatge comune a acestuia cu motorul supraalimentat, se
engine, is mainly caused by its driving system;datoreaz in principal sistemului de antrenare;
because of it, the compressor is forced to corlgtant datorii acestuia, compresorul este constraas s
hold a rotative speed proportional to the one ef th degina in permaneta o turaie propotionak cu cea
internal combustion engine. a motorului cu ardere intetn

Given the aforementioned, in this paper there  Tinand cont de aceste considerente, in lucrarea
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are submitted the constituency and the advantagede fga se prezirt componeta si avantajele unui

of a new driving system for the pressure wavenou sistem de antrenare al compresorului cu unde
compressor, which consumes the energy necessadg presiune, care consiimenergia necesar

for driving the compressor not from the crankshaft,antrerarii compresorului nu de la arborele cotigaa

as it happens nowadays, but from a direct currentum se intdmgl in prezent, ci de la un motor

motor of variable rotative speed. electric de curent continuu cu ttevariabih.
2. Construction and operation of the 2. Construdtia si functionarea compresorului
pressure wave compressor cu unde de presiune

The pressure wave compressor consists of a Compresorul cu unde de presiune este compus
rotor traversed along its entire length by onenay t  dintr-un rotor stibatut pe toat lungimea de unul
rows of channels. The rotor is mounted in a housingau doé randuri de canale. Rotorul este montat
and is bordered by two stators, a warm onejntr-o carcassi este nirginit de dod statoare, unul
whereby the exhaust gases pass and a cold oneald prin care trec gazele de evacuaranul rece
whereby the intake air passes. In Figure 1, themaiprin care trece aerul de admisie. In Figura 1 se
components of a pressure wave compressor aggezin principalele componente ale unui
shown. compresor cu unde de presiune.

a. b. C.
Figure 1. Components of a Comprex type pressurewampressor: a. rotor; b. warm stator; c. coltbsta
Figura 1. Componentele unui compresor cu unde esiypre de tip Comprex: a. rotor; b. stator caldtator rece

In general, in constructing pressure wave In general, la constrtia compresoarelor cu
compressors, there are used materials of nicla} all unde de presiune sunt utilizate materiale din dkgj
(rotor and housing), malleable cast iron (warmnichel (rotorsi carcas), fonti maleabii (stator
stator) and aluminum alloy (cold stator). cald)si aliaj de aluminiu (stator rece).

Pressure wave compressors are currently driven  Compresoarele cu unde de presiune in prezent
by the crankshaft via a belt, withcanstant ratio of sunt antrenate de atte arborele cotit prin
the rotative speeds compressor/internal combustiomtermediul unei curele, cu uraport constant al
engine By rotor turning, the channels pass both inturagiilor compresor/motor cu ardere inteéin Prin
front of the exhaust gas intake and outlet windowsnvartirea rotorului, canalele trec atat prin dupt
(positioned in the warm stator), as well as in fron ferestrelor de admisigi evacuare a gazelor arse
of the air intake and outlet windows (positioned in(pozitionate in statorul cald), cai prin dreptul
the cold stator). In the channels of the compressofferestrelor de admisiesi evacuare a aerului
the fresh air makes direct contact with the gaseg¢poziionate in statorul rece). In canalele
evacuated by the engine. The fresh air partialljcompresorului, aerul proaspintra Tn contact direct
takes the energy of the exhaust gases, hence tloe gazele evacuate de motor. Aerul praagpeia o
pressure rise of the intake air is eventually ol#di  parte din energia gazelor de evacuare, asifedec
[2, 3] obtine n final o crgtere de presiune a aerului de

admisie. [2, 3]
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The time in which the air is in direct contact Timpul in care aerul se afin contact direct cu
with the exhaust gases constitutes a decisiverfact@azele de evacuare repreZinin factor decisiv de
on which the performance level of the pressurecare depinde nivelul de performaual compresorului
wave compressor depends. Given the relativelycu unde de presiunginand cont de domeniul relativ
wide area wherein the exhaust gas flow may varyarg in care poate varia debitul gazelor de evacuar
(its value influencing the propagation speed of thegvaloarea acestuia influgmd viteza de propagare a
pressure waves in the channels of the rotor),rit caundelor de presiune in canalele rotorului), se eoat
be said that, except geometrical dimensions, thafirma faptul &, exceptand dimensiunile geometrice,
driving rotative speed of the pressure waveturaia de antrenare a compresorului cu unde de
compressor is the only parameter through whos@resiune repreziitsingurul parametru prin aami
variation the period wherein the two fluids are invariaie se modifié perioada n care cele dofluide
direct contact is modified. [4] se affi in contact direct. [4]

