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ABSTRACT

1. INTRODUCTION

The present paper continues the theoretical and experimental researches on rotating machines with profiled rotors.

The machines are used to convert the energies from one form to another with the help of a movable member (piston,
profiled rotor or blade) [1], [2].

The machines, according to their purpose, are divided into two categories [1], [2], [3], [4]:

1. Power machines (motor machines), which convert a certain form of energy into mechanical energy (internal

combustion engines, steam or gas turbines, etc.).
2. Working machines, which convert mechanical energy into potential pressure energy (fans, pumps, compressors).
A constructive solution for fluid handling, which can be used as a "reversible machine", is presented as follows:

I. If the pressure of the fluid entering the machine (p,) is lower than the pressure at the discharge (p,) then the

machine can be used as a working machine i.e.: as a pump, fan or low pressure compressor.

Il. If py is greater than p,, the machine can be used as a force machine, namely: steam engine, combustion engine,
pneumatic engine, hydrostatic engine.

The analyzed constructive solution is based on a patent and was designed, planned and built in the laboratories of
the Department of Thermotechnics, Engines, Thermal and Refrigeration Equipment’s of the University Politehnica

of Bucharest.

The paper addresses the first class, namely, as a working machine; a constructive solution of a rotating volumetric
pump with profiled rotors is analyzed.

Such a type of working machine must ensure the transformation of the useful moment received from the shaft, into
potential pressure energy, the transformation taking place with minimal losses.

Table 1 presents the classification of rotating machines with profiled rotors according to the adopted constructive
solution [1].

75|Page Online ISSN: 2456-883X Website: www.ajast.net



q 5.... Asian Journal of Applied Science and Technology (AJAST)
EXCELLENCE THROUGH RESEARCH (Quarterly International Journal) Volume 4, Issue 1, Pages 75-80, January-March 2020

Table 1: Classification of Rotating Machines with Profiled Rotors

Classification by purpose | Classification by the constructive solution

Pumps for driving fluids or with suspensions

. Working machines Fans for transporting gases or vapours
Rotating g P g9 P
machines Blowers for gas and vapour compression
with profiled Hydraulic motors
rotors

Power machines Pneumatic motors

Steam engine or combustion gases

2. THE CONSTRUCTIVE SOLUTION AND THE OPERATING PRINCIPLE OF THE ROTATING
VOLUMETRIC MACHINE

The machine consists (figure 1) of two identical rotors (2, 5) of special shape that rotate at the same speed inside
some housings (1, 4). The synchronous rotation of the rotors is ensured by two gear wheels fixed on shafts 7 and 9.

Figure 1: After a Rotation of 90 Degrees the Rotors Occupy Positions a, b, ¢

1 - lower housing; 2 - lower rotor; 3 - fluid suction chamber; 4 - upper housing; 5 - upper rotor; 6 — rotating piston
of the upper rotor; 7 - driven shaft; 8 - fluid discharge chamber; 9 - driving shaft; 10 - cavity in which the piston of

the upper rotor enters

The aspirated fluid (figure 1.a) is transported to the discharge and after a rotation of 90° of both rotors; the situation

in figure 1.b is reached and later the one in figure 1.c.
2.1 Establishing the Calculation Relation of the Flow Rate Driven by the Machine

After a rotation of 180° the fluid in the useful volume V, (figure 1.c), that is, in the space between the pistons, the
lower housing (1) and the lower rotor (2), will be sent to the discharge chamber (8) . At a complete rotation of the

shafts (7, 9), two such volumes will be transported from the suction to the discharge [1].
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7R~ =zRr
vV, _2[ 5 5 J-I [m3/rot] (1)

The housing radius (R.) is the sum of the rotor radius (R,) and the piston height (z).
R.=R +z [m] (2)
From equation (1) and equation (2) results:
V, =7lz(z+2R,) [m’/rot ] 3)
The volumetric flow rate of fluid flowed by a single rotor of length | [m] and speed n, [rot / min] will be:
V'u=7rlz(z+2Rr)'% [m*/s] (4)
Because the machine has two identical rotors, the fluid flow rate transported by the machine will be:

V, =2V, =7lz(z+2R.) [m Is] (5)

2.2 Establishing the Calculation Relation of the Driving Power of the Machine

The driving power of the machine will be [5] [6]:
P=V-Ap [W] (6)
where:

*\/ — volumetric flow rate driven by the machine [m®/s];
* Ap— increase in pressure between suction and discharge [N/m?].

From relations (5) and (6) one can obtain:
P=7rlz(z+2Rr)~3—r:)-Ap (W] %

The increase in pressure achieved by the pump (Ap) can also be expressed according to the geodesic pumping
height (Hy) of the water [7] [8] [9]:

AP=puo Q- Hy  [N/m®] ®)
as a result:

P:v'szo'g'Hg [W] 9)
P=7rlz(z+2R,)-%~szo-g~Hg (W] (10)
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From the relation (10) one can observe that the driving power of the machine varies according to the following
parameters: (1) Constructive parameters: | - rotor length [m]; R, - rotor radius [m]; z - rotating piston height [m], (2)

Functional parameters: n - machine speed [rot / min]; Hq - pump pressure increase (geodesic height).

3. ESTABLISHING THE CONNECTION RELATION BETWEEN THE DRIVE POWER AND THE
ROTATING PISTON HEIGHT

If in the relation:

P:7zlz(z+2Rr)-%-Ap (W] (11)

the derivative is performed: P’ = f (Z) one can obtain:

z=R (12)

r

that is to say, the driving power is maximum if the piston height is equal to the rotor radius; theoretically it is

correct, in factz <R, .

The relation (11) is written as follows:

P=rl(2*+22%)- 2 Ap  [W] (13)
30
n
P:ﬂlzz-ﬁ-szo-g-Hg W] (14)

The following shall be considered | = kz, k = 1 and one can obtain:
P:ﬁZS-f—é-103-lO-Hg (W] (15)

P=z-n-H,-Z [kKW] (16)
n,=500 [rot/min], H;=10 [mH,0] is chosen and results:
P=15700-z° [KW] (17)

By introducing in relation (17) the theoretical values of the existing rotor radius in the laboratory (R, = 5.102m),

the data in Table 2 are obtained.

Table 2: Values for zand P

Z [m] 0.01 0.02 0.03 0.04 0.05

P [kwW] 0.0157 0.1256 0.4239 1.004 1.962
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Based on the data in table 2, the function P = ct - Z° in figure 2 was plotted.
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Figure 2: Graphical Representation of the Function P = ct - Z*
From figure 2 one can observe that the driving power of the machine increases exponentially with the value of z.

Depending on the execution technology available to the beneficiary, for a certain flow rate driven by the machine,
I is chosen, then R; and z.

4. CONCLUSION

1. From the above it is found that the driving power of the rotating working machine depends essentially on the

height of the rotating piston (z).

2. The value of z is slightly smaller than the rotor radius (R;), because the shaft that drives the rotor can be coupled

with a rotor flange, it is not obligatory for the shaft to cross the rotor.

3. After specifying |, R;, z, there is a computation program [10] that gives the contour coordinates of a rotor; the two

rotors are identical.

4. The change of the volumetric flow rate of the rotating machine is made by changing the speed of the engine

driving the machine.

5. This rotating machine can carry multiphase fluids, viscous fluids; as a result, it can be used in the fields of

energy, petrochemical, food, agriculture.
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