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This paper analyzes the state of the art of numerical and partly physical simulation of convective heat trans-
fer in the vicinity of dimpled reliefs on one of the walls of narrow plane-parallel channels. We show that
there is a mismatch and spread of the results of these investigations, their conclusions lack substantiation,
and there are "white spots" in the problems under consideration and in the methods of their investigation.
Several physical experiments have been analyzed, and the correlation between the calculated predictions and
measurement data has been discussed. In conclusion, the thermohydraulic characteristics of various dimpled
reliefs are compared, and the advantage of oval dimples over spherical ones is demonstrated.
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Introduction. Dimple technologies as a means for vortex intensification of heat transfer are of keen interest
for thermal physicists, and the geography of their investigations is expanding steadily, which is explained by the great
advantages of using such technologies compared to other mechanisms of heat transfer enhancement, as well as by their
ability to provide a high thermohydraulic efficiency of the process [1]. At the same time, new spheres of using dim-
ples open up, in particular, they are used in microchannels and for solving problems of cooling microelectronic devices
[2]. The above facts stimulate the development of numerical and physical simulation of the detached flow and the heat
transfer in the vicinity of dimpled reliefs aimed at refining and detailing forecasts of their local and integral charac-
teristics. A characteristic feature of the current complex works on heat transfer enhancement is subjecting models to
systematic laboratory tests including those with the use of current diagnostic techniques (PIV, thermocoats). The calcu-
lation models are also being improved and complicated, and the progress in this area is associated with a gradual
change from solving Reynolds equations (RANS ⁄ URANS) to simulating large vortices (LES) [3, 4] and applying in-
termediate approaches (SAS) [5]. The central point here is the estimation of the role of nonstationary phenomena in
the vortex mechanism of heat transfer enhancement, account of the influence on it of disturbances at the inflow
boundaries of channels being of paramount importance.

Of enhanced interest is the estimation of hydraulic losses in channels with cavities [6]. However, the available
literature estimates of these parameters turn out to be low and require careful check. 

As mentioned above [1, 6], the thermohydraulic characteristics of spherical dimples are not the best in the
case of turbulent flow conditions of the coolant, and their use under laminar conditions is practically unjustified.

In connection with the foregoing, the present paper considers a circle of problems connected with the numeri-
cal and partly physical simulation of tornado-like enhancement of the turbulent heat transfer near dimpled reliefs, the
computational estimation of their limiting characteristics with the use of periodic boundary conditions at the flow
boundaries of a periodic module with dimples, the verification of this estimation in comparison with physical experi-
ments, and the application of the computational technology for comparing spherical and oval dimples in thermohy-
draulic parameters.

Simulation of the Vortex Dynamics and Heat Transfer near Dimpled Reliefs (brief analysis). In the
analysis of dimple problems presented in a number of monographs of recent years, the opinion of thermophysicists
prevails [7–10]. This concerns both the essence of the physical mechanism of heat transfer enhancement, the knowl-
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edge of which is considered by the authors of [8] to be a priority, and the comparison of dimples with other tech-
niques of heat transfer enhancement (tenches, ribs, protrusions) [10]. At the same time, it appears to be obvious that
dimples are kinds of cavities, with the difference that their depth (in considering spherical dimples) is limited, as a
rule, to half of their characteristic size (spot diameter) and is relatively small. The aerohydrodynamics of detached
flows in cavities is a branch of the hydromechanics of detached flows (see, e.g., [11]), and the mechanism of vortex
formation in the regions of three-dimensional detachment of the flow have long been attracting the attention of re-
searchers. For instance, in monograph [12] it is noted that in regions of different geometries one-type jet-vortex three-
dimensional detached flows can be formed. In our report at the congress of mechanics in 2006, we proposed a concept
of the generalized vortex cell [13] emphasizing the characteristic features of the flow in dimples, cavities, gaps be-
tween bodies, as well as in the near wake behind them.

Works [14, 15] present numerical and physical analogs of detached flows in circular and square cavities. The
considered test problems were solved not only for the purpose of studying the control mechanisms of vortex formation
in cavities, but also with the aim of developing and verifying multiblock computational technologies in combination
with modifying the shear stress transfer model MSST taking into account the influence of the curvature of the stream-
lines. It has been established that the dimple acts as a vortex and fluid oscillator of a special type. Therefore, it seems
obvious that the spherical dimple most often considered in the literature [16] is not an optimal means for the most ef-
fective control of the near-wall flow with low hydraulic losses.

