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Cross-Flow Fans (CFFs) have been widely applied in the automotive and domestic air conditioning industries in

recent decades. They are high-pressure coefficient turbomachines compacted diametrically, and thus, the complex

interactions of these fans require thorough evaluation. Their innovation has opened up new directions in

turbomachinery, and both academic research and industry have seen numerous efforts to develop these types of

fans. Despite extensive work, optimizing and improving their performance remains a challenge. Enhancing their

efficiency necessitates improvements in structural characteristics, aerodynamic features, and acoustic properties.

cross-flow fan  turbomachinery  aerodynamics  aeroacoustics  performance

1. Correlation of Design Parameters and Performance in
CFFs

Numerous research studies have primarily focused on examining the design parameters that affect the efficiency

and performance of Cross-Flow Fans (CFFs). Over time, a diverse range of CFF variants has been meticulously

developed and successfully applied across various industries. However, in line with the previous section, there is a

noticeably increasing commitment to comprehensively evaluate the impact of different design parameters on CFF

performance. This growing emphasis on scrutinizing design parameter influence underscores the increasing

recognition of the importance of fine-tuning CFFs to meet the specific requirements of various applications. Such

research not only contributes to the continuous improvement of CFF designs but also enables their more efficient

and effective utilization in a variety of industrial and engineering contexts.

In reference to the work conducted by Lazzaretto , a specific criterion has been established to define the

geometric variables necessary for characterizing fan performance, both in experimental and numerical settings.

This criterion serves as a fundamental guideline for evaluating and optimizing fan designs. Eck et al.  employed a

one-dimensional theoretical model that involved an analysis of blade cascades. Through their research, they

identified specific values for 𝛽1 and 𝛽2

, representing the internal and external blade angles, respectively. Notably, they observed that reducing the

external blade angle can enhance the total pressure coefficient, with a primary emphasis on the external blade

angle rather than variations in the internal blade angle. However, other researchers have proposed a more

comprehensive range of blade angles for optimization, considering both internal and external blades . Murata et
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al.  contributed to this understanding by emphasizing the significance of evaluating the gap between components

and the setting angle, as these factors also significantly affect fan performance. Taking an overarching view of the

findings from Tanaka and Matsuki’s numerical simulations , it becomes evident that specific blade Reynolds

numbers play a pivotal role in influencing flow viscosity, while the dimensions of the impeller also have a significant

impact on fan performance. These collective insights form the basis for refining and optimizing fan designs,

contributing to the ongoing enhancement of fan efficiency and effectiveness.

Kim et al.  embarked on a comprehensive examination of the interplay between the flow field and, by extension,

the performance of Cross-Flow Fans (CFFs). To elucidate the intricate relationship between these elements and

the design parameters, they embarked on a computational journey. Their approach involved solving a two-

dimensional unsteady governing equation, a mathematical representation of the fluid dynamics at play, employing

the Finite Volume Method (FVM). This computational method is a powerful tool for simulating fluid flow and heat

transfer in complex systems. A notable aspect of their methodology was the utilization of a sliding grid system,

which enables dynamic grid adjustments to capture the evolving geometry of the flow field. This flexibility in grid

adaptation is particularly advantageous when dealing with rotating machinery, such as CFFs. Additionally, they

incorporated the standard k-𝜖 turbulence model, a well-established model in fluid dynamics, to simulate turbulence

effects in the flow field accurately. This choice allowed them to capture the intricate details of the velocity profile

around the impeller. Importantly, they conducted these simulations while maintaining a constant rotating speed but

varying the design parameters. This approach enabled them to systematically investigate the impact of different

design choices on the velocity distribution around the impeller. By systematically exploring these variables, Kim

and their team could provide valuable insights into the performance characteristics of CFFs and how they relate to

design parameters. Their work contributes significantly to the understanding of CFF behavior and informs the

ongoing refinement of these fans for various applications.

As briefly stated, Lazzaretto et al.  introduced an original criterion that primarily concerns the selection of

geometric variables, particularly related to the impeller geometry and shape. Although their primary focus revolved

around the casing geometry, their approach provides a valuable roadmap for enhancing design and improving

efficiency. This criterion, as proposed by Lazzaretto et al., serves as a guiding principle, offering a structured

method for making informed decisions regarding the geometry of the impeller and its casing. It lays the groundwork

for optimizing the performance of fans, particularly Cross-Flow Fans (CFFs), and enhancing their overall efficiency.

