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Abstract. Based on the structural characteristics of asymmetric vortex compressors, a structure of
asymmetric variable diameter base involute vortex comprwessors is proposed, and performance
analysis is conducted for vortex compressors used in portable oxygen production systems.
According to the normal equidistant method, the volume calculation formula for a variable
diameter base circle involute vortex disc with both inner and outer profile angles was derived. An
asymmetric variable diameter base circle involute vortex disc model with equal content product
ratio was established, and its performance was compared with that of an asymmetric circular
involute vortex disc under certain conditions. The results showed that, while ensuring the same
compression ratio, the structural size of the model was reduced by 7.58 %, the area utilization rate
was reduced by 7.47 %, and the material was more economical. Meanwhile, the gas force was
reduced, and the mechanical properties were better. Under the condition of ensuring the same size,
the suction volume of the model increased by 8.98 % and the compression ratio increased by
16.3 %, indicating better working performance. This study could provide theoretical reference for
the design of vortex compressors in specific scenarios.

Keywords: asymmetric scroll compressor, variable diameter base circle involute, volume
calculation, performance comparison.

1. Introduction

Scroll compressors, recognized as a new generation of positive displacement compressors, are
widely employed in the refrigeration and air compression industries due to their advantages such
as high efficiency, low noise, and a minimal number of components [1]. With continuous
advancements in the design and manufacturing of scroll compressors, their applications have
expanded into emerging fields, including refrigeration systems for new energy vehicles and
pressurization systems for portable oxygen concentrators. These applications often impose strict
spatial constraints, driving the demand for scroll compressors with more compact designs and
higher efficiency.

Conventional scroll compressors utilize symmetrically structured fixed and orbiting scrolls
and employ symmetrical suction. In such configurations, the outermost wrap segment does not
engage in meshing. Furthermore, in systems with only a single intake port, the symmetrical suction
mechanism can lead to non-negligible suction losses [2]. In contrast, asymmetric scroll
compressors feature a fixed scroll that extends half a wrap beyond the orbiting scroll. This design
enables alternating suction processes, which reduces suction losses and improves spatial
utilization. The concept of an asymmetric scroll pair was initially introduced by Suefuji [3], who
proposed a structure where the fixed scroll wrap was extended by 60°-120° compared to the
orbiting scroll. This configuration resulted in a more compact design and reduced the load on the
Oldham coupling. Qiao [4] calculated the gas forces and moments in an asymmetric scroll
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compressor and compared them with those of a symmetric counterpart, demonstrating that the
asymmetric design exhibits lower torque, thereby enhancing operational stability and reducing
noise. Shaffer [5] applied the control volume method to calculate the areas of the crescent-shaped
working chambers in an asymmetric scroll compressor and derived analytical expressions for
these areas at various angles. Addressing the issue of significant exhaust pressure loss caused by
unequal volume ratios between the two working chambers in asymmetric compressors, Cao [6]
proposed an asymmetric dual-arc modification technique. This method equalized the volume
ratios in both working chambers, effectively mitigating exhaust losses. Wang [7] developed an
asynchronous exhaust scroll compressor by shortening the tooth tip centerline of the orbiting
scroll. This innovation ensured equal volume ratios for both working chambers during the exhaust
phase in an asymmetric configuration, thereby improving overall performance. Lian [8] proposed
an asymmetric variable-clearance scroll profile, which effectively balances chamber pressure
distribution and reduces pressure and flow fluctuations.

The fixed and orbiting scrolls constitute the core components of a scroll compressor, and the
scroll profile geometry profoundly influences compressor performance. While circular involute is
the most commonly adopted profile, there has been a growing interest in variable-wall-thickness
designs for scroll profiles to enhance efficiency and reduce size. Tojo K. [9] conducted early
feasibility studies on employing a variable diameter base circle involute as a scroll profile. Liu
[10] subsequently established the theoretical framework for the variable diameter base circle
involute profile and derived equations for its meshing volume. Wang [11] introduced a variable
diameter base circle involute scroll structure with a gradually varying meshing clearance, provided
the corresponding profile equations, and performed numerical simulations of its working process.
Based on the meshing principles of this profile type, Wang [12] determined the range of the
unfolding angle for different working chambers and derived volume calculation formulas for each
chamber using the normal equidistant method. Ding [13] derived the profile equation for a variable
base circle involute that incorporates both inner and outer generating angles, depending on
whether the unfolding angle initiates from the x-axis, and investigated the impact of different
modification unfolding angles on the compression ratio.