In recent years, the state of vortex intensification of the heat transfer in flowing past dimpled reliefs has been
subjected to repeated systematic analysis, especially in the field of numerical calculations [17–22]. In the present work,
the above analysis is continued with special emphasis on the mismatch between the results of numerical and physical
simulation.

One of the early prominent experimental works on the heat transfer enhancement on dimple ensembles was
devoted to the case of flow past a flat plate with staggered spherical deep dimples [23]. The dimples are arranged with
a longitudinal and a transverse interval between their centers equal to the diameter of the ball with which they were
indented. The depth of each dimple is 1 ⁄ 4 of the characteristic size. At a characteristic size of the dimple of 3 ⁄ 4 in.
(1.9 cm) the diagnosed surface of the plate has a length of 12 in. (30.48 cm) and a width of 3 in. (7.62 cm). On this
surface, 3 and 4 rows of dimples in the transverse direction and 10 rows in the longitudinal direction alternate. The
Reynolds number Re determined by the dimple diameter varies from 104 to 3⋅104. The corresponding Reynolds num-
ber constructed by the hydraulic diameter and the mass-mean velocity of the flow varies from 104 to 5.2⋅104. Note
that in conventional notations, when for the characteristic size of the spherical dimple the diameter of its spot is taken,
the relative depth of the dimple is 0.289, and the longitudinal and transverse intervals between dimples measure 1.155.
An important quantity therewith is the density of dimples on the wall γ, and it is determined as 0.58 (close packing).

In total, the thermal load on the dimpled surface Num is about 2.4–2.5 of the analogous load on a similar
plane wall Num,pl and is practically independent of the Reynolds number in the investigated range. Such enhancement
of the heat transfer is comparable to tape vortex generators. It should be noted that according to numerous experiments
[9, 10] such a heat transfer enhancement factor is maximum.

Preliminary calculations of spherical dimpled reliefs [24, 25] corresponding to experimental analogs [23] have
also made it possible to reveal, as in experiments, the periodic character of the longitudinal distribution of the relative
Nusselt numbers averaged across the plate. In so doing, numerical forecasts change significantly depending on the
bandwidth over which Nu ⁄ Nupl are averaged. Sharp peaks correspond to the projections of the windward edges of
dimples on the longitudinal mean cross-section, with the peaks after odd rows of dimples (with a large number of
them) being appreciably higher than the peaks after even rows. Valleys on the distribution are positioned on the pro-
jections of dimples, and the minima therewith turn out to be shifted to their leeward sides.

Comparison of experimental and calculated data [23, 24] points to their qualitative and quantitative mismatch,
especially in the regions of valleys. While in the experiment the curves are close to periodic distributions with a slight
decrease in the Nu ⁄ Nupl maxima with increasing number of rows, the numerical calculations point to an increase in
the heat transfer enhancement with increasing number of dimple rows, i.e., the maxima and minima increase with in-
creasing longitudinal coordinate. In dimple-containing bands, the heat transfer minima in numerical forecasts do not ex-
ceed 1, i.e., on the leeward sides of dimples heat removal is strongly impeded because of the weak vortex motion in
the detached zone. In the experiment, this effect turns out to be weakened, most likely due to the difficulties of ex-
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perimental recording of large gradients of Nu ⁄ Nupl. As a result, it may be expected that the integral heat transfer in
the physical simulation will be overestimated.

The dimple problems are of scientific and practical interest largely due to the breaking (as the pioneers of
these studies supposed) on dimpled reliefs of the Reynolds analogy in favor of the heat transfer enhancement com-
pared to the rate of increase in hydraulic losses. However, the experimental (and computational) studies point to a con-
siderable spread of data on hydraulic losses, also towards their excess over the heat transfer enhancement.

Below we give some conclusions drawn from this very brief analysis.
1. It is expedient to consider dimples as vortex generators, and spherical dimples therewith do not seem to be

rational from the point of view of intensification of tornado-like vortex structures.
2. The accumulated databases on the flow parameters and turbulence and heat transfer characteristics near

dimpled reliefs require critical revaluation. It is highly desirable to have reliable open databases that can be used for
adjusting experiments being performed. It is imperative for experimentalists and calculators to join efforts.

