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This paper proposes a new type of vortex generator fin structure and employs CFD
method to simulate the fin structure. It then studies the temperature and flow fields
of vortex generator fins and ordinary louver fins, and compares the heat transfer
and flow resistance characteristics of the two types of fins. The results indicate that
when the Reynolds number is between 100 and 500, the heat transfer factor of the
novel fin structure exhibits an increase of 5.05% to 8.35%, while its resistance
factor shows a rise of 5.77% to 12.14%. Furthermore, the comprehensive factor of
the fin structure demonstrates an enhancement of 3.11% to 4.29%. Additionally,
the Q criterion indicates that the distribution of vortices between the fins is uni-
form, and a longitudinal vortex network is generated between the fins due to the
presence of vortex generators. This results in a higher average temperature near
the fins compared to ordinary fins, as well as a faster temperature rise. This paper
serves as a reference for further research on high-efficiency finned heat exchang-
ers
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Introduction

The louvered fin heat exchanger is a versatile and efficient component, suited to a
range of applications. Its simple structure, high heat transfer efficiency, and light weight make
it an ideal choice for automotive air conditioning heat exchangers. The fins of the heat ex-
changer act to disrupt the air-flow, thereby increasing the heat transfer capability. This results
in a higher degree of heat transfer effect even at a certain pressure drop. Consequently, the study
of fin coil heat exchangers is of great significance.

A substantial body of research has been conducted on finned heat exchangers. Some
scholars have conducted experimental studies, numerical simulations, and other methods to in-
vestigate the heat transfer and flow characteristics of louver fins [1]. Furthermore, other schol-
ars have successfully enhanced the heat transfer efficiency of louver fins by modifying their
shape or incorporating specific flow disturbance elements into the fins [2-4].

In their study, Yan et al. [5] employed the CFD method to examine four distinct fin
types, each equipped with a vortex generator. The blades of these generators were triangular in
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shape, while the rectangular blades were employed in a separate set of experiments. The find-
ings indicated that the fluid mixing and heat exchange in the dead zone and mainstream zone
were enhanced, resulting in an overall improvement in performance. Cao et al. [6] conducted
research on staggered-hole fins under low Reynolds number conditions. Asadi et al. [7] con-
ducted simulations and optimization studies on various geometric structures of louver fin heat
exchangers, including the louver angle ratio, the louver pitch ratio, and the ratio of the inlet
louver length to the outlet louver length. VVortex generators enhance the heat exchange capacity
primarily by generating vortices. The theoretical research on the application and identification
of vortices has undergone three stages, as outlined in [8]. Among these, the third generation
vortex identification methods, such as Q criteria and Liutex, have been defined.

The majority of research on the fins of finned heat exchangers has focused on opti-
mizing the performance of conventional fins [9, 10], as well as on modifying the entire fin row
and fin geometry [11]. The research on the role of vortex generators between the fins is rela-
tively limited. This paper proposes a louver fin structure with a vortex generator and analyzes
the effect of the vortex generator using the Q criterion. The goal is to provide a reference for
the application of vortex generators in louver fins.

Model introduction

The louvered fin heat exchanger is filled with refrigerant, which condenses when it
contacts the tube wall. The heat is transferred through the tube wall to the inclined fins, and the
fins transfer the heat to the air flowing through them. Due to its highly symmetric and periodic
structure, it is possible to focus on studying a single column, which will simplify the calcula-
tions. In order to facilitate further simplification, the following assumptions will be made:

— the air-flow between each set of fins is uniform,
— the fins are made of aluminum and do not deform with temperature changes, and
— the effect of gravity on the heat exchanger is negligible.

