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ABSTRACT: Plate heat exchangers are extensively utilized in thermal management. The heat transfer efficiency is
significantly constrained by structural parameters and the non-uniformity of flow distribution across the plates. To
address this, this study proposes the integration of diversion grooves onto the heat transfer plates to optimize the flow
field. Numerical simulations conducted using ANSYS FLUENT demonstrate that the introduction of diversion grooves
effectively reduces the fluid distribution uneven coefficient by 6.9%. To identify the optimal configuration, a series of
plate models were developed and analyzed, investigating the impact of varying diversion groove lengths (ranging from
0 to 3/4 of the heat transfer zone width), numbers (0, 3, 4, 5, and 6), and corrugated angles (0○, 15○, 30○, 45○, 60○,
and 75○). The results indicate that the optimal performance is achieved when the diversion groove length accounts
for 2/3 of the main heat transfer zone with a quantity of four grooves. Compared to the baseline structure without
diversion grooves, this configuration yields a 26.2% increase in the comprehensive performance coefficient and a 4.6%
reduction in the fluid distribution uneven coefficient. Furthermore, under identical diversion groove configurations,
the plate with a 60○ corrugated angle exhibits superior performance, surpassing other angles by at least 1.4% in the
comprehensive performance coefficient, while maintaining the fluid distribution uneven coefficient within 0.5% of the
minimum observed value. These findings provide a theoretical basis for the structural optimization of high-efficiency
plate heat exchangers.

KEYWORDS: Plate heat exchanger; numerical simulation; flow field distribution; heat transfer performance

1 Introduction
Sustainable development in modern society necessitates the efficient utilization of energy. Increasing the

energy efficiency of industrial processes can be achieved by reducing excessive heat loss during the working
process. Plate heat exchangers (PHEs) have many characteristics, such as high heat transfer efficiency
and wide applicability in various fields. It is commonly used in chemical processing, food manufacturing,
shipping, transportation, etc. However, despite their widespread application, the performance of PHEs is
frequently compromised by flow maldistribution across the plates. Existing studies indicate that uneven
flow distribution not only diminishes the effective heat transfer area but also increases fluid resistance and
fouling risks, thereby preventing the equipment from achieving its ideal theoretical performance. Therefore,
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optimizing the plate structure to ensure uniform flow distribution is critical for enhancing energy efficiency
in industrial applications.

The structural design of PHE is simple, being mainly composed of gaskets for sealing fluids and heat
exchange plates [1]. A gasketed plate heat exchanger is one of the most widely used PHEs [2]. The main
goal of current research on plate heat exchangers is to improve heat transfer efficiency. The heat transfer
enhancement techniques can be classified either as active or passive. Performance improvement can be
achieved by optimizing the plate structure [3,4]. Existing studies found that differences in plate structure
have a significant impact on heat exchangers. The structure can not only affect the heat transfer efficiency but
also influence the flow field distribution [5]. Due to limitations of both physical and chemical methods, some
research has changed the flow field between plates by changing the plate structure. Flow field parameters,
such as velocity, temperature, and flow rate, all have an impact on heat exchanger performance. The non-
uniform flow field can seriously affect the heat transfer efficiency of PHE and increase fluid resistance
between plates [6]. Some studies have verified the accuracy of numerical simulation methods for heat transfer
processes through software simulation, pointing out that model variations are significantly related to heat
transfer performance and energy efficiency [7,8]. Fluid flow velocity is affected by channel size parameters,
the increase in flow velocity can lead to an increase in fluid turbulence intensity, which significantly improves
heat transfer efficiency [9–11]. Some studies have conducted quantitative experimental research on the effect
of uneven flow distribution on heat transfer efficiency, finding that the heat transfer performance of the heat
exchanger was decreased by 4% [12]. The change in channel shape has a significant impact on fluid flow.
It is considered to affect the performance and resistance of fluids in the heat exchange process by altering
the plate conditions [13]. The uneven flow distribution in plate heat exchangers hinders the expected ideal
performance. Some studies use the finite element method to simulate flow and optimize the layout of fluid
channels in the flow field. They found that changing the structure can improve the flow field distribution, but
there is a lack of complete three-dimensional model analysis of the model [14]. In addition, existing studies
also found that the uniformity of fluid distribution has a significant impact on flow field characteristics. It
is possible to reduce the non-uniform flow field distribution by changing the plate structure [15,16]. The
main research on changing plate structure focuses on changing angles, height, and width of the corrugated
plate [17–19]. For the influence of different corrugated angles on heat exchangers, compared with plates with
a corrugated angle of 35○, the thermal resistance of plates with a corrugated angle of 65○ was decreased
by 70%, the hot fluid side was increased by 23%, and the pressure drop was increased by 100% [20]. The
chevron angle significantly affects the heat transfer rate and turbulence intensity inside the heat exchanger.
It demonstrates a positive correlation between the corrugated angle and heat transfer performance, with a
substantial enhancement of 35.69% observed in the heat transfer rate as the corrugated angle increases from
30○ to 60○ [21]. Current research on structural optimization primarily focuses on modifying the corrugated
angle, channel height, and depth. However, this improvement comes at a steep cost, higher corrugated angles
result in a significant increase in pressure drop. Existing studies have found that as the corrugated angle
increases, the Nusselt number of herringbone plates is 2–5 times that of flat plates, while the fluid resistance
is 13–44 times higher. At a constant pumping power, the heat transfer of the herringbone a plate is 2.8 times
greater than that of flat plate channel [22].

