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Abstract: Precise prediction of ventilation flow is essential to create a comfortable, economical,
and healthy indoor environment. In the past three decades, the computational fluid dynamics
(CFD) method has been used more often, and it is now one of the primary methods for studying
building ventilation. The most common CFD method is RANS simulation because of the low cost
of computational resources and good accuracy. This paper presents a numerical investigation of a
transitional ventilation flow with the Coanda effect, which makes the initial free jet transform into
a wall jet. Six low-Reynolds number k-ε models proposed by Abid (AB), Lam and Bremhorst (LB),
Launder and Sharma (LS), Yang and Shih (YS), Abe Kondoh and Nagano (AKN), and Chang, Hsieh
and Chen (CHC) are applied. The performance of the six models is evaluated by comparing the
computational results with the PIV measurements of Van Hooff et al. The predictions revealed that
the LS model has a good approximation of velocity profiles because of its two extra terms in k and
ε equations, and the AB model is in good agreement with experimental results for predicting the
Coanda effect. The LB model provides the worst agreement with experimental data on account of the
wrong prediction of turbulent kinetic energy and dissipation rate.

Keywords: low-Reynolds number k-ε model; transitional flow; CFD simulations; Coanda effect;
building ventilation

1. Introduction

Ventilation refers to achieving a comfortable, economical, and healthy environment
by regulating indoor air qualities such as air velocity, temperature, and concentration of
pollutants in the air. Therefore, accurate prediction of ventilation performance is crucial
to improve indoor air quality. Appropriate tools must be in place to predict building
ventilation performance. Over the past three decades, there have been many prevalent ap-
proaches to predicting ventilation performance, such as analytical models [1–3], empirical
models [4,5], experimental measurement models [6–12], and computational fluid dynamics
(CFD) models [13–21]. With the development of numerical simulation algorithms and the
increase in computing power, the CFD models are more widely used in predicting ventila-
tion performance. The CFD algorithms solve the transport equations of physical quantities
of fluid, and many different CFD algorithms are applied in the prediction of ventilation
performance, such as RANS (Reynolds-averaged Navier–Stokes) simulations [20,21], LES
(large eddy simulations) [22,23], and DNS (direct numerical simulations) [24,25]. However,
LES and DNS cost too much in computing resources. Hence, RANS simulations are widely
used in the prediction of ventilation performance.

The early experimental and numerical study of ventilation performance was worked
by Nielsen [26]. He has constructed a small-scale rectangular model that could change
length and height. He has done experiments with about 25 different geometrical shapes
at high-Reynolds numbers to investigate the influence of room dimensions on ventilation
performance. He illuminated the tracer particles, which are introduced to the air to measure
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the streamline pattern, and the velocity profile has been measured by an anemometer. He
has reported that a steady two-dimensional flow will arise when the length of the model
is less than 3–4 times its height, and if the length of the model gets much longer, a very
unsteady flow may take place. He has predicted the ventilation performance by the k-ε
model. He has further investigated the differences between the experimental and predicted
results and found that the prediction results are highly consistent with the experimental
data. After Nielsen’s research, more and more studies on building ventilation have been
proposed. Nevertheless, most of these studies were conducted at fully turbulent Reynolds
numbers and did not take into account the Coanda effect, a widespread phenomenon in
building ventilation.

Van Hooff et al. [27] have studied the transitional ventilation flow injected from the
upper left corner and discharged from the lower right corner in a slot-ventilated enclosure
with the inlet Reynolds numbers between 1000 and 2500. They have used two PIV systems
to measure velocity and a flow visualization system to observe the jet region and large
vortical structures below the jet region. They have reported that the turbulence intensities
are higher in the shear layer. Below the shear layer, the turbulence intensities are Re-
independent. They have also mentioned that with the increasing of Reynolds numbers, the
position of maximum jet velocity in the y direction increases, the same as the size of the
recirculation region in the central area. They have paid close attention to the Coanda effect.
The Coanda effect makes the initial free jet (injected not against the ceiling) transform into
a wall jet. This phenomenon ensures that the fresh air will not enter the living area too
early and can help not make the room’s residents feel uncomfortable. The Coanda effect
can be caused by the lower pressure generated by the jet entrainment of surrounding fluid
between the wall and the free jet.

