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Divergent-Trailing-Edge Airfoil Flow

Brian E. Thompson* and Robert D. Lotzf
Rensselaer Polytechnic Institute, Troy, New York 12180-3590

The influence of recirculating flow on drag reduction associated with a divergent-trailing-edge (DTE)
airfoil is provided by comparing the flow structure around a supercritical airfoil with a blunt trailing
edge to that around the same airfoil after DTE modification. Flow characteristics are obtained by solution
of compressible, Reynolds-averaged, Navier-Stokes equations with a linearized block implicit solution
procedure and mixing-length turbulence model. Results show that DTE modification effects an increase
in the streamwise length of the recirculation region downstream of a blunt trailing edge that acts like a
chordwise extension to increase circulation. The divergent trailing edge gives the same lift at lower in-
cidence and drag, so that lift-to-drag ratio is increased in transonic cruise. Drag creep is reduced by DTE
modification because shock-induced drag is decreased as a result of a longer recirculation region in the
wake and its associated relocation and weakening of the shock, which is greater than the increase in base
drag.

Nomenclature
Cd = drag/(yp£/2c), sectional drag coefficient
C, = lift/(ypt/2c), sectional lift coefficient
Cm = moment/(yp£/2c2), sectional pitching moment

coefficient
c = chord length
M = Mach number
q = dynamic pressure, (4-pt/2)
Re = Reynolds number, Uclv
£/, u = velocity
x, y, z = Cartesian coordinates
a = angle of attack
JJL, v = dynamic and kinematic viscosities

Introduction

T HE current trend is towards commercial aircraft with
higher cruising speeds in the transonic regime. Supercrit-

ical airfoils1 are designed to have almost constant suction-side
pressure, that is, a rooftop pressure distribution, and operate at
higher subsonic cruise speeds because drag rise onset is at a
higher Mach number than with conventional airfoils.2 The
rooftop design reduces camber upstream of the location of
maximum thickness and increases camber near the trailing
edge, which results in aft loading and larger negative (nose-
down) pitching moments.2'3

Divergent-trailing-edge (DTE) modifications were designed
to reduce drag on supercritical airfoils in transonic cruise.4'5
Most subsonic airfoils have a sharp finite angle trailing edge
to avoid drag. In practice, blunt trailing edges are used on the
supercritical airfoils of many commercial aircraft, in part be-
cause these airfoils were designed to the aforementioned roof-
top criterion, which results in suction- and pressure-side sur-
faces being almost parallel at the trailing edge. Use of a sharp
trailing edge is structurally weak and the airfoil surfaces deflect
under the high aft loading typical of supercritical airfoils,
whereas blunt trailing edges offer improved strength, stiffness,
manufacturing, and maintenance. At subsonic speeds,
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a blunt rather than sharp trailing edge results in minimal or
negligible drag increase.6

Drag creep is the gradual increase in drag at speeds above
0.3 Mach caused by combined compressible and viscous ef-
fects. The cruise speed for a commercial aircraft is often cho-
sen at the Mach number where d(Cd)/d(M) is 0.1. Figure 1
shows that, first, drag creep on blunt supercritical airfoils is
significant at the cruise speed and, second, a DTE modifica-
tion4 reduces drag creep and does not affect drag rise Mach
number.

DTE airfoils are designed by modifying the upper and lower
surfaces of a supercritical airfoil with blunt trailing edge to
give both a divergent trailing-edge angle and an increasing
curvature change towards the trailing edge, especially on the
pressure side. Figure 2 shows the DLBA 243 airfoil produced
by DTE modification of a DLBA 186 supercritical airfoil.5
Wind-tunnel measurements4 obtained for both airfoils are plot-
ted on Fig. 1 and show significant reductions in drag creep at
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Fig. 1 Measured and calculated drag characteristics for DLBA
243 and DLBA 186 airfoils. (Measurement from Henne and
Gregg.4'5)
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DLBA 243 DTE
Supercritical Airfoil

DLBA 186 Supercritical
Airfoil

Fig. 2 Supercritical seed (DLBA 186) and DTE (DLBA 243) air-
foils.

lift coefficients above 0.7 for the DTE airfoil. Comparison of
measured pressure distributions5 suggests DTE modification
moves the suction-side shock aft, which further increases aft
loading and nose-down pitching moment. However, the effects
of DTE modification on the flow structure, especially the re-
circulating wake, are not well understood and are the subject
of this research.