Currently, the structure of heat transfer plates in plate heat exchangers has been extended to a variety of
structures, including rectangular, trapezoidal, and triangular configurations [23]. Studies show that different
corrugation shapes of corrugations exert a positive optimization effect in improving fluid flow uniformity.
To reduce the increase in fluid resistance caused by plate structure optimization, and at the same time
improve heat transfer performance, adding flow guide structures to the heat exchange plates is a novel
approach. It found that heat transfer performance proved by 20% in helically grooved shell and coil tube heat



Front Heat Mass Transf. 2026;24(3):12 3

exchanger [24], but there is a significant scarcity of literature regarding the application of corrugated grooves
in plate heat exchangers. More importantly, existing studies hasn’t systematically investigated the coupling
effect between diversion groove parameters (length, quantity) and the corrugated angle. It remains unclear
whether integrating diversion grooves can effectively mitigate the maldistribution issue in high-angle plates
without incurring excessive pressure drops.

To achieve the optimization goal of plate heat exchangers by regulating flow field distribution, this work
establishes a complete heat transfer plate model with diversion grooves added to a corrugated plate. This
study establishes a complete heat transfer plate model with the addition of deflector grooves to the corrugated
plate. Deep insight into the effect of adding grooves on the heat transfer performance of a plate heat exchanger
through computational fluid dynamics (CFD) calculation. The study focuses on the effects of the length,
number, and corrugated angle of the diversion grooves on the performance of the heat exchanger, and the
optimal structural combination is determined through comparison. The findings provide a theoretical basis
for the structural optimization of next-generation high efficiency plate heat exchangers.

2 Simulation Methods

2.1 Model Building
This study used “ANSYS FLUENT” computational fluid dynamics software for simulation research.

ANSYS is widely used in research on fluid flow and thermodynamics, with the deviation of simulation results
falling within an acceptable range, and it is applied to investigate fluid flow conditions in studies of plate heat
exchangers [25,26]. Models of heat exchange plates are established based on a certain type of heat exchange
equipment in actual, and a three-dimensional model of a heat exchanger plate is established by SolidWorks
software, as shown in Fig. 1. It is composed of heat exchange plates and sealing gaskets. Simulations are carried
out using different diversion grooves to determine the optimal parameters in terms of thermodynamic and
flow distribution. A schematic diagram of the plate structure is shown in Fig. 2. Considering the principle
of single variable, the diversion groove is only located on the cold fluid side plate, and the same structure is
used for the hot fluid side plate in each model.

Figure 1: Model of herringbone corrugated heat exchanger plates.

Figure 2: Schematic diagram of plate corrugated angle, diversion groove and channel.
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Tetrahedral mesh is suitable for mesh generation of complex curved surfaces or irregular geometric
models. In this work, the meshes for the fluid and solid domains employed in the numerical computation
consist of tetrahedral elements. Owing to the complex mesh distribution at the flow guide structure, a
mesh refinement was applied to the flow guide structure and its vicinity to effectively capture the gradient
distributions of temperature and velocity parameters in this region, as shown in Fig. 3.

Figure 3: Mesh diagram of the flow guide structure region in the model.

2.2 Boundary Conditions and Governing Equations
Numerical simulations are conducted on two types of plate models, one with added diversion grooves

and the other is the original plate, which has no grooves. The effects of adding diversion grooves on the
plates are analyzed from the aspects of heat transfer performance and flow field distribution. The boundary
conditions are set as follows: cold fluid is liquid water with the inlet temperature of 298 K, and hot fluid is
liquid water with the inlet temperature of 373 K. The inlet is set as a velocity inlet, and the outlet is set as a
pressure outlet. Planes in the cold and hot fluid domains are selected to study the distribution of the fluid
state. After simplification, the fluid flow direction within the plate is as follows: hot fluid enters the plate from
a circular hole at the top left corner between plates and exits from a circular hole at the bottom right corner.
Cold fluid enters from a circular hole area at the bottom left corner and exits from a circular hole area at the
top right corner. This study focuses on the distribution of fluid temperature and velocity.

