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An internal lobe pump is suitable for oil hydraulics of machine tools, automotive engines,
compressors, constructions and other various applications. In particular, the pump is an essential
machine element of an automotive engine to feed lubricant oil. The subject of this paper is the
theoretical analysis of internal lobe pump whose the main components are the rotors: usually the
outer one is characterized by lobe with elliptical and involute shapes, while the inner rotor profile
is determined as conjugate to the other. And the integrated design system which is composed of
three main modules has been developed through AutoLISP under AutoCAD circumstance plus
CFD-ACE+. It generates new lobe profile and calculates automatically the flow rate and flow rate
irregularity according to the lobe profile generated. CFD simulation results show trends similar to
those carried out in experiments, and a quantitative comparison is presented. Results obtained
from the automotive integrated design system enable the designer and manufacturer of oil pump
fo be more efficient in this field.
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7|24d9Y f= (vapor) mass fraction
i = flow rate irregularity

b = rotor width : k = the ratio between the axis of ellipse
C = the curvature center of the outer rotor lobe O, = the curvature center of the inner rotor lobe
Cin= the curvature center of involute gear O, = the curvature center of the outer rotor lobe
d = distance between the curvature center of the outer P = pressure

rotor lobe and its center along polar reference axis Q = contact point of inner and outer rotor
e = distance between the centers of the inner rotor and the r; = radius of inner rotor pitch circle

outer rotor 1, = radius of outer rotor pitch circle
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1 = radius of curvature of the outer rotor lobe along
polar reference axis

T = temperature

V = velocity vector

W = molecular weight of non-condensible gas

z1 = number of the inner rotor teeth

7, = number of the outer rotor teeth

o = rotate angle of outer rotor

Q1 = volume fraction of vapor, gas and liquid

inv o = involute angle

v = starting angle of involute in outer rotor

6 =rotate angle for ellipse

n =range angle of involute in outer rotor

0 = rotate angle for involute

p = density

o = angular speed
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Input parameter !

— Number of outer rotor teeth(z,)

~ Eccentric distance(e)

b—d - Radius of curvature circlelr;)

- Distance between the center of curvature
circle and enter of the outer rotor(d)

~ The ratio between the axis of the ellipselk)

- Tip—clearancelt,)

Input
Sub-module

Lobe design parameter

— Profite of contact point

= Profile of inner rotor and outer rotor

— Aotation angle of inner rotor

- Instantaneous flow rate and irregularity
- Specific stipping

- £tc values

Desion 1

Sub-Module

Infet/outlet port design parameter
= Max. volume chamber

| - Major sealing land angle

= Min. volume chamber

- Minor sealing land distance

secesssessseeciesssenettssseesstttttssttrsnreannen

Profile of inner & outer rotor
- Offset
- Clearance between inner & outer rofor

Output &
Tool M1 Aotation Simulation
Sub-module

Display Values
- Instantaneous flow rate and inegularity
- Specific slipping

Geometry Edit, Meshing
- Point, line, curve edit
- Mesh generatingistructured, unstructured)

Pre-process
Sub-module

Solve condition setting
= Problem type

~ Model options

- Volume conditions

= Boundary conditions

- Initial conditions

- Solver controf

T R R T T T R TP

Solving Problem solving

[~ - Pressure field
Sub-module - Velocity field

Color mapping
Post- ~ Pressure, velocity, vapor fraction

process = Output data
Sub-module ~ Instantaneous flow rate. torque, work, pressure ripple

Fig. 6 Configuration of the automated integrated system
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Table 1 The results of flow rate and irregularity according
to the factor, y and 0

vy | 1 F(lc"c"/vr;'f)"' Irregularity (%)

10° | 0.1547 2.2365

0° [ 20° | 0.1548 2.2238

30° | 0.1548 2.2315

10° | 0.1546 2.3831

. 10° | 20° | 0.1546 2.3799
Ellipse -

and 30 0.1547 2.3417

Ivolute o 10° | 0.1547 2.3417

20° | 20° | 0.1547 2.3417

30° | 0.1547 2.3417

10° | 0.1547 2.3417

30° [ 20° | 0.1547 2.3417

30° | 0.1547 2.3418

Circle 0.1486 2.7346

Ellipse 0.1486 2.5787
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Table 2 Specification of teeth profiles
No. e Z; k Iy d ¥ n
1.114] 10 1.19ﬂ 2.32 112.02] 0° |20°
11141 10 [ 1.194| 2.32 [ 12,02 10° | 20°
111} 10 | 111 | 23 | 122 | ¢° | 15°
115110 | 1.21 | 225 111931 0° | 20°

B N —

,/‘

Fig. 13 Teeth profiles of profile No.4 to be chosen from
the results generated in the output sub-module of
the system
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