Previous experiments and calculations45 with DTE airfoils
have not focused on the nature of the recirculating flow in the
wake and its importance to the design of DTE geometries.
Measurements have not been reported in the small recircula-
tion region downstream of the blunt, divergent trailing edge.
Such measurements are difficult and expensive to obtain since,
for example, if conventional instrumentation were used, a large
transonic tunnel would be necessary to resolve distributions in
a recirculation bubble with cross-stream dimensions of about
0.5% chord. Henne and Gregg4'5 reported calculations of flow
around DTE airfoils that were obtained by solving transonic
and integral boundary-layer equations with the viscous-invis-
cid interaction procedure of Bauer et al.7 In the trailing-edge
region, the recirculation region was estimated with an approx-
imate bubble-closure streamline, although viscous effects in
this region are crucial to the determination of circulation and
drag levels.8'9

The objective of this contribution is to provide insight into
the relationship between the structure of the recirculating flow
in the vicinity of the blunt trailing edge and the drag reduction
measured for DTE airfoils. Because of the very small recir-
culation region at the airfoil trailing edge, the expense and
difficulties in experiments mentioned previously, and previous
successes discussed later that calculate flow structures similar
to those around DTE airfoils, a computational approach was
adopted here to further our understanding. The following sec-
tion describes the present Navier-Stokes calculation procedure
including solution algorithm, grid generation, boundary con-
ditions, and turbulence model. Numerical uncertainty and grid
dependence are also discussed. The following section presents
comparisons with well-established experiments that bench-
mark transonic airfoil flow. The results section shows calcu-
lations of flow around baseline (DLBA 186) and DTE (DLBA
243) airfoils, and this article ends with summary remarks on
the flow structure around DTE airfoils and its implications for
design.

Computational Fluid Dynamics Procedure
Navier-Stokes methods have been used to calculate sub-

sonic and transonic flow around airfoils. Subsonic flows over
airfoils with trailing-edge separation have been calculated and
compare well with experiments.8'10'12 Boundary-layer flow that
approaches separation can be represented with conventional
boundary-layer approximations,13 but downstream of separa-

tion Reynolds-averaged Navier-Stokes equations are re-
quired.8 For calculations of flow in the trailing-edge region,
viscous effects must be included, especially at higher angles
of attack where the boundary layer remains attached8; effects
of the wake and normal pressure gradients are significant, even
at small incidence for attached flow8; simple turbulence models
can be used for engineering design and to describe flow struc-
tures8; and, for conventional airfoils, the influence of trailing-
edge thickness is confined to a small region at low angles of
attack.8 Viscous-inviscid interactive methods14'15 solve integral
or differential forms of boundary-layer equations coupled to
potential-flow or Euler equations and, although these can been
useful in commercial-airfoil design, the strong interaction be-
tween shock and boundary layer in the present flow makes
solution of boundary-layer equations inappropriate.3'9'16 For
transonic airfoil flows with shock/boundary-layer14'18 or vor-
tex19 interactions, solution of Reynolds-averaged Navier -
Stokes equations are often preferred, because turbulence-
model approximations replace profile and streamline-closure
assumptions; the effects of the wake and normal pressure gra-
dient, which are needed in the vicinity of recirculation,8 are
calculated; and the matching of solutions from different
equations at internal boundaries is eliminated. This implies that
calculations of airfoils with transonic and recirculation regions
require solution of Navier-Stokes transport equations. Both of
these features occur around blunt and DTE airfoils, and so the
following Reynolds-averaged Navier-Stokes calculation pro-
cedure20 was chosen for the present contribution.
Solution Algorithm

The two-dimensional, Reynolds-averaged, Navier-Stokes
equations were solved here as described in Thompson and
Lotz21 using the linearized block implicit numerical procedure
of Briley and McDonald,20'22 which employs centered spatial
differences with adjustable numerical dissipation.19'20