The experiment done by Van Hooff et al. [27] is numerically investigated by Cao
et al. [21]. They have used the low-Reynolds number k-ε model of Chang et al. [28] and
the SST k-ω model [29]. They have studied the influence of inlet boundary conditions on
predicting ventilation performance by applying a series of different turbulence intensities
and turbulent length scales at Re = 1500. They have indicated that the simulation results
from the two models, as mentioned above, are consistent with the experimental data. They
have pointed out that at a transitional Reynolds number, the turbulence intensity of inlet
boundary conditions significantly influences the velocity fields. In contrast, the influence
of the length scale can be ignored.

However, Cao et al. [21] have ignored the influence of the Coanda effect in the experi-
ment of Van Hooff et al. [27]. Meanwhile, the Coanda effect has enormous implications for
the ventilation flow. They have focused too much on the comparison between simulation
results and experimental data and lacked the comparison of prediction accuracy between
turbulence models. They have only considered the case where the Reynolds number is
1500, resulting in a lack of comparative data at different Reynolds numbers. Therefore,
their simulation results cannot be a good comparison with the experimental results of Van
Hooff et al. [27].

Over the past years, the low-Reynolds number k-ε models have been extensively used
to predict turbulent jet flows. However, the ability of the models to predict a transitional
ventilation flow with the Coanda effect has received less attention. To address this gap,
the mixed ventilation experimentally investigated by Van Hooff et al. [27] is numerically
simulated using six low-Reynolds number k-ε models. Turbulent models were compared
for the prediction of the velocity distribution as well as the influence of the Coanda effect
of mixing ventilation in a built environment at low-Reynolds numbers. Due to the Coanda
effect and the interaction between the jet region and the recirculation region, the flow is
subjected to transition, attachment, separation, and high anisotropy. This paper studies
three different Reynolds numbers (Re = 1000, 1750, and 2500, respectively). More details of
the six models are given in Section 2.2.
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2. Geometrical Details and Mathematical Models
2.1. Geometrical Details

The reduced-scale experimental configuration of Van Hooff et al. [27] is shown in
Figure 1. The test section is a cube with the lengths L = 300 mm. There is a ventilated slot
inlet 5 mm below the top of the left wall with a height of 20 mm. The outlet of the test
section is at the bottom of the right wall, with a height of 5 mm and a thickness of 8 mm.
Downstream of the test section is the overflow section. The overflow section is 120 mm
long and 80 mm high. At the top of the right wall of the overflow section, there is a 5 mm
high CFD outlet. The working medium is water at 20 ◦C. The cases studied in this paper
are mixing ventilation: the wall jet is injected into the room from the upper left corner,
dilutes and mixes with the air in the room, and finally, the mixed air is discharged from the
outlet at the lower right corner of the room. This case is one of the most commonly used
and researched in the study of building ventilation, which was proposed by Chen [30] and
Nielsen [26].

Figure 1. The reduced-scale experimental configuration of Van Hooff et al. [27].

2.2. Low-Reynolds Number k-ε Model

The low-Reynolds number k-ε models solve the whole flow field, including the viscous
sublayer, instead of the standard k-ε model, which uses the wall functions to solve the flow
in the boundary layer. The significant features of the low-Reynolds number k-ε models are
that the molecular viscosity is introduced into the diffusion term in the k and ε equations,
and the model constants are multiplied by damping functions to make sure the viscous
stresses overwhelm turbulent stresses near the wall (in the viscous sublayer). The low-
Reynolds number k-ε models are more appropriate for complex turbulence with transition
flows [31].

In this paper, six low-Reynolds number k-ε models proposed by Abid (AB) [32], Lam
and Bremhorst (LB) [33], Launder and Sharma (LS) [34], Yang and Shih (YS) [35], Abe,
Kondoh and Nagano (AKN) [36], and Chang, Hsieh and Chen (CHC) [28] are applied. Six
low-Reynolds number k-ε models used in this paper are briefly introduced as follows:

AB model: this model was proposed to predict the transition process and where the
transition starts in the advanced design of modern aerodynamic aircraft. Moreover, it was
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validated by predicting a boundary layer transition flow with zero pressure gradient under
the influence of free-flow turbulence.

