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Abstract

Hydrodynamic cavitation in process plants is often generated by static devices designed for nominal
operating conditions. In real processes, however, the properties of the process fluid, including
temperature, viscosity, and gas and solids content, may vary. Consequently, maintaining the
cavitation regime within a target operating window over extended periods is challenging. The
Dynamic Circular Venturi (DCVA) is introduced as a circular Venturi with an internal geometry that
can be reconfigured during operation. The external body and connections are preserved, while the
internal configuration, particularly the throat section, can be adjusted. A formalism based on
equivalent geometric parameters is proposed to describe the set of admissible configurations. A
dedicated design space is also defined to identify, for a given architecture, the subset that is
practically accessible. Two implementations are presented: a single degree-of-freedom layout for
throat-opening modulation and a multiparametric layout based on axial stations, enabling the
generation of a family of internal profiles. An estimated operating indicator is introduced and
formulated using variables typically measured in process plants, supporting configuration selection
and the specification of operating settings. This conceptual framework can support the optimization
of sustainable food-processing operations enabled by hydrodynamic cavitation, such as green
extraction and food by-product valorization, with potential gains in resource efficiency and waste
minimization.

Keywords: hydrodynamic cavitation; venturi reactor; system design; reconfigurable geometry

1. Introduction

In industrial practice, hydrodynamic cavitation is typically achieved using static devices
designed for a specific operating point, most commonly circular-throat Venturi devices. In real
processes, however, the processed medium evolves over time due to variations in temperature,
viscosity, and gas and solids content, while the device geometry remains unchanged. Consequently,
the optimal operating regime is difficult to maintain over extended periods.

Hydrodynamic cavitation is widely used in industry as a process-intensification technology and
has recently attracted increasing interest in food processing and other green applications. It has also
been applied to plant- and biomass-based extraction and valorisation. Moreover, water-treatment
applications have been reported using dedicated hydrodynamic cavitation generators.

In this context, controlled hydrodynamic cavitation generally refers to the regulation of
operating conditions and the use of plant-measurable variables to improve repeatability and
robustness, without modifying the installed cavitation device.

Concurrently, many studies on cavitating Venturi devices focus on geometric design and
optimization as well as the characterization of cavitating flow, while typically assuming a
configuration defined at the design stage and then kept constant during operation. In other fields,
variable-geometry Venturi devices have been developed, such as variable-throat Venturi scrubbers,
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to modulate pressure drop and collection efficiency. Their objective, however, differs from
maintaining a cavitation regime within a target operating window for processing and treatment
applications.

Several studies have also examined variable-area cavitating Venturi devices as regulation and
control elements, for example as dynamic flow controllers or within feedback control schemes, in
application domains different from that considered here. In this context, it remains relevant from a
plant perspective to formalize and design a reconfigurable cavitating Venturi that preserves in-line
integration by keeping the external interfaces unchanged, while making the internal geometry an
operating variable for stabilizing and positioning the cavitation regime with respect to a defined
process target.

Within the broader field of hydrodynamic cavitation reactors, recent reviews highlight that
reactor design, and particularly the constriction element design, plays a central role in determining
cavitation mechanisms and process applicability in intensification scenarios.

Moreover, small cavitating Venturi devices have been investigated as in-line components, with
experimental and numerical characterizations including cryogenic systems, providing a direct
framing of Venturi-based cavitation generators beyond conventional flow-control applications.

In practice, the most effective cavitation operating point is often identified during
commissioning, because process response depends on the actual feed properties and plant constraints
and is assessed against performance targets such as extraction yield, selectivity, purity, or minimal
degradation.

A Dynamic Circular Venturi (DCVA) supports this screening phase by enabling a structured
sweep of throat opening and operating conditions to build commissioning maps and select a robust
operating point, which can then be locked for single-product operation or retained as an in-line
adjustment variable to preserve performance under variability.