Turbulence Model Approximation
It was not the objective here to compare turbulence models,

but rather to use a turbulence approximation that allows insight
into the behavior of the mean flow around blunt and DTE
airfoils, albeit with uncertainties in the turbulence structure. It
is difficult to discriminate between the effects of turbulence-
model, boundary-layer, and numerical approximations in cal-
culations, and previous recommendations14'16'18 have not pro-
vided an obvious choice for the complex flow around the blunt,
transonic airfoils under consideration here. Calculations
around blunt trailing-edge airfoils23"25 show that a reasonable
mean-flow structure can be obtained, although details of the
effects of the turbulence model cannot be distinguished from
those of numerical uncertainties. Mixing-lengthn-26-27 and two-
equation8'10'26'28'29 turbulence models have been used success-
fully to calculate airfoil flows with small recirculation regions
and, provided numerical accuracy is adequate, comparisons
with experiment have been favorable.82930 However, the suc-
cesses of Spalart24 and Spalart and Allmaras25 suggest that one
equation models are appropriate airfoils flying at cruise con-
ditions and, accordingly, was chosen here for the following
reasons.

1) It is simple so that transport equations can be solved with
minimal numerical uncertainty as discussed by Lotz and
Thompson.21

2) Previous calculations with this turbulence model, the
present numerical procedure, and adequate grid refinement
have compared favorably with mean-flow velocities, and
agreed well with the measured structure of the mean flow
around airfoils, cascades, and turbine blades.n-14-17-31

3) The present airfoils are at incidence angles less than 2
deg with blunt trailing edges of about 0.0057 chord, which
causes a recirculation region with cross-stream and streamwise
dimensions of about 0.007 and 0.020 chord, respectively, in
the downstream wake. The effects of turbulence in this tiny
region are small compared to the influence of the boundary-
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layer and compressible flow. Boundary-layer development and
shock formation are not influenced by this tiny wake feature,
except through the Kutta condition, which was well repre-
sented in previous calculations of transonic flow17 and in
steady and unsteady airfoil flows with separation.11

4) Previous comparisons between experiments and calcula-
tions with mixing-length and two-equation turbulence models
in airfoil flows11'17 and small, unconfined recirculating8'12'28

flows provide no definitive preference, provided that numerical
uncertainty is satisfactorily small. Lastly, the present calcula-
tion procedure is validated herein using both established
transonic—airfoil experiments and results with supercritical
and DTE airfoils: agreement is within 2% for lift and drag,
and is discussed further. The present mixing-length model was
calibrated for airfoils and provides Reynolds stresses in the
boundary layer and wake as described by Lotz and Thomp-
son.21 The present model does not calculate transition, but
rather fixes transition either at the location of boundary trips
in wind-tunnel experiments or at the suction peak where lam-
inar separation turbulent reattachment would be expected.29

Upstream of this location, laminar viscosity was calculated
with the Sutherland viscosity law.20

Boundary Conditions
At the inflow surface, the total pressure is associated with

the streamwise momentum equation, the crossflow velocity
components are set to zero, the second derivative of pressure
is set equal to zero, and the stagnation enthalpy equals the
reference total enthalpy. For the exit boundary and the upper
and lower boundaries, the second derivative of the velocity
components are set to zero, the pressure is specified, and the
second derivative of the reference total enthalpy is set to zero.
At the airfoil surface, no-slip conditions require each velocity
component to be set equal to zero and the continuity equation
to be solved. The wall is adiabatic with the change in enthalpy
set equal to zero.19

Computational Mesh
Figure 3 shows a structured H-grid with nonuniform spac-

ing, which is typical of that used here, and was created using
EAGLE32 grid generation software. Computational boundaries
were expanded until their effect on the solution was negligible
and they were located by trial and error at 100 chord lengths
from the airfoil to the upper, lower, and exit boundaries, and
60 chord lengths upstream from the leading edge to the inflow
boundary.

The calculation domain had 185 and 125 grid nodes in
streamwise and cross-stream directions, respectively. In the
streamwise direction, there are 35 points upstream of the lead-
ing edge, 90 points along the airfoil upper and lower surfaces
from 0.06% of chord to the trailing edge, and 60 points down-
stream of the trailing edge to the exit boundary. Concentrations
of 25 and 31 nodes were placed in the shock capture zone and

Fig. 3 Supercritical airfoil grid.

in the blunt trailing-edge wake, respectively. In the cross-
streamwise direction, 47 nodes were placed above and below
the airfoil, and 29 nodes covered the thickness from 0.06% of
chord on the suction to pressure side at the leading edge and
across the blunt trailing edge. The shock capture zone was
located by trial and error by centering it over the expected
shock region and then refining and adjusting it until the shock
remained within 0.2% of chord, despite shifts in the zone lo-
cation of about 1% of chord.