3. Particular consideration should be given to the part of the work that would seem to have been accom-
plished long ago — analysis of hydraulic losses measured by total pressure drops. The difficulty of their experimental
estimation is obvious since it requires measurements of the characteristics of velocity fields in flows with a complex
jet-vortex structure.

Calculation of the Limiting Thermohydraulic Characteristics of Narrow Channels with Dimpled Reliefs
on the Walls on the Basis of Periodic Boundary Conditions. Obviously, it is expedient to determine the thermal and
thermohydraulic efficiency of dimpled reliefs at a large number of dimples. In this case, it may be expected that the
initial portions on which the relative Nusselt numbers averaged in the transverse direction (see the previous paragraph)
depend on the longitudinal coordinate, do not produce a significant effect on the integral indices of the relief on the
whole. Of course, the question on the limiting number of (rows of) dimples remains open. However, the integral esti-
mate of reliefs seems to be necessary in order to compare them with one another.

At the present time, in numerical calculations (see, e.g., [26]) the most popular approach is that connected
with simulating a detached flow and heat transfer in a longitudinally oriented channel module whose lateral faces rep-
resent longitudinal plane sections of the dimpled relief passing through the centers of adjacent dimples. On these lat-
eral boundaries, the symmetry conditions are set on the assumption that the flow past the relief is symmetric.
However, such a formulation of the problem is unjustified because in deep spherical dimples an asymmetric vortex
flow arises.

An alternative approach to the problem is associated with the use of periodic boundary conditions at the flow
boundaries of the region. A channel with an unlimited number of dimples on one of the isothermal walls is consid-
ered. The wall with dimples is heated (373 K), and the opposite one is "cold" (293 K). Thus, a constant temperature
difference between the walls is maintained. The method for calculating the turbulent flow and the heat transfer is de-
scribed in detail in [1]. It is based on original procedures of correcting the pressure gradients and the mass-mean tem-
perature. The method developed for calculating the heat transfer in tube banks was first substantiated in [27] by
comparing the results for the periodic calculation modulus with the data for the channel with multiple-row tubes. In
[28, 29], the proposed methodology was evaluated for calculating flows in channels and tubes with single-row dimples
and cavities. It should be noted that an analogous approach was used to analyze the optimization of the form of the
dimpled relief in [30] and to investigate the laminar flow in a channel with a staggered dimpled relief in [31].

In the present work, we continue the investigations on the dimple problems conducted in [28, 29] with the
aim of justifying the calculation methodology and searching for rational forms and arrangement of dimples in plane-
parallel channels. We chose air as a coolant.

Testing of the Calculation Methodology Using the Corridor Dimpled Relief of the TsKTI (M. A. Go-
tovskii’s experiment) as the Example. At the TsKTI, experimental studies of the convective heat transfer in channels
and tubes with dimples on their walls have been carried out for several decades. In one of the investigations [32], a
test plane-parallel channel with a multiple-row dimpled relief on one of its sides was considered (Fig. 1). The corridor
packet contains four shallow (Δ = 0.2 in fractions of the spot diameter), close to sharp-edged (the edge rounding ra-
dius is 0.01) dimples disposed across the channel (Fig. 2a).
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The height of the channel H = 1 and its width L = 5.766. The interval between the centers of the dimples in
the longitudinal and transverse directions is 1.333, which corresponds to the dimple density γ = 0.442. The Reynolds
number determined by the characteristic size and mass-mean velocity is 2⋅104.

The multiblock computational mesh (Fig. 2b) contains a fragmentary structured mesh covering the plane-par-
allel channel and containing 49 × 69 × 225 cells, a near-wall curvilinear mesh with 49 × 29 × 181 cells, and four
edge cylindrical meshes containing 104 × 27 × 14 cells. The total number of computational cells is about 1.1 million.
The near-wall mesh width is 5⋅10−4. The mesh widths in the longitudinal and transverse directions are equal to 0.03.