The DCVA is proposed as a circular Venturi whose internal geometry can be reconfigured as an
operating degree of freedom. The external body and plant interfaces remain unchanged, whereas the
effective throat area can be adjusted during operation to enable hydrodynamic cavitation regime
modulation without structural modifications to the plant. The set of achievable configurations is
described through a formalism based on equivalent geometric parameters and a dedicated design
space. The proposed framework supports consistent comparisons across different implementations
and explicitly distinguishes the admissible configuration set from the subset that is practically
accessible, depending on the selected device architecture.

The contribution of this work is twofold. First, two representative DCVA architectures are
introduced at the conceptual system-design level, namely DCVA-S, a single degree-of-freedom
configuration where the throat opening is an operating variable, and DCVA-M, a multiparametric
configuration where multiple axial stations reconfigure the internal profile to generate a family of
geometries. Second, an operational proxy indicator is introduced, formulated from quantities
typically measurable in process plants, to support configuration selection and unambiguous
specification of operating settings when local throat pressure is not available. The indicator is
presented as a design-oriented surrogate rather than a validated replacement of the cavitation
number, and no experimental campaign or high-fidelity CFD results are reported in this conceptual
study.

2. DCVA Framework

A circular Venturi with a variable internal geometry is considered as a hydrodynamic cavitation
module for processing complex liquid systems. The key feature of the concept is the ability to modify
the internal geometry during operation, thereby adapting the cavitation regime to the properties of
the treated medium and to the process target, without being constrained by a fixed geometry sized
for a single operating point.

Overall, the DCVA is designed for in-line installation as a drop-in replacement for a
conventional Venturi. The external body and plant interfaces, including diameters and connections,
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remain unchanged, whereas the effective internal configuration, particularly at the throat, becomes
an operating variable. This section defines the common quantities used to describe geometric
reconfiguration and the cavitation regime.

2.1. Geometry and Control

Two characteristic throat diameters are defined. The minimum throat diameter, d, corresponds
to the most constricted configuration and to a more intense cavitation regime. The maximum throat
diameter, D, corresponds to the most open configuration and to a more moderate cavitation regime.
Let d,(t) denote the equivalent throat diameter during operation. By construction:

d<d,(t)<D 1)

The interval [d, D] represents the available geometric stroke. The ratio D/d quantifies the
maximum relative opening achievable for a given external envelope. The minimum value d is set
by process requirements, whereas D is limited by design constraints, including mechanical
integrity, materials, and reliability, as well as by operating conditions.

To describe and control the throat opening, a dimensionless control variable is introduced:

de (t) —d
D—-d
The value y = 0 corresponds to the minimum-throat configuration, d,(t) = d, whereas

X = 1 corresponds to the maximum-throat configuration, d,(t) = D.Equation (2) yields the direct
control-to-geometry relation:

x(@®) = , 0y <1 )

de(t) =d +x() (D —d) 3)

For clarity, the key parameters used to describe the DCVA architectures within the present
framework are summarized in Table 1.

Table 1. Key parameters used to describe DCVA architectures within the present framework.

DCVA DCVA-S DCVA-M
d X N
D Ng X
de U;
Le
Ay
Rout

Note: In DCVA-S the geometry state d,is controlled by x, whereas in DCVA-M it is controlled by the

station commands u;; the station layout is defined by the axial locations x;.

Within the DCVA framework, equivalent geometric parameters are also introduced to describe
the shape of the internal profile. L; denotes the equivalent length of the throat region, intended as
the axial extent of the section close to the minimum. &;;, and ¢, denote the effective convergence
and divergence angles, interpreted as equivalent slopes of the transition sections. Depending on the
internal architecture, these parameters may be fixed by design or vary as a result of the kinematics.
In both cases, they provide a compact description of the internal geometry and its hydrodynamic
effects.

2.2. Hydrodynamics and Design Space

The cavitation regime can be characterized by a throat-based cavitation number. Let p; denote
the mean static pressure at the throat, V; the mean velocity at the throat, p,, (T') the vapor pressure
at temperature T, and p the fluid density. The following definition is adopted:
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o= Pg — pv(T)

1, (4)
2PV

In the following, all pressures are absolute (referenced to vacuum). In particular, Py, Pout, Py,
and p,, (T) are expressed as absolute values.