Furthermore, Tanaka and Murata have made significant contributions to the field by employing Laser Doppler

Velocimeter (LDV) measurements to assess the velocity field and determine static pressure distributions in CFFs.

Through their work, they uncovered a distinctive scale effect within the flow dynamics. As they increased the rotor

size, they observed changes in vorticity and pressure drop within the eccentric vortex. This scale effect revealed

intriguing details in the flow behavior, prompting the consideration of various diffusion rates. As a result, they

proposed this scale effect as an optimized approach to enhance CFF performance. Their work underscores the

importance of understanding the intricate details of CFF operation and how design variables can influence

efficiency and performance, ultimately contributing to the ongoing improvement of these fan systems.
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In the context of employing Cross-Flow Fans (CFFs) for Split Air Conditioners, Wu et al.  conducted a

comprehensive investigation that combined numerical simulations and experimental validations to assess both the

aerodynamic and acoustic performance of the fan. They applied Computational Aerodynamic Acoustics (CAA) to

gain a deep understanding of the intricate interplay between fluid dynamics and acoustics. Their research involved

the numerical simulation of essential parameters such as flow rate and Sound Pressure Level (SPL), which were

further validated through experimental testing. What sets their work apart is the consideration of various design

parameters, including the vortex tongue gap, volute casing gap, and both inner and outer blade angles. These

parameters were systematically studied in a parametric analysis, allowing them to draw meaningful conclusions

regarding the optimization of aerodynamic and acoustic performance in Split Air Conditioners. The insights

obtained through Wu et al.’s research serve as a valuable foundation for enhancing the design and operation of

Split Air Conditioners, particularly when implementing CFFs. By addressing the interplay between aerodynamics

and acoustics, they contribute to more efficient and quieter air conditioning systems, which is a significant

advancement in the field. Additionally, Sun and their team have also delved into the effect of the eccentric vortex on

CFF performance in Split Air Conditioners. Their work involved a two-dimensional Computational Fluid Dynamics

(CFD) analysis, providing detailed insights into the impact of the vortex. Based on their findings, they proposed a

novel design for the inlet guide vanes, a critical component of CFF operation. This design modification was

particularly effective in reducing vortex shedding from the fan blades, thereby minimizing the size of the eccentric

vortex. The consequence of this design change was an improvement in fan efficiency. Their experimentation

yielded approximately a 5% enhancement in fan performance, showcasing the practical benefits of their innovative

design proposal. This research not only advances people's understanding of CFF behavior but also offers tangible

improvements that can be applied in practice to create more efficient and effective split air conditioning systems.

Another study has centered on establishing the correlation between design parameters and the performance of

Cross-Flow Fans (CFFs) . The most critical parameters influencing the fan’s performance are depicted in Figure

1a, while contour plots illustrating the entire pressure fields are presented in Figure 1b. The researchers identified

a relationship between these design parameters, the flow-field pattern, and fan performance. The study’s focus

was primarily directed towards investigating the connection between the rear wall and the flow field, with specific

attention given to the radial width of the rear wall. Nonetheless, the position and thickness of the vortex wall were

also examined to establish their relationship and their impact on the flow field, and by extension, the fan’s

performance. It is worth noting that the research primarily concentrated on assessing the performance of the fans

by considering parameters such as the total pressure coefficient, total volumetric and hydraulic efficiency, and the

maximum flow coefficient.
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Figure 1. (a) Representation of the contributing parameters and (b) contour plots for the total pressure field

(adapted from ).

Ozer and Kumlutas  conducted a study to examine the flow effects of an embedded Cross-Flow Fan (CFF)

within a Split Air Conditioner (SAC). Their research involved a parametric study aimed at evaluating the impact of

specific parameters on the defined objective. As illustrated in Figure 2a, the parametric prototype consists of a

base and parametric components. For a clearer perspective, the schematic diagram of all the parameters under

consideration is presented in Figure 2b, encompassing elements such as volute design, tongue angle, vortex wall

angle, and vortex wall distance. To assess the impact of these design parameters on flow structures, the

researchers employed Stereo Particle Image Velocimetry (SPIV). Their findings revealed the significance of each
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parameter. Notably, the vortex wall angle was found to have an approximate 12% effect, while the volute curvature

exerted a 32% influence on the flow rate.

Figure 2. Representation of the (a) experimental setup, (b) parametric prototype of SAC indoor unit, and (c) two-

dimensional component flow structure (adapted from ).

