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Abstract: This study investigates the influence of back pressure chamber size on the discharge flow dynamics of
a scroll expander in an Organic Rankine Cycle system. The objective is to analyze how variations in chamber
volume affect pressure characteristics and flow structures at different crank angles. The methodology involves a
comparative analysis of three models with increasing chamber sizes: 260 mm, 300 mm, and 340 mm. The results
demonstrate that increasing the back pressure chamber size leads to a consistent reduction in average pressure
in both the discharge chamber and outlet. For instance, at a 0° crank angle, the average pressure decreases from
126,175 Pa in Model 1 to 95,466 Pa in Model 3. This pressure reduction is most pronounced during the early
discharge phase between 0° and 90° crank angles. However, the relationship with flow stability is non-linear.
The intermediate chamber size promotes stronger vortex formation due to higher discharge velocities and
localized pressure differences, whereas the largest chamber reduces vortex intensity, thereby improving flow
stability. The study concludes that back pressure chamber size is a determining factor in scroll discharge
dynamics. Larger chamber configurations effectively reduce pressure levels, although intermediate sizes may
induce unfavorable flow instabilities. These findings provide important insights for optimizing expansion devices
in waste heat recovery applications.
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1. INTRODUCTION

The escalating global energy crisis and the necessity for sustainable development have intensified the focus
on low-grade waste heat recovery and renewable energy utilization. Organic Rankine Cycle systems have emerged
as a highly effective technology for converting low-temperature thermal energy from industrial processes, solar
radiation, and internal combustion engine exhaust into useful mechanical or electrical power [1], [2], [3]. Within
these micro-scale ORC units, typically characterized by power outputs below 10 kW, the selection of the expansion
device is the most critical factor influencing overall thermodynamic efficiency [4], [5]. Scroll expanders are widely
recognized as one of the most promising technologies for such applications due to their high volumetric efficiency,
ability to handle liquid-gas mixtures, and simple structure with fewer moving components [6], [7], [8].

Despite their potential, the operational efficiency of scroll expanders is frequently limited by complex internal
losses, specifically friction and leakage [9], [10]. Internal leakage consists of radial leakage through axial
clearances and tangential leakage through radial gaps, both of which significantly degrade volumetric performance
[11], [12]. Research indicates that as clearances increase, leakage mass flow rates rise, whereas excessively tight
clearances may lead to mechanical failure due to thermal deformation and friction [4], [9]. To address these
challenges, many studies have focused on the modification of scroll geometries, such as the use of variable wall
thicknesses, which aim to increase the geometric expansion ratio without enlarging the overall footprint of the
machine [13], [14]. For instance, optimizing the compactness factor—the ratio of volume expansion to normalized
diameter—has been shown to correlate strongly with isentropic efficiency [15]. The design of efficient scroll
machines also requires sophisticated modeling to understand the transient three-dimensional flow field [16], [17].
Computational Fluid Dynamics combined with dynamic mesh technology has become an essential tool for
predicting pressure-volume behavior and capturing unsteady suction processes [14], [18]. Such simulations allow
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researchers to analyze the non-uniform pressure distributions and vortex formations that occur within the
expansion chambers, which are difficult to observe experimentally [13], [17]. Furthermore, semi-empirical and
dimensionless models have been developed to characterize performance maps across a wide range of operating
conditions, aiding in the preliminary design and sizing of expanders for specific heat sources like solar thermal
plants or gasoline engines [5], [7], [19]. Recent advancements have also explored the use of dual-intake-port
technology and variable base circle radii to enhance power output and isentropic efficiency [1], [20]. These
innovations aim to reduce mechanical losses and improve the pneumatic power conversion efficiency under
varying pressure ratios [1], [21]. Experimental validations remain a cornerstone of this field, with various studies
testing scroll machines driven by compressed air or specialized refrigerants like R134a [22], [23]. These tests
emphasize that while numerical models can predict mass flow rates with high accuracy, factors such as friction
coefficients and mechanical efficiency often vary with the pressure ratio and rotational speed [9], [23], [24]. By
integrating experimental data with high-fidelity CFD analyses, researchers continue to refine the structural and
aerodynamic design of scroll expanders [6], [8].

This study builds upon these foundations by focusing on the numerical analysis of a scroll expander with
varying back pressure chamber sizes. By utilizing a structured mesh approach in CFD, we investigate the influence
of geometric variations on the internal fluid dynamics. The specific geometric parameters of the scroll profile used
in this study are detailed through parametric equations in the methodology section. This research aims to provide
a clearer understanding of how housing diameter and back pressure configurations can affect fluid flow behavior
specifically at discharge region.