In practical operation, the variable-diameter scroll profile inevitably generates tangential
leakage and complex vortex flow inside the working chamber, which directly restricts the
compression efficiency and operational stability of the compressor. Huang [14] verified that
variable-diameter combined profiles can suppress gas leakage, while radial gap tangential leakage
significantly affects internal flow field distribution. Meanwhile, Li [15] demonstrated that multiple
flow boundary conditions dominate the vortex evolution characteristics in fluid domains. These
fluid dynamic characteristics are non-negligible in the performance analysis of asymmetric
variable-diameter scroll profiles.

However, a comprehensive theoretical model for calculating the volumes of variable base
circle profiles possessing both inner and outer starting angles remained unaddressed. Scholars
have carried out continuous research on geometric modeling, gas force calculation and
performance optimization of variable-radius base circle scroll compressors, yet few studies
focused on asymmetric equal-volume modified profiles, which is the core innovation of this paper.
In addition, recent nonlinear vibration studies on adjustable bio-inspired piezoelectric structures
proposed complete nonlinear dynamic analysis frameworks, which can be borrowed to analyze
the airflow-induced vibration [16-17].

Building upon the structural characteristics of asymmetric scroll compressors and the variable
diameter base circle involute profile, this study designs a novel asymmetric scroll structure based
on the variable diameter base circle involute. A complete geometric model is established, and the
volume calculation formula for a variable diameter base circle involute scroll featuring both inner
and outer unfolding angles is derived. An asymmetric variable diameter base circle involute scroll
model with equal volume ratio is subsequently developed. Finally, a comparative analysis of the
dynamic performance between the proposed model and a conventional circular involute scroll is
conducted. The findings of this study provide a theoretical basis for optimizing scroll compressor
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design in space-constrained applications.
2. Variable diameter base circle involute scroll profile
2.1. Variable diameter base circle involute

The variable diameter base circle involute differs from the circular involute in that its base
circle radius continuously varies during the unfolding process. The radius is defined by the
equation a = a, + k¢, where a represents the instantaneous base circle radius, a, represents the
initial base circle radius, k represents the base circle radius coefficient, and ¢ represents the
involute unfolding angle.

%

Fig. 1. Variable diameter base circle involute

In the figure, point M is a point on the involute curve, R, is its normal line, and Ry, is the line
perpendicular to this normal. According to the meshing condition of the scroll profile, it can be
concluded that:

R __dRy 0
t dq)'

Therefore, the equation of the variable diameter base circle involute can be expressed as:

1
x = (a, + kp) cosp + (ao<p + Ek(pz) sing,
: @)
y = (a, + ko)sing — <ao(p + Ek(p2> cos Q.

2.2. Inner and outer wall profiles of the variable diameter base circle involute
The equations describing the inner and outer wall profiles of the variable diameter base circle

involute scroll profile are further categorized into two distinct forms depending on the starting
angle at the profile origin [12].

a) Originating from the x-axis b) Originating below the x-axis
Fig. 2. Variable diameter base circle involute scroll profiles with different starting positions
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When the profile originates from the x-axis, the expression for its outer wall profile is given
by Eq. (1), while the inner wall profile can be expressed as follows:

(xm = Rg,in cos@ + Ry, sing

| = (a, + kp) cosp + {ao(fp —-2a) + g [(p —m)? — (m— Za)z]}singo,

Yin = Rg,, Sin@ — Ry incos@

3)
k
= (a, + ko) singp — {ao(<p —2a) + > [((p —m)? — (- Za)z]}cosgo.

When the profile originates below the x-axis, it exhibits two symmetrical generating angles
relative to the x-axis. The expression for the outer wall profile under this condition is as follows:

(You = Ry, COS® + R oy sing

= [a, + k(¢ + a)] cos g + [ao(ga+a) +§(<p +7T)2] sing,

. 4
You = Rg‘ou sme — Rt,ou cos ¢ ( )
I k
t =[a0+k(g0+0()]sin<p—[a0(<p+a)+i(<p+n)2]cosg0.
Similarly, the inner wall profile can be expressed as:
Xin = Ry, €OSQ + Ry sing = [a, + k(p — T+ a)] cos @
k
+ {a0(<p —a)+ E[((p -—t+a)— (- Za)z]}sinqo,
(%)

VYin = Rg‘l,n sing — Ry cos @ = [a, + k(p —m + a)]sing
k
L —{ao(<p—a)+§[(<p—ﬂ+a)2—(n—Za)z]}coscp.