Despite the various applications of Cross-Flow Fans (CFFs), recent research has been increasingly focused on

their potential implementation in Power-Lift Regional Aircraft, as exemplified by the work of Gologan and

colleagues . Indeed, CFFs have shown promising potential for enhancing the lift coefficient, which is a critical

factor in aircraft design. A conceptual representation of a regional aircraft featuring a CFF for a powered lift system

can be seen in Figure 3a. This design concept illustrates the idea of integrating CFFs in over-wing mounted

engines. Figure 3b visually demonstrates how this integration leads to an increase in aerodynamic lift by reducing

static pressure on the upper side of the airfoil. Furthermore, Figure 3c provides an overview of the flow field

associated with the CFF, encompassing the fan intake and outlet. Notably, the maximum speed recorded was 200

m/s, indicating flow separation in the inlet duct. The observed compatibility of the inlet lip radius with the desired

outcome is a noteworthy finding. The authors of this study assert that various design parameters, including fan

blades, ducts, and airfoil shape, play a pivotal role in optimizing such designs. This research contributes valuable

insights into the potential application of CFFs in enhancing lift coefficients for Power-Lift Regional Aircraft.
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Figure 3. Representation of (a) an artist’s view of a regional aircraft with CFF-powered lift system, (b) pressure

coefficient for propulsive airfoil, and (c) streamlines for the CFF flow (adapted from ).

In response to the insights gleaned from the studies mentioned earlier, a cohort of dedicated researchers has

undertaken the ambitious task of conducting a multi-objective optimization, with a particular focus on enhancing the

performance of Cross-Flow Fans (CFFs). As previously explored, Toffolo and their team were acutely aware of the

intricacies inherent in the flow field surrounding CFFs. Their research was intentionally oriented toward the intricate

process of designing these fans, with a primary goal of delving into the intricate relationships that exist between

various design parameters and the multitude of characteristics that define CFF performance. Their investigation,

characterized by its depth and thoroughness, ventured into the repercussions of altering both the casing and

impeller on the static pressure coefficient. This multifaceted exploration yielded a diverse array of outcomes,

highlighting the inherently complex nature of CFF design and performance. It is evident from these variations that

there is a pressing need for a comprehensive and systematic inquiry into the intricate and multifaceted influence of

design parameters on the performance of CFFs. This quest for optimization is poised to unlock a deeper

understanding of these fan systems, ultimately leading to more efficient and effective applications across various

industries.

2. Aerodynamic Characteristics and Performance of CFFs

In the pursuit of enhanced energy efficiency, a pivotal criterion across diverse applications, organizations worldwide

are diligently engaged in efforts to control and optimize their energy consumption. This proactive approach is

geared towards augmenting the efficiency of production processes, aligning with the broader goal of sustainable

energy usage. Within this landscape, scientists and researchers have embarked on an intensive exploration of

Cross-Flow Fans (CFFs) through meticulous experimental and numerical analyses. Among the myriad challenges

encountered by scientists delving into CFF studies, one of the focal points has been the comprehensive analysis of

performance. This endeavor involves a rigorous evaluation of the aerodynamic characteristics of CFFs,

encompassing intricate aspects such as flow characteristics and in situ visualization, as well as the diverse flow

patterns inherent in this type of fan. To address these challenges, numerous studies have been undertaken, each

contributing valuable insights into the behavior of CFFs under varying conditions. One noteworthy area of

exploration has been the examination of flow characteristics concerning different parameters, a topic thoroughly

investigated in seminal works such as .

2.1. Flow Characteristics

In CFFs, the working fluid undergoes two passes through the impeller, eliminating any distinction between inlet and

exit angles. This characteristic leads to CFFs having higher dynamic pressure and greater circumferential velocity.

In fact, the flow fields within CFFs exhibit various vortices, including the eccentric vortex and the free vortex.

Kim et al.  involved a comprehensive assessment of the flow dynamics and performance of Cross-Flow Fans

(CFFs). To delve into this analysis, they considered a range of critical design parameters, including the stabilizer
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position, setting angle, impeller exit angle, and rear guider shapes. A dedicated design program was developed to

calculate the pertinent parameters and facilitate this investigation. Their approach encompassed both numerical

simulations and experimental procedures. By comparing the results derived from their custom-designed program,

they aimed to obtain a thorough understanding of CFF behavior. The numerical aspect of their analysis involved

the discretization of governing equations through the Finite Volume Method (FVM), allowing them to compute

solutions for flow variables. To identify an optimal geometry, Kim et al. applied the k-𝜖

turbulence model and utilized experimental apparatus. The integration of numerical and experimental data

empowered them to refine the design and enhance the performance of CFFs, a valuable contribution to the field of

fan technology.