LB model: the special treatment of damping function fµ in the model makes the pres-
ence of the wall has a direct or indirect effect on fµ. This model was validated throughout
transition processes in fully developed turbulent pipe flow.

LS model: this model fully re-optimized the damping function fµ and f2. Two extra
source terms were introduced into the k and ε equations to account for the anisotropy in the
region near the wall. This model could accurately predict the flow, heat, and mass transfer
near a rotating disc.

YS model: this model was designed to capture the gradients in the boundary layer. In
this model, the Kolmogorov time scale is introduced in the turbulent time scale, avoiding
the possible singularities of the ε equation at the walls.

AKN model: this model replaced the friction velocity with the Kolmogorov velocity
scale, reproducing the correct turbulent near-wall asymptotic relationship. The AKN model
successfully predicts an attached boundary layer flow, separating and re-attaching flow
downstream of a backward step.

CHC model: this model could correctly predict near-wall flow restriction behavior
while avoiding singular difficulties near the reattachment point. The performance of the
CHC model was evaluated by testing fully developed turbulent flows and a recirculating
flow in a pipe extension.

More details of the six models will be presented in Section 2.3.

2.3. Governing Equations

Continuity equation:
∂Ui
∂xi

= 0 (1)

Momentum equation:

U j
∂Ui
∂xj

= − ∂P
∂xi

+
∂

∂xj

[
ν

(
∂Ui
∂xj

+
∂U j

∂xi

)
− uiuj

]
(2)

with:

− uiuj = νt

(
∂Ui
∂xj

+
∂U j

∂xi

)
− 2

3
ρkδij (3)

Turbulent eddy viscosity (νt):

νt = Cµ fµ
k2

ε̃
(4)

Modified dissipation rate (ε̃):
ε̃ = ε + D (5)

Turbulent kinetic energy (k) equation:

U j
∂k
∂xj

=
∂

∂xj

[(
ν +

νt

σk

)
∂k
∂xj

]
+ Pk − ε̃− D (6)

Turbulent energy dissipation rate (ε̃) equation:

U j
∂ε̃

∂xj
=

∂

∂xj

[(
ν +

νt

σε

)
∂ε̃

∂xj

]
+ C1 f1

ε̃

k
Pk − C2 f2

ε̃2

k
+ E (7)
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Production of turbulent kinetic energy (Pk):

Pk = νt

(
∂Ui
∂xj

+
∂U j

∂xi

)
∂Ui
∂xj

(8)

The model constants Cµ, C1, C2, σk, and σε and extra terms D and E of the six low-
Reynolds number k-ε models are defined in Table 1 [28,32–36]. The damping function fµ,
f1, and f2 are defined in Table 2 [28,32–36].

Table 1. Model constants and extra terms in governing equations.

Model Cµ C1 C2 σk σε D E

AB 0.09 1.45 1.83 1 1.4 0 0
LB 0.09 1.44 1.92 1 1.3 0 0
LS 0.09 1.44 1.92 1 1.3 2ν

(
∂
√

k/∂y
)2

2ννt
(
∂2U/∂y2)2

YS 0.09 1.44 1.92 1 1.3 0 ννt
(
∂2U/∂y2)2

AKN 0.09 1.44 1.9 1.4 1.4 0 0
CHC 0.09 1.44 1.92 1 1.3 0 0

Table 2. Damping function in governing equations.