For computational and comparative convenience, this paper adopts the second form, which
incorporates generating angles both above and below the x-axis. Using the above profile as the
fixed scroll, and installing it with a 180° phase difference relative to the orbiting scroll while
offsetting by a crank eccentric distance R,,, the profile equation of the orbiting scroll can be
derived based on coordinate transformation relationships as follows:

{xr = —x5 + R, cos b, ©)
Yr = =¥s = Ror cos 6.
The crank eccentric distance R, can be calculated as:
k
R, = ag(m — 2a) — > (T — 2a)?. @)

Combining Egs. (2), (7) and (8) yields the profile equations for the outer and inner walls of the
orbiting scroll as:

(Xrou = —Xsou = —Rgou COS® — Ry oy Sing@ + Ry, cOs B,
Yrou = “Vsou = _Rg,ou sing + Rt,ou cos @ — Ry sinf,

= =R Rein Sin @ + Ryy €050 ®
Xrin = ~Xsjin = — g,in COS @ — Ry i SINQ or COSU,

kyr,in = —Ysin = —Rgn SIN@ + Ry, cOs@ — Ry, sin6.
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2.3. Volume calculation for the variable diameter base circle involute scroll profile

For the scroll profile originating from the x-axis, the volume can be determined using the
infinitesimal calculus method. This involves calculating the difference in the areas enclosed by
the inner wall of the orbiting scroll and the outer wall of the fixed scroll within a specific interval.
The area enclosed by the involute scroll profile of the variable diameter base circle can be
calculated as follows:

1 ¢
o[ |
2 Q-21

1r¢®
S=—J. X
2 Q21

= —%n(n —2a)[—2ay + k(7 — 2a)]
A{—6ay(m + 2a — 2¢) + k[57% + 12n(a — @) + 6(¢p? — 2a?)]}.

dyhin dyr,in d

] _ ] d)/s,ou dy_s,ou d
T,in d(p Vrin d(p 4

s,ou W — Ys,ou W

)

Fig. 3. Area enclosed by the variable diameter base circle involute scroll profile

However, the volume calculation theory for variable diameter base circle involute scroll
profiles that simultaneously possess both inner and outer generating angles remains
underdeveloped. While the calculus method can be applied, it is relatively complex. The author
therefore employs the normal equidistant method for this calculation, the fundamental principle
of which is illustrated in the figure below.

Outer Side of Orbiting Scroll

Inner Side of Fixed Scroll
Fig. 4. Schematic diagram of area calculation using the normal equidistant method

For a closed crescent-shaped cavity, typically formed by the outer wall of the fixed scroll and
the inner wall of the orbiting scroll, the normal equidistant method involves shifting one of these
profiles by a distance R,,- along the line connecting the base circle centers of the two profiles. This
transformation changes the crescent-shaped cavity into the form shown in the diagram.

When shifting the outer wall of the fixed scroll, its center baseline L can only represent a
specific position, allowing the area to be calculated only at that particular angle. Therefore, a more
rational approach is to shift the inner wall of the orbiting scroll to the position illustrated in the
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diagram. In this case, the center baseline L can be used to calculate the cavity area at any angle.
The expression for the baseline L is as follows:

Ror\ .
X, = Rycos @ + Rt+7 sing,

(10)
. ROT
YL = Rysing — <Rt +T) cos Q.
The arc length of the baseline L is:
¢ dx,\*  rdy\’
L ZJ (ﬁ) +(ﬂ) do. (11)
p-21 dq) dq)

When the fixed and orbiting scrolls are engaged, and the unfolding angle at the meshing point
of the inner wall of the fixed scroll is ¢, the axial projection area of the closed crescent-shaped
cavity is:

S=L-R, (12)
TR
S= 30T {6a,(p + a — 2m) + k[3a* + 6a(p — 2m) + 3¢* — 12 + 137* + 6]

+ 3R,

(13)
This formula can be used to determine the axial projection area of the crescent-shaped working

chamber at any engagement unfolding angle. Consequently, the corresponding volume is:

V=S-H. (14)
The volume ratio can then be calculated as:

Vs

V==
[/e’

(15)

where V; and V, represent the suction volume and the volume at the exhaust timing, respectively.
2.4. Modeling of the asymmetric variable diameter base circle involute scroll

To facilitate subsequent calculations and comparisons, this study adopts the profile type that
simultaneously includes both inner and outer wall unfolding angles. The main parameters of the
asymmetric variable diameter base circle involute scroll are listed in Table 1.