Funaki et al.  focused on investigating the impact of aspect ratio and Reynolds number on short-axis Cross-Flow

Fans (CFFs). In contrast to the study conducted by Kim et al., the authors adopted a Particle Image Velocimetry

(PIV) technique to precisely measure flow velocities within the CFF. Notably, their experimental setup did not

incorporate casings, and their examination centered on two distinct impeller types: forward-chambered blades and

radial-flat blades. A significant outcome of their study was the ability to categorize the generated flow into three

distinct modes. As a result of this classification, Funaki et al. created flow-regime maps specifically tailored to the

impellers they employed. One of the most noteworthy aspects of their research pertained to the definition of an

outflow rate from the impeller, which they derived from the PIV results. Their conclusion was particularly intriguing,

as it revealed that the outflow rate coefficient remained independent of both the Reynolds number and aspect ratio.

This finding holds particular relevance for the understanding and design of short-axis CFFs, offering valuable

insights into their operational characteristics.

Tsai et al.  analyzed the flow patterns of CFF with three different rotor-screw angles (RSA). Their observation

methods and findings are summarized in Figure 4, which includes (a–c) the visualization of the 3D axial flow

patterns and (d) cross-sectional observations at different speeds for RSA-0. Based on the results obtained from

their proposed flow visualization setup, it is evident that each angle has a distinct impact on the pressure levels and

noise generation.
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Figure 4. (a–c): Visualization of the 3D axial flow pattern and (d): cross-section observation at various speed for

RSA-0 (adapted from ).

In addition to the various applications of CFFs, other research endeavors have sought to assess the aerodynamic

and aeroacoustic characteristics of these fans. Kumlutas et al.  delved into both the fluid dynamics and heat

transfer aspects of a Split Air Conditioner (SAC) while considering the integration of a CFF within this specific

application. They placed particular emphasis on comprehending the intricate flow patterns that manifest within

CFFs, and, as a result, they introduced a comprehensive 3D model to analyze the airflow and heat transfer within

the SAC unit. To be more precise, they proposed a thin-section model for simulating the indoor unit of the SAC. It is

worth noting that this innovative approach serves as a general framework, which is ultimately destined for

application in a real-world scenario to verify its validity. Consequently, they conducted experimental tests to validate

their proposed model. Furthermore, they sought to validate their model through experimental procedures involving

heat transfer measurements and Stereo Particle Image Velocimetry (SPIV). Given that the internal structure of the

SAC unit includes the CFF, rear wall, and vortex wall, the airflow within the unit was modeled using a 2D approach,

employing nodes for implementing the Finite Volume Method (FVM). The 3D numerical model of the SAC indoor

unit, along with mesh details, is presented in Figure 5.
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Figure 5. (a) Regions of the 3D model and (b) mesh detail of the numerical model (adapted from ).

In the numerical analysis of fluid flow, after implementing the boundary conditions and setting the specified velocity

at 1200 rpm, the flow conditions were visualized using streamlines (refer to Figure 6). As shown, the airflow

originates from the upper exterior region and moves towards the suction holes. This results in the formation of a jet

flow, driven by the substantial pressure differential between the conditioned and ambient air.

Figure 6. Vector field at the inlet zone of the air conditioner representing: (A) the flow separation through the pipe

surfaces, (B) the vortexes behind the pipes, and (C) reverse flow regions at the corners of the air conditioner

(adapted from ).
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Overall, it has been shown that there is a good agreement between the numerical and experimental approaches.

Consequently, the thin-section model is an acceptable assumption through evaluating the CFFs’ performance. A

capacity difference of 0.26% between the test room data and the developed model was obtained, as mentioned by

the authors.

The influence of various design parameters such as impeller exit angles, stabilizer position, and setting angle on

the performance and flow characteristic of CFF has been investigated using a numerical approach . The

standard k-𝜖

turbulence model has been applied to simulate the turbulence behavior. Considering the experimental validation of

the proposed approach, an optimum design has been obtained following the obtained experimental and numerical

results.

2.2. Flow Regions

Cross-Flow Fans (CFFs) offer distinctive advantages in various applications due to their specific design.

Nevertheless, one of their most significant drawbacks is their relatively low efficiency, which is why research and

efforts to enhance this type of fan are ongoing. As the utilization of CFFs varies from Split Air Conditioners to

aircraft, the need for a standardized design with specific parameters becomes apparent. Therefore, it is essential to

recognize the distinct characteristics of these fans in their various applications.

