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Analysis and Design of Strake-Wing Configurations

John E. Lamar*
Langley Research Center, Hampton, Va.

The technology is still evolving for improving the transonic maneuver capability of strake-wing con-
figurations. Much of the work to date has been of an experimental nature; whereas, the theories that are
available to handle vortex-flow aerodynamics have mostly treated wings of constant sweep. Hence, two efforts
were undertaken: 1) to extend one method—the suction analogy—to more general configurations and evaluate it
by using selected critical planforms; and 2) to develop a procedure for strake planform shaping and test the
resulting shape in conjunction with a wing-body. The conclusions from this study are that 1) some improvement
has been made in estimating high angle-of-attack longitudinal aerodynamics, and 2) the gothic strake designed
with the developed procedure does produce a stable vortex system in the presence of a wing body and flat
postmaximum lift characteristics.
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Nomenclature
= constant
= constant, t f / /Cj
= breakdown
= span of wing, exposed span of strake
= constant
= constant, b j / C ]
= drag-due-to-lift coefficient, drag-due-to-lift/

= lift coefficient, 1
= CL due to vortex-lift theory that uses a curve-

fitted Kv value to arrive at estimates
