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ABSTRACT
Dissimilarity in the pressure-rate-of-strain and pressure-

temperature-gradient processes, resulting in the dissimilar de-
struction of turbulent momentum and heat fluxes, respectively,
has great potential to contribute to friction loss reduction to-
gether with heat exchange enhancement. In this study, we in-
vestigate the dissimilar destruction of turbulent fluxes in the
near-wall regions of a channel flow. To capture the dissimi-
larity associated with self-sustaining coherent structures, such
as low-speed streaks and quasi-streamwise vortices, we simu-
late a minimal channel flow. The dissimilar destruction events
are transported from the outer to the near-wall region by the
downward flows generated by quasi-streamwise vortices. This
highlights the authors’ previous discovery of the dissimilar de-
struction events in the outer region of a channel flow (Taka-
hashi et al., Phys. Fluids, 2025). The forward- and backward-
dissimilar destruction events, which reduce only the friction
loss and heat exchange, tend to be separately localized down-
stream and upstream of the sweeping motions, respectively.
The results are confirmed to be valid regardless of the self-
sustaining cycle of the near-wall structures of the current min-
imal channel flow.

Introduction
One of the important features of turbulent flows from an

engineering viewpoint is their strong exchange capability for
momentum and heat. According to the Reynolds analogy, tur-
bulent exchange of momentum and heat is similar, resulting
in large heat transfer but accompanied by severe friction loss.
To overcome this dilemma, researchers have investigated “dis-
similar” exchange phenomena generated by several external
control inputs (Inaoka et al., 1999; Hasegawa & Kasagi, 2011;
Kaithakkal et al., 2020; Yamamoto et al., 2022) or even in non-
Newtonian fluid flows (Hara et al., 2023).

It is widely believed that the Reynolds analogy is gov-
erned by coherent structures that exchange momentum and
heat simultaneously. Accordingly, the physics associated with
these coherent structures has generally been investigated to
improve our understanding of turbulent transport phenomena.

However, despite the long history of turbulence research, no
coherent eddy structure has been identified that exchanges
only heat, implying the difficulty of breaking the Reynolds
analogy by controlling the well-known structures. In con-
trast, the destruction processes of turbulent momentum and
heat fluxes have been much less investigated. This suggests
the possible existence of undiscovered “dissimilar destruction
events of turbulent fluxes,” which cause a loss of turbulent mo-
mentum flux accompanied by a gain of turbulent heat flux, and
which may contribute to friction reduction together with heat-
transfer enhancement.

Because turbulent momentum and heat fluxes are
anisotropic statistical quantities, they are reduced through the
so-called “return-to-isotropy” process. Accordingly, the prin-
cipal sink terms in the transport equations for the turbulent
momentum and heat fluxes are the pressure–strain-rate and
pressure–temperature-gradient terms, respectively:

Φuv ≡ p′
(

∂v′

∂x
+

∂u′

∂y

)
, (1)

Φvθ ≡ p′
∂θ ′

∂y
. (2)

Based on this idea, the authors recently identified local flow
patterns associated with the dissimilar destruction mechanisms
of turbulent fluxes in an uncontrolled channel flow (Takahashi
et al., 2025). The main finding was that the loss of momentum
flux and the gain of heat flux occur simultaneously when ver-
tically sheared flows are rolled up by spanwise swirling mo-
tions. However, although such flow patterns were detected
away from the wall (y+ ∼ 100, where + denotes normaliza-
tion using viscous scales), because the similarity constraint
imposed by the boundaries weakens with increasing distance
from the wall, a large portion of the turbulent exchange of mo-
mentum and heat takes place in the near-wall region (y+ ∼ 10).

In this study, we capture dissimilar destruction events in
the near-wall region of a channel flow. Special attention is paid
to the relationship between the formation of these dissimilar

1



14th International Symposium on Turbulence and Shear Flow Phenomena (TSFP14)
Heidelberg, Germany, July 28–31, 2026

Table 1. Numerical parameters

Reτ (Lx/h,Lz/h) (L+
x ,L

+
z ) (Nx,Ny,Nz)

200 (1.8,0.6) (353,116) 32,128,16

destruction events and well-known coherent structures, such
as low-speed streaks and quasi-streamwise vortices. To sus-
tain only a minimal number of such structures in the numeri-
cal domain, we simulate a “minimal channel flow” (Jiménez &
Moin, 1991), which consists of a single pair of low- and high-
speed streaks. Accordingly, we also examine the generation of
dissimilar destruction events within the self-sustaining cycle
of the simulated flow system.

