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ABSTRACT

This Project work is to analyze a Wankel Rotary Engine which is an Internal Combustion Engine,
W.R.E operates entirely different way as related to the conventional Piston Cylinder Engine. In a P.C.E, the
pressure is accumulated in the cylinders and auxiliary’s pistons to move to and fro. The translation motion of
piston moves connecting rod and rotates crankshaft to convert the translation motion of the pistons into circular
motion. This circular motion is thus used to generate power. In a W.R.E, the combustion generates pressure is in
the lobe formed by part of the housing and sealed of the epitrochoidal triangular rotor. As circular rotation of
rotor in the housing, each of the three lobe creates volumes of gas sequentially expands and contracts. This
draws air and fuel into the lobes, compresses it and makes useful power and gases are liberated in to atmosphere.
Project simulation work focus on understanding the design of epitrochoidal and epitrochoidal curves using
deviation function. Deviation function eliminates sealing of pressurized combustion gases, allowing rotor recess
to move faster. Solidwork is used for Computer Aided Design of W.R.E, imported in Ansys Fluent 14.5 for CFD
simulation. The post process shows the performance improvement with regards to velocity magnitude. Rotor rpm
is verified by tip velocity magnitude increased comparatively. Output shaft rpm can generate power in electrical
power generators. W.R.E resolves the issues with Diesel power engines like space, noise, vibration, pollution etc.
W.R.E generate power using hydrogen as a fuel is around one third of the size of a piston engine. W.R.E
increases power generation rate and reduces the emission. Generation of power through small generators like
diesel powered P.C.E are used by industries, offices and residential buildings for their electrical uses. In this
Project comparing Diesel engine with W.R.E by using Hydrogen as fuel. Because, W.R.E with gasoline fuel, we
can obtain 10 times more power than that of diesel engine. In addition to that if we use hydrogen mixed with air
we can obtain higher output.

Keyword: - Deviation function, CFD, Fluent, High power generation, Hydrogen blend fuel, Internal
combustion engine, Piston cylinder engine, Wankel rotary engine.

1. INTRODUCTION

The basic structure of a Rotary engine consists of a triangular rotor eccentrically mounted onto the engine’s
main shaft, the epitrochoidal housing that encloses the rotor’s movement and two plates that sandwich the rotor and
housing to enclose the chambers. The engine rotor and inner housing of a CAD-modeled rotary engine without the
front and back plates. This shows the epitrochoidal shape of the housing bore, the rotor, and the three chambers
enclosed between the rotor flanks and housing. In this engine three rotor apexes are in contact with the epitrochoidal
housing bore continuously, so the chamber volumes are isolated from each other while constantly changing. The
exploded view of the engine model, including the front and rear plates, the main shaft, and the rotor’s apex seals.
The rotor is positioned eccentrically inside the housing and its orientation is determined by a gear pair: an internal
ring gear mounted on the rotor has a 3:2 gear ratio with a stationary gear mounted in the housing. The gears position
the rotor inside the housing and do not transmit torque. The engine’s main shaft rotates three times for a single
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rotation of the rotor, so there is a power stroke for every main shaft revolution. Power is transmitted when the
combustion process expands its volume against the rotor face, creating a force on the main shaft. Because of the
eccentric, this force has the leverage on the main shaft to create a torque and generate motion. The power stroke
occurring on every revolution of the main shaft is the reason the Wankel produces double the horsepower of a same-
sized piston engine, in which a single cylinder delivers one power stroke for 720 degrees’ revolutions of the crank
shaft.

The W.R.E is 4-stroke engine which runs on principle of Otto cycle. Sequentially arranged strokes around a
housing, the sides of the rotor seal opposite to the sides of the epitrochoidal housing, and the apexes of the rotor seal
against the inner housings periphery of W.R.E, dividing it into three lobes of engine. As the epitrochoidal rotor
moves, each lobes volume increases and reduces, expanding and compressing the combustion chamber just like the”
strokes” in a reciprocating P.C.E.

2. GEOMETRICAL METHODOLOGY

W.R.E is designed by first generating an epitrochoid for the engine housing. An epitrochoid is generated by
a single point attached to a circle that rolls, without slipping, on a stationary circle. These circles are known as
generating circles, and the point is called the generating point. The epitrochoid is the locus of the point; in other
words, the path of the point traces the epitrochoid. This concept is illustrated in Fig-1(a). To find the profile of the
rotor, the housing profiles are rotated using the same pitch circles as the engine gears. The inside envelope of this
motion is the conjugate rotor profile.
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Fig -1(a): Epitrochoid generated by a point Fig -1(b): Engine housing generated by a curve
Fig -1:(a) and (b) Conventional & DF methods for rotary housing generation

The DF method for rotary engines uses a curve, instead of a’/ point, to generate the 2- lobed engine
housing. The internal Opitch circles that correspond to the engine’s housing and rotor are utilized for the profile
generations as shown in Fig-1(b). Generating curve, g1, is attached to the larger pitch circle, which has rolling
contact with the stationary smaller pitch circle. The envelope of the g1 curve motion creates a possible housing
profile, designated the generated curve g2. The DF method is begun by choosing a deviation function, e(8;) that
defines the radii of deviation circles.