In ANSYS FLUENT simulations, the coupling relationship between pressure and velocity is the core of
solving the Navier-Stokes equations [27]. Fluent provides two primary pressure-velocity coupling solvers: the
Coupled algorithm and the SIMPLE algorithm. The Coupled algorithm solves pressure, velocity, as well as
temperature, turbulence parameters, as a whole, and is suitable for compressible fluids and strongly coupled
problems. In contrast, the SIMPLE algorithm iteratively solves the velocity and pressure fields through
pressure correction, making it suitable for low-speed incompressible flows. Compared with the Coupled
algorithm, the SIMPLE algorithm offers lower computational cost and better stability. Due to the large
number of grids in this study and the high computational requirements, the SIMPLE algorithm is adopted
for the heat transfer simulation.

The standard k-ε model needs to solve the equations for turbulent kinetic energy and its dissipation rate.
The turbulent kinetic energy transport equation is derived from the exact equation, but the dissipation rate
equation is obtained by physical reasoning and mathematical simulation of similar prototype equations. The
model assumes that the flow is completely turbulent and that the effect of molecular viscosity is negligible.
Therefore, the standard k-ε model is only suitable for the simulation of flow processes with full turbulence.
Bai et al. [28] conducted a comparative study of the standard k–ε and realizable k–ε models for plate
configurations, demonstrating that the realizable k–ε model with enhanced wall treatment yields higher
accuracy in predicting complex turbulent flows within corrugated geometries. Given the findings of this
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study and the established suitability of the realizable k-ε model for complex turbulent flows, this model was
selected for the subsequent analysis. The steady-state k equation and ε equation are as follows [29]:
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Mathematical model used for numerical simulation is based on the following assumptions:

1. Heat transfer fluids are all incompressible Newtonian fluids, and the flow regime is steady-state
turbulent flow.

2. Gravity and buoyancy due to density differences are neglected because of the low fluid velocity within
the heat exchanger.

3. Account only for thermal conduction and thermal convection between the fluid and heat transfer plates,
neglecting the influence of thermal radiation.

4. Thermal effect of viscous dissipation during fluid flow is ignored. The model wall is an adiabatic wall,
and it is assumed that the system has no heat loss.

A simulation of the heat exchanger follows the laws of mass conservation, momentum conservation
and energy conservation. The Navier-Stokes equation describes the conservation of momentum and mass in
Newtonian fluids during fluid motion. The N-S equation is the primary governing equation used in ANSYS
software to simulate fluid heat transfer. Since the fluid is set to incompressible liquid water, the N-S equation
can be simplified as follows:
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2.3 Data Processing Methods
Parameters obtained after simulation are processed by the following formula: friction factor (f ), total

heat transfer coefficient (ht), fluid distribution uneven coefficient (Iv), comprehensive performance index (η)
in the PHE [30–32].

f = 2ΔP ⋅ de

Lρv2 (7)
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η = Nu
f

(10)

In the formula, de is the characteristic length of channel between plates, h is the convective heat transfer
coefficient, λ is the thermal conductivity of water, μ is the dynamic viscosity of water, h1 and h2 are the
convective heat transfer coefficient at the cold and hot fluid side, δ is the thickness of the plate where heat
exchange occurs, vmax, vmin, vavg represent the maximum velocity, minimum velocity and average velocity of
the fluid, respectively. Comprehensive performance index (η) considers the heat transfer performance and
flow resistance performance at a time, and fluid distribution uneven coefficient (Iv) reflects the degree of
uneven distribution of flow field of different structural plates. The higher Iv of the model, the more uneven
the distribution of the flow field. Considering both η and Iv are the main basis for selecting relatively better
structural plates.

2.4 Mesh Independence Verification
Considering the complexity of the model’s internal structure, the manuscript uses an unstructured

tetrahedral mesh to divide the study objects. If the number of meshes is too small, there are not enough
meshes to accurately describe the key characteristics of the flow field. Too many meshes accumulate too
much discrete equation data and distort the results. The Nusselt number simulated by the model for different
mesh numbers is shown in the Table 1.

Table 1: Changes of Nu in plate heat exchanger model with different number of meshes.

Number of Meshes Nu Relative Error
1,486,912 81.2 —
3,075,663 84.7 4.3%
6,251,122 87.1 2.8%

10,426,781 88.2 1.3%

The relative error of Nu number corresponding to the number of meshes is analyzed. When the number
of meshes increases from 6,251,122 to 10,426,781, the Nu error is less than 2%. Therefore, the manuscript uses
about 6,251,122 grids for model division.

