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COMBUSTION CHAMBER AND FUEL MIXTURE MOTION ANALYSIS OF
A NEW ROTARY ENGINE

DUDAS Laszlé PhD, KAPITANY Pdlma

University of Miskolc, Hungary
E-mail: iitdl@uni-miskolc.hu, kapitanypalma@agmail.com

Abstract

The paper introduces a new patented internal combustion engine construction that has rotary
working parts only. The internal combustion takes place in the cavities formed between the rotor
and the rotary chamber. The rotation of these two parts of the engine are synchronised by the third
rotary part of the engine, by the block gear. The accomplished work analyses the form of the
combustion chamber along the working cycles of the motor and the motion path of the fuel mixture.
It has been proved that in this type of rotary engine the motion path of the fuel mixture is unique
among all the well known internal combustion engines having closed combustion chamber: it is
linear.

Keywords: Rotary engine, internal combustion, rotor, rotary chamber, fuel mixture.
1. INTRODUCTION

There is no doubt that the internal combustion engines will exist in special areas along with the
rapidly evolving electric engines and machines powered by them. So the improvement of possible
new types of internal combustion engines is also important. The paper presents a new patented
motor construction [1] that has rotary working parts only and characterised by closed internal
combustion chambers. The construction, the advantages and disadvantages, the possibilities of
manufacturing and assembling were analysed in previously published articles [2,3,4]. In the
research work demonstrated in this paper the formation of the internal combustion cavities and the
motion path of the fuel mixture along the working cycles will be analysed and demonstrated. First
the geometry of the engine is discussed and the special distinctive characteristic signs will be
reviewed. Then the explanation will deal with the dynamic formation and special features of the
internal cavities where the working cycle sections — sucking, compression, ignition, combustion,
expansion and exhaustion happen. The third main part of the review will analyse the motion path
formation of the fuel mixture and the gas in the working engine. In the end a summary will
conclude the achieved results and new recognitions.

2. THE PATENTED ENGINE CONSTRUCTION

The evolution history of screw compressor line and the progressive cavity pump line lead to the
invention and patenting of the new rotary internal combustion engine that was published in [5] by
one of the authors. The direct prequel of the invention was the FORCYL-type fluid pump [6].
Applying changing pitch along the rotor and the rotary chamber axes the modified helicoids
produce increasing and decreasing volumes of the dynamically formed cavities between these two
main parts of the motor. The patented engine construction (see Fig. 1) is similar to the original
construction of Wankel rotary engine [7] with the fixed axes of the two main rotary parts, but the
working cycles happens not in the plane of the rotation, but along the length of the axes of the

123



INTERNATIONAL SCIENTIFIC CONFERENCE ON Y
ADVANCES IN MECHANICAL ENGINEERING

12-14 October 2017, Debrecen, Hungary o s

engine. Owing to this 3D feature the pitch modifications give maximal freedom for setting the
compression and expansion cycle properties. In this construction the moving parts simple rotate,
there is no alternating or planetary motion at all. As there is not direct contact between the rotor and
rotary chamber surfaces, the rotation speed of the engine is limited by the rotation limits of the
rolling bearings and the synchronising gears only. As a consequence, this engine can reach the
extreme high 40 000 RPM, that is more than double of actual formula one car engines rev. The final
realisation is planned using industrial ceramic materials for the parts of the motor.

6 8 7 10 3 1 2 18 ¢ 24 1

Figure 1 The patented rotary internal combustion engine
The next list summarizes the special distinctive characteristic signs of this motor:

= Prolonged or repeated sparking is also possible

= Two-stroke engine without any valves — no vibration and noise

= Compression and exhaust ratios can be controlled by any function

= There is no need for a tailpipe and muffler because the exhaust gas pressure may be
as low as the environmental air pressure

= Mixture and exhaust gas are perfectly isolated

= There is no alternating motion — no vibration

= Very high rotational speed is possible: 40 000 RPM

= Very high temperature is applicable due to ceramic materials

= No need for water cooling

= Thermal fluctuation is minimal

= The friction between the rotor and the rotary house is drastically reduced because
there is a very small gap.

Unfortunately there are some disadvantages also exist:
= Complex 3D surfaces, higher manufacturing cost

= Manufacturing and assembling precision is crucial
= Long internal cavities, more difficult combustion.
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3. DYNAMIC FORMATION AND SPECIAL FEATURES OF THE CAVITIES

The cavities are formed dynamically between the rotary parts, namely between the rotor and the
rotary chamber. These parts have own axes and there is a given eccentricity between them. The
rotor and the chamber work as envelope surfaces in the relative motion. There is a very small gap
between them and the dynamic effect happening on the fluid content of the fuel mixture and of the
exploded gas act as sealing. In Fig. 2 the rotor is slightly enlarged to demonstrate the locations of
the gaps on the rotary chamber surface in a given moment of rotation.