For given upstream and downstream plant conditions, varying the equivalent throat diameter
d, changes the throat velocity and shifts @ within the cavitation window of interest.

To represent admissible DCVA geometric configurations in a unified manner, a design space {2
is introduced.

d<d,<D
Lt,min < Lt < Lt,max

Ainmin S apy = Ainmax

Sy =@

n = (de» Lt' Aiy, aout) (5)

Xout,min out out,max

In Equation (5), the “min” and “max” limits reflect mechanical and process constraints. The
design space (2 therefore delineates the full set of admissible geometric configurations. The subset
that is practically reachable, however, depends on the selected architecture and kinematic
mechanism, which determine which parameters are directly controllable and which are instead fixed
or coupled as induced effects.

2.3. Measured Signals and Indicator

In a process-plant context, a direct measurement of the throat pressure p; may not be available.
An online indicator is therefore introduced and computed from quantities typically measured in
process plants, namely the inlet pressure p;p, the outlet pressure Pgy,¢, the volumetric flow rate Q,
and the temperature T, from which p,(T) is obtained. The dependence on geometry is captured
through the equivalent throat diameter d,, computed from Equation (3) in the single-parameter case
or derived from the equivalent profile in the multiparametric case.

A continuity-based estimate of the mean throat velocity, 1, is adopted:

4Q
v = 6
Using vV, and plant-measurable quantities, the following operational indicator is defined:
&= Pin — Pv(T)
1, )
7PVt

In the following, @ is used as an operational proxy for the cavitation regime, since it is
computed from p;, and the equivalent throat diameter d, through the velocity estimate V.
Consequently, 6 does not necessarily coincide with the local cavitation number ¢ in Equation (4),
which would require a direct measurement of the throat pressure pg. Here, subscript g denotes
throat quantities. Accordingly, 6 is introduced as a design-oriented proxy for consistent
configuration selection and reporting, not as a validated replacement of 0.

A first-order deviation can be expressed by writing Py = Din — APin_g, Where Ap;y_,4 accounts

A~ 1 C e
for inlet-to-throat losses. Under this definition, 0 = 6 — Apin_g/ (5 pV?); hence the deviation is

governed by Ap;,_,4 and is quantified during commissioning for the specific duty.

Related validation studies highlight practical limits when using simplified indicators to represent
cavitation intensity. When needed, non-idealities can be addressed through a calibrated flow
coefficient for variable-area cavitating Venturi devices. The indicator G is employed to build
commissioning maps and to compare configurations in a repeatable manner under a consistent
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estimation criterion. The outlet pressure Py, is used to monitor operating conditions and, when
needed, to verify plant constraints through the pressure drop Ap = pin — Dout-

3. DCVA-S: Single-Parameter

The DCVA-S configuration implements a dynamic circular Venturi with a single actuated
geometric degree of freedom, associated with the throat opening. The objective is to modulate the
cavitation regime by acting on the internal Venturi geometry while keeping the inlet and outlet piping
interfaces unchanged, thereby enabling in-line integration without modifications to the external

piping.
3.1. Architecture Single

The DCVA-S consists of an outer cartridge and an internal system that reconfigures the wetted
flow surface. In the figures, three functional subassemblies are highlighted and color-coded.

Blue pistons, external actuation: actuators arranged radially around the cartridge,
synchronously actuated and described by a single control parameter Y.

White/gray pistons, kinematic cage: a movable internal cage guided within the cartridge, which
transfers the displacement to the liner retaining elements. The cage is obtained by circumferential
repetition of elementary modules.

Red liner, elastomer: a single-piece elastomeric component that forms the internal wetted
surface. It is constrained by rings fixed to the cylinder bodies, the stationary part of the white/gray
pistons, rather than to the moving rods, thereby reducing shear and lateral loads during
reconfiguration.