3 Result and Discussion

3.1 Diversion Grooves Impact Analysis
To validate the accuracy of the CFD simulation for the plate heat exchanger in this study, a comparison

was made between the present study and existing research [33]. In the referenced literature, the corrugation
height of the plates was 2 mm, and the gap between heat transfer plates was approximately 0.2 mm, which
was similar to the model in the present study. Simulations were performed using the fluid inlet temperature
and velocity settings from the referenced literature. The simulated Nu values at Re values of 2500, 3000, and
3500 were 82.5, 93.4, and 102.9, respectively, while the corresponding Nusselt numbers in the reference were
approximately 90, 102, and 115, with an average error of approximately 10%. Additionally, with reference to
the grid independence verification, the accuracy of the simulation in the present study was validated.

The actual plate model was simulated, and the section in the cold fluid region was selected for fluid
flow analysis. Fluid temperature and velocity distribution on the cross-section were shown in Fig. 4, and the
cross-section temperature distribution cloud diagram in the upper edge region was shown in Fig. 5.
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(a) (b)

Figure 4: Cloud diagram of temperature and velocity distribution in cold fluid domain: (a) Cloud chart of temperature
distribution; (b) Cloud chart of velocity distribution.

Figure 5: Section temperature distribution above cold fluid domain.

In Figs. 4 and 5, hot fluid of the front and rear plates enters the heat exchange area from the upper left
corner, both hot fluid flows in the local area, and the temperatures are high, resulting in a high degree of
evaporation of the cold fluid in the upper left corner. When saline fluids are used for heat transfer in actual
use, due to the large cold fluid flow in left area, the amount of salt substance precipitating in this area is also
large. In order to optimize the flow field distribution, it is considered to make the temperature distribution
above the cold fluid more uniform to reduce the average temperature in the upper left corner of the fluid
domain. Adding diversion grooves is a useful way to achieve the goal. Fig. 6 presents the velocity vector
diagram on the cross-sectional plane of the cold fluid domain. From this figure, it can be observed that the left
region exhibits a larger flow rate, and the flow direction of the fluid is influenced by the corrugated structure
on the plates. To achieve uniform flow distribution within the fluid domain, adding diversion grooves on the
plates is proposed to direct the fluid toward the right region.

3.2 Influence of Diversion Groove Length on Performance and Flow Field of Plate Heat Exchanger
The results from Section 3.1 show that there are more cold fluids in left area, and there is an uneven

distribution of the flow field in the fluid channel between plates. It is considered to divert cold fluid to the
right by adding a diversion groove to reduce the flow of cold fluid flow in left area to improve the flow field
distribution. The model changes are shown in Fig. 7.



8 Front Heat Mass Transf. 2026;24(3):12

Figure 6: Cross sectional velocity vector diagram of cold fluid domain.

(a)

(b)

Figure 7: Traditional model at cold fluid side and model with diversion grooves: (a) Traditional model of cold fluid
side plate without diversion groove; (b) Model of cold fluid side plate added into diversion grooves.

After adding diversion grooves, the influence of diversion groove length and numbers on the heat
exchanger is mainly studied. Corrugated area in the middle of the plate is the main heat exchange area of the
PHE. Six models with the length of the diversion groove as 0, 1/4, 1/3, 1/2, 2/3, and 3/4 of the cross-section in
the main heat exchange zone are designed for simulation. Temperature and velocity distribution on the cold
fluid side and the hot fluid side are shown in Figs. 8 and 9.

(a) (b)

Figure 8: Cloud chart of plane temperature and velocity distribution in cold fluid domain: (a) Cloud chart of
temperature distribution; (b) Cloud chart of velocity distribution.
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(a) (b)

Figure 9: Cloud chart of plane temperature and velocity distribution in hot fluid domain: (a) Cloud chart of
temperature distribution; (b) Cloud chart of velocity distribution.

Compared with the simulation results before and after optimization, cold fluid moved to the right after
adding a diversion groove, the average temperature in the area far from cold fluid inlet decreased, mass flow
rate in right side of the cold fluid domain increased, the mass flow rate of cold fluid in left area decreased,
which improved flow field distribution in the cold fluid. Therefore, plates designed with diversion grooves are
more suitable compared with the original plate structure. In order to visually compare the simulation results
of different structures, a plate model with the length of diversion groove set to 0 of the section length of the
main heat exchange zone is selected as the control model. The normalized comparison method is adopted;
the parameter of the control plate is selected as 1.

In Fig. 10a, it can be seen that the heat transfer coefficient in the cold and hot fluid domains first
increases and then decreases as the length of the diversion groove increasing. In Fig. 10b, on the basis of
keeping the hot fluid side plate unchanged, the friction factor of the hot fluid increases slowly with the
increase of diversion groove length, and the friction factor of the cold fluid increases first and then decreases
due to the drainage effect of diversion groove. In Fig. 10c, considering the heat transfer performance and
resistance characteristics of the plate, when the length of the diversion groove accounts for 2/3 and 3/4, the
comprehensive performance index of the plate is higher. The fluid distribution uneven coefficient reaches its
maximum value at 1/4 length, increasing by 3.5% compared to the control model. Reaching the minimum
value at 1/2 length, it decreased by 6.9% compared to the control model. The uneven flow distribution on
the left and right sides of the original plate is quite severe. The medium length diversion groove can directly
introduce the fluid from the left side into the middle area to achieve a better flow field distribution balance.