Table 1. Main parameters of the asymmetric variable diameter base circle involute scroll

Parameter Symbol Value Unit
Initial base circle radius a, 2.62606 | mm
Generating angle a 43.636 deg

Base circle radius variation coefficient K —0.02 —
Scroll wrap height H 33 mm
Eccentric distance R, 427623 | mm

Number of fixed/orbiting scroll turns n 2.75/2.25 —

Furthermore, due to the asymmetric scroll structure employed in this study, the fixed scroll
unfolding angle is extended by m compared to the orbiting scroll. This results in unequal volume
ratios between the two sets of working chambers formed on the outer side. Throughout the
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operation, the pressure distribution remains asymmetric. Moreover, the mixing of gases at
different pressures leads to increased exhaust losses and flow losses, which is a known drawback
of traditional asymmetric scroll compressors.

To equalize the volume ratios of the two working chambers, i.e., to satisfy:

v _Vsl_v _Vsz
1=—7 —V2=3
Vel Vez

(16)

The compression end volumes of the two working chambers are controlled. Based on the
engagement angles in the volume formula, the tooth heads of the fixed and orbiting scrolls are
shortened. According to the specific application scenario of the model, the volume ratio is set as
V,, leading to the following relationship:

Vsl Vsz
Ver =—, Vo =— 17
el v, e2 v, ( )

The corresponding unfolding angles ¢, and ¢, at the meshing points of the inner walls of the
fixed and orbiting scrolls at the end of compression are determined. Since the unfolding angle
range of the crescent-shaped working chamber is 27, the tooth head unfolding angles of the fixed
and orbiting scrolls are shortened by:
p1=@1—2m, @3 =@, —2m. (18)

Assuming that the main shaft rotation angle is 0 when the suction process ends in the outer
working chamber, the exhaust start angles for the two working chambers are respectively:

O =m—¢i, 6;=m—¢; (19)

In summary, the final model of the asymmetric variable diameter base circle involute scroll is
shown in Fig. 5.

Fixed Scroll

Orbiting Scroll

Working Chamber 2

Working Chamber 1

Fig. 5. Asymmetric \eriable diameter base circle involute scroll
3. Performance study under identical pressure ratio
3.1. Asymmetric circular involute scroll model

To quantitatively illustrate the performance of the asymmetric variable diameter base circle
involute scroll profile, an asymmetric circular involute scroll profile is introduced for comparison.
The fundamental parameters of this circular involute profile are identical to those of the
asymmetric variable diameter base circle involute, and the volume ratios of its two working
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chambers are also maintained at the same value. The model of the asymmetric circular involute
scroll is shown in the figure below.

Orbiting Scroll
Fixed Scroll

Outlet
Working Chamber 2

Working Chamber 1

Fig. 6. Asymmetric circular involute scroll
3.2. Area utilization ratio

Under the same compression ratio condition, the asymmetric variable diameter base circle
involute scroll exhibits a more compact structure. The area utilization ratio of the scroll wrap is
used to evaluate material usage and quantitatively compare the structural size of scroll
compressors. A smaller area utilization ratio indicates better economic efficiency [18-20]. The
area utilization ratio is defined as the ratio of the axial projection area of the fixed and orbiting
scrolls to the area of the minimum enclosing disk diameter during their engagement, as illustrated
in the figure.

The engagement dimension D, of the asymmetric circular involute scroll is:

Dy = 2a+/ (@, + @)% + 1. (20)

The engagement dimension D), of the asymmetric variable diameter base circle involute scroll
is:

k
Dy = 2[a,(pe + @) +3 (9 + )| e

Thus, the expression for the area utilization ratio of the scroll is:

48,

= 207 )

n

where ¢, represents the terminal unfolding angle of the scroll profile; S, denotes the axial
projection area of the fixed and orbiting scrolls.