The centers of the deviation circles lie on pitch circle p1, and the function el is amount of deviation from
the original pitch circle as a function of position angle 6;. All the deviation circles defined by e;(6,) form a family of
curves whose envelopes are shown in heavy and dashed lines, g;(6;) and q.(6;). The envelope curve normal is
labeled y; and is also a function of 8;. The generating curve is either gl or q1, and once it’s determined, it is referred
to as gl. gl exists over a certain range, determined by the switch angle, 04, illustrated in Fig-3.
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Fig -2: Deviation function method Fig -3: Generating curve gl Fig -4: Housing profile g2, generated by g1

The switch angle determines the conjugating range of the g1 curve, and so affects the g2 Profile.

The equation for g1(1) is derived from envelope theory:
01X =y cos 01 + ey(yy) cos 0; (8]
giy=n sin 61 + el(\yl) sin 91
where 1 is the angle of the curve normal in frame X1Y1 and is found by:

sin (y1- 01) = - €1(01) /11 (2)
The two solutions for y1 are:

y1=0,—sint e/, (3a)

=0, +sintey/rtn (3b)

Where ¢’ = de/ do,

The g1 and g1 envelopes correspond to equations (3a) and (3b) respectively. To apply the DF method, the deviation
function e(01) must be defined over a sufficiently large segment of the pitch curve, it should be a C* continuous, and
monotonically increasing functions, and satisfies some kinematic constraints. To ensure the existence of the
generating envelopes, the derivative of the deviation function must satisfy: ¢’°< r;? +r,*?
Otherwise the normal angle y1 becomes imaginary due to the square root of a negative number. To obtain a smooth
profile on the generated housing, e must have Clcontinuity. So at the switch angle, 6; = 0, the deviation function
must be zero: e(0y5) =0
To obtain a smooth g, profile and prevent discontinuities, the generated profile g;(8;) should be monotonically
increasing:
e’<r" and y"’< 2+ 1262 e
e’>-r' and y''> 2+ 1262 e
Before using g; to generate g,, the location of g1(6; = 0) should be checked to prevent loops occurring in the g,
profile. These are caused by the generating curve falling inside the p; pitch curve by a distance greater than I. In
other words, g:(6, = 0) lies inside p, when p, and p, are centered at the same origin. Fig-4 illustrates the generation
of housing profile g2. The housing associated pitch curve p2 has stationary reference frame X2Y2 and the rotor-
associated pitch curve pl has reference frame X1Y1, the gl generating curve, and pure rolling contact with p2. As
pl rolls on p2, a family of g1 curves emerges, whose envelope is the g2 profile. This envelope can be found by the
contact point between g1 and g2, denoted point C in Fig-4. The normal line n-n at C is normal to both g1 and g2 at
that point, and contains the instantaneous center |, according to the kinematics of direct contact. It also contains a
future instant center, J, implying that the contact point C moves along g1 in a periodic motion. Thus, a half part of
the housing profile A2 to B2, is described by the contact point moving from one end of the g1 curve to the other,
then back to the starting again. Forward contact:

Xp =Ty cos 0, + €, cos y; 4

Yo=17 sin 92 + €, sin 7]
where,
lh=11— l
&, = e.(0,)
6,=n/n-1 0<0:<0
Y2 = 02 /n +yy(01)
Reverse contact:
X', =r, 0080, +e, cos vy, 5)
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y*z = Sin@z* + ez* Sin \Vz*
where,
0, =n/n—1(Q2y;-6;-m)
W2 =02 /n+ya(6y)
e, = 61(61)+ 1J,0<0:<0
1J = 2r; Cos (\|/1 - 91)
Smooth rotor profiles the reverse and forward contact of g, generation are supposed to be continuous at point of
switch, angle 0. Considering equations, constraints for y(0;), differentiable curve normal angle yy(8;), profile
curve will be smooth. If the curve normal angle The curve will be smooth, y(8,), is continuously differentiable, a
constraint for y;(6,), from the above equations. The function y(0;), decreases as 0; increases, reaching at the switch
point its minimum, 0; = 05, the following constraint must be true:
W1’ (B15) = dy1/d6; (B15) = 0
Differentiating the equation (2) with respect to 6; and solving for y;” (8y):

dy1/d6; = 1- {e”’1 / r1Cos (yy - 041)} (6)
Evaluating equation (3.6) at 0!
€1’ (015) / 11Cos {y1(015) - (015)} =1 (7)
where,
{w1(815) - (015)} = 37/2 so the following constraint must be true:
€1”’(015) =0 (8)