(a) (b)

Figure 10: (Continued)



10 Front Heat Mass Transf. 2026;24(3):12

(c)

Figure 10: Key parameters of plates with different diversion groove lengths: (a) Comparison of heat transfer coefficients
of plates; (b) Comparison diagram of friction factors of plates; (c) Comparison diagram of comprehensive performance
index and fluid distribution uneven coefficient of plates.

Table 2 shows the performance of plates with different diversion groove lengths; the model of length 0
has no diversion groove. Upon comparing models with different structures, it was found that the diversion
groove significantly affects the performance of the heat exchanger. The results indicate that plates with
relatively better comprehensive performance index at the cold end are those with the diversion groove lengths
accounting for 2/3 and 3/4, and that plates with relatively better fluid distribution uneven coefficient are those
with diversion groove lengths accounting for 1/2 and 2/3. When the length ratio of diversion groove increases
from 1/2 to 2/3, compared to the model without a diversion groove, yhe comprehensive performance index of
the cold side increases by 22.1% and 26.3%, but the fluid distribution uneven coefficient decreases by 6.9% and
4.6%. When the proportion of the length of the diversion groove increases from 2/3 to 3/4, the comprehensive
performance index increases by 26.3% and 26.6%, but the fluid distribution uneven coefficient changed from
a decrease of 4.6% to an increase of 1.1%. The diversion groove hinders the upward and downward movement
of the fluid. Some of the cold fluid moves to the right along the channel between the diversion grooves,
and a small part of the cold fluid jumps out of the diversion groove. The cross arrangement of diversion
groove outlet and the corrugation prevents the fluid from entering the corrugation heat transfer zone, which
increases the degree of fluid turbulence, then increases heat transfer capacity and resistance characteristics.
However, when the diversion groove is too long, fluid moves to the right side along the guide channel.

Table 2: Performance table of plates with different diversion groove lengths (compared with the plate model without
diversion groove).

Proportion of Diversion Groove Length in Cross
Section Length of Heat Exchange Zone 0 1/4 1/3 1/2 2/3 3/4

Heat transfer coefficient of cold fluid side (W/m2⋅K) 1 1.019 1.074 1.137 1.114 1.091
Heat transfer coefficient of hot fluid side (W/m2⋅K) 1 1.014 1.042 1.074 1.067 1.053

Heat transfer coefficients (W/m2⋅K) 1 1.003 1.088 1.165 1.145 1.116
Cold fluid side friction factor 1 1.008 1.026 1.067 1.038 1.005
Hot fluid side friction factor 1 1.008 1.030 1.043 1.061 1.080

Fluid distribution uneven coefficient 1 1.035 0.978 0.931 0.954 0.989
Comprehensive performance index of cold side 1 1.012 1.122 1.221 1.263 1.266
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The reduction of the heat transfer area leads to the decline of heat transfer capacity and resistance
characteristics. The heat transfer coefficient and cold fluid friction factor show a trend of first increasing
and then decreasing. When a plate model with the length of diversion groove is 1/2 of the section length
of the main heat exchange zone, both the heat transfer coefficient and cold fluid friction factor reach their
maximum. The heat transfer coefficient is increased by 16.5%, and the cold fluid friction factor is increased by
13.7% compared with the control model coefficient. By processing data and considering the thermodynamic
performance and flow field distribution, the effect of plates with a length ratio of 2/3 performs the best among
plates with different diversion groove lengths.

3.3 Influence of Diversion Groove Number on Performance and Flow Field of Plate Heat Exchanger
On the basis that the length of the diversion groove is 2/3 of the cross-section length in the main heat

exchange zone and the corrugated angle of the plate is 60○, five kinds of plate structures with 0, 3, 4, 5, and
6 diversion grooves on the cold fluid side plate are designed for simulation. A plate model with 0 diversion
grooves is selected as the control model. The normalized comparison method is adopted, and the parameter
of the control plate is selected as 1.

In Fig. 11a, with the increase of the number of diversion grooves, the heat transfer coefficient in the
cold and hot fluids show a continuous growth trend. When the number of diversion grooves is six, the heat
exchange effect between fluids is optimal. In Fig. 11b, the fluid friction factor increases with the increase in the
number of diversion grooves. In Fig. 11c, through the calculation of the comprehensive performance index,
the combined effect of the heat transfer performance and resistance characteristics of plates is analyzed.
When the number of diversion grooves is four, the comprehensive performance of the plates is the best, but
the fluid distribution uneven coefficient is not optimal. Due to the interference of diversion grooves on fluid
flow, the fluid distribution uneven coefficient shows an upward trend with the increase in the number of
diversion grooves.

