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Abstract

In the first part of this paper, a new type of profiled rotor that rotates a working machine is presented.
The machine is able to function either clean or with a suspension fluid. The aim of this work is to study
the strength needed to overcome the viscous friction of two pairs of surfaces: between the case and the
top of the piston and between the walls of the case and the rotor side surface. This paper includes a
graphical presentation of the power consumption in both cases. The final part of this paper highlights the
advantages of rotating machines with two profiled rotors. A reference list, which highlights the ongoing
research into rotating machines with profiled rotors, concludes this paper.
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I. INTRODUCTION

Research into the field of thermal and
hydraulic machines is currently focused on
rotating machines. These machines have
numerous advantages, such as the lack of
distribution elements (camshafts, valves, etc.)
and the absence of a crank drive mechanism,
which increases the mechanical and internal
efficiency of the machine [18].

Fluid potential pressure energy is increased
through the almost complete transfer of power
supplied from the engine shaft to the fluid. An
explanation for this phenomenon is as follows:

Torque M=5-F becomes M =bh-F sina,
where b is the arm of the force (F) and « is the
angle between the force (F) and the arm of the
force.

In this study, the arm of the force is the radius
of the rotor + half of the rotating piston height
and angle a@ = 90°, during the entire rotation. This
study focuses on rotating volumetric operating
machines that have a profiled rotor.

The constructive solutions included in this
paper can be used as both a blower and a pump,
thus explaining the term rotating machine.

The experimental work in this research was
carried out in the laboratory of the Department of
Thermotechnics, Engines,  Thermal and
Refrigeration Plants at the  University
(Politehnica) of Bucharest.

Il. THE CONSTRUCTIVE SOLUTION
AND WORKING PRINCIPLES OF

THE MACHINE

The machine’s double-profiled rotors rotate in
the opposite direction inside the case
simultaneously (3, 8), as shown in Figure 1,
which is driven by a pair of gearwheels. These
two gearwheels form a cylindrical gear with
straight teeth, and are mounted on external shafts
(5) and (9). When there is rotational movement,
the pistons (4) enter the adjoining rotor cavities.
The profile form of the rotor is provided in [1],
[2]. The manufacturing technology is provided in
[3], [4]. The rotating pistons (4) act as a
connector (1) for discharging (7). Using the
values from this figure, the rate of flow and the
power for driving are calculated as following [5],

(6], [7]:

. 3
V=nlz(2r + Z)';_o[m?] (1)

Pm

V .Ap =z (2r + z).%.Ap[\N] )

where n is the machine rotation, and Apis the
pressure increase between the suction and the
discharge (N/m?).

Figure 1. a - The blower cross section, b - The blower
longitudinal section: 1. Gas section connection; 2. Upper
case; 3. Upper rotor; 4. Rotating piston; 5. Driven shaft; 6.

Cavity; 7. Gas discharge connection; 8. Lower rotor; 9.
Driven shaft; 10. Surface of contact between rotor and the

wall of case; 11. Support, I, : Shaft radius, I’r : Rotor radius,
z: Piston height

I11. CALCULATION OF THE POWER
CONSUMED BY THE VISCOUS
FRICTION BETWEEN THE CASE
AND THE TOP OF A ROTATING

PISTON

The consumed power values are obtained for
one rotor during one rotation, with one rotor
piston revolving in a semi-cylindrical case. As
shown in Figure 2a, the size of the gap between
the case and the top of the piston is (x I), s = 0.01
x [(10) ~(-3) m [8], and the rotor length is (1) =
50 x [(10) ~(-3)m. A linear fluid velocity
distribution is assumed for the fluid inside the
gap, as shown in Figure 2b, and at point M the
velocity of the fluid is

w=or [?] (3)

where
o is the angular velocity (rad/s) and
Ty is the radius of piston (m).