Grid spacing normal to the airfoil surface was 0.003% of
chord at the wall and expanded according to a hyperbolic func-
tion towards the boundaries. This provided about 50 points to
resolve the wake at the trailing edge. Calculations were ob-
tained with wall spacings of 0.01 and 0.001% of chord at the
wall, and all of the calculated distributions of boundary-layer
velocity agreed within 1% for the RAE 2822 and DLBA air-
foils presented next.

Numerical Uncertainty
Approximate quantification of numerical uncertainty was

obtained with the method of Roache34 described by Lotz and
Thompson,21 which indicates calculated values within 0.3 and
6% of lift and drag, respectively. These estimates33 are ob-
tained with the assumption that the solution for finer grids
asymptotically approaches the correct solution, which is
achieved in the limit of the spacing approaching zero.33 Grid
convergence index (GCI) based on Richardson number inter-
polation was calculated for uniform grid refinement, and gives
a conservative error estimate for a second-order numerical
method,33 such as that used here. Results21 show asymptotic
convergence in aerodynamic coefficients and, for the 185 by
125 grid, the calculated value of GCI for the lift coefficient
was 0.03%, which implies the 185 by 125 node grid is ade-
quate and was used for the results presented next.

Validation Calculations for Blunt
Supercritical Airfoils

Transonic flow around an RAE 2822 airfoil exhibits bound-
ary-layer and shock characteristics similar to those on DTE
airfoils. The benchmark RAE 2822 experiment14'34 is used here
to validate the aforementioned CFD procedure. Figure 3 shows
an H-grid that is similar to the 185 X 125 grid used here for
the RAE 2822 airfoil. The distribution and spacing of nodes,
the outer computational boundaries, and the boundary condi-
tions were implemented as described earlier. The upper and
lower surfaces of the RAE 2822 were terminated at 99% of
the chord to give a blunt trailing-edge thickness of 0.0017
chord. Table 1 presents calculated and measured results for the
RAE 2822 airfoil at the experimental test conditions of 3.22-
deg incidence, 0.728 Mach number, and Re = 6.5 X 106, and
with transition fixed at 3% of chord to match the location of
trip sandpaper in the experiment. The best match of the ex-
perimental pressure distribution was obtained at 2.95-deg in-
cidence, 0.728 Mach number, and Re = 6.5 X 106, which are
within the reasonable bounds of the reported experimental un-
certainty. Calculated lift and drag were about 1.7 and 2.1%
higher than measured values, whereas calculated lift-to-drag
ratio was fortuitously within 1% of measured values. Figure 4
compares measured and calculated values of pressure coeffi-
cient, which were within 0.04 except in the immediate vicinity
of the shock.

Results
Calculations are presented here for the DLBA 186 (seed)

and DLBA 243 (DTE) supercritical airfoils with trailing-edge
thicknesses of 0.57% of chord shown in Fig. 2. Table 1 quan-
tifies calculated and measured lift and drag coefficients, lift-
to-drag ratio, and shock location for a chosen set of angles of
attack and Mach numbers for both DTE and seed airfoils. Cal-
culated distributions of velocity and pressure are presented
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Table 1 Calculated and measured aerodynamic coefficients

Airfoil
Angle of

attack
Mach

number
Reynolds
number

Lift
coefficient

Drag
coefficient

LID
ratio

Shock location,
% of chord

RAE 2822

RAE 2822

DLBA 186
DLBA 243

3.22

2.95

1.809
0.904

Measurements by Kline et al.34

0.728 6.50E+06 0.802 0.0175

0.728

Calculation

6.50E+06 0.817 0.0179

Measurement by Henne and Gregg4'

0.74
0.74

1.45E+07
1.45E+07

0.813
0.805

0.0122
0.0101

45.8

45.6

66.6
79.7

Calculation

50

50

50
50

DLBA 186
DLBA 243
DLBA 243

1.429
1.429
0.6

0.726
0.726
0.726

1.45E+07
1.45E+07
1.45E+07

0.803
0.982
0.801

0.0129
0.0182
0.0125

62.2
54

64.1

50
62
58

-1.5

Cp

0.0-

Surface Location (x/c)

Fig. 4 Calculated and measured distributions of surface pressure
on an RAE 2822 airfoil at C/ = 0.80 (measurements from Kline
et al.34).

next to explain these choices and to provide insight into the
flow structures that result in reduction of drag creep with DTE
airfoils.