The simplified geometric model of the finned heat exchanger is shown in fig. 1, and

its various geometric parameters are given in tab. 1.
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Figure 1. Schematic diagram of the geometric dimensions of the louver fins

Table 1. Basic parameters of ordinary louver fin

Parameter Value Parameter Value
Fin spacing, Fe, [mm] 1.6 Louver angle 6, [°] 30
Fin length, Lp, [mm] 6.4 Length of inlet fin L1, [mm] 1.2
Fin height, Fi, [mm] 6.4 Length of turning area, Lz, [mm] 14
Fin width, Fq, [mm] 31.8 Length of outlet fin, L3, [mm] 1.2
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The vortex generator louver is obtained by
renovating ordinary louver fins as shown in fig.
2. A vortex generator is added between the flow
channels formed by ordinary louver fins. The
vortex generator is a hemispherical structure
with a radius of 0.8 mm. Figure 2. Vortex generator fins

and ordinary fins
Boundary conditions
The specific setting of the boundary conditions for the fin is shown in fig. 3. The left

inlet is the velocity inlet with a flow velocity ranging from 0.73 m/s to 3.65 m/s, corresponding
to a Reynolds number of 100-500. The inflowing medium is air. The right outlet is the pressure
outlet. The upper and lower periodic planes of the linear period are set, and the mesh and pa-
rameter settings are the same for each period. The computational domain includes half of the
fin and the surrounding fluid domain, with symmetry planes set for both the fluid and the fin.
The wall surface in contact with the flat tube is simplified and set to a constant wall temperature
surface at 300 K. The surface in contact with the fluid and the fin is set as the fluid-structure
interaction surface, and the velocity and pressure are coupled using the SIMPLE algorithm. The
laminar flow model is used, and the energy conservation equation and the momentum conser-
vation equation of the second-order welcome style formula are applied.

Symmetrical surface

Wall
- S ...:‘ — — = _
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Constant Upper and Outlet
temperature  lower periodic
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Figure 3. Boundary conditions of louver fin model

Governing equations

In the absence of significant variations in temperature across the surface of the louver
fins and in the physical properties of the air, the fundamental control equations can be estab-
lished.

—  Continuity equation:

op 0

—(pu;)+—C(puiu;) =S 1

ot (pu;) ox, (py; J) m @
— Momentum conservation equation:

0 0 op Ot .
Z(pu) +—(puiu;) = ———+—L 4+ pg, + Fi 2
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— Energy equation:
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where Sy, is the source, P — the static pressure, zjj — the stress tensor, kess — the effective thermal
conductivity coefficient, J; —the combined J' diffusion flux, and Sy — the volumetric heat source.
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Evaluation on comprehensive performance

This paper evaluates the performance of fins using heat transfer factor, resistance fac-
tor, and combined factor [12]. The equations are:
— Heat transfer factor, j:

ha

j — m Pr2/3 (4)
— Resistance factor, f:
fop AP G 5)
Patty L
— Comprehensive factor, Ej:
E) =1 ©)

where h, [Wm—=2K] is the heat transfer coefficient on the air side, Cpa [Jkg K] — the heat
capacity at constant pressure, Pr = 0.7, u, [ms] — the incoming velocity of air, pa [kgm] — the
air density, de [m] — the equivalent diameter of the model, AP [Pa] — the pressure at the air
outlet, and L [m] — the length of the air channel of the louver fin model.

The Q criterion calculation formula:
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where ||B||§ represents the square of the

| oos0s lo2ts norm of matrix B, matrix A is the symmetric
5 0.0302f Prag i “ "« tensor of the velocity gradient, matrix B is di-
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0  1x105 2x10° 3x106 4x105 5x10° Mesh generation is of paramount im-
Number of meshes portance for numerical simulation. In order to
Figure 4. Effects of grid numbers on the heat reduce the influence of the number of grids on
transfer factor and drag factor the simulation results, the grid independence

is verified by setting different numbers of
grids and using the heat transfer factor, j, and resistance factor, f. The results are shown in fig.
4. When the unit size is set to 0.08 mm, the corresponding number of grids is 1782578. At this
juncture, the number of grids continues to increase, and the heat transfer factor, j, and the re-
sistance factor, f, exhibit minimal variation, thereby corroborating the reliability of grid inde-
pendence.
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Numerical simulation verification