However, because of the driving from the insi, datoriti antrerrii de la arborele cotit,
crankshaft, the value of the driving rotative speed valoarea turgei de antrenare a compresorului
the compressor completely depends on the rotativdepinde n totalitate de tura motorului cu ardere
speed of the internal combustion engine, and not omtern si nu de nivelul presiunii de supraalimentare,
the level of the supercharging pressure, as itldhou asa cum ar trebui.

Therefore, a new driving system must be Din aceste considerente trebuie configurat un
configured that should be characterized by a highenou sistem de antrenare cakefi® caracterizat de
degree of flexibility. Thus, by driving the pressur un grad rarit de flexibilitate. Astfel, prin antrenarea
wave compressor, at adequate rotative speed, in tleel 0 turaie corespun#oare a compresorului cu
framework of every operating mode of the internalunde de presiune s-ar asigura n cadrulafigc
combustion engine, a high supercharging pressureegim de fungonare a motorului cu ardere intéro

might be ensured. presiune de supraalimentare ridicat
3. Configuration of the new driving system 3. Configuratia noului sistem de antrenare a
for the pressure wave compressor compresorului cu unde de presiune

So that the performance of the pressure wave Pentru ca performagele compresorului cu unde
compressor should be situated at a high level en thde presiuneasse situeze la un nivel ridicat pe tbat
entire operating range of the internal combustiongama de fungonare a motorului cu ardere intérn
engine, this compressor must be driven with ro¢ativ acesta trebuie as fie antrenat cu o tuti@
speed independent from the one of the superchargeddependeritde cea a motorului supraalimentat. [5]
engine. [5] Aceast soluie de antrenare se Tinscrie in

This driving solution falls into the tendency of tendina produdtorilor de motoare de a antrena
the engine manufacturers to drive the ancillaryechipamentele auxiliare ale motorului cu ardere
equipment of the internal combustion engine,interm, independent de acesta. O astfel de s#ua
independently of the latter. Such a situation iseste intalnit, din considerente de economisire a
encountered, for energy-saving reasons, in the casnergiei, in cazul pompei de servodirecsi a
of the servo-steering and cooling-liquid pumps. [6] pompei de lichid deacire. [6]

In the case of the pressure wave compressor, In cazul compresorului cu unde de presiune,
the currently used driving system must be replacedsistemul de antrenare utilizat Tn prezent trebuie
for reasons of performance, with a flexible systeminlocuit, din considerente de perfornggncu un
that should provide the compressor with thesistem flexibil care % confere posibilitatea
possibility to hold any value of the rotative speed compresorului  dgina orice valoare a tutei
independently of the rotative speed regime in whichindiferent de regimul de tutia la care fungoneaz
the supercharged regime operates. In this respeatjotorul supraalimentat. In acest sens, dditorit
due to the fact that the energy consumed in oaler tfaptului &G energia consumatpentru agonarea
drive the compressor is reduced, the rotor onlycompresorului este redys rotorul avand doar
having the purpose of distributing the working scopul de distribuire a fluidelor de lucsunu de
fluids instead of compressing them, the proposal isomprimare a lor, se propune ca acest comprésor s
advanced for this compressor to be driven by die antrenat de un motor electric de curent comntinu
direct current motor, whose rotative speed shoald ba cirui turaie s fie modificati de un sistem de
modified by an electronic-control system. control electronic.
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In Figure 2 there are shown the schemes of the 1n Figura 2 se preziaitschemele sistemelor de
driving systems with dependent rotative speed antrenare cu tut@ n dependerit (varianta clasit),
(classical variant), respectively independent fromrespectiv independentde cea a arborelui cotit

the one of the crankshaft (new variant). (varianta nod).
Internal Combustion - suDEICIalging DIESSUIS Pressure Wave
Engine - Supercharger
NeompressdNengine— CONStant value
-
a.
. Pressure Wave Internal Combustion
Electric Motor g
Supercharger Engine
Nelectric motor@Nd RompressdiNengine— Viariable value _ Supercharging pressure -
I_V I L
b