Figures 3, 4 and Table 1 present some of the obtained results. As in the case of the staggered dimpled relief
[24, 25], the flow past the corridor packet of dimples turns out to be synchronized, i.e., in all dimples the coolant
transfer is realized in the same manner from left to right (Fig. 3), and the spread patterns within the dimples are of
the same type. More than one-half of the area of each dimple on the leeward side turns out to be in the zone of low-
ered thermal loads, i.e., Nu ⁄ Nupl < 1, with their maxima coinciding with special points of the focus type. The regions

Fig. 2. Repeating calculation module with four dimples (a), multiblock mesh
in the channel with dimples with the isolation of edges (b), and cross-section
of the channel with an edged cylindrical mesh (c).

Fig. 1. Scheme of the tested plane-parallel channel with a corridor arrangement
of spherical dimples on one of the walls.
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of heat transfer enhancement are on the windward sides of the dimples in the regions of edges down the stream and
in the near wake behind the dimples.

As follows from Figs. 3 and 4, the distribution of the relative Nusselt numbers across the channel with dim-
ples is asymmetric, decreasing from left to right analogously to the turning direction of the flow inside the dimples
and behind them. The local maxima of Nu ⁄ Nupl (Fig. 4d) in the average cross-section coincide with the lateral edges
of the dimples, and the local minima of Nu ⁄ Nupl inside the dimples are located on the lateral slopes, the above min-

Fig. 4. Longitudinal (a, c) and transverse (b, d) distributions of the band-aver-
aged (a, b) and local-in-average cross-sections (b, c) of moduli of relative
Nusselt numbers.

Fig. 3. Fields of relative Nusselt numbers in a dimple packet (a) and separately
for each dimple from left to right (b–e) with spread patterns: 1) Nu ⁄ Nupl = 0.2;
2) 0.4; 3) 0.6; 4) 0.8; 5) 1; 6) 1.5; 7) 2; 8) 2.5; 9) 3.

787



ima being much lower than 1. The averaging of the relative Nusselt numbers over the area of the band across (a) and
along (b) illustrates the thermal efficiency of vortex intensification, especially the second distribution (Fig. 4b). Atten-
tion is attracted primarily by the dip of Nu

___
 ⁄ Nu

___
pl in the band containing dimples with a minimum of the order of 0.6

(Fig. 4a). The Nu
___

 ⁄ Nu
___

pl maximum falls on the projections of the dimple edges and has a value of 2.3. Before and
after the dimples, the level of Nu

___
 ⁄ Nu

___
pl has a value of the order of 1.5.

If the extreme left dimple is not considered, then for the other dimples the Nu
___

 ⁄ Nu
___

pl maxima turn out to lie
in the 1.3–1.4 range (Fig. 4b).

The calculated and experimental data on the integral characteristics of the channel with dimples presented in
Table 1 show a very good agreement in thermal efficiency and a significant disagreement in hydraulic losses. As a
consequence, the experimental and theoretical values of the thermohydraulic efficiency (THE) differ, and, in so doing,
in the calculation this characteristic does not reach 1, and in the experimental estimate, on the contrary, it exceeds 1
(and very significantly). Apparently, the question on the hydrodynamical drag of the channel with dimples on the wall
requires additional refining investigations; however, this follows also from the brief analysis of the available experi-
mental and calculation information.

Analysis of the Obtained Results on the Limiting Thermohydraulic Characteristics of Channels with
Oval and Spherical Dimples on the Walls. In conclusion of the given investigation, we present the analysis of the
limiting characteristics of dimpled reliefs of the lower heated wall of a plane-parallel channel of height 0.8 and width
of the order of 10. The upper wall is held at a constant temperature of 293 K adopted as a characteristic temperature,
and the lower wall is held at a temperature of 373 K. The dimple density is registered to be at the level of 0.489.

We compare dimples of various forms — spherical ones of depth 0.2 (in fractions of the spot diameter) taken
as a linear scale and oval ones composed of two halves of a spherical dimple connected by a cylindrical insert of
length 0.8 (Fig. 5). The edges of the dimples are rounded off on a radius equal to 0.25. The oval dimples are inclined
at an angle of 45o to the incident flow (towards the lateral walls of the channel). The choice of oval dimples was jus-
tified in [6].