Model fµ f1 f2

AB tanh
(
0.008Rey

)
×
(
1 + 4/Re0.75

t
)

1
1− 2 exp

(
−Re2

t /36
)
×[

1− exp
(
−Re2

y

)
/12

]
/9

LB
[
1− exp

(
−0.0165Rey

)]2 × (1 + 20.5/Ret) 1 +
(
0.05/ fµ

)3 1− exp
(
−Re2

t
)

LS exp
[
−3.4/(1 + Ret/50)2

]
1 1− 0.3 exp

(
−Re2

t
)

YS
[
1− exp

(
−1.5× 10−4Rey − 5× 10−7Re3

y − 10−10Re5
y

)]0.5 1 1

AKN

{
1 +

(
5/Re0.75

t
)

exp
[
−(Ret/200)2

]}
×

[1− exp(−y∗/14)]2
1

{
1− 0.3 exp

[
−(Ret/6.5)2

]}
×

[1− exp(−y∗/3.1)]2

CHC
[
1− exp

(
−0.0215Rey

)]2(1 + 31.66/Re1.25
y

)
1

[
1− 0.01 exp

(
−Re2

t
)]
×[

1− exp
(
−0.0631Rey

)]
Rey =

√
ky/ν; Ret = k2/(εν); y∗ = uεy/ν, y is the distance from the wall, uε is

Kolmogorov velocity scale, and uε = (νε)1/4.

2.4. Solver Settings

In this paper, the simulations are made in Fluent. The second-order upwind scheme
is used to discretize the convective term, and the second-order central-difference scheme
is used to discretize the diffusive term. The SIMPLEC algorithm is used to handle the
velocity–pressure coupling. On account of the difference with the semi-implicit method
for pressure-linked equation (SIMPLE) algorithm that the velocity correction equations are
settled, the omission terms in SIMPLEC algorithm are less significant than those in SIMPLE.
The pseudo-transient approach is used for the under-relaxation of governing equations.
The pseudo-transient approach is more suitable for high swirling flows where governing
equations may cause numerical stability problems. The globally scaled residual (Rφ) is
taken as:

Rφ =

∑
cellsP

∣∣∣∣∑
nb

anbφnb + b− apφp

∣∣∣∣
∑

cellsP

∣∣apφp
∣∣ (9)

where the subscript cellsP is over all the computational cells P. The convergence criteria for
mass and momentum residuals must be less than 10−6.
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2.5. Grid Distribution and Grid Independence Study

The grid used for the simulation is shown in Figure 2. The length of the grid in the
z-direction is half of the experimental setup because of the use of the symmetry boundary
condition. The computational grid is finer near the walls and the region of jet injection and
development so that large gradients near the walls and the jet’s separation and attachment
can be accurately captured. In this paper, the first layer of the grid is placed in the viscous
sublayer (y+ < 1) to make sure that the low-Reynolds number k-ε models can directly solve
the variation of physical quantities in the boundary layer.

Figure 2. (a) Computational grid distribution; (b) grid in xy plane.

To verify that the grid is independent of the final calculated flow results, three grid
sizes 251 × 315 = 79,065, 301 × 365 = 109,865, and 351 × 415 = 145,665 of the test section
are used for grid independence verification. As shown in Figure 3, with the increase in grid
numbers, the dimensionless x-velocity profiles calculated by the AB model at x/L = 0.07 of
the three grid sizes have a good consistency. Note UM is the local maximum time-averaged
x-velocity. This shows that the increase in grid density has little impact on the results.
Considering the available computing resources and numerical simulation cycles, a grid
size of 301 × 365 = 109,865 is chosen for simulation. The minimum orthogonal quality of
the grid is 0.99, the maximum skewness is 0.004, and the maximum aspect ratio is 19.14.

2.6. Boundary Conditions

The boundary conditions selected in this paper are as close as possible to the experi-
ments. The Reynolds numbers at the jet inlet are 1000, 1750, and 2500, respectively [27].
Therefore, the boundary condition of jet inlet is set to velocity inlet and the velocity is 0.05
m/s, 0.0875 m/s, and 0.125 m/s corresponding to three different Reynolds numbers. The
turbulent intensity I = 0.01, which is due to a low level of turbulence at the inlet and the
turbulent length scale, is taken as the height of the jet inlet (L = 0.02 m). The turbulent
kinetic energy and dissipation rate at the jet inlet are calculated from the following assumed
forms: k = 2/3

(
Ui I
)2 and ε = C0.75

µ k1.5/(0.07L). The no-slip boundary conditions (Ui = 0)
are imposed along the solid walls. The boundary conditions for turbulent kinetic energy
and dissipation rate at the solid walls are summarized in Table 3 [28,32–36]. The CFD outlet
is set to the pressure outlet boundary condition with a static pressure of 0 Pascals.
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Figure 3. Grid independence test predicted by AB model.