(a) (b)

Figure 11: (Continued)
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(c)

Figure 11: Key parameters of plates with different diversion groove number: (a) Comparison of heat transfer coefficients
of plates; (b) Comparison diagram of friction factors of plates; (c) Comparison diagram of comprehensive performance
index and fluid distribution uneven coefficient of plates.

Table 3 presents the performance of plates with different numbers of diversion grooves, indicating that
plates with four and five diversion grooves have relatively better overall cold fluid side performance index,
while plates with three diversion grooves exhibits a relatively better the fluid distribution uneven coefficient.
Compared to the plate without diversion grooves, when the number of diversion grooves increases from
four to five, the overall cold fluid side performance index increases by 26.3% and 25.9%, and the fluid
distribution uneven coefficient reduces by 4.6% and 3.7%. Through data processing, it can be concluded
that the number of diversion grooves has little effect on the thermodynamic performance and flow field
distribution of the PHE.

Table 3: Performance of plates with different number of diversion grooves (compared with the plate model without
diversion groove).

Number of Diversion Grooves 0 3 4 5 6
Heat transfer coefficient of cold fluid side (W/m2⋅K) 1 1.098 1.114 1.123 1.130
Heat transfer coefficient of hot fluid side (W/m2⋅K) 1 1.056 1.067 1.075 1.090

Heat transfer coefficients (W/m2⋅K) 1 1.122 1.145 1.155 1.164
Cold fluid side friction factor 1 1.025 1.038 1.063 1.085
Hot fluid side friction factor 1 1.052 1.061 1.074 1.091

Fluid distribution uneven coefficient 1 0.942 0.954 0.963 0.969
Comprehensive performance index of cold side 1 1.245 1.263 1.259 1.251

In Fig. 12, fluid flow is obviously restrained by the plate corrugation when the fluid flows out of the
diversion groove and enters the corrugated heat exchange zone. The interference effect of the heat exchange
plate on fluid flow increases with the increase in the number of corrugations. The heat transfer effect and the
resistance characteristics of the fluid increase.

In Fig. 13, the fluid motion trajectories near the diversion groove are magnified and displayed to
investigate the reasons why this structure affects the performance of the heat exchanger. The trajectories near
the diversion groove are dense and uniformly distributed, indicating full utilization of the heat transfer area
in the heat exchange region. The trajectories closely adhere to the walls of the guide structure, exhibiting
periodic fluctuations. Due to the inclination angle between the fluid flow direction and the guide structure
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as well as the V-shaped corrugations, the trajectories display the V-shaped pattern, which subsequently
generating a three-dimensional spiral flow. These phenomena enhance the turbulence intensity of the fluid,
thereby improving the heat transfer performance.

Figure 12: Local flow field in cold fluid domain.

Figure 13: Magnified view of fluid motion trajectories in the local region of the flow guide structure.

In traditional V-shaped plates, the fluid motion opposes the corrugations, which increases the resistance
experienced by the fluid while achieving sufficient heat transfer. In contrast, the presence of the diversion
groove alleviates the impact of some fluid on the corrugations, resulting in a relatively uniform flow
distribution between channels and a relatively balanced pressure drop during fluid flow and heat transfer.

It can be found that the change of the number of corrugations has a greater impact on the local area,
but has a smaller impact on the overall performance. In these models with different numbers of diversion
grooves, the comprehensive performance index and fluid distribution uneven coefficient corresponding to
different numbers of corrugations have changed by 1.8% and 2.7%. The plate model with the three channels
and four diversion grooves has the optimal performance.

3.4 Influence of Plate Corrugated Angle on the Performance and Flow Field of Plate Heat Exchanger after
Adding Diversion Groove
From the above results, the length of the diversion groove is 2/3 of the cross-section length in the main

heat exchange zone, and the effect of performance is relatively optimal when the number of diversion grooves
is 4. On the basis of the remaining parameters unchanged, six kinds of plate structures with corrugated angles
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of 0○, 15○, 30○, 45○, 60○, and 75○ on the cold fluid side plate are selected for simulation. In order to visually
compare simulation results of different structures, a plate model with a corrugated angle of 0 in the cold fluid
side plate is selected as the control model. The normalized comparison method is adopted, and the parameter
of the control plate is selected as 1.