Liner material selection and sizing are application-dependent and are therefore not prescribed
in this sector-agnostic conceptual framework. The liner can be parameterized by thickness and
effective stiffness, and the throat diameter variation can be expressed as a function of the liner radial
deformation, to be specialized by implementers for their specific process constraints.

The throat section has a constant axial length, L;, set by design and intended as the equivalent
length of the throat region. During operation, the equivalent throat diameter d, varies, whereas L;
is kept constant by kinematic mechanical constraints.

(b)

Figure 1. Schematic DCVA-S in the two limiting configurations, full Venturi view: (a) minimum equivalent
throat diameter, d, = d; (b) maximum equivalent throat diameter, d, = D. Blue pistons represent the external
actuation, white/gray pistons form the kinematic cage, and the red elastomeric liner forms the internal wetted

surface.
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(b)

Figure 2. Schematic front view of the DCVA-S in the two limiting configurations: (a) minimum internal throat

section, d, = d; (b) maximum internal throat section, d, = D. The external interfaces remain unchanged, while

the internal geometry varies.

To clarify the modular nature of the kinematic cage, Figure 3 shows the elementary module
repeated N, times along the circumference.

Let Ny denote the number of elementary cage modules distributed around the circumference.
Increasing N, improves the uniformity of the circumferential constraint and, consequently, the
repeatability of the resulting internal geometry. Higher values of Ny reduce local deformations
between adjacent constraint points and distribute stresses on the liner more uniformly, at the expense
of increased mechanical complexity and more demanding assembly/actuation.

(a) (b)

Figure 3. Schematic elementary module of the DCVA-S kinematic cage: (a) front view; (b) top view. The module
integrates two linear cage actuators (white pistons) connected to a central body through joints. The upper lugs
provide the interface points to the external actuators (blue pistons, not shown). The circumferential repetition of

Ny identical modules forms the complete kinematic cage.

The longitudinal section in Figure 4 highlights the continuity of the internal surface and the
transfer of motion to the liner.
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Figure 4. Schematic Longitudinal section of the DCVA-S: the red elastomeric liner, constrained to the white/gray
kinematic cage by rings, ensures continuity of the internal surface. Actuation varies d,, while L, remains

constant due to a mechanical constraint.

3.2. Operation and Kinematics

The reconfiguration of the DCVA-S is described by a single dimensionless parameter y(t) €
[0,1], defined within the general framework of Section 2. The control input Y} determines the
equivalent throat diameter d,(t) through the control-to-geometry relation reported in Equation (3).

Consistently with Figures 1-4, operation can be summarized as follows. The blue pistons,
actuated in a coordinated manner, impose the displacement of the kinematic cage. The cage modules
transfer this displacement to the retaining rings. The red liner deforms while maintaining a
continuous internal surface, as shown in Figure 4, thereby varying d, between d and D, as shown
in Figures 1 and 2. The inlet and outlet piping interfaces remain unchanged.

In the DCVA-S, the only actuated degree of freedom is the equivalent throat diameter d, ().
The equivalent length of the throat region, L, is fixed by design, whereas the effective angles &y,
and (g, vary in a coupled manner with ¥ and are determined by the kinematics, since they are
not independent control variables. The dependencies @;,(¥) and @,u:(X¥) can be obtained
through geometric or experimental calibration and checked against design limits.

Formally, the DCVA-S explores a one-dimensional subset of the design space (2, parameterized
solely by the equivalent throat diameter:

( d<d,<D
Lt == l_‘t
8
ay, = a;,(de) ( )
Aout = Aoy (de)

In Equation (8), L; denotes the design value of the equivalent length of the throat region,

'QS = (de' Ltv Ain, aout)

whereas @, (d,) and @,y (d,) represent the effective angles induced by the kinematics as d,
varies and can be determined through geometric or experimental calibration.