Figure 2 The enlarged rotor surface intersects the chamber surface and indicates the gaps locations

In accordance with the orthogonal intersection subfigure shown in Fig. 1, the ellipse curve of the
rotor and the quasi-cardioid curve of the chamber are touches each other in two or three points
depending on the angle of rotation. The chamber rotates with doubled rotation velocity of the rotor.
The surface parts of the rotor and the chamber surfaces that are closed around by the touching
spatial curves form closed cavities. These similar shape cavities are longer or shorter depending on
the local pitch values of the rotary parts. As these cavities shorten a compression effect happens,
and on the other hand the cavities becoming longer make possible the dilatation of the expanding
gas. Owing to the used Surface Constructor [8] kinematic surfaces designer and motion animator
computer program — developed by one of the authors — it is easy to study the motion of the engine
parts. Any part can be chosen as fixed reference object and the relative motion of the other can be
analysed. Using this possibility the next features were detected:

= The chamber is a one start helicoids, the rotor is a two starts helicoids

= The pitch of the rotor is two times longer than the pitch of the chamber

= A cavity length is one and a half thread (540 grad) on the rotor and three full thread
(1080 grad) on the chamber

= The next cavity opens at every 180 grad rotation of the two starts rotor (360 grad of
the one start chamber)

= A three thread (1080 grad) length rotor is suitable for an engine, after a 540 grad
sucking in period the closing cavity moves along the axis 270 grad while performs a
compression. In the next 270 grad expands fully and at the end of this period the
cavity starts to open
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= Atevery 180 grad rotor turning (360 grad chamber turning) there is an ignition

= There are three closed moving fills at the same time in different cavities, plus one
half opening and one half closing (not closed) cavities at the two ends, and while a
full 1080 grad four stroke cycle (see Fig. 3) takes place six explosions happen.

5
7/
P s
/ /,

B ooy

Figure 3 The four strokes of the engine are indicated by different colours
4. MIXTURE MOTION PATH FORMATION OF THE WORKING ENGINE

The goal of this section is to prove the presumption that the motion path of the mixture is linear,
parallel to the rotary axes of the rotor and the rotary chamber. This property of the investigated
engine is unique among all the well known internal combustion engines having closed combustion
chamber and is similar to turbines.

The linear motion of the mixture comes from that fact that the formed planar regions between the
intersection curves of the rotor and the chamber are moves along the axes as the rotary parts rotate.
One moment of the working is fixed and is shown in Fig. 4. The figure shows the orthogonal
intersections in different locations of the engine and these intersections are assigned to the proper
location of the rotor with numbers. The formation of one cavity has been emphasised with grey
filling of its area. The formed cavities have a ‘slug’ form that is curved in a helical manner. The
thickest intersection of this 3D formation is in the upper region of the chamber because the rotor
axis is under the chamber axis with the e eccentricity as marked in Fig. 3. As this eccentricity is
constant along the length of the engine, the thickest part of the cavity is always in the upper region
of the chamber when moves along the engine. As a consequence, the shown intersections, one after
another, go through the engine parallel to the axes direction. It can be interpreted another way also,
considering the ‘slug’, it moves linearly along the axis direction and it changes its form only in axial
direction, as a spring, because of the compression and expansion. This motion was checked by the
SC computer program that could animate the motions.
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Figure 4 The orthogonal intersections of the rotor and the rotary chamber surface form closed
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SUMMARY

The paper introduced a new patented internal combustion engine construction that has rotary
working parts only. First the construction was presented with its unique features, then the
advantages of such a type engine were listed together with the disadvantageous properties. Then the
dynamically formed closed cavities were analysed in conjunction with the rotational angle of the
rotor and the strokes of the engine were demonstrated. The investigations are shown that an engine
having three full threads of the double start rotor having elliptical orthogonal intersection curve is
enough for a well-working engine, and in the case of such a construction six explosion will happen
in every cycle. In the last part of the accomplished analysis it has been proved that in this type of
rotary engine the motion path of the fuel mixture is linear along the axes of the rotary parts and this
feature is unique among all the well known internal combustion engines having closed combustion
chamber.
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Abstract

The paper presents the effect of the profile variation on the contact properties of a new, hourglass-
like quasi globoid worm gearing. This gearing type is a novel construction and needs deeper analysis.
The generation of the worm is made moving the generating profile along a line that is not parallel to
the axis of the worm. The head surface of this worm is a hyperbolic surface of revolution. The
advantage of the generation and the machining that it doesn 'z need special teething machine, like the
normal Cone-type worms, but a modified turning machine is adequate. The worm wheel is enveloped
by the worm. As this worm gearing is new, the evaluation of the properties, advantages and
disadvantages are missing. This paper would like to analyse three types of profile curves: linear,
circular and elliptical and presents the form of the mating curves.