The geometric parameters and area utilization ratios of the two models under identical working
conditions are listed in Table 2.

Table 2. Comparison of geometric parameters and area utilization ratios between the two models

Profile type Compression ratio Engageme?t disk diameter Area utl!lzatlon
mm ratio
Circular involute 3 103.13 0.375
Variable base circle involute 3 95.31 0.347

As indicated in the table, under equal compression ratio conditions, the asymmetric variable
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diameter base circle involute profile achieves a 7.58 % reduction in the engagement disk diameter
compared to the circular involute profile, resulting in a more compact structure. Furthermore, even
with the reduced engagement disk diameter, the area utilization ratio of the variable diameter base
circle involute profile decreases by 7.47 %. Consequently, the asymmetric variable diameter base
circle involute scroll possesses a more compact structure and offers better material economy,
making it suitable for applications with stringent spatial constraints.

Sc

Fig. 7. Schematic diagram of area utilization calculation
3.3. Working chamber volume variation

The volume variation of the working chambers in the asymmetric variable diameter base circle
involute scroll during operation is illustrated in Fig. 8.

4.8x10*
Working Chamber 1 (Circular Involute Profile)
—-—Working Chamber 2 (Circular Involute Profile)
4.0x10% F Working Chamber 1 (Variable Base Circle Profile)
Working Chamber 2 (Variable Base Circle Profile)
L 32x10%F
g
g .
-~ '/
o 2.4x10* - /
E s
o) '/
> 1.6x104F ! \
./ ~
j :
/
8.0x10° | /
./'
7
0.0 L.z 1 1 "
0 180 360 540 720 900
Crank Angle / deg

Fig. 8. Volume variation curves of the two structures

As shown in Fig. 8, the volume variation pattern of this model is similar to that of the circular
involute model. Initially, the volume of working chamber 1 continuously increases until the main
shaft rotation angle reaches 360°, marking the end of the suction process. The volume at this point
represents the theoretical suction volume, after which the compression stage begins. Exhaust
commences when the predetermined final compression volume is reached. Similarly, the
compression process of working chamber 2 follows the same pattern, but its suction process starts
half a revolution later. When the suction process of working chamber 2 concludes, the volumes of
both working chambers become consistent.

Due to the more compact structure of the asymmetric variable diameter base circle involute
scroll and the reduced engagement disk diameter, both the suction volume and the final
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compression volume of the asymmetric variable diameter base circle involute scroll experience a
slight decrease — approximately 3.8 % — compared to those of the asymmetric circular involute
scroll.

3.4. Gas force comparison

1)Axial Gas Force.

The gas forces generated during the operation of a scroll compressor directly affect its working
efficiency. Among these, the axial gas force is the most significant force acting on the scroll wrap.
It acts along the direction of the main shaft axis. Excessive gas force can cause the orbiting scroll
to separate from the fixed scroll, thereby increasing the axial clearance and raising the radial
leakage. Based on the characteristics of the asymmetric scroll structure, the calculation formula
for the axial gas force is:

_ {P1A1 +PA)" + PyAg +PA, 0<6<m,

2
PiAy + P,A; + PgAg,, m<0<2m, (23)

a

where, P;, P;’, P, represent the pressures in the three distinct stages of compression occurring in
working chamber 1. Specifically, P; denotes the pressure immediately after suction ends, Py
represents the discharge pressure, and P, signifies the pressure during the intermediate stage. A4,
A, A4y denote the corresponding areas of working chamber 1 at these respective states. Similarly,
P,, P4 represent the pressures in working chamber 2, and 4,, A4, denote the corresponding areas
of working chamber 2 at these states.

2) Tangential Gas Force.