Numerical techniques
The velocity and temperature fields are governed by the

continuity equation, Navier–Stokes equation, and advection–
diffusion equation:

∂ui

∂xi
= 0, (3)

∂ui

∂ t
+u j

∂ui

∂x j
= − ∂ p

∂xi
+

1
Re

∂ 2ui

∂x j∂x j
, (4)

∂θ

∂ t
+ui

∂θ

∂xi
= Qθ +

1
RePr

∂ 2θ

∂xi∂xi
, (5)

where ui is the instantaneous velocity in the xi direction [i = 1,
2, 3, (x1,x2,x3) = (x,y,z), (u1,u2,u3) = (u,v,w)], p is the
pressure per unit mass, Re is the balk Reynolds number (us-
ing the channel half-width h), Pr is the Prandtl number, θ is
the temperature, and Qθ is the bulk heat source. The time
integration of the governing equations uses the fourth-order
Runge–Kutta method. The spatial numerical derivative is ob-
tained from a second-order central finite difference scheme.

The simulations employ periodic boundary conditions
along the streamwise and spanwise directions, and zero-
velocity/-temperature conditions at the walls. In addition, we
assign Qθ = −∂ p/∂x and the Prandtl number Pr = 1. Thus,
the primitive difference between the fluctuating streamwise ve-
locity and the temperature is only the presence or absence of
the fluctuating pressure gradient. Such boundary and driving
conditions were also employed in the previous studies on the
dissimilar momentum/heat exchange control in channel flows
(Hasegawa & Kasagi, 2011; Yamamoto et al., 2022).

The friction Reynolds number Reτ ≡ uτ h/ν , the stream-
wise and spanwise lengths of the numerical domain, Lx and
Lz/h, respectively, and the grid numbers in the three directions
are summarized in Table 1. This setup is confirmed to be suf-
ficient as the minimal flow unit to sustain the self-sustaining
near-wall structures.

Figure 1(a) and (b) show the budgets of the turbulent mo-
mentum and heat fluxes, respectively. Although not shown
here, we confirmed that the lower-order statistics, such as the
mean and root-mean-square values of the streamwise veloc-
ity and temperature, are in good agreement with the reference
data (Jiménez & Moin, 1991). The present results are com-
pared with the reference data (Takahashi et al., 2025), which
were obtained from a channel flow with a larger computational
domain. Despite the qualitative agreement with the reference
data in the near-wall region, some quantitative discrepancies

Figure 1. Budget of (a) turbulent momentum flux and (b)
turbulent heat flux. Circles with solid lines, current Minimal
flow; thick dashed lines, full-size channel flow Takahashi et al.
(2025). Blue, production; black, destruction; red, turbulent
diffusion; purple, pressure diffusion; green, dissipation.

are observed, possibly owing to the minimal computational
setup, which limits non-local (spatial) interactions between the
near- and outer-wall structures.

Dissimilarity in turbulent flux destruction dur-
ing self-sustaining periodic cycle

Consider instantaneous events satisfying

Φ
′
uv ≡ p′

(
∂v′

∂x
+

∂u′

∂y

)
> 0 ∩ Φ

′
vθ ≡ p′

∂θ ′

∂y
< 0, (6)

or, conversely,

Φ
′
uv ≡ p′

(
∂v′

∂x
+

∂u′

∂y

)
< 0 ∩ Φ

′
vθ ≡ p′

∂θ ′

∂y
> 0, (7)

that is, events that simultaneously contribute to the loss of tur-
bulent momentum flux (Du′v′/Dt > 0) and the gain of tur-
bulent heat flux (Dv′θ ′/Dt < 0), or vice versa. We refer to
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Figure 2. Evolution of planar-averaged wall-shear stress.
The minimal channel flow is characterized by the four types
of phases in the cyclical variation: “Trough”, “Ascending”,
“Peak”, and “Descending”.

the former and latter as “forward-dissimilar” and “backward-
dissimilar” destruction events, respectively.

Figure 2 shows the temporal evolution of the planar-
averaged wall-shear stress τ ≡ (1/LxLz)

∫
ν(∂u/∂y)|y=0 dxdz.