The objective of this research is to develop an experimental platform for a heat pump
air conditioning system. In order to achieve this objective, an experimental research study is
being conducted using a heat exchanger with ordinary louver fins under experimental condi-
tions. The louver fins are connected to the flat tubes of the heat exchanger, and during the
experiment, the refrigerant flows through the flat tubes and exchanges heat with the air through
the louver fins. The pertinent data pertaining to the heat exchanger is gathered only when the
system has met the requisite experimental conditions and is operating in a stable manner.

As illustrated in fig. 5, the resistance factor and heat transfer factor exhibit a compa-
rable trend of change as the Reynolds number increases, with a difference of approximately
2.05% to 24.29% in the heat transfer factor and 13.6% to 15.29% in the resistance factor. This
indicates that the performance characteristics of the fin model in the simulation and experiment
are consistent. As the dimensions of the experimental fin differ slightly from those of the sim-
ulated fin model, the final results exhibit a slight discrepancy. However, the fundamental char-
acteristics remain consistent, and the error falls within the acceptable range of engineering error.
The accuracy of the model has been validated.
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Figure 5. Comparison of experimental Figure 6. Comparison of heat transfer factors
and simulated values of two fins at different Reynolds numbers

Analysis of heat transfer characteristics

Figure 6 illustrates the variation of the heat transfer coefficient with Reynolds number
for two distinct types of fins. Figure 6 illustrates that the heat transfer coefficient of vortex
generators is approximately 5.05% to 8.35% higher than that of ordinary fins. As the Reynolds
number increases, the heat transfer coefficient of both types of fins declines, although the rate
of this decline becomes less pronounced.

In order to gain a deeper understanding of the influence of vortex generators on fin
heat transfer, and given the inclined flow direction of the fluid within the louvered fins, parallel
and perpendicular planes to the fins are selected for analysis. The temperature variation is sig-
nificant at the fourth and fifth fins (including the inlet turning fin) after the fluid enters, and the
fluid velocity is relatively fast, which allows for a more detailed examination of the flow and
heat transfer near the fins. Accordingly, the fourth and fifth fins are selected for analysis.

As illustrated in fig. 7, the temperature contours of the fins with vortex generators are
more concentrated than those of the regular fins, suggesting a more rapid rate of temperature
change. In terms of the overall color near the fins, the fins with vortex generators have a higher
average temperature. In the local vicinity, the area of the high temperature region of 293 K to
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300 K for fins with vortex generators is approximately five to seven times larger than that of
ordinary fins, while the area of the low temperature region of 286 K to 288 K is approximately
three to five times larger than that of ordinary fins. Consequently, the heat transfer efficiency
of louvered fins with vortex generators is demonstrably superior to that of ordinary fins.

(@)l

Figure 7. Temperature contours of two types of fins; (a) ordinary louver fins and
(b) louver fins with vortex generators

Analysis of flow resistance characteristics

Figure 8 illustrates the drag coefficient of the fin with a vortex generator and the or-

dinary fin with a Reynolds number. It can be observed that the drag coefficient of the fin with

a vortex generator is approximately 5.77% to 12.14%

—8- Traditionl lowver fin higher than that of the ordinary fin. As the Reynolds

o wmenmemEe number increases, the drag coefficient of ordinary fins

and fins with vortex generators decreases, with the de-
crease becoming less pronounced.

Figure 9 depicts the iso-surfaces diagram calcu-
lated by the Q criterion for ordinary fins and fins with
vortex generators at the fourth and fifth fins. Figure 9
depicts the iso-surfaces diagram calculated by the Q

Friction factor f

00 0 00 a0 50 criterion for ordinary fins 9(a) and fins with vortex

Re generators 9(b). The al, a2, a3, a4, bl, b2, b3, b4, b5,

Figure 8. Comparison of heat resistance ~ @nd b6 symbols represent the vortex regions of ordi-
factors of two fins at different nary fins and fins with vortex generators, respectively,
Reynolds numbers calculated by the Q criterion. The colors of the two iso-

surfaces represent the temperature.