TABLE 1. Comparison of the Integral Characteristics of the Channel with Dimples for the Heat Transfer Enhancement
in It

Integral characteristics of the channel with dimples Calculation Experiment

Num
 ⁄ Num,pl 1.38 1.40

ζ ⁄ ζpl 1.52 1.10

THE 0.91 1.27

Fig. 5. Plane-parallel channels with spherical (a, c) and oval (b, d) dimples on
one of the sides close in dimple density (0.49) and geometry and the mul-
tiblock mesh (c, d).
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At a constant density of dimples on the channel wall eight spherical and five oval dimples are positioned
edgewise. We consider three packets of oval dimples: a zigzag packet, a ladder packet, and a zigzag packet with ec-
centricity. The eccentricity was formed by displacing the oval dimples by 0.3 to the left and to the right from the lon-
gitudinal cross-sections passing through the centers of the dimples (the first case).

The Reynolds number constructed by the mass-mean velocity and the characteristic size was assumed to be
104. The length of the calculation modulus for the spherical dimples is equal to 1.265, and for the oval ones, 1.8.

The multiblock mesh was introduced for calculating the turbulent flow and the heat transfer in the periodic
modulus. It consists of a rectangular mesh partitioning into 41 × 57 × 195 cells, the space of the plane-parallel chan-
nel and the curvilinear mesh consistent with a surface with dimples of height 0.1. The number of mesh cells is 93 ×
31 × 241. The total number of cells is about 1.1 million. The near-wall mesh width is 5⋅10−4. The longitudinal and
transverse widths of the crude channel mesh are 0.1 and 0.06, respectively, and for the fine near-wall mesh the above
widths are equal and measure 0.4.

Figures 6 and 7 and Table 2 present some of the obtained results.
The patterns of the coolant spread over the curvilinear wall of the channel with dimples show that the flow in

the vortex layer is ordered and the large-scale jet-vortex structures are synchronized. In the majority of spherical dimples,
transfer occurs from right to left except for the first lateral row. In zigzag oval dimples the traververse flow corresponds
to the orientation of the dimple, i.e., it changes direction periodically. The eccentricity does not affect the topological
spread pattern. And in the case of ladder-arranged oval dimples, the motion in the wall layer resembles a nozzle set with
parallel nozzles or a blade cascade in a turbomachine where all generated wall jets have the same sense of orientation
consistent with the inclination of the dimples. It should be emphasized that the fields of relative Nusselt numbers are
strongly dependent on the form of dimples and their orientation with respect to the flow in the channel flow core. Note-
worthy (Table 2) is that the zigzag dimpled relief has the lowest thermal efficiency, comparing unfavorably with an
ensemble of spehrical dimples. The other reliefs are more promising in terms of thermal efficiency.

Fig. 6. Comparison of the distributions of the relative thermal loads in the
central part of the channel for spherical (a) and oval (b — ladder, c — eccen-
tricity zigzag) dimples in their corridor arrangement. Nu ⁄ Nupl isolines are
plotted at a 0.5 step from 0.5 to 4.5.
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The detailed analysis of the patterns of relative Nusselt numbers for various dimpled reliefs (Fig. 6) performed
on one scale shows that in the dimples and in the space between them zones of lower thermal loads Nu ⁄ Nupl < 1) are
formed, with minima reaching values (Fig. 7) of the order of 0.2. As mentioned in the previous paragraph, zones of
minimal relative loads arise mainly in the vicinity of special points in the pattern of liquid spread over the leeward
sides of the dimples. The maximum relative thermal flows concentrate on the windward sides of the dimples and in
the region of near wakes, with the maximal Nu ⁄ Nupl reaching values of the order of 5, and their level in the wake
behind oval dimples turns out to be in the 2.2–2.5 range. It is interesting to note the rather low level of relative ther-
mal loads in the zones between dimples with their corridor arrangement (Fig. 6a, b). For instance, for spherical dim-
ples Nu ⁄ Nupl in these zones turns out to be of the order of 1. And only in the presence of an eccentricity analogous,
to a certain extent, to the staggered dimpled relief in the region between dimples does the enhancement of the heat
transfer prevail over its attenuation, i.e., the arms of low Nu ⁄ Nupl become noticeably narrower (Fig. 6c).