Table 3. Turbulent kinetic energy and dissipation rate boundary conditions of six low-Reynolds
number k-ε models.

Model kbc εbc

AB kw = 0 εw = ν
(
∂2k/∂y2)

LB kw = 0 εw = ν
(
∂2k/∂y2)

LS (∂k/∂y)w = 0 εw = 0
YS kw = 0 εw = 2ν

(
∂
√

k/∂y
)2

AKN kw = 0 εw = 2ν
(
kP/y2

P
)

CHC kw = 0 εw = ν
(
∂2k/∂y2)

Subscript P is the first node away from the wall.

3. Results and Discussion

The evaluation of six low-Reynolds number k-ε models, namely the AB, LB, LS, YS,
AKN, and CHC models, have been applied in this paper to investigate their effects on
building ventilation parameters such as velocity distributions, Coanda effect, etc. The flow
quantities predicted by the models are compared with the experiment data of Van Hooff
et al. [27].

3.1. Mean Velocity Profiles

Figure 4 compares the dimensionless x-velocity (U/UM) profiles predicted by six
low-Reynolds k-ε number models with PIV measurements at x/L = 0.07, 0.27 and 0.47 for
Re = 1000, 1750, and 2500, respectively.
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Figure 4. Comparison of mean dimensionless x-velocity profiles measured by PIV and modeled by
six low-Reynolds number k-ε models. (a) Re = 1000, x/L = 0.07; (b) Re = 1000, x/L = 0.27; (c) Re =
1000, x/L = 0.47; (d) Re = 1750, x/L = 0.07; (e) Re = 1750, x/L = 0.27; (f) Re = 1750, x/L = 0.47; (g) Re =
2500, x/L = 0.07; (h) Re = 2500, x/L = 0.27; (i) Re = 2500, x/L = 0.47.

At x/L = 0.07 (Figure 4a,d,g), the YS model predicts erroneous results, especially
under the jet region (y/L < 0.94), and the LB model underpredicts the velocity value. The
other four turbulence models predict better results, but there are still some problems: the
thickness of the wall jet is too thick. In Figure 4d,g, the YS, AKN, and CHC models predict
negative dimensionless velocities near the wall, which means that the jets predicted by
these three models are attached to the wall too late.

At x/L = 0.27 (Figure 4b,e,h), the LB and YS models still predict totally wrong results of
velocity profiles. The AKN model provides a good agreement with the measurement data at
Re = 1000 while performing poor at Re = 1750 and 2500. At x/L = 0.07 and 0.27, the thickness
of boundary layer predicted by six models is thinner than that of PIV measurements, where
the jet has not yet separated from the wall. This may be due to a seriously too-low level of
ε near the wall in separated flows or flows approaching separation [37]. When the flow
does not separate from the wall (at x/L = 0.07 and 0.27), the results obtained by AB and LS
models are more accurate.

At x/L = 0.47 (Figure 4c,f,i), all six models predict negative dimensionless velocities
near the wall, indicating that the boundary layer predicted by the six models starts to
separate from the wall. These models underpredict the position of separation of the wall
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jet. In this situation, only the LS model shows the best agreement of the boundary layer
with the PIV measurements.

Most of the low-Reynolds number k-ε models (except the LB and YS models) predict
almost the same velocity profiles in the recirculation region (y/L < 0.9) but cannot predict
well in the boundary layer (0.97 < y/L) and shear layer (0.9 < y/L < 0.94) between the jet
region and recirculation region. There is a large velocity gradient in the boundary layer and
shear layer, which leads to a strong anisotropic effect. The isotropic Boussinesq hypothesis
has some errors in those regions.