The cyclic variation of τ confirms the self-sustaining process
of coherent motions in the minimal channel flow. We charac-
terize this cycle by four distinct phases: “Trough”, “Ascend-
ing”, “Peak”, and “Descending”. As reported in many pre-
vious studies on the self-sustaining mechanism of near-wall
coherent structures (Hamilton et al., 1995; Waleffe, 1997),
quasi-streamwise vortices generate low-speed streaks in the
trough phase; the streaks subsequently break down owing to
instability, thereby intensifying turbulence; the turbulence then
weakens, while nonlinear interactions regenerate the quasi-
streamwise vortices.

Representative momentum and heat transfer associated
with quasi-streamwise vortices in the four phases are illus-
trated in Fig. 3. The right panels show instantaneous cross-
stream velocity distributions on y–z planes intersecting promi-
nent dissimilar destruction events. The velocity vectors clearly
capture the swirling motions of the quasi-streamwise vortices.
As indicated in Fig. 2, turbulence is strongest in the “Peak”
phase, weakest in the “Trough” phase, and intermediate in the
“Ascending” and “Descending” phases.

Throughout the four phases, both forward- and backward-
dissimilar events are predominantly localized in the down-
stream regions between two counter-rotating vortices; for ex-
ample, at z+ ∼ 10 in the “Trough”, 40 in the “Ascending”,
90 in the “Peak”, and 40 in the “Descending”. In particular,
at z+ ∼ 90 in the “Peak” phase and 40 in the “Descending”
phase, the instantaneous turbulent heat flux v′θ ′ exceeds its
momentum-flux counterpart u′v′, demonstrating the significant
contribution of the dissimilar destruction events to friction-loss
reduction accompanied by enhanced heat transfer. In contrast,
in the upstream regions associated with the low-speed streaks
(indicated by the local peaks of the cyan dashed lines), the
distributions of u′v′ and v′θ ′ are highly similar; for example,
at z+ ∼ 80 in the “Ascending”, 50 in the “Peak”, and 90 in
the “Descending”. This similarity is expected because the mo-
mentum and temperature fields in the near-wall fluid are con-
strained by the wall boundary conditions. In other words, the
breakdown of the Reynolds analogy associated with dissimilar
turbulent-flux destruction is first generated in the outer region

and subsequently transported toward the near-wall region by
coherent eddies. This highlights the impact of the dissimilar
destruction events previously identified by the authors (Taka-
hashi et al., 2025), although they were detected primarily in
the outer region (y+ ∼ 100).

Therefore, we next investigate the phase-averaged con-
centration of forward- and backward-dissimilar destruction
events around “sweep” motions (u′ > 0 ∩ v′ < 0). Each in-
stantaneous flow field is horizontally shifted so that the loca-
tion of the maximum sweep event coincides with the center
of the numerical domain. Hereafter, phase-averaged quantities
are denoted by hats, for example, û′.

The left panel in Fig. 4 shows the phase-averaged wall-
shear stress as a function of phase. Letting ϕ denote the phase
and T the “Trough-to-Trough” period, the “Trough”, “Ascend-
ing”, “Peak”, and “Descending” phases correspond to ϕ/T =
0, 0.25, 0.5, and 0.75, respectively. The right panels show the
x+–y+ planar distributions of the phase-averaged streamwise
velocity û′+ and the dissimilar turbulent momentum-flux de-

struction Φ̂
′+
uv at z+ = 58. Owing to the horizontal alignment

of the flow fields, the peaks of û′+ appear at the center of the
numerical domain. The peak magnitudes are nearly identical
across the four phases, indicating that the locally transferred
momentum from the outer region is largely independent of the
near-wall cycle. Moreover, the locations and intensities of the
forward- and backward-dissimilar destruction events remain
consistent throughout the four phases. The self-sustaining pro-
cess appears to modulate only the probability that these dis-
similar destruction events are transported from the outer region
toward the near-wall region by quasi-streamwise vortices.

This finding indicates that the formation of the dissimilar
destruction events is largely independent of the quasi-periodic
near-wall cycle and is instead governed by dynamics originat-
ing in the outer region. Although our previous study (Taka-
hashi et al., 2025) focused on phenomena identified away from
the wall, the present results demonstrate that the near-wall
manifestations are primarily a consequence of their transport
from the outer layer. This not only alleviates concerns regard-
ing the wall-normal relevance, but also reinforces the impact of
the previous discovery on turbulent momentum and heat trans-
fer.