Seed (DLBA 186) Airfoil Calculations and Comparison
with Experiment

Flow around the DLBA 186 airfoil was calculated for the
experimental conditions reported by Henne and Gregg,4'5
which were incidence of 1.809 deg, transition fixed at 5% of
chord where the boundary-layer trip wire was located in the
experiment, Mach number of 0.740, and Re = 14.5 X 106.

Maximum uncertainties in the measured values of incidence
and Mach number were reported by Henne and Gregg4 to be
about 0.4 and 0.02 deg, respectively, and this is consistent with
our experience with the two-dimensional section and associ-
ated instrumentation of the NAE 5 X 5 ft transonic wind tun-
nel in which these DLBA airfoil measurements were made.
The previous calculations were repeated with incidence ad-
justed until the calculated lift matched the measured lift co-

Fig. 5 Calculated distributions of velocity in the trailing edge
region of DLBA 186 and 243 airfoils at M = 0.726, Re = 14.5 x
106, and Ci = 0.80: a) seed DLBA 186 airfoil, Cd = 0.0129 and b)
DTE DLBA 243 airfoil, Cd = 0.0125.

efficient of 0.8 at the reported Mach and Reynolds numbers.
The best overall agreement in the pressure distribution and lift
coefficient was obtained at 1.429-deg incidence and 0.726
Mach number. Drag coefficients agreed within 5% and shock
locations matched within 0.3% of chord. The pressure-side dis-
tribution of surface pressure is in excellent agreement. Figure
5 shows the calculated velocity vectors in the wake that depict
a recirculation region with a well-defined clockwise vortex sit-
uated above a counterclockwise vortex that extends approxi-
mately 2% of chord downstream into the wake.

Comparison with DTE (DLBA 243) Airfoil Calculations
The grid used for this airfoil is almost identical to the DLBA

186 grid: the exception is the concentration of nodes in the
shock capture zone that is located appropriately around the
shock and further aft on the upper surface. Figure 6 compares
distributions of surface pressure on the DLBA 186 and 243
airfoils both at 1.429-deg incidence and a lift coefficient of
0.80, and calculated at Mach and Reynolds numbers of 0.726
and 14.5 X 106, respectively. At the same angle of incidence,
the shock on the DLBA 243 is stronger and farther down-
stream. The pressure difference between suction and pressure
side across the aft end of the DTE airfoil is approximately
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constant from the shock to the trailing edge. Surface pressures
on both suction and pressure sides of the DTE airfoil envelop
those of the seed airfoil, which indicates greater circulation
and, consequently, the lift coefficient is about 20% greater.
Drag is about 50% greater because of the increased shock
strength. Figure 5 compares velocity vectors in the near-wake
region, which shows the recirculation regions extend about 2
and 4% of chord into the wake of DLBA 186 and 243 airfoils,
respectively. The DLBA 243 flow has a larger clockwise vor-
tex situated on the suction side of the recirculation bubble and
a more elongated counterclockwise vortex compared to that on
the DLBA 186.

-i.o-

Cp

2.0

————— DLBA 186 at Alpha 1.429 and Cl=0.80

- ——— - DLBA 243 DTE at Alpha 1.429 and Cl=0.98

. - ——. DLBA 243 DTE at Alpha 0.600 and Cl=0.80

0.0 0.5

Surface Location (x/c)

Fig. 6 Calculated distribution of surface pressure on DLBA 186
and 243 airfoils at M = 0.726 and Re = 14.5 x 106.

Fig. 7 Calculated distribution of pressure around the DLBA 186
airfoil at M = 0.726, Re = 14.5 x 106, and C, = 0.80 (Ac/? = 0.02
between contours).

Fig. 8 Calculated distribution of pressure around the DLBA 243
airfoil at M = 0.726, Re = 14.5 x 106, and C, = 0.80 (Ac/7 = 0.02
between contours).