In Fig. 14a, with the increase of corrugated angles, the heat transfer coefficient increases gradually,
and the fluid friction factor rises sharply. Referring to the research and analysis without the diversion
grooves, with the increase in the corrugated angle, the fluid flow between plates gradually changes from two-
dimensional flow to cross flow, and the increase in the contact between fluid and plate makes the fluid flow
more disordered [34]. In Fig. 14b, the resistance of fluid between the plates increases due to the increase of the
interference of diversion grooves and the corrugated on the fluid. In Fig. 14c, the fluid distribution uneven
coefficient shows a gradual decrease trend, but the comprehensive performance index shows a trend of firstly
increasing and then decreasing. The comprehensive performance index is increased by 26.2% compared with
the control model coefficient.

(a) (b)

(c)

Figure 14: Key parameters of plates with different corrugated angle: (a) Comparison of heat transfer coefficients of
plates; (b) Comparison diagram of friction factors of plates; (c) Comparison diagram of comprehensive performance
index and fluid distribution uneven coefficient of plates.

Table 4 shows the performance of the plates with different corrugated angles after adding diversion
grooves. PHE design typically requires high heat transfer performance, from the perspective of the compre-
hensive performance index on the cold fluid side, plates with 60○ and 75○ corrugated angles exhibit relatively
superior results. The comprehensive performance index increases first and then decreases with the increase
in corrugated angle. The index is the highest when the corrugated angle is 60○, which is 26.2% higher than
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the value at the worst angle of 0. Meanwhile, the uniformity of the flow field distribution increases with the
increase in the corrugated angles. Therefore, the primary analysis focuses on the performance of plates with
corrugated angles of 60○ and 75○. Compared with the plate with a corrugated angle of 0, when the corrugated
angle increases from 60○ to 75○, the fluid distribution uneven coefficient decreases by only 0.5%, whereas the
comprehensive performance index drops significantly by 1.8%. The effect of corrugated angles on the flow
field is mainly to change the tangential force component, and the flow direction angle of fluid in channel
direction also changes, resulting in a change in the turbulence degree of the heat exchange fluid between
plates [35]. Change of the flow state not only improves the turbulence degree of the cold fluid flow, but also
increases the resistance of fluids. By processing the data and considering the thermodynamic performance
and flow field distribution, a corrugated angle of 60○ is the best angle among the above corrugated angles
model with the addition of a diversion groove.

Table 4: Performance of plates with different corrugated angles (comparison with the plate model with corrugated
angle of 0).

Corrugated Angles 0○ 15○ 30○ 45○ 60○ 75○

Heat transfer coefficient of cold fluid side (W/m2⋅K) 1 0.953 1.012 1.052 1.114 1.161
Heat transfer coefficient of hot fluid side (W/m2⋅K) 1 0.998 1.022 1.041 1.067 1.088

Heat transfer coefficients (W/m2⋅K) 1 0.957 1.023 1.083 1.145 1.179
Cold fluid side friction factor 1 0.910 0.942 0.989 1.038 1.125
Hot fluid side friction factor 1 0.971 0.990 1.018 1.061 1.130

Fluid distribution uneven coefficient 1 0.995 0.986 0.967 0.954 0.949
Comprehensive performance index of cold side 1 1.173 1.215 1.240 1.262 1.244

3.5 Comparative Analysis with Literature
Previous studies have involved optimizing the structure of heat exchanger plates to improve heat transfer

performance. A comparison of their key parameters with those in this study is shown in Table 5.
In existing studies, the optimization of heat exchanger plates is primarily categorized into two types:

variations in corrugation angles in V-shaped plates, and the remaining corrugation structures not limited to
V-shaped plates. Khan et al. limited their study to a corrugation angle of 30○ to 60○ and did not optimize
the corrugation structure. Meanwhile, existing literature mainly focuses on optimizing the corrugation angle
between 30○ and 60○ [37,38]. Lee and Lee [39] expanded the range of corrugation angles to investigate
their heat transfer performance and fluid flow resistance. The present study combines these two aspects
via η to quantify the comprehensive performance. Kim and Park [40] also consider the results of Nu and
f simultaneously, but this study further investigates the optimization of non-uniform coefficients. Some
studies [41,42] have caused an increase in fluid resistance and a decline in overall performance by modifying
V-shaped plates.

Through comparative analysis, it is evident that the guide groove structure exhibits heat transfer
performance similar to or even better than that of other optimized plate models. Moreover, the design
of the guide groove structure in this study accounts for optimizing non-uniform fluid flow, thereby
endowing it with certain advantages among the various optimized plate models aimed at enhancing heat
exchanger performance.
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Table 5: Comparison of key parameters between this study and existing studies.

Authors Structural
Optimization Key Findings

Khan et al. [36] Corrugation angle Nu increases by approximately 2.8 times when the
corrugation angle is changed from 30○ to 60○.

Krishna et al. [37] Corrugation angle

When the corrugation angle is increased by
30○–40○, the Nu increases by 15%. When the

corrugation angle is increased by 40○–50○, Nu
increases by 30%.