3.3. Commissioning and Operation

At a conceptual level, the DCVA-S can be operated through a calibration map that links the
control input ¥ to the internal geometry and to the expected cavitation regime. A commissioning
map can be constructed by sampling a discrete set of y € [0,1] values and determining the
equivalent throat diameter d,(y) via the control-to-geometry relation in Equation (3), with
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experimental verification when needed. In the same step, the coupled variation of the effective angles
imposed by the kinematics is characterized and checked against the design limits. Using available
measurements together with Equations (6) and (7), the operational proxy &() is then estimated
and a G-y curve or lookup table is constructed.

It is emphasized that @ is an operational proxy computed from p;, and the equivalent throat
diameter d, through the velocity estimate V;; it therefore does not represent a direct measurement
of the local cavitation number 0 at the throat. During operation, ¥ is selected as a process control
variable to achieve the desired cavitation level, for example within a target range of &, while
satisfying practical plant constraints such as the maximum allowable pressure drop and the
mechanical limits of the actuation system.

4. DCVA-M: Multiparametric

The DCVA-M configuration extends the dynamic circular Venturi concept by introducing a
multiparametric reconfiguration of the internal profile. The key principle is that the wetted surface is
not reconfigured through a single global actuation, but rather through axial stations distributed along
the converging section, the throat region, and the diverging section. This architecture generates a
family of internal profiles that vary along the axis and enables modulation of the equivalent throat
diameter, the shape of the transitions, and the extent of the throat region, while keeping the inlet and
outlet piping interfaces unchanged.

4.1. Architecture Multi

The DCVA-M retains an outer cartridge with fixed inlet and outlet connection diameters.
Reconfiguration of the internal surface is achieved through axially distributed actuation stations
along the Venturi axis. Each station locally sets the radial position of the liner and, through
coordinated actuation, generates a family of internal profiles. The color coding of the elements in the
figures is kept consistent, with the outer cartridge in green, the liner in red, the actuators in blue, and
the kinematic components in white/gray. The external connections remain unchanged, whereas the
internal geometry becomes a function of the station commands and can be summarized by the
equivalent parameters d,, Ly, @i, and gy

Station number and spacing set the profile resolution, while actuation and synchronous
coordination are implementation-dependent within this framework.

Figure 5. Longitudinal schematic of the DCVA-M with axially distributed actuation. The red liner forms the

| &

internal wetted surface. The blue actuators operate across multiple axial actuation stations, while the white/gray

components transfer the displacement to the liner through distributed constraints. This enables a
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multiparametric reconfiguration of the internal profile while keeping the inlet and outlet piping interfaces

unchanged.

4.2. Operation and Parameters

In the DCVA-M, reconfiguration is described by a set of dimensionless control inputs associated
with the axial actuation stations. The axial layout is defined by the station locations x; along the
Venturi axis, with i = 1,..,N. The input of station i is denoted by wu;(t) € [0,1], with i =1,..,N. The
admissible set of control inputs is defined as

u = [ug, .., uy]"
U = su 9)
u; € [O,l],l = 1, v, N

In the following, u(t) € U is assumed.

The resulting internal profile depends on the control vector U and defines a family of
geometries achievable as U varies. Equivalent geometric parameters are introduced to summarize
this family. The equivalent throat diameter d,(u) is defined as the minimum value of the internal
profile. The equivalent length of the throat region L;(u) is defined as the axial extent of the portion
close to the minimum according to an operational threshold. The effective inlet and outlet angles,
ain(u) and @,y (U), are determined as equivalent slopes of the converging and diverging sections
through geometric or experimental calibration.

Schematic examples of internal profiles obtained by varying the station control inputs are shown
in Figure 6. The figure highlights that multiparametric reconfiguration enables variation not only of
d,, but also of the transition shapes and the extent of the throat region, thereby generating different
combinations of d,, L¢, @iy, and @y within the design constraints.

et - =

Figure 6. Schematic examples of internal profiles obtained by varying the station control inputs. The profiles are
illustrative, not extracted from simulations or experiments, and show how multiparametric reconfiguration can
vary d,, transition shapes, and throat extent, generating different combinations of d,, L;, @;,, and @, within

design constraints.