The distributions over the longitudinal and transverse coordinates of the relative Nusselt numbers averaged
over the transverse and longitudinal bands, as well as of the local Nusselt numbers in the average cross-sections (Fig. 7),
demonstrate a combination of peak thermal loads with thermal unloading zones that appear on the plot in the form of
dips. The number of peaks and dips corresponds to the number of dimples. Peaks correspond to the windward edges
of dimples, and dips correspond to their leeward portions. The central dimples on the channel wall reflect the attained

TABLE 2. Comparison the Thermohydraulic Integral Characteristics of the Channels with Spherical and Oval Dimples

Integral characteristics of the
channel with dimples

Forms of dimples

spherical oval

corridor arrangement zigzag ladder eccentricity

Num
 ⁄ Num,pl 1.38 1.20 1.96 2.47

ζ ⁄ ζpl 1.42 1.24 2.00 2.22

THE 0.97 0.97 0.98 1.11

Fig. 7. Longitudinal (a, c) and transverse (b, d) distributions of the band-aver-
aged (a, b) and local-in-average cross-sections (c, d) of moduli of Nusselt
numbers. The numbers of bands and cross-sections correspond to the distribu-
tion numbers.
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level of thermal efficiency, since the extreme dimples differ from them rather widely. Across the channel with dimples
the local relative Nusselt numbers do not exceed 2 for spherical dimples and 2.5 for oval ones, whereas the relative
Nusselt numbers averaged over the longitudinal bands differ much more significantly, 1.5 for spherical dimples and 2.5
for oval ones.

As follows from Table 2, the thermal efficiency of spherical dimples is 1.38, as in M. A. Gotovskii’s experi-
ments with sharp-edge dimples. However, because of the high smoothness of edges, the hydraulic losses turn out to be
much lower (1.42 as against 1.52 for the sharp-edge dimples). Oval dimples arranged as a ladder and zigzag dimples
with an eccentricity display a much higher thermal efficiency at a fairly moderate density of dimples: 1.96 and 2.47,
respectively. In these cases, however, the hydraulic losses also increase: 2 and 2.22. Thus, oval dimples having obvi-
ous advantages in thermal efficiency are also characterized by higher hydraulic losses. An estimate of the thermohy-
draulic efficiency of dimpled reliefs shows that it is almost equal to 1 for the majority of the analyzed reliefs and
even exceeds 1 (1.11) for eccentricity zigzag oval dimples, which are preferable according to the results of the given
investigation.

CONCLUSIONS

1. It is expedient to consider dimples as vortex generators, and spherical dimples thereby do not seem to be
rational from the point of view of intensification of tornado-like vortex structures.

2. The accumulated databases on the flow parameters and characteristics of the turbulence and heat transfer
near dimpled reliefs require critical revaluation. It is highly desirable to develop reliable open databases that can be
used for adjusting experiments being performed. It is imperative to combine the efforts of experimentalists and calcu-
lators working on these lines.

3. Primary consideration should be given to the part of investigations that would seem to have been accom-
plished long ago — analysis of hydraulic losses measured by total pressure drops. The difficulty of their experimental
estimation is obvious, since it requires measurements of the velocity field characteristics in flows with a complex jet-
vortex structure.

4. We have verified the computing method based on the use of periodic boundary conditions for estimating
the characteristics of dimpled reliefs with a corridor packet of four spherical dimples arranged across a plane-parallel
channel used as the example in comparing M. A. Gotovskii’s experimental data with the obtained numerical forecasts.
The quite satisfactory agreement in thermal efficiency goes with the disagreement in hydraulic losses.

5. The comparison of several dimpled reliefs in thermohydraulic efficiency made in the concluding part of the
investigation confirms the advantage of oval dimples over spherical ones, as well as substantiates their eccentricity zig-
zag arrangement.

This work was supported by the Russian Foundation for Basic Research (projects No. 07-08-00635, 08-08-
00065, and 08-08-00059) and DFG HA 2226/11-1.

NOTATION

d, diameter of the spherical dimple spot, m; H, narrow channel height, in fractions of d; L, channel width, in
fractions of d; THE = (Num

 ⁄ Num,pl)
 ⁄ (ζ ⁄ ζpl), thermohydraulic efficiency of a part of the channel with a dimple; Nu,

Nusselt number, Re = ρUd ⁄ μ, Reynolds number; U, mass-mean velocity, m ⁄ s; x, z, longitudinal and transverse coor-
dinates, in fractions of d; γ, density of dimples; Δ, spherical dimple depth, in fractions of d; ζ, hydraulic loss factor;
μ, dynamic viscosity coefficient, kg ⁄ m3. Subscripts: bar, values averaged over the chosen band; m, value averaged
over the area of the chosen part with a dimple; pl, plane wall.
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