To acknowledge the mentioned issues, the basic aerodynamics and energy transfer processes should be taken

into account. One can mention the flow and its characteristics within the impeller. In fact, the flow field in a CFF is

two-dimensional, which transfers from the blade row, passes within the interior of the impeller, and then passes

radially through the blade row. The most important feature is that the characterization of flow can take place by the

construction of the eccentric vortex placed parallel to the rotor axis. Accordingly, researchers have tried to perform

experimental work on this part . It has been shown that even with the casing wall, the mentioned eccentric

vortex would still exist. To realize more specifically the flow’s characteristics, other works have been developed

numerically. Bushnell et al. have assumed the flow of a fan could be divided into three zones. The most important

feature of this approach is that the flow region boundaries rely on the prediction of the flow, which itself is

influenced by the design parameters based on the findings of other related works .

There are three flow regions in CFFs, as mentioned previously. These regions are schematically illustrated in

Figure 7. Dang and Bushnell  have comprehensively discussed these flow regions. They are named A, B, and

C. Region A corresponds to the inlet flow and includes most of the air that enters the fan. The flow in region A

consists of two stages: flow passage through the suction arc blading and flow passage through the discharge arc.

In this zone, the effect of the vortex could be included along with the two stages augmenting the pressure

coefficient. Region B refers to the zone that is the important part of the flow passage in CFFs, and its role is not

effective on the fan’s performance. Region C is exactly the eccentric vortex. The most important feature of this

zone is that there is a re-circulating of flow, and, thus, there might be energy dissipation that affects region A.
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Figure 7. Definition of the flow regions for mean-line analysis (adapted from ).

From the above-mentioned explanations, it seems that regions B and C do not play an important role in the flow

characterization of CFFs. However, their role is inevitable and should be considered for the flow field evaluation

accordingly.

Dang and Bushnell have characterized the energy transfer and flow characterization in regions A, B, and C. As the

most critical region in CFFs refers to the flow in region A, it is important first to consider this issue and then apply

the findings as the boundary conditions for regions B and C. They have considered the velocity diagram to

correlate them to the first and second stages for further investigations. Efforts have been taken into consideration

to obtain the pressure coefficient as an important criterion in the performance analysis of CFFs.

2.3. Flow-Field Pattern

In 1891, the structure of the flow field was patented. After a few years, several visualization studies were performed

through an eccentric vortex within the impeller, and it was found that the vortex is capable of acting as an

aerodynamic seal for controlling the re-circulation of flow from discharge. In the work of Eck et al., they proposed a

small rear wall along with a thick vortex wall, taking into account a decrease in the value of the radial clearance in

the rotation direction. Another work has considered the pressure coefficient as an important criterion representing

the role of the vortex on the flow-field pattern .

In addition to the described works, several efforts have been taken into account to develop numerical approaches

regarding the prediction of fan performance. The most important works are summarized as follows:
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Combined solution of a forced vortex flow .

Simple potential flow with a single vorticity source .

Potential flow resulting from a couple of equal vorticity sources .

Accordingly, there are other studies that have worked on the flow field experimentally. Murata and Nishihara have

worked on the flow field and its relation with the characteristic curve by which the casing shapes have been

thoroughly investigated . They have considered the different casing shapes to evaluate their effect on the flow

field in various geometric parameters. Furthermore, several impeller blade profiles, such as radial and circular,

have been tested, and the author showed that the eccentric vortex varies for different profiles .

Based on the geometry of the designed CFFs and also the operating conditions, there might be secondary vortices

in the inlet and outlet zones. As shown in Figure 8, CFFs consist of a broad cylindrical rotor by which air passage

takes place through the blade two times. In fact, the airflow controlled by a large vortex on both the inside and

outside of the impeller is a function of the vortex’s size and intensity that is affected by the geometrical parameters

of the casing as well as the operation point .
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Figure 8. Flow field in CFFs (adapted from ).

Due to the complexity of the airflow and its structure, it is crucial to perform several experimental tests. On the

other hand, as the design techniques are not applicable in CFFs with acceptable results, implementing numerical

techniques is inevitable. The objective is to simulate the complex flow in CFFs and avoid a large number of

experiments in the design and development procedures. To accomplish this, Computational Fluid Dynamics (CFD)

calculation is an approach for simulation of the flow field and other related characteristics of the CFFs . It is

worth mentioning that experimental techniques, such as Particle Image Velocimetry (PIV), are normally used for

measurement of the characteristics and performance of the CFFs as a manner of experimental validation of the

implemented numerical simulations .