The LB model provides the worst agreement with experiment data. The velocity
predicted by the LB model is always too large in the recirculation region. In general, the
LS model performs best in predicting velocity profiles. Because the extra D and E terms of

the k and ε equations in the LS model are expressed as 2ν
(

∂
√

k/∂y
)2

and 2ννt
(
∂2U/∂y2)2,

respectively, rather than most of the turbulence models used in this paper, the extra terms
D and E are equal to 1. The D term in the LS model is added to consider that the dissipation
of kinetic energy is not isotropic in the viscous sublayer, and the E term is aimed to make
the simulation result of kinetic energy fits better with some experiments. The two extra
terms can cover the shortage of isotropic Boussinesq hypothesis in some ways [38].

Table 4 shows the relative error of mean velocity. It is calculated according to the
experimental data of Van Hooff et al. [27]. It can be seen that the relative error values
predicted by all six models at x/L = 0.07 are higher than those at x/L = 0.27 and 0.47. The
minimum average relative error is 22.65% predicted by the LS model, while the maximum
average relative error is 132.80% predicted by the LB model. This result is the same as the
previously mentioned conclusion.

Table 4. Relative error of mean velocity predicted by six low-Reynolds number k-ε models.

Relative Error
Model

AB LB LS YS AKN CHC

Re = 1000
x/L = 0.07 72.33% 120.68% 37.58% 56.61% 18.76% 32.29%

Re = 1000
x/L = 0.27 23.65% 79.48% 22.65% 101.04% 17.86% 20.57%

Re = 1000
x/L = 0.47 34.59% 84.89% 23.12% 37.10% 34.42% 20.48%

Re = 1750
x/L = 0.07 95.07% 586.95% 50.44% 204.50% 89.86% 41.21%

Re = 1750
x/L = 0.27 9.39% 38.21% 10.18% 25.19% 17.30% 21.56%

Re = 1750
x/L = 0.47 11.42% 30.89% 7.62% 17.61% 13.87% 21.99%

Re = 2500
x/L = 0.07 39.40% 193.89% 35.07% 83.45% 50.95% 26.96%

Re = 2500
x/L = 0.27 8.16% 36.90% 10.31% 25.50% 15.57% 21.43%

Re = 2500
x/L = 0.47 16.68% 23.30% 6.86% 17.25% 13.37% 16.02%

Average
relative error 34.52% 132.80% 22.65% 63.14% 30.22% 24.72%

3.2. Coanda Effect

Figure 5 shows the position of the maximum dimensionless x-velocities of the jet. This
can be used to depict how the jet develops in the test section. It can be clearly observed
that the jet moves upward first and then downward. The initial free jet develops into a wall
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jet because of the Coanda effect. It can be attributed to the lower pressure generated by jet
entrainment of surrounding fluid between the wall and the free jet.

Figure 5. Comparison of the position of the maximum dimensionless x-velocities of the jet mea-
sured by PIV and modeled by six low-Reynolds number k-ε models. (a) Re = 1000; (b) Re = 1750;
(c) Re = 2500.

The maximum dimensionless x-velocities predicted by all six models are located
below the experimental data. At Re = 1000, the maximum value of y/L appears at
0.27 < x/L < 0.33. At Re = 1750, the maximum value of y/L appears at 0.33 < x/L < 0.4,
and at Re = 1750, the maximum value of y/L appears at 0.4 < x/L < 0.47. Behind these
positions, it begins to decrease. This phenomenon indicates that the attached wall jet is
separating from the wall. Moreover, with the increase in Re, the separation of the wall jet
occurs later.

In Figure 5a, it can be seen that the LB and YS models perform quite poorly for
Re = 1000. The maximum value of y/L predicted by the CHC model is still increasing
after x/L = 0.53. The trend of the results predicted by the AB and AKN models is in good
agreement with the experimental results. In Figure 5b,c, the LB and YS models predict
better results for Re = 1750 and Re = 2500 than the result for Re = 1000. By contrast, the
CHC model predicts the worst result when Re is high (Re = 2500).

The LS model always overpredicts the position of separation of the wall jet, and the
AB model has the best result in predicting the Coanda effect.