Figure 2. Scheme of the driving system for the gues wave compressors: a. classical variant; b.vagiant
Figura 2. Schema sistemului de antrenare a compmeso cu unde de presiune: a. varianta ciasicvarianta nou

The application of this new solution for driving Aplicarea acestei noi salu de antrenare a
the compressor will not generate difficulties in compresorului, nu va genera dificititde construge
building and mounting the internal combustionsi amplasare a motorului cu ardere intersi a
engine and its ancillary equipment. Conversely, ifechipamentelor auxiliare ale acestuia. Dimpétriv
we refer to the placement of the pressure wavelaa ne referim la amplasarea compresorului cu unde
compressor, this one will be facilitated by thede presiune, aceasta va fi facilitate soltia
driving solution of the electric motor; in this eas antrerarii de la motorul electric; in acest caz ne mai
the position restrictions due to the driving sys@m fiind impuse restrigile de poziie datorate sistemului

the crankshaft are no longer imposed. de antrenare de la arborele cotit.
4. Experimental test of the flexible system 4. Incercarea experimentai a sistemului
for driving the pressure wave compressor flexibil de antrenare a compresorului cu

The experimental test of the new system for unde de presiune
driving the pressure-wave compressor was Incercarea experimengala noului sistem de
conducted on a supercharged compression ignitioantrenare a compresorului cu unde de presiune s-a
engine with a Comprex. [4] desfisurat pe un motor cu aprindere prin

The engine was supercharged with thecomprimare supraalimentat cu un Comprex. [4]
Comprex successively driven with the two systems  Motorul a fost supraalimentat cu Comprex-ul
shown in Figure 2, with a view to comparing the antrenat succesiv cu cele daisteme prezentate in
performances of the supercharging process obtaineigura 2, in scopul compaii performanelor
as a consequence of having applied each drivingrocesului de supraalimentare tiote in urma
solution. aplicarii fiecarei soldii de antrenare.

In generaljn the case of the classical drivke in generalin cazul antredrii clasice, raportul
transmission ratio of the torque from the crankshafde transmitere a cuplului de la arborele cotit la
to the compressor, beside the value of thecompresor, pe lamg valoarea presiunii de
supercharging pressure, must consider both thsupraalimentare, trebui@ gni cont atat de valoarea
value of the nominal rotative speed of theturaiei nominale a motorului supraalimentat
supercharged engine (influencing the maximum(aceasta influgdnd tursia maxini la care
rotative speed tolerated by the compressor), aad thcompresorul supartsi fie antrenat), cadi de turaia
minimal rotative speed for the operation of theminimi la care fungoneaz motorul cu ardere
internal combustion engine, knowing that too low ainterni, stiut fiind faptul ¢ o turaie prea mia a
rotative speed of the compressor will allow burntcompresorului va permite gazelor argeranziteze
gases to pass through the entire length of the rotdntreaga lungime a canalelor rotoruguimplicit si
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channels and, implicitly, to enter the intakeintre n colectorul de admisie al motorului,
manifold, contaminating thereby the admission air. contaminand astfel aerul de admisie.

Therefore, the constant ratio (rc) of the rotative Din aceste considerente, raportul constant (rc)
speeds compressor/internal combustion engine haal turgiilor compresor/motor cu ardere intérma
the value 7 (rc = 7), which ensured an operation ohvut valoarea 7 (rc = 7), ceea ce a asigurat o
the Comprex at rotative speeds ranging betweefunctionare a Comprex-ului la tuiacuprinse intre
5600-18200 [rpm]. 5600-18200 [rpm].