Keywords: Hourglass-like worm, worm generation, worm wheel tooth generation, mating
properties.

1. INTRODUCTION

The hourglass-like worms and the gearings using such worms are known as very precise, loadable
drives. The original Cone-type gearing is characterised by advantageous contact lines and an undercut
region on the gear tooth surface. Because of the advantageous properties many research was
accomplished to avoid drawbacks and improve the driving [1, 2, 3]. One of the disadvantages is the
expensive cutting method of the worm and the required special teething machine. The circular
generating motion characterises the cutting process, as can be followed in Fig. 1.

Figure 1 The circular motion of the generating edge in case of Cone-type globoid worm [1]
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The innovations concerning the profile curve modification and using rotary tool for generating the
worm resulted in better, more economical technologies [3, 4]. The author introduced in [5] a globoid-
like novel gearing type that uses linear motion of the cutting tool, but this path is not parallel to the
worm axis. To refresh the method Fig. 2 is borrowed from that paper.

x70 x100

2100

Figure 2 The generation of the tooth surface of the worm

Figure 2. shows the case when the edge of the tool is linear. This case was analysed in [5]. The
enveloping of the worm wheel tooth surface and the generated segment of the worm wheel are shown
in Fig. 3.

Figure 3 Generation of the worm wheel segment (left) and the segment having undercut region
(right)

The results revealed that the worm wheel teeth may have large undercut region at the foot of the tooth.
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Moreover the mating lines were also disadvantageous, almost parallel to the sliding velocity direction,
as can be checked in Fig. 4.

Figure 4 The characteristic curves on the inner side of the worm wheel segment

In the following two other profile curves, circle and ellipse will be used for sweeping the worm tooth
surface and the mating worm wheel surface will be generated in the enveloping process. Then the
form of the characteristic lines will be evaluated and compared. The modelling and the generation of
surfaces were performed by the Surface Constructor (SC) 3D kinematic modeller computer program
of the author.

2. CIRCLE GENERATOR PROFILE ON THE WORM

The theoretical cutting tool is positioned in the x70-z70 coordinate plane, similarly to the case shown
in Fig. 2 for the situation of linear edge. To improve the efficiency of the research the working tooth
surfaces were modelled both for the worm and for the worm wheel only. A screenshot in Fig. 5 shows
the model in SC with the axes of coordinate systems. Unfortunately the large undercut region could
be detected in this case also, as shown in right side of Fig. 5. Applying larger distance of rotary axes
this problem could be eliminated.

!

\ ‘ | \

Figure 5 The model (ieft) a?wd the undercut worm wheel tooth surface (right} |

For the first it was surprising that the worm wheel tooth side is generated by the positive z100 half of
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the worm only. This happens because of the asymmetric location of the generating motion path to the
centrally symmetric helicoids of the threads of the worm which origins from the ALPHA angle
between z100 worm axis and z70 generating curve translation direction. The axial relocation of the
generating profile doesn’t modify this feature. In case of circle profile the enveloped worm wheel,
the enveloping worm and the characteristic curve between them show similarity to the helical worm
having linear profile form. Some moments of the relative motion of the worm and worm wheel are
shown in Fig. 6. Only the effective positive half of the worm is used.

R rre—

Figure 6 Characteristic curves of the mating worm and worm wheel tooth surfaces
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2. ELLIPSE GENERATOR PROFILE ON THE WORM

The pictures of the mating surfaces of the gearing generated using ellipse profile curve are presented
in Fig. 7. They are very similar to the curves of circular gearing.

Figure 7 Characteristic curves of the mating worm and worm wheel tooth surfaces in case of
elliptical generating curve

4. SUMMARY

The paper introduced a new worm gearing having hourglass-like worm. Despite of high similarity to
globoid form, this type of worm can be generated without circular tool motion with a simple linear
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feed and as a consequence it can be produced even on a normal lathe equipped with a tilted worm
holder. The advantages and disadvantages are need additional investigations and modelling. Beside
trivial advantages, like easy and cheap machining and the possibility of using the well-tried
modification methods of cylindrical worm drives, the accomplished with SC (see Fig. 8) modelling
revealed a special feature: the worm is not the usual, one half of the threads connect to the right hand
side of the worm wheel teeth, and the threads of the other half connect to the left hand side of the
worm wheel teeth. Foreseen analysis has to explore the balancing possibilities of the mating
properties to improve the number of simultaneously connecting teeth.

o

Figure Snapshot of the computer screen in the midst of the analysis accomplished with Surface

Constructor
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