4.3. Design Space

The DCVA-M realizes only a subset of the admissible geometries in the design space 2 defined
in Equation (5), since the kinematics and actuator limits impose constraints on the reachable
configurations. In compact form, the set of achievable configurations is described as:
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de = d(u)

_ L= Le(u)
‘QM - (de: Ltf Ain, aout) € N|Iuel @, = ain(u)
Aoyt = aout(u)

The functions d,(w), L:(w), ai,(u), and a,,(u) capture the effect of the multiparametric

(10)

reconfiguration enforced by the axially distributed actuation stations and are determined by the
device kinematics and calibration. These equivalent parameters are generally not independent. They
are coupled through the kinematics and must remain within mechanical and geometric limits.
Ensuring axial smoothness of the control inputs u; is therefore important to prevent overly
segmented profiles and to mitigate localized deformation in the liner. Such smoothness can be
enforced during calibration and through the selection of admissible operating configurations.

4.4. Calibration and Operation

At a conceptual level, the DCVA-M can be operated through a calibration procedure that
associates representative configurations u™ € U with equivalent internal profiles and expected
cavitation levels. Calibration consists of defining a finite set of operating configurations, each
characterized by the equivalent values d,(u™), L,(u™), a;, ™), and @y, (™).

A straightforward operating strategy is to build a catalog of profiles. For each configuration, an
expected value of the operational proxy & can also be estimated using Equations (6) and (7), based
on the equivalent throat diameter of the selected profile and the available measurements. In the
multiparametric case as well, ¢ is used as an operational proxy based on p;, and d., and it does not
replace a direct measurement of local cavitation at the throat.

During operation, the operator or the supervisory system selects a configuration u € U from the
catalog to achieve the desired cavitation range, while simultaneously satisfying practical plant
constraints and the mechanical limits of reconfiguration.

5. Discussion

This A conventional Venturi operates with a fixed geometry and, for given plant conditions,
imposes a cavitating operating point that is essentially determined by the throat section. The DCVA
introduces a geometric operating variable, since the equivalent throat diameter d, can be adjusted
during operation. For a given flow rate and pressure conditions, varying d, changes the
characteristic throat velocity and allows the cavitation regime to be shifted within a target operating
window without altering the external connections.

This aspect is particularly relevant for complex liquids, for which the properties of the process
fluid and operating conditions may vary over time. In such cases, a fixed geometry sized for a single
operating point may be suboptimal or insufficiently robust. Within the proposed framework, internal
reconfiguration decouples plant integration, which remains unchanged, from cavitation-regime
control, which becomes adaptable.

In follow-up work, commissioning maps will be extended by parameterizing operating settings
versus T and relevant fluid properties, and by incorporating thermo-cavitation and suppression
mechanisms reported for Venturi devices when required by the specific duty.

Introducing the design space {2 makes it possible to distinguish between the set of admissible
geometries and the subset that is actually reachable for a given architecture. In the DCVA-S,
exploration is essentially one-dimensional, because the directly actuated degree of freedom is d,,
whereas the equivalent throat-region length and the effective angles are fixed or induced by the
kinematics.

In the DCVA-M, reconfiguration is driven by a set of station control inputs belonging to U and
generates a family of internal profiles. Consequently, the equivalent parameters d,, L;, @;y,, and
oy vary in a coupled manner as functions of the control input. From this perspective, DCVA-S
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prioritizes simplicity and repeatability, whereas DCVA-M expands the effectively explorable
geometric space at the cost of more articulated kinematic constraints and calibration requirements.

The choice between DCVA-S and DCVA-M can be formulated as a trade-off between geometric
flexibility and overall complexity. DCVA-S enables direct modulation of cavitation intensity through
d, with a single control input, making calibration-map-based operation straightforward and
keeping the device conceptually simple.