In the case of a new driving solutiowhich Tn cazul noii solvi de antrenarece presupune
supposes a variable ratio (rv) of the rotative dpee un raport variabil (rv) al tutalor compresor/motor
compressor/engine (Figure 3), the compressor wasu ardere inteth (Figura 3), compresorul a fost
driven with rotative speeds ranging between 7000antrenat cu tuta cuprinse in intervalul 7000-18000
18000 rpm. At each operating mode of therot/min. La fiecare regim de futionare a motorului
compression ignition engine, the Comprex wascu aprindere prin comprimare, Comprex-ul a fost
driven at the rotative speed having conferred thentrenat la tutéga ce a conferit valoarea maxina

maximum value of the supercharging pressure. presiunii de supraalimentare.
15000 15000
- =rc=7 =

13000 13000

12000 12000

11000 11000

v=9,3

Speed Comprex [rpi
Speed Comprex [rpi

10000 10000
9000 9000
8000 8000

1200 1300 1400 1500 1600 1700 1800 1900 204 1200 1300 1400 1500 1600 1700 1800 1900 2000
Speed engine [rpm] Speed engine [rpm]

Dependent of engine speed®— Independent of engine speed Dependent of engine speed=— Independent of engine speed

Figure 3.Values of the rotative speed ratio compressor/engmthe framework of the two driving systems
Figura 3. Valorile raportului tutélor compresor/motor cu ardere intérrin cadrul celor dausisteme de antrenare

After driving the compressor with the rotative In urma antrefirii compresorului cu tutile
speeds that observe the evolution of the variableare respeét evoluia raportului variabil (rv)
ratio (rv) shown in Figure 3, the level of the k#a reprezentat in Figura 3, nivelul presiunii de
pressure was modified according to the leveladmisie s-a modificat in raport cu nivelultioloit Tn
obtained after driving the compressor with rotativeurma antrefirii compresorului cu tuté rezultate
speeds resulted from the constant ratio (rc). Thelin raportul constant (rc). Gradul de modificare a
degree of change in the intake pressure at varioysresiunii de admisie, la diferite sarciiiturgii ale
charges and rotative speeds of the compressiomotorului cu aprindere prin comprimare, este
ignition engine is shown in Figure 4. prezentat in Figura 4.

In Figure 4 one can notice that the In Figura 4 se obseiv ci procesul de
supercharging process obtained in case of drivingupraalimentare oinut fin cazul antrefii
the Comprex with a rotative speed independenComprex-ului cu o tutée independefitde cea a
from the one of the compression ignition engine ismotorului cu aprindere prin comprimare este mai
more efficient than the one obtained in the case operformant decat cel ghut in cazul variantei de
the classical driving variant. The highest increase antrenare clasice. Cele mai mari steg ale
of the intake pressure, up to 12%, are obtained giresiunii de admisie, de péa 12%, se dofn la
low-medium rotative speeds of the superchargedurgii mici-medii ale motorului supraalimentat,
engine, they being the most used in operatingacestea fiindsi cele mai utilizate Tn exploatarea
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automotives. At medium-high rotative speeds of theautomobilelor. La tutd medii-mari ale motorului
compression ignition engine, the rise of the intakecu aprindere prin comprimare, gterea presiunii de
pressure does not exceed the value of 5% in case afimisie nu dejzeste valoarea de 5% Tin cazul
low charges and 1% in case of medium charges. sarcinilor micisi 1% in cazul sarcinilor medii.

iy
o

Load: 25 %

The degree of increase in the intake pressure

O B N W > OO O N O ©

1200 1300 1400 1500 1600 1700 1800 1900 2000
Speed engine [rpm]

Figure 4.Increase of the intake pressure, due to drivingthmprex from an electric motor
Figura 4. Crgterea presiunii de admisie, dat@rantrerarii Comprex-ului de la un motor electric