2. METHOD

This research employs numerical simulations to analyze the performance of a scroll expander featuring
variations in its back pressure chamber size. The computational analysis was performed using ANSYS FLUENT
software to resolve the internal flow characteristics
2.1. Geometry model

The scroll expander geometry is characterized by two identical scrolls. The formation of the scroll
geometry is based on several key parameters, including the base circle radius, the initial angles for both inner and
outer profiles, and the corresponding ending angles. These parameters define the geometry through equations that
serve as the foundation for the expander design [13]. The inner and outer curves of the scroll are defined by
parametric equations that calculate coordinates based on the base circle radius and involute angles. These specific
geometric parameters are detailed in Table 1. Furthermore, the inner and outer involute curves are generated using
the mathematical relations presented in Equation 1, 2, 3, and 4. Orbiting radius defines the eccentric motion of
the scroll expander. This parameter is determined by the previously selected parameters and the clearance between
the two scrolls. A clearance of 20 pum is specified between the two scrolls, as it is the maximum value that can
capture the expansion of the scroll expander without reducing its performance [25].

Equation for inner involute

1T .

X =ax (Cos(u +a;) +ux @ x sin(u + ai)) 1
yi =ax (sin(u +a;)—ux T80 © cos(u + ai)> (2)
0<u<g;

Equation for outer involute
T
X, = a X (cos(u +a,)+ux @ X sin(u + ao)) 3
Yo = a X (sin(u +a,)—ux 180 > cos(u + ao)) 4)
0<u<o,

To investigate the effect of design scale, this study tests three different scroll expander models
distinguished by their total diameter. These models consist of diameters of 260 mm, 300 mm, and 340 mm, which
are summarized in Table 2. The visual representation of these diameter variations is provided in Figure 1
2.2. Mesh generation

The discretization of the model was conducted using a structured mesh method. The computational
domain is partitioned into three distinct sections: the inlet domain, the rotation or deforming domain, and the outlet
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domain. To accurately represent the eccentric motion of the scroll expander, a dynamic mesh technique is
implemented, which is controlled via a User Defined Function

Since the dynamic mesh causes continuous deformation during the simulation, specific mesh handling is
required to avoid negative cell volume errors. A smoothing method is applied to the dynamic mesh so that the
mesh absorbs the scroll's motion while maintaining the total number of elements and the connectivity between
them. The specific distribution of elements across the three domains for all three models is presented in Table 3,
while the visual layout of the structured mesh for each variation is shown in Figure 2

Table 1. Parameter of scroll geometry

Parameter Simbol  Nilai  Unit

Base Circle Radius a 545 mm
Initial Involute Angle (Inner) a; 85 °
Initial Quter Involute Angle (Outer) a, 5 °
Ending Involute Angle (Inner) Q; 1165 °
Ending Involute Angle (Outer) Do 1245 °

Orbiting Radius R 9.31204 mm

Height h 50.24 mm

Table 2. Scroll expander diameter variation
Model Diameter Unit

1 260 mm
2 300 mm
3 340 mm
Discharge port |
Inlet port

Static scroll

Discharge port 2 :

Orbiting scroll

Static scroll = =S <.

(b)

725

IN-COME: International Conference on Multidisciplinary Engagement



IN-C¢).:ME

1st International Conference on Multidisciplinary Engagement

Discharge port |

Inlet port e

Static scroll

Discharge port 2 \

Figure 1. Variation of scroll expander size: (a) 260 mm, (b) 300 mm, and (c) 340 mm

Table 3. Element number of each model
Domain Model1l Model2 Model3
Inlet 8680 8680 8680
Deforming 551760 878820 1275315
Outlet 83040 83040 83040

Table 4. Scroll expander operating condition

Parameter Nilai  Unit
k
Inlet mass flow rate 0.1937 i)
s
Suhu inlet 367 K
Tekanan outlet 176232  Pa
Suhu outlet 320.5 K

Kecepatan putar 1500  rpm

2.3. Boundary condition

The simulation setup incorporates several realistic operating parameters to evaluate performance. The
working fluid utilized is R245fa, with its thermophysical properties retrieved from the NIST real gas model library.
To synchronize with the rotational frequency of the expander, a transient step size of 1.11e~* seconds is used.

The boundary conditions include parameters of fluid at inlet and outlet. Inlet mass flow rate of 0.1937
kg/s at a temperature of 367 K are used for inlet setup. The outlet setup is set to a pressure of 176.232 Pa with a
temperature of 320.5 K. The expander operates at a rotational speed of 1500 rpm. Boundary conditions and
rotational speed that are used for simulation setup are summarized in Table 4
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Figure 2. Scroll expander generated mesh: (a) model 1, (b) model 2, and (c) model 3

3. RESULTS AND DISCUSSION
3.1. Pressure Distribution

Figures 3, 4, 5, and 6 illustrate the pressure distribution at crank angles of 0°, 90°, 180°, and 270°. A
consistent decrease in average pressure is observed in the discharge chamber and outlet as the size of the back
pressure chamber increases. This phenomenon occurs because a larger chamber accommodates a higher volume
of gas flow, whereas a smaller chamber leads to fluid accumulation and a subsequent rise in pressure.