The benefit of a DTE modification5 is to increase lift-to-drag
ratio, that is, to decrease drag at the cruise lift coefficient. This
suggests the fair comparison between DTE and seed airfoil is
at different angles of attack that produce the same lift coeffi-
cient. The cruise lift coefficient for the DLBA airfoils is 0.8
and, for the DLBA 186 airfoil, was calculated at 1.429-deg
incidence and 0.726 Mach. Henne and Gregg4'5 measured a lift
coefficient of 0.8 at 0.904 deg incidence of the DLBA 243
airfoil, but Table 1 shows this incidence did not produce this
lift in calculations: this is attributable to incidence and Mach
number uncertainties mentioned previously with the DLBA
186 airfoil. Tunnel operating conditions were maintained at
0.726 Mach and Re = 14.5 X 106, and calculations were re-
peated with the DLBA 243 airfoil at 0.600-deg incidence for
a calculated lift coefficient of 0.8. This is a difference in in-
cidence of about 0.3 deg and again within the previous ex-
perimental uncertainty limits reported by Henne and Gregg.4

Figure 6 also compares the calculated values of surface pres-
sure at a lift coefficient of 0.80 with the DLBA 186 and 243
airfoils at 1.429- and 0.600-deg incidence, respectively. The
DTE airfoil has a weaker and delayed shock when compared
to the seed airfoil. The supercritical region of the DTE airfoil
is not as intense and is diffused in the streamwise direction
compared to that of the DLBA 186 airfoil. The difference in
pressure from suction- to pressure-side of the DLBA 243 is
again approximately constant from the shock to the trailing
edge. Table 1 shows that, at the same lift coefficient, the lift-
to-drag ratio for the DLBA 243 is about 3% higher than for
the DLBA 186 airfoil. Figure 7 shows velocity vectors in the
trailing-edge region and the DTE recirculation region again
extends about 4% of the chord downstream with similar vortex
structure as calculated earlier at the higher angles of attack.

Figures 7 and 8 compare distributions of calculated pres-
sures around the DLBA 186 and 243 airfoils at the design lift
coefficient of 0.8. The shock starts in the boundary layer and
extends normal to the surface about 0.5 chord into the free-
stream. Calculated pressure recovers slightly behind the shock
on the DLBA 186 suction-side, although this recovery does
not reach the surface of the airfoil and therefore does not ap-
pear in the distribution of surface pressure coefficient shown
in Fig. 10. Measured surface pressures5 show a slight recovery
just behind the shock, and it is believed that the wall-boundary
conditions damped this effect in the calculations. The recovery
to subsonic flow is more gradual over the DTE airfoil than
over the seed DLBA 186 airfoil.

Conclusions
The calculated results presented here are subject to uncer-

tainties that result from numerical, boundary-condition, and
turbulence-model assumptions that are difficult to isolate. Un-
certainties associated with boundary conditions and mesh
densities are estimated previously to contribute less than 0.3%
to lift and 6% to drag based on the grid studies reported earlier.
Measured and calculated flow structures, sensibly describe the
shock, boundary layer, and the recirculating flow, and, in com-
bination with the cited experiments, provide insights that lead
to the following statements.

Comparison of calculations of DTE (DLBA 243) and seed
(DLBA 186) airfoils at the same Reynolds and Mach number,
shows the following:

1) At the same angle of attack, DTE airfoils can have lift
and drag increases of 20 and 50%, respectively.

2) At the same lift coefficient, drag creep can be reduced at
transonic cruise speeds on supercritical airfoils by DTE mod-
ification. There is an improvement in lift-to-drag ratio that is
calculated here to be about 3%.

3) Pressure difference between the pressure- and suction-
side of DTE airfoils is constant from the suction-side shock
aft to the trailing edge.

4) DTE modification reduced the size of the region affected
by compressibility and weakened the suction-side shock com-
pared to those around the seed supercritical airfoil.
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5) For the present airfoils with blunt trailing edges of thick-
ness 0.0057 chord, DTE modification increased the streamwise
length of the recirculation region downstream of the blunt trail-
ing edge to about 4% of chord from about 2% for the seed
supercritical airfoil.

The benefit of DTE modification is an increase in lift-to-
drag ratio for a given lift coefficient at transonic cruise speeds.
The increased circulation associated with the DTE modifica-
tion results in flight at lower angles of attack to obtain the
same lift as the seed supercritical airfoil. DTE modification
causes an increase in base drag, which is associated with the
larger trailing-edge recirculation region, but this increase is
less than the drag decrease resulting from the weakened shock.
When designing DTE airfoils, the trailing-edge recirculation
should be lengthened in the downstream wake to act like a
chord extension that increases circulation, and then the de-
signer should optimize the tradeoff between shock-induced and
base drag.
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