The viscous friction tangential to the effort
results from relations [9], [10], [11], while the
velocity of the fluid at point N is zero

oW Wy, or,

-_-nN—MN——=N—- 4
Tnaz nr_r Tls (4)

Cc r
where

I is the radius of case (m) and
1 is the fluid dynamic viscosity (N.s/m?).
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Figure 2: The computing notations: 1. Walls of the case; 2.
Rotor; 3. Rotating piston

Relation [12] gives the viscous friction
between the case and the top of the piston

F =1S[N] (5)

where S is the friction surface in a radial
direction. It is equal to the radius (r,) and half of

the length of the cylinder (I):
S=mr.I[m’] (6)

When relations [4] and [6] are included into
[5], the result is the following:

3 =n“"‘:r“2 LNy )

Relation [11] gives the friction torque
between the fluid and the top of the piston:

ror; .l
Mf = I:f 'rp = n s

[N] (8)

The calculation of mechanical power needed
to overcome the viscous friction for a single rotor
is [13]:

2.3
n.ws.rp A W] ©)

P=0.M; =n

The power needed to overcome the viscous
friction on the radial surface is different since the

machine has two rotors. The formula is as
follows:
2.mw.r
Pm,r = 2Pl = T] i [W] (10)
Equation (10) demonstrates that

P,, ; influences the value ofn and @”.

Water is used as the working fluid for a
specific calculation [14]:

_4 NS

Knowing that
r,="r—s= (50-0.01).10° = 49.99.10°m
selecting n, =100 rpm

2.wn, 2m.100
W= =

=10.47rad/s (11)
60 60
from relation [10], the power is obtained:
B = 1004.10" 2314(1047)° (4999.10%f 50.10° — 0431707

0.01.107 0,01.107

Table 1 shows the results of the calculations
for n, =300,500,700,900 rpm.

Table 1.
Values of P, = f(n)
nr [rpm] 100 300 500 700 900
o [rad/s] 1047  31.416 52.359 73.303 94.247
P, [W] 0.431 3.888 10.791 21.151 34.964
Figure 3 shows a plotted curve P, . =f(n )
with the results from Table 1.
For a value m=ct, P, rises in a parabolic
shape as the rot/min of the machine increases 40
(Figure 3). E‘ 30
= 20
a 10
0
0 500

Figure 3. P, =f(n,) for water
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IV. CALCULATION OF THE POWER
CONSUMED BY THE VISCOUS
FRICTION BETWEEN THE CASE

SIDE WALLS AND THE ROTORS
The calculation was based on the following
hypotheses:
— The friction between the top of piston and
the case can be disregarded.
— The areas used in this calculation are from

r,tor, (Figure 4) as the rotor front surface fills

the cavity inside the piston.
— The fluid velocity at each point on the rotor
front surface is equal to the velocity of the rotor.
— The point’s velocity on the surface of the
disk is between

w, =a.r, and w, =o.r.[m/s] (12)

dA=2.7.r.dr

Figure 4. The plan view of a rotor portion

It is necessary to specify the power consumed
by the viscous friction between the rotor’s front
surfaces and the walls of the case.

The primary known information is as follows:

— The rotor is mounted on a shaft with radius
r,=9.10°m

— The exterior radius of the motor (r,) is 50 x
10°m.

— The angular velocity is for a certain disk
rot/min.

— The fluid dynamic viscosity at (t = 20°C) for
water is

4 Ns
n=10.04.10 4 F;

— The gap value (s) between the walls of case
and disk equals to 0.01 x 10”° m according to the
numerical controlled center precision processing
[8].

The calculation is performed for a single
rotor. The elementary resistant torque owing to

the viscous friction between the case two walls
and the rotor is as follows [12]:

dM, = 2r.dF, (13)

In the aforementioned equation, F. denotes
the viscous friction force.

dF, =1dA (14)

In the equation above, T signifies the
tangential effort, while dA represents the
elementary surface area, as depicted in Figure 2.

dA =2zrr.dr (15)

Moreover, the Newton formula is used to
calculate the shear stress (tangential tension)
owing to the viscosity fluid [10]:

T= HW (16)

Figure 5 demonstrates that the y coordinate is
perpendicularly measured on the disk’s surface.