In CFFs, the most important part that has an effect on the flow field is the inner side of the impeller. To be able to

perform the related investigation, it is required to determine the variation in pressure coefficient, volume flow

coefficient, efficiency, and velocity. Mostly, 2D CFD calculations have been implemented to evaluate the flow in

different applications of CFFs. In fact, the development of numerical approaches can create a platform for the

complete calculation of the inner flow of the CFFs by using CFD software based on different methods, such as the

Finite Volume Method.

Gebrehiwot et al.  have investigated the impact of outlet on flow patterns using CFD calculations for different

designs, including the outlet duct shapes. Furthermore, they have evaluated the effect of geometry variation and

the static pressure variation in the eccentric vortex center in order to be able to obtain a balance toward the airflow

division within the two outlet ducts. Based on their experimental tests, the performance of the rotors was shown to

be similar and caused an increase in the total pressure over the rotors.

Shih et al.  studied the effect of internal flow in a CFF and its effect on the performance of these types of fans.

They have focused on the eccentric vortex and found that three factors cover this parameter: vortex wall or tongue,

rear wall, and rotor orientation. The point is that when there is a rotation of the rotor, the formation of the vortex is

inside the center of the rotor with a symmetrical flow field. However, in the presence of the vortex wall near the

rotor, the vortex tends to move toward it and produce an eccentric vortex. The center of this vortex is inside the

rotor, affecting the transient flow and dividing the internal flow. Accordingly, there have been several CFD

calculations toward the prediction of internal flow . These calculations help perform better design and

optimization toward improving the performance of the CFFs. To come back to the work of Gebrehiwot et al., it is

worth mentioning that different outlet configurations have been implemented to predict the impeller performance

along with a balance over the existing flow toward the parallel outlets.

In the first case, the static pressure and the total pressure have been calculated. Changing the static and dynamic

pressures, the total pressure over the rotor has been increased, which is highly related to the mass flow.

Additionally, a value of 𝜓=1
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has shown that the movement of the vortex wall results in augmenting the rotor outlet area. In the second case, the

balance over the distributed flow of the test cases shows a variation through the outlets of the designed CFFs with

an average variation of 45%, which should be taken into account as an important step toward optimization

purposes.

Wan et al.  evaluated the internal flow with the pressure of the air duct, and they found that the generated flow

was not uniform. They have stated that the definition of eccentric vortex results in loss of airflow, and thus, they

have proposed various designs and performed numerical simulations. Their results showed that the flow rate is

small and the velocity distribution is uniform. In another work, the effects of tongue shape and impeller geometry on

the flow field of CFFs have been evaluated . Different impellers have been designed by considering various

blade angles and radius ratios; it was found that each design has its own effect on the total pressure and efficiency.

The smaller the vortex size, the higher the performance, as stated based on the performed design for the rotors.

Casarsa and Giannattasio  have also mentioned that the eccentric vortex has a crucial role in the axial fluid

mechanism to characterize the 3D flow structure that exists in CFFs. In fact, they have implemented high-

resolution PIV measurements to evaluate the flow field of the fans. These measurements have shown that there is

a flow re-circulation near the casing wall, and this issue should be taken into account in the design approaches of

the CFFs.

Li et al.  have also investigated the performance of embedded CFF in the window purifying ventilator by

determining the flow pattern and internal flow resistance. They have used the sliding mesh technique to consider

the rotation of the impellers. In fact, a stationary and a rotational zone was defined by which the vortex wall, rear

wall, and casing were in the stationary zone, and the impellers were in the rotational zone. Efforts have been made

to apply the standard, RNG, and k-𝜖

models to simulate and validate with experimental data to find the best model for the performed design and,

consequently, for optimization purposes. They have concluded that the role of the vortex wall is inevitable and

highly affects the performance of the CFFs. In addition, they have proposed consideration of the proposed design

within the ventilator with an acceptable flow coefficient.

More recently, Himeur et al.  have presented a novel methodology in order to predict the performance of the

CFFs by focusing on its correlation with the internal field by applying a multidisciplinary approach. Figure 9

indicates the applied CFD meshing as well as the predicted efficiency for the applied CFFs’ geometry. When

applying CFD simulation as well as an optimization algorithm combined with the internal flow field, there was good

agreement with the experimental data, as reported by the authors.
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Figure 9. CFD meshing of the internal flow and efficiency prediction of the applied CFFs (adapted from ).
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