The gas force acting on the orbiting scroll along the tangential direction of the main shaft is
referred to as the tangential gas force:

H[(Py = P)Lyy + (P, = P)Ley + (Pl = P)Lez + (Py — PDLes], 0<6 <6,

_ JHI(P; = P)Lyy + (P, — P)1Lz + (Py — P)Ly3], 0; <6 <0;,

F, = . (24)
H[(Py — P)Lyy + (Pg — P)1L], 0; <0 <m,
H[(P, — Py)Lyy + (Py — Py)Ley + (Pg — Py)Lys), <0 <2m,

where Lq, L,, L3 and L, represent the tangential projection lengths of the scroll wrap surfaces
subject to pressure differences. Their calculation method is as follows:
—When0 <0 <m:

r @s1—0 @r1—6

Ly = f (a, + kp)de + f (a, + kp)de + R,,,
—-a -
@s1—0 Pr2—0

Ley = f (a, + kp)do + f (a, + kp)de + R,,,
—-a -

@s2—0 Pr2—0 (25)
Les = f (a, + kp)de + f (a, + kp)de + R,,.,
—-a -

@s2—0 Pr3—0
Ly = f (ao + ka)dQD + f (ao + k¢)d¢ + Ry
-a -a

—Whenm <6 < 2m:
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Ps1+m—0 Pr1+m—0
Ly = f (a, + kp)de + J- (ap + kp)de + R,,,
—a -a

Ps2+T—0 Pr1+m—0
Lo = f (a, + kg)dg + f (a, + kg)d + Ry, (26)

Ps2+T—0 Prot+m—0
L = f (a, + kp)do + J- (ap + kp)de + R,,,
—a -a

where @g;, @, (i =1, 2, 3) are the unfolding angles of the outer profiles of the fixed and orbiting
scrolls at the meshing point.

This force results from the pressure differences between adjacent working chambers, and its
mechanical principle is illustrated in Fig. 9.

Fixed Scroll
Orbiting Scroll .

Working Chamber 2

Working Chamber 1

Fig. 9. Diagram of tangential gas force

Owing to its more compact structure, the asymmetric variable diameter base circle involutes
scroll generates lower gas forces under identical operating conditions.

Transient CFD simulations with identical numerical setups were conducted for both scrolls to
acquire gas force data. Simulations adopted atmospheric-temperature pressure inlet and pressure
outlet matching compression ratio 3.0 with adiabatic no-slip walls, where the orbiting scroll
rotated periodically; the SST k-w turbulence model was selected for accurate prediction of narrow
clearance flow and pressure fluctuation, and tetrahedral meshes with local refinement on
clearances and exhaust ports were used. Grid independence test verified that the mesh of
2.1 million cells brought less than 1.1 % deviation of peak axial gas force, which was finally
adopted for calculation. The transient gas force results under unified settings are displayed in the
following figures.

As shown in Fig. 10, the axial gas force of the asymmetric scroll increases gradually during
the suction and compression processes. Within one cycle, the tangential gas force of the
asymmetric circular involute scroll reaches its maximum at main shaft rotation angles of 66°, 152°,
241°, and 330°, respectively. The theoretical exhaust angles for the two working chambers are 45°
and 135°. When the exhaust stage is reached, the small flow area of the exhaust port causes the
pressure in the working chamber to continue rising, consequently leading to a further increase in
the tangential gas force. Similarly, for the asymmetric variable diameter base circle involute scroll,
the tangential gas force peaks at 49°, 138°, 227°, and 318° within one cycle. The initial theoretical
exhaust angles for its two working chambers are 55.908° and 141.312°, where the pressure and
tangential gas force also continue to increase. From Fig. 11, it can be observed that the variation
trends of the axial gas forces for both structures are similar. Both exhibit a significant increase
during the exhaust process. This is because the working chamber pressure reaches its maximum
at the onset of exhaust, and over-compression further elevates the pressure, resulting in the axial
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gas force peaking within the cycle. Furthermore, Fig. 10 and Fig. 11 indicate that, under identical
conditions, the asymmetric variable diameter base circle involute scroll exhibits lower axial and
tangential gas forces compared to the asymmetric circular involute scroll. The peak values of these
two gas forces are reduced by 2.5 % and 8.2 %, respectively, while the average tangential force
over one cycle is reduced by 12.6 %. This improvement is attributed to its more compact structural
dimensions.