DCVA-M, in contrast, enables adjustment not only of d, but also of the transition shapes and
the extent of the throat region. These aspects influence the pressure-field distribution, flow stability,
and the spatial localization of cavitation. In this regard, numerical studies combining cavitation
modelling with turbulence closures show that model choices can significantly affect predicted
cavitation structures and unsteadiness, which is relevant when assessing the effects of profile
reconfiguration. Recent reviews further summarize advances and remaining challenges in cavitation
prediction and suppression, providing context for interpreting shifts in cavitation localization and
stability induced by geometry changes. This added capability, however, requires a more rigorous
definition of admissible configurations, a more extensive calibration procedure, and more careful
operational management.

In this work, G is used as an operational proxy to link plant-measurable quantities to the
equivalent device geometry through d,. The proxy supports calibration-map construction,
configuration comparisons, and the selection of operating settings under a consistent estimation
criterion. At the same time, & does not replace a direct measurement of the local cavitation number
at the throat and should be interpreted in light of the assumptions behind the velocity estimate and
the presence of distributed losses.

For engineering reproducibility, the DCVA concepts are specified through the key geometric
and kinematic parameters summarized in Table 1; application-specific dimensions and material
choices are not prescribed in this sector-agnostic framework, and repeatability is addressed during
commissioning by measuring the relevant geometry mappings.

Adopting the DCVA also introduces constraints that affect both design and operation. The
repeatability of the equivalent geometry may be influenced by hysteresis and mechanical tolerances,
while liner durability depends on stress distribution and cyclic deformation. Accordingly, material
selection can draw on recent developments in sustainable elastomers and durability-oriented design
approaches, on EPDM-based compatibilization strategies to improve low-temperature robustness,
and on nano-carbon reinforcement routes for high-performance elastomers under cyclic loading.

The DCVA can be used as a reusable tool to explore and identify the optimal cavitation operating
window in a given application, for example in food processing to maximize a target extraction, and
then be moved to a different context such as water treatment to optimize the removal of a specific
pollutant; once the optimal window is identified, a dedicated static Venturi can be manufactured for
continuous operation.

Accordingly, the DCVA is benchmarked in follow-up work through system-level metrics rather
than performance claims, including the achievable regime-modulation range with unchanged in-line
interfaces, the commissioning effort to identify a robust operating window, and the transfer from
exploratory tuning to a finalized static Venturi for continuous duty.

Although the present study is conceptual and does not report a complete experimental
validation, deployment in process plants can be supported by essential verification steps. These
include calibrating the control-to-geometry relationship to obtain d, and, when relevant, the other
equivalent parameters; constructing control-d maps under nominal conditions; verifying the
operating window in terms of pressure drop; and qualitatively correlating variations in & with
independent cavitation indicators to support proxy interpretation.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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6. Conclusions

This work presents a conceptual system design framework for the Dynamic Circular Venturi
(DCVA), a reconfigurable circular Venturi conceived as a drop-in in-line replacement. The device
preserves the external body and the inlet and outlet piping interfaces while making the internal throat
configuration a design and operating degree of freedom. A formalism based on equivalent geometric
parameters and a dedicated design space is defined, and two representative architectures are
described, namely a single degree-of-freedom configuration and a multiparametric configuration. An
operational proxy indicator is also introduced, computable from quantities typically available in
process plants, to support configuration selection and unambiguous specification of operating
settings when local throat pressure is not directly accessible. No experimental campaign or high-
fidelity CFD results are reported, as the present contribution is intended as a conceptual design
framework rather than a performance-validation study.

The proposed framework is directly relevant to sustainable food-processing duties where
hydrodynamic cavitation is used as a green process-intensification route, because controllable throat
modulation can support robust operation, resource-efficiency improvements, and waste
minimization.

Quantitative evidence will be generated in follow-up work for a selected industrial duty by
measuring the command-geometry mappings and their repeatability under cycling, constructing
commissioning maps linking configuration and plant conditions to cavitation indicators and process
targets while verifying pressure-drop constraints, and correlating & and configuration changes with
independent cavitation diagnostics and process outcomes. When required by the duty, numerical
analysis can be used to support interpretation under specified boundary conditions.
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