In experimental tests, the energy consumption In cadrul incerdrilor experimentale s-a
necessary for driving the Comprex was determineddeterminatsi consumul de energie necesar aririen
Resorting to a measuring apparatus, the curref@omprex-ului. Cu ajutorul unui aparat déasmé s-a
intensity in the electric motor was establishe@ th determinat intensitatea curentului in motorul elect
measured value was multiplied by the known valuevaloarea risuraf s-a inmuit cu mérimea cunosctta
of the voltage, eventually resulting the powertensiunii electrice, rezultdnd 1in final puterea
consumed by the electric motor for driving the consumat de motorul electric la antrenarea Comprex-
Comprex. These measurements (conducted atlui. Aceste masuftori (pentru diverse tuti si
various speeds and operating modes of theegimuri de fungonare a Comprex-ului, respectiv
Comprex, respectively of the compression ignitionmotorului cu aprindere prin comprimare) auitair
engine) showed that in all cases the powerfaptul G in toate cazurile consumul de putere datorat
consumption due to driving the Comprex is belowantrerarii Comprex-ului este de sub 350 W. Aceste
350 W. These values are acceptable, given that thexalori sunt acceptabile,tindnd cont & sunt
are comparable to those of the users of lightirdy ancomparabile cu cele ale consumatorilor electrici ai
heating systems for automotives. sistemelor de iluminarg incalzire ale automobilelor.

All these aspects confirm that the solution of Toate aceste aspecte confirfaptul & soluia
driving the Comprex from the crankshaft confersantrerarii Comprex-ului de la arborele cotit corfer
high efficiency upon the compressor only within acompresorului o eficigh ridicatt doar intr-un
limited range of charges and rotative speeds of thdomeniu restrans de sarciiituraii ale motorului
compression ignition engine. In the case of thecu aprindere prin comprimare. In cazul motorului
experimentally researched engine, this rangeercetat experimental acest domeniu coincide cu
coincides with the area of the medium-high rotativezona turdgilor si sarcinilor medii-mari, unde gradul
speeds and charges, where the increase degree ind# crgtere a presiunii de admisie tite cele mai
the intake pressure has the lowest values. reduse valori.

4. Conclusion 4. Concluzii

The use of the electric motors with variable Utilizarea motoarelor electrice cu ttim
rotative speed for driving the Comprex or Hyprex-variabik la antrenarea compresoarelor cu unde de
type pressure wave compressors, proves to be @resiune de tip Comprex sau Hyprex, se dogeds
solution that might lead to a sometimes significantfi o soluie care poate conduce la o ameliorare,
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improvement of the supercharged internaluneori substarald, a performatelor motoarelor cu
combustion engines. ardere interf supraalimentate.

In terms of construction, the use of the electric Din punct de vedere constructiv, utilizarea
motor as transmission source of the torque to thenotorului electric ca suiisde transmitere a cuplului
pressure wave compressor will facilitate itsla compresorul cu unde de presiune va facilita
placement on the internal combustion engineamplasarea acestuia din drme motorul cu ardere
Likewise, due to the relatively low values of the interma. De asemenea, dataritvalorilor relativ
power necessary for driving the compressorscazute  ale puterii necesare  an#@en
(supposing small overall dimensions of the electriccompresorului (ceea ce presupune dimensiuni
motor), the placement of the electric motor on thereduse de gabarit ale motorului electric), ampkesar
internal combustion engine will be easily achieved. motorului electric pe motorul cu ardere intenmu

se va realiza cu dificultate.

In the end, it can be mentioned that this In final, se poate meiona ¢ aceast soluie
innovative solution for driving the pressure waveinovativa de antrenare a compresoarelor cu unde de
compressors allows automotives manufacturers tpresiune permite constructorilor de motoar® s
determine the value of the rotative speed for dgvi stabileas& valoarea tungei la care compresoruks
the compressor (within each operating mode of thdie antrenat (in cadrul figcui regim de fungonare
internal combustion engine), depending on thea motorului cu ardere intet)) In fungie de nivelul
desired level of energetic and/or ecologicaldorit de performagd energetié si/sau ecologig a
performance of the supercharged engine. motorului supraalimentat.
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