520 Asymmetnc Circular Involute Scroll — Asymmetric Circular Involute Scroll
Asymmetric Variable Base Circle Involute Scroll 400 Asymmetric Variable Base Circle Involute Scroll
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Fig. 10. Axial gas forces Fig. 11. Tangential gas forces

Fig. 12 shows the radial gas forces for both structures. The magnitude of the radial gas force
is primarily related to the pressure differences across different working chambers and the size of
the base circle radius. The peaks of the radial and tangential gas forces for the two structures
exhibit opposite trends. The radial gas force fluctuates significantly because it pushes the orbiting
scroll towards the fixed scroll, and the pressure in the radial clearance between them varies
considerably during the compression process, leading to strong pulsations in the radial gas force.
Compared to the circular involute scroll, the peak radial gas force of the variable diameter base
circle involute scroll is reduced by 21.3 %, and its average value over one cycle is reduced by
17.4 %. This is associated with the shorter leakage path length and reduced internal leakage in the
asymmetric variable diameter base circle involute scroll.
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Fig. 12. Overturning moments of the two structures Fig. 13. Self-rotation moments of the two structures

Fig. 13 shows the variation of the overturning moment with the rotation angle. The overturning
moment is determined by the radial force, tangential force, and the scroll wrap height. An
excessively large overturning moment can destabilize the orbiting scroll’s operation and increase
friction between the end faces of the fixed and orbiting scrolls. As shown in the figure, the
overturning moments of both structures fluctuate periodically with the exhaust process, gradually
increasing during exhaust and then decreasing until the next exhaust begins. Within one cycle, the
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peak and average overturning moments of the asymmetric variable diameter base circle involute
scroll are lower than those of the asymmetric circular involute scroll.

Fig. 14 displays the variation curves of the self-rotation moment and the orbital resistance
moment for both structures. According to their calculation formulas, both moments are generated
by components of the tangential force. The former tends to induce self-rotation of the orbiting
scroll during operation, while the latter hinders its orbital motion, both adversely affecting the
scroll's operation. Numerically, the orbital resistance moment is twice the self-rotation moment.
The pulsation and variation patterns of both moments are consistent with those of the tangential
force, increasing with rising chamber pressure. Compared to the circular involute scroll, the peak
self-rotation and orbital resistance moments of the asymmetric variable diameter base circle
involute scroll over one cycle are reduced by 7.6 %. Therefore, the operation of the asymmetric
variable diameter base circle involute scroll is more stable.

From the above analysis, it can be concluded that under the same pressure ratio conditions, the
asymmetric variable diameter base circle involute scroll not only has a more compact structure
but also exhibits superior mechanical performance compared to the asymmetric circular involute
scroll.

Asymmetric Circular Involute Scroll
Asymmetric Variable Base Circle Involute Scroll

Orbital Resistance Moment / N

2 . . L
0 180 360 540 720

Crank Angle / deg
Fig. 14. Orbital resistance moments of the two structures

3.5. Performance investigation under identical structural dimensions

As shown Fig. 15, a scroll compressor test platform was designed and constructed for
subsequent performance testing. The core experimental objectives are to test the suction flow,
internal pressure change and gas force of the scroll compressor under various operating conditions,
so0 as to quantitatively evaluate the comprehensive performance of the novel asymmetric variable
diameter base circle involute scroll. The test bench is composed of a scroll compressor prototype,
flowmeters, pressure sensors, a rotating speed tachometer and an automatic control system.

For the asymmetric circular involute scroll compressor, the engagement condition between its
fixed and orbiting scrolls is given by:

K
Dy =Dy = 2R\/(ps+a)?+1=2 [ao(q)e +a)+ 5((pe + a)?|. 27

To ensure the two scroll models share the same overall outline size, we take the engagement
disk diameter of the asymmetric circular involute scroll as the constraint condition. Combined
with the geometric relationship of the variable diameter base circle involute profile and the scroll
engagement dimension formula, we substitute the known structural parameters including initial
base circle radius, base circle radius variation coefficient and crank eccentric distance for iterative
calculation. The solved terminal unfolding angle of the asymmetric variable diameter base circle
involute is about 6.56m. On the premise of keeping all other parameters consistent, we rebuild the

JOURNAL OF VIBROENGINEERING 1 3



PERFORMANCE ANALYSIS OF ASYMMETRIC VARIABLE DIAMETER BASE CIRCLE INVOLUTE VORTEX PROFILE,
HAO LI, ZHIYUAN ZHANG, WEIKANG L1U, XUEHUI CHEN, CONGMIN LI, WEI LIU

asymmetric variable diameter base circle involute scroll model with equal overall dimensions. The
geometric parameters of the two models are compared and summarized in Table 3.