(a) (b)

Figure 9. The iso-surface diagram calculated by the 2 criterion at the fourth and fifth fins of
ordinary fins and fins with vortex generators; (a) ordinary fins and (b) fins with vortex generators

Figure 9(a) illustrates that the vortices generated by ordinary fins are distributed
around the fins in a relatively independent manner, with a lower degree of fluid vortex mixing
observed in the middle of the fins. In addition, curved vortices are generated between two sets
of ordinary fins, which are formed by the fluid between the fin spacing, L, and the fluid be-
tween the fin groups, Fp. As illustrated in fig. 9(a), the curved vortices exhibit a lack of effective
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heat transfer surfaces (green color with lower temperature) in their vicinity. However, they do
result in pressure loss.

Figure 9(b) illustrates that the vortex generator divides the lower end of the fin (b6)
into two longitudinal vortices (b2 and b3). Among these, the longitudinal vortex (b2) and the
longitudinal vortex generated by the top end of the previous set of fins (b5 or b1) mix to form
a new longitudinal vortex (b4). After a certain distance, the vortex (b6) recombines with the
vortices (b2 and b3) generated by the bottom end of the adjacent fins to form a longitudinal
vortex. This process is repeated, with the vortex (b6) being divided again by the bottom end of
the next set of fins (b2 and b3), forming a network of longitudinal vortices. The longitudinal
vortices generated by the fins with vortex generators are distributed uniformly throughout the
flow field, forming a network structure with a higher density of longitudinal vortices than ordi-
nary fins.

Figure 10 illustrates the intensity and streamlines of the vortices in the X-axis direc-
tion. The cross-section is perpendicular to the direction of the fins and the mainstream of the
fluid. Figure 9 illustrates the relationship between the vortex regions observed in fig. 8.
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4297.42 45 4297.42 J

Figure 10. The X-axis eddy current intensity and streamline diagram
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curved vortices, which increase flow resistance, factors of two fins at different
into small longitudinal vortices that can signifi- Reynolds numbers
cantly enhance heat transfer.

Figure 11 presents a comparison of the comprehensive factor for fins with vortex gen-
erators and ordinary fins. Although the heat transfer and drag coefficient factors of fins with
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vortex generators are higher than those of ordinary fins, as illustrated in fig. 11, the comprehen-
sive factor of fins with vortex generators is still higher than that of ordinary fins by 3.11% to
4.29%. This indicates that fins with vortex generators exhibit superior performance compared
to ordinary fins.

Conclusions

The simulation and analysis of the model with vortex generator fins led to the follow-
ing conclusions.

e Compared with ordinary fins with vortex generator fins, the heat transfer factor, resistance
factor, and integrated factor were found to be improved by 5.05% to 8.35%, 5.77% to
12.14%, and 3.11% to 4.29%, respectively, and the performance of fins with vortex gener-
ator is superior.

e The vortex generator introduces disturbances between the fins of the louvered fins. The fins
with the vortex generator exhibit a higher average temperature of the fluid at the same
location and a faster rate of heat accumulation.

e Computational analyses employing the Q criterion demonstrated that the fins with vortex
generators generated a high density of reticulated longitudinal vortices with one another,
whereas the conventional fins produced only a modest number of longitudinal vortices in
the vicinity of the fins.

e The vortex generator divides the large longitudinal vortex into two smaller longitudinal
vortices rotating in opposite directions. The vortex strength of conventional fins in the X-
axis direction is constrained to +252.79 and +758.37, respectively. In contrast, fins with
vortex generators can reach vortex strengths of £4297.42 and +1769.53, with a significant
number of smaller longitudinal vortices generated at the upper end of the fins.
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