This effect is most pronounced during the initial discharge phase between 0° and 90° crank angles. At
these angles, the expanded gas begins to exit the chamber. At subsequent angles, most of the fluid has already
moved toward the outlet, causing the internal pressure to approach the outlet pressure. Additionally, larger back
pressure chambers are associated with higher pressure gradients in the discharge region.

Lower discharge pressure associated with larger chambers may reduce mechanical loading on the scroll
components and improve operational reliability. However, excessively low pressure may also reduce the pressure
ratio especially at discharge process, potentially decreasing power output. Therefore, the selection of chamber size
must balance pressure relief and energy conversion efficiency. Increasing chamber size requires additional material
volume and may lead to larger overall system dimensions, which could increase manufacturing cost and limit
compactness. This is particularly important in applications such as small-scale waste heat recovery systems, where
space and cost constraints are critical.
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Figure 3. Pressure distribution at 0°: (a) model 1, (b) model 2, and (c) model 3
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Figure 4. Pressure distribution at 90°: (a) model 1, (b) model 2, and (c) model 3
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Figure 5. Pressure distribution at 180°: (a) model 1, (b) model 2, and (c) model 3
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Figure 6. Pressure distribution at 270°: (a) model 1, (b) model 2, and (c) model 3

Table 5 Average pressure of discharge section
Crank angle  Model 1 Model 2 Model 3

0° 126175 Pa 100643 Pa 95466 Pa
90° 82013 Pa 80258 Pa 79626 Pa
180° 77492 Pa 76110 Pa 75378 Pa
270° 76469 Pa 76469 Pa 75604 Pa

3.2. Streamline and velocity distribution

Velocity profiles were evaluated at the same crank angles (0° to 270°) to identify flow structures. As
shown in Figures 7 through 10, the transition from Model 1 to Model 2 increases the occurrence of vortex flow in
the discharge area. This is attributed to higher discharge velocities in Model 2 near the static scroll wall, which
induce a local pressure drop. The resulting pressure differential draws high-pressure fluid from the back pressure
chamber into the discharge area, thereby triggering vortex formation.

Interestingly, further enlargement of the chamber reduces these vortices. This indicates a non-linear
relationship between chamber size and flow stability, where intermediate sizes may unintentionally promote
turbulence.

Vortex formation increases energy losses, reduce volumetric efficiency, and accelerate wear due to
unsteady flow forces. Therefore, designs that operate within this condition may experience reduced performance
despite moderate geometric scaling. While larger chambers improve flow stability, they may introduce trade-offs
such as increased dead volume, which can negatively impact cycle efficiency. Additionally, larger geometries may
complicate manufacturing and integration into compact systems.

Velocit
Streamiine 1

1.480e+02
1.110e+02
7.400e+01
3.700e+01
0.000e+00

[m sr-1]
(®)
Figure 7. Velocity distribution and streamline at 0°: (a) model 1, (b) model 2, and (c) model 3
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Figure 8. Velocity distribution and streamline at 90°: (a) model 1, (b) model 2, and (c) model 3
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Figure 9. Velocity distribution and streamline at 180°: (a) model 1, (b) model 2, and (c) model 3
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Figure 10. Velocity distribution and streamline at 270°: (a) model 1, (b) model 2, and (c) model 3

4. CONCLUSION

This study confirms that back pressure chamber size is a determinant factor in scroll discharge flow
dynamics.

The size of the back pressure chamber significantly influences the pressure characteristics and flow
structures within the discharge region of the scroll expander. An increase in chamber size leads to a consistent
reduction in average pressure in both the discharge chamber and outlet due to the larger available volume for gas
flow. This effect is most evident during the early discharge phase (0°-90° crank angles), where fluid expansion
and outflow begin to dominate the pressure behavior.

In terms of flow structure, variations in chamber size affect the formation of vortices in a non-linear
manner. The intermediate chamber size (Model 2) promotes stronger vortex formation due to increased
discharge velocity and localized pressure differences near the static scroll wall. However, further enlargement of
the chamber reduces vortex intensity, indicating improved flow stability.

Overall, while larger back pressure chambers reduce pressure levels, their impact on flow behavior is
more complex, with intermediate configurations potentially inducing unfavorable flow instabilities. These
findings highlight the importance of identifying an optimal chamber size that minimizes vortex formation while
maintaining efficient pressure utilization.
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