Applying L'Hopital's Rule to evaluate equation (7),
Iim{el”/I'lCOS (\l/l - 61)} =lim el’”/'rl Sin(\|/1—91)(\|/’1—91) =1
01— 0y 01— 0y
Yields a final kinematic constraint on deviation function e;:
e’ (0ls) =-n 9)

Fig -5: Rotor profile g3, generated by g2

This ensures that the whole g, rotor will have C; continuity. Although a C; continuous function is described as
smooth, it can still have areas where the radius of curvature approaches zero. These places are called cusps. The
following formula can be used to check the g, radius of curvature, pg,, for any angle using the deviation function:
pg2 = 1/{[1/(!’1- l)—(l/rl)]/COS(\lll'el)} -llel+d|3 +Pgl (10)
where,

pg; =11 €08 (1 - 01)= (¥’1 - €4), dy; = 0 for the forward contact portion of g,, and

dy; = 1J for the reverse contact portion of g,.

The rotor profile is found from generating curve gs, a half lobe of the rotor. gs is part of the inside envelope of the

housing g2 as it is rolled by its pitch curve p,, as shown in Fig-5. Now the stationary frame is X;Y; and X,Y is not
stationary.
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X3 =11 €0s ¥, + e cos y; (11)
Y3=1nI sin @1 + e;sin V3
where,
(Pl =n-1/n 62*
Y3 = \llz* -¥ /n-1
e3=e,+1l;
ll3="-2r, Sin (92 - 92)

3. RESULTS AND DISCUSSION
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Fig -6: Contours of Velocity Magnitude A Fig -7: Velocity Vectors colored by Velocity Magnitude

In above figures, Velocity Magnitude at the Center of rotor recess is about 1.32e™. And surrounding part of rotor
recess at the time of power stroke shows the good result in the range of 1.39e* to 6.27e™. The above figure shows
the result of Power Stroke W.R.E of Contours of Static Pressure. In this figure Pressure is in the range of 4.85e*® to
5.26¢"°.
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Fig -8: Graph of Static Pressure vs. Position

The above figure shows Graph of Static Pressure vs. Position. Graph shows that Static Pressure is about 5.00e*® and

Power stroke takes at distance or position 0.02m to 0.1m.
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Fig -9: Post Process of Pressure Contour Fig -10: Post Process of Velocity Vectors

The above figure shows Post Process of Pressure Contour. In Post Process shows that Pressure Contour Power
stroke in the range of 4.447e*® to 5.263e™®. The above figure shows the Post Process of Velocity Vectors. In this
figure, velocity Vector at the Center of rotor recess of Power stroke in the range of 1.309¢** to 6.960e*®

Comparison of Present study results with existing Literature

Boundary Condition Software Methodology Fuel Velocity Magnitude
(m/s)

Pressure: 108418 Pa Ansys CFD Normal Geometrical Diesel 2.93e+02

(15.72 Psi) Fluent 12.1 epitrochoidal equation

Speed: 1800 RPM

Temp: 300K

Pressure 4.5MPa Ansys CFD Deviation function H2 mixture 1.30e+004

Speed: 1800 RPM Fluent 14.5 method of W.R.E

Temp: 1200 K

4. CONCLUS IONS

The method of deviation function for epitrochoidal engine design can generate profiles from noncircular
pitch curves, which makes many more profiles possible and accessible in a systematic way, without the use of
higher order nonlinear equations. Noncircular pitch designs may enhance certain characteristics such as the shape of
the chambers, the apex sealing, or the timing of the thermodynamic stages by a variable speed ratio. Variable speed
ratios between the main shaft and the rotor can be used to modify the velocity of the apex seals or the Otto cycle
phase durations, by manipulating the pitch curves. In the examples given, all the profile sizes have the same size
geometry as Mazda’s rotary engine, but the eccentricity and rotor radius can be changed for even more profile
variety or for different applications. Other deviation functions can also be used, such as a non arc-based deviation
function, or a different noncircular pitch curves by changing the radius function. 2. The deviation function selection
for rotational engine geometric parameters designed. For this time, the selection of rotary engine geometry can be
independent of apex sealing capability, and the geometric parameters of the profile do not correspond to limitations
on maximum compression ratio and volumetric displacement. This DF method always to select the rotor and
housing profile geometry for compression ratio and swept area without the conventional limitation. For either
criterion, there are a DF-designed profiles available, allowing for more design flexibility. 3. The DF method for
noncircular pitch curve rotary engine design. Many more available engine profiles by the DF method for noncircular
pitch rotary engine design, and the noncircular pitch curves enable variable speed ratios. Controlling the speed ratio
between the rotor and the main shaft would allow for some timing and phase development manipulation during the
stages of combustion
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