3.3. Turbulent Kinetic Energy and Dissipation Rate Profiles

As essential turbulent physical quantities describing the flow state, it is necessary to
discuss further the capabilities of the six low-Reynolds number k-ε models for predicting
turbulent kinetic energy and dissipation rate of the transitional ventilation flow with the
Coanda effect. Figures 6 and 7 illustrate the profiles of turbulent kinetic energy and dissipa-
tion rate. It is shown that most of the models predict two peak values of turbulent kinetic
energy and dissipation rate in the boundary layer and shear layer (0.9 < y/L < 0.94) because
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of the great velocity gradients in these two regions. The LS model predicts tremendous
values of turbulent kinetic energy and dissipation rate near the wall. The best experimental
setup reveals that the turbulent dissipation rate rises to an unknown constant value ap-
proaching the wall [38]. The turbulent kinetic energy is equal to 0 because of the no-slip
condition. Thus, the boundary conditions of the LS model’s turbulent kinetic energy and
dissipation rate ((∂k/∂y)w = 0 and εw = 0) may be inappropriate (see details in Table 2).
The LB model predicts a too-low level of turbulent kinetic energy (close to 0) and a too-high
level of turbulent dissipation rate in the recirculation region (y/L < 0.9), which leads to
the inaccurate prediction of velocity, as mentioned in Section 3.1. At x/L = 0.07, the AKN
model cannot capture the second peak of turbulent kinetic energy. Moreover, at Re = 2500,
the YS model cannot capture that, either. The turbulent kinetic energy and dissipation rate
predicted by the CHC model seems more realistic than other models because this model
can actually capture the two peaks of k and ε without unreasonably large values.

Figure 6. Comparison of turbulent kinetic energy profiles measured by PIV and modeled by six
low-Reynolds number k-ε models. (a) Re = 1000, x/L = 0.07; (b) Re = 1000, x/L = 0.27; (c) Re = 1000,
x/L = 0.47; (d) Re = 1750, x/L = 0.07; (e) Re = 1750, x/L = 0.27; (f) Re = 1750, x/L = 0.47; (g) Re = 2500,
x/L = 0.07; (h) Re = 2500, x/L = 0.27; (i) Re = 2500, x/L = 0.47.
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Figure 7. Comparison of dissipation rate of turbulent kinetic energy profiles measured by PIV and
modeled by six low-Reynolds number k-ε models. (a) Re = 1000, x/L = 0.07; (b) Re = 1000, x/L = 0.27;
(c) Re = 1000, x/L = 0.47; (d) Re = 1750, x/L = 0.07; (e) Re = 1750, x/L = 0.27; (f) Re = 1750, x/L = 0.47;
(g) Re = 2500, x/L = 0.07; (h) Re = 2500, x/L = 0.27; (i) Re = 2500, x/L = 0.47.

4. Conclusions

This study presents simulations of transitional ventilation flow in building environ-
ments with the Coanda effect predicted by six low-Reynolds number k-ε models for three
different Reynolds numbers (Re = 1000, 1750, and 2500).

The geometrical details and boundary conditions used in the simulation are as similar
as possible to those in the experiment of Van Hooff et al. [27]. The flow is subjected
to transition, attachment, separation, and high anisotropy because of the Coanda effect,
the interaction of the jet region with the recirculation region, etc. Some of these specific
conclusions are summarized below:

• All six models predict a thinner boundary layer than that in experiments because of a seri-
ously too-low level of ε near the wall in separated flows or flows approaching separation;

• The AB, LB, YS, AKN, and CHC models underpredict the position of separation of the
wall jet, while the LS model overpredicts the position of separation of the wall jet;

• The LB and YS models cannot predict the Coanda effect well when the Reynolds
number is low (Re = 1000), but when the Reynolds number increases to 1750 and 2500,
the LB and YS models perform better—the CHC model is the exact opposite;

• The LB model predicts unreasonable results of turbulent kinetic energy and dissipation
rate, leading to the wrong velocity profile predictions;
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• The LS model has a good approximation of velocity profiles, and the AB model is very
suitable for predicting the Coanda effect.
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