Figure 5. Computing section: 1. Case; 2. Fluid thin layer; 3.
Disk of rotor; 4. Shaft

Further, the velocity gradient expression for
the boundary layer with a thickness of (s) and a
linear change is as follows:

dw a@.r
T 17)
dy s
Consequently, equation (16) becomes the can
be represented as follows: T = M o«r
S

(18)
Using equations (15) and (18), we can derive
equation (14):

dF = n L 2nrdr = 22 Cdr (19)
S S

Through the use of theory of dynamic
boundary layer [15], [16], a more exact

calculation for dF, is obtained.
From equations (13) and (19), the following



can be determined:

dMm, = 2r.2nr2n%dr (20)
M 1} 3

[dm, = [2RO g, (21)
0 S

M, = ’”‘“’(r —r*y [N.m] (22)

The calculating relation of the consumed
power for overcoming the viscous friction for a
single rotor (from mechanics) is demonstrated
below:

Plr = Mr'm [W] (23)

The consumed power via the viscous friction
(P.,) for the entire machine is as follows:

P =2.P, [W] (24)

The result after introducing equations (22) and
(23) into equation (24) is given below:

Pot = ""“’ (r* =) (W] (25)

The value of (P,) is influenced by (n)

and (@°) , as shown in equation (25), for a

specific constructive solution.

In case the rotating machine is a pump that
circulates water at an rpm of 100 rot/min, similar
to that of equation (11), & =10.47 rad/s.

The result after replacement in equation (25)
is as follows:
P _o 3.14.10.04.10.(10.47)?
mre 0.01.10°°
[(50.10%)* - (9.10%)*]= 0.431[W]
Table 2 presents the results pertaining to the
calculation of P, ; for other values of n,.

Table 2.
Values of P, = f(n)
n. [rpm] 100 300 500 700 900
o [rad/s] 10.47 31.416 52.359 73.303 94.247
P [W] 0.431 3.888 10.791 21.151 34.964

Based on the results shown in Table 2, the
curve P . =f(n,) is plotted in Figure 6.

= f(an for water

Figure 6. P, ;

The graphs depicted in Figures 3 and 6 are
overlapped in Figure 7.

15 \
10 2

0 r"”ﬁf"
] 200 400 600 B0 1000
nr [rpm]

Figure7.12-P, = f(n,);2-P, ;

=f(n,)

As observed in Figure 7, the consumed power
for overcoming radial and frontal frictions is
roughly equal.

The whole power needed for overcoming the
viscous friction will be:

I:>m = Pm,r + I:)m,f [W] (26)

Table 3 shows a sum of the data in Table 1
and Table 2.

Table 3.
Values of P, = f(n,)
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i 100 300 500 700 900
[rpm]

Pme [w]  0.862 7.776 21582 42.302 69.982

Based on the results in Table 3, the curve
P, =f(n,) is plotted in Figure 8. If the rpm of

the machine increases, the consumed power for
overcoming the viscous friction increases as well
Figure 8. The influence of this consumed power
is very small [17]. The consumed power
increases when the machine rpm increases.

&0

0

=1

50

40

Pm (W]

30

0

10

a
] 200 400 600 800 1000

nrirpm]

Figure8. P, =f(n,)

V. CONCLUSIONS

1. n and ©2 influence the consumed power for
overcoming the viscous friction, for a
constructive solution.

2. Additives must be added to lower the
dynamic viscosity of the fluid to reduce the
consumed power. The value of ® is preferred to
be as low as possible and is influenced by the
operating system of the rotating machine.

3. The rotor architecture is determined via rp
and 1. By reducing r, and increasing I, the Pm
power decreases, as the friction upon the frontal
surface and the viscous friction upon the radial
surface are of the same order of magnitude.

4. The value of gap s between the case and the
moving rotors has a great effect on the Pm value.
CNC execution of the rotor can reduce this
influence, as it is more rigorous.

5. Other utilizations and functions are
explored for the new type of working machine
presented in this study. Any fluid can be
circulated by this machine.

6. The machine driving power depends on the
nature of the fluid, which can be oil, water or air.

7. The present paper is a contribution to the
experimental and theoretical research in the
rotating machine field with an application to the
study of profiled rotors.
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