Furthermore, the forward-dissimilar destruction events
are predominantly localized downstream of the sweep mo-
tions, whereas the backward-dissimilar events are localized
upstream. This spatial separation suggests the potential for de-
veloping turbulence-control strategies based on the dissimilar
destruction of turbulent fluxes: if the concentration locations
of the forward- and backward-dissimilar destruction events
were to coincide, selectively enhancing the forward-dissimilar
events while suppressing the backward-dissimilar ones would
be considerably more difficult. This interpretation is further
supported by the all-phase-averaged (i.e., unconditioned) con-
centration of the forward- and backward-dissimilar destruction
events shown in Fig. 5. The results more clearly demonstrate
the symmetry of the concentration locations of the dissimilar
destruction events with respect to the sweep motions.

Conclusions
The dissimilar destruction events observed in the near-

wall region are preferentially located between neighboring
quasi-streamwise vortices. Combined with our previous find-
ings, this indicates that these destruction events are not gener-
ated locally at the wall, but instead originate in the outer re-
gion—where direct boundary effects are weak—and are sub-
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Figure 3. Representative momentum and heat transfer associated with quasi-streamwise vortices. The blue and red isosurfaces denote
Q = 0.22max(Q) (blue: ωx > 0; red: ωx < 0), and the cyan isosurface denotes u =U |y+=24, illustrating the quasi-streamwise vortices
and the low-speed streak. The dark- and light-gray isosurfaces correspond to Φu′v′ = 0.5max(Φu′v′), representing the forward- and
backward-dissimilar destruction events, respectively. The right panels display velocity vectors on the cross-sectional plane shown in
the left panels (green transparent planes). The blue and red contours indicate the instantaneous momentum flux u′v′ and heat flux v′θ ′,
respectively. The thick solid and dashed lines again represent the forward- and backward-dissimilar events, respectively, shown as
contours of Φu′v′ = 0.5max(Φu′v′).

sequently transported toward the wall by the downward mo-
tions induced by the quasi-streamwise vortices. In contrast,
the turbulent momentum and heat fluxes themselves, as well
as their destruction processes within the low-speed streaks, ex-
hibit strong similarity due to the imposed boundary conditions.
These results highlight the intrinsic non-locality of turbulent
momentum and heat transport in wall-bounded turbulence and
demonstrate that the dissimilar destruction events arise from
interactions between outer-layer dynamics and near-wall co-
herent structures. The present minimal-unit analysis thus re-
inforces the outer-layer origin of the phenomenon, while re-
quires further examination using regular channel flows with

larger computational domains for quantitative assessment and
broader generalization.

Furthermore, the spatial organization of the destruction
events exhibits a clear symmetry relative to intense sweep
motions: forward-dissimilar destruction events are localized
downstream, whereas backward-dissimilar events are concen-
trated upstream. This separation suggests a potential pathway
for turbulence control based on selectively manipulating the
dissimilar destruction of turbulent fluxes. In particular, the re-
sults point toward strategies for simultaneous friction reduc-
tion and heat-transfer enhancement through actuation that pro-
motes forward-dissimilar destruction events in the outer region
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Figure 4. (Left) Phase-averaged wall-shear stress as a function of phase. The four characteristic phases (“Trough”, “Ascending”,
“Peak”, and “Descending”) are indicated by open-circle symbols. (Right) x+–y+ planar distributions at z+ = 58 of phase-averaged
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Figure 5. (Left) Isosurfaces of all-phase-averaged streamwise velocity (yellow and cyan for positive and negative values, respectively)
and dissimilar destruction events (magenta and green for forward- and backward-dissimilar events, respectively). (Middle) x+–y+

planar distributions of all-phase-averaged dissimilar destruction events at z+ = 58: forward-dissimilar destruction (top) and backward-
dissimilar destruction (bottom). (Right) One-dimensional distributions of all-phase-averaged forward- (top) and backward-dissimilar
destruction (bottom) along the red dashed line shown in the middle panels.

or downstream of strong sweep motions.
Note that, since the present flow is uncontrolled and de-

veloped over smooth walls, the probability and intensity of the
forward- and backward-dissimilar destruction events are com-
parable, leading to substantial mutual cancellation. Neverthe-
less, the identification of their spatial organization and trans-
port mechanisms under such restrictive conditions highlights
the intrinsic robustness of the phenomenon. Although effec-
tive strategies for selectively amplifying or suppressing these
paired events remain to be established, the present results im-
plies that turbulence control based on dissimilar destruction is,
at least in principle, feasible.
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