Hessami [38] Corrugation angle As corrugation angle changes from 45○ to 60○, Nu
and f increase by 1.5–2 times.

Lee and Lee [39] Corrugation angle Friction factor increases by about 109% and 273%,
as β increases from 30○ to 60○.

Kim and Park [40]
Plates with different
chevron shapes and
hydraulic diameters

Thermal and hydraulic performance exhibits a
slight improvement as the j/f1/3 value increases

from 1.17 to 1.22.

Kim et al. [41] Double-wave plate
Heat transfer performance and ΔP of a double-wave

PHE increase by 50% and 30%, respectively,
compared with a chevron corrugation PHE.

Luan et al. [42]
Transverse and

longitudinal
corrugation

Anti-phase secondary corrugation exhibits the best
performance. Compared with chevron corrugation
PHEs, the Nu and f of compound corrugation PHE

decrease by 25% and 50%, respectively.

This study Guide groove
structure

After adding the guide groove structure, the total
heat transfer coefficient and comprehensive

performance coefficient of the PHE increased by
14.5% and 26.2%, respectively. And the fluid

distribution uneven coefficient decreased by 4.6%.

3.6 Mechanical Study of Plate Structure
A stress-strain curve depicts the relationship between a material’s stress and strain under external

forces, while also indicating its mechanical properties and deformation behavior. Typically, metallic materials
exhibit elastic deformability. When loaded beyond its yield strength, the material experiences plastic
deformation until failure. This process is represented in the stress-strain curve by four stages: elastic, yield,
strengthening, and local deformation.

In Fig. 15, the model simulates stress values by applying different strain conditions under varying flow
velocities, with the stress-strain curves for the three flow velocity models presented. The results show that the
simulation primarily focuses on the elastic stage. During the elastic stage, the cessation of heat transfer results
in stress relief and subsequent deformation recovery. In this state, the mechanical impact of the heat transfer
process on the plate is recoverable, resulting in minimal damage. Fig. 15 indicates that with the addition of
the guide groove structure, the plate’s mechanical strength remains within an acceptable range.
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Figure 15: Stress-strain curves of models with different flow velocities.

4 Conclusion
Through simulations of various heat transfer plate structures, it is observed that the uneven distribution

in the fluid channel is obvious in some areas. By changing part of the plate corrugated angles into the drainage
groove structure, the cold fluid is introduced into the area with lower flow rates, which will result in alleviating
the uneven distribution of the flow field is alleviated. When the length of the diversion groove is 2/3 of
the cross-section in the main heat exchange zone, and the number of diversion grooves is 4, which have 3
diversion channels, thermodynamic performance and the effect of flow field distribution of the diversion
grooves are the best. The corrugated angle of the cold fluid side plate is changed on the basis of the best
diversion groove matching scheme.

The comprehensive performance index of the plate with a 60○ corrugated angle is improved by 26.2%
compared to the plate without a corrugated angle, and the fluid distribution uneven coefficient is decreased
by 4.6%. When PHEs with diversion grooves at different corrugated angles are compared, considering both
heat transfer performance and flow field distribution, the plate with a 60○ corrugated angle has the best
overall performance. This study focuses on the diversion groove structure and finds that it has a positive
effect on the heat transfer performance and fluid flow distribution of plate heat exchangers. In existing
literature, enhancing heat transfer performance by modifying heat transfer plate structures often leads to
a significant increase in fluid resistance. In contrast, the presence of the guide groove structure prevents
fluid accumulation, guides fluid flow, effectively alleviates non-uniform distribution during the heat transfer
process, and on this basis, achieves improved heat transfer performance of plate heat exchangers.

The findings of this study provide new insights for research focusing on surface structure optimization
of heat transfer plates, and lay a solid foundation for future research for the further exploration of the impact
of heat transfer plates incorporating diversion groove structures on heat exchanger performance during heat
transfer processes with fluids of different physical properties.
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Nomenclature
C1ε , C2ε , Cμ Turbulence model coefficient
f Friction factor
h Convective heat transfer coefficient
Iv Fluid distribution uneven coefficient
k Turbulent kinetic energy J/kg
L Channel length mm
Nu Nusselt number
Pr Prandtl Number
Re Reynolds number
v Fluid velocity m/s
ΔP Pressure drop Pa
β Corrugated angle ○
δ Plate thickness mm
η Comprehensive performance index
ε Turbulent kinetic dissipation J/kg⋅s
λ Coefficient of thermal conductivity W/m⋅K
μ Dynamic viscosity Pa⋅s
ρ Density kg/m3

σk , σε Turbulent coefficient
ht Heat transfer coefficients W/m2⋅K
de Interplate channel characteristic length mm
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