Tachometer

)

| Controller |
7>

y

Fig. 15. Scroll compressor test platform

Table 3. Comparison of geometric parameters between the two models under identical dimensions

Engagement disk Suction volume Compression
Profile type diameter (mm) (mm?) ratio
Circular involute 103.13 58160 3.00
Variable base circle involute 103.13 64480 3.49

Taking the start of suction in working chamber 1 as 8 = 0, the volume variation curve of the
asymmetric variable diameter base circle involute scroll with identical engagement dimensions to
the circular involute structure is shown in Fig. 16.

4.0x10*
—=— Working Chamber 1
—e— Working Chamber 2
3.2x10%
§ 2.4x10*
=
(5]
£ 16210 .
S |
> Lo
8.0x10% F G
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00 1 1 1 .
0 180 360 540 720 900
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Fig. 16. Volume variation of the asymmetric variable diameter base circle involute scroll
with identical meshing dimensions

As shown in Fig. 16, the volume variation trend of this structure is basically consistent with
the previous configuration. The two working chambers exhibit a 180° phase difference in their
suction angles. Working chamber 1 completes its suction process at a main shaft rotation angle of
360°, while working chamber 2 completes suction at 540°. When suction ends, the volumes of the
two chambers reach 34,972.88 mm? and 28,411.32 mm?, respectively. Subsequently, they enter
the compression process, with exhaust beginning at rotation angles of 877.1° and 952.4°,
respectively.

The data indicates that, under identical engagement dimensions, the suction volumes of the
two working chambers in the asymmetric variable diameter base circle involute scroll increase by
6.90 % and 11.66 %, respectively, compared to the asymmetric circular involute scroll.
Consequently, the total suction volume increases by 8.98 %.
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Due to the increased suction volume, the inlet and outlet mass flow rates of the asymmetric
variable diameter base circle involute scroll also rise. The variation curves of the mass flow rates
with rotation angle for both structures are shown in Fig. 17 and Fig. 18.
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Fig. 17. Inlet mass flow rate versus rotation angle  Fig. 18. Outlet mass flow rate versus rotation angle

As shown in Fig. 17 and Fig. 18, the inlet and outlet mass flow rates of both structures exhibit
periodic fluctuations synchronized with the suction and exhaust processes. While the fluctuation
patterns during the suction phase are fundamentally similar between the two configurations, the
peak inlet mass flow rate per cycle of the asymmetric variable diameter base circle involute scroll
is approximately 4.81 % higher than that of the asymmetric circular involute scroll. The outlet
mass flow rates of both structures increase during the exhaust phases of their respective working
chambers. However, due to differences in both the initiation timing of exhaust and the magnitude
of discharged volume between the two structures, their outlet mass flow rate fluctuation patterns
differ. Specifically, the peak exhaust mass flow rate of the asymmetric variable diameter base
circle involutes scroll within one cycle increases by 8.35 %, which is attributable to its larger
suction volume.

4. Conclusions

This study summarizes and elaborates on two initiation methods for the variable-diameter base
circle scroll profile; based on the normal equidistant method, it derives the calculation formula for
the axial projection area of the crescent-shaped working chamber under the condition that both
the inner and outer variable-diameter base circle involute profiles have generating angles
simultaneously, and further establishes an asymmetric variable-diameter base circle involute scroll
model with equal volume ratio by shortening the tooth heads of the asymmetric scroll.
Performance comparisons between this proposed scroll model and the asymmetric circular
involute scroll are conducted under two sets of comparative conditions: under the same geometric
parameters and compression ratio, the asymmetric variable-diameter base circle involute scroll
reduces the structural size by 7.58 % and the area utilization ratio by 7.47 %, reflecting advantages
in material saving and economic efficiency, while the derived and compared gas force calculation
principles show that the peak axial, tangential, and radial gas forces of this structure within one
cycle are reduced by 2.5 %, 8.2 %, and 21.3 % respectively, with the maximum values of
overturning moment, self-rotation moment, and orbital resistance moment also decreasing, which
verifies its superior mechanical performance; under the same structural dimensions, the proposed
scroll model achieves an 8.98 % increase in total suction volume per cycle and an 8.35 % increase
in peak exhaust mass flow rate, indicating better operational performance. In conclusion, the
asymmetric variable-diameter base circle involute scroll demonstrates excellent comprehensive
performance, which can provide theoretical support and reference for the design and optimization
of scroll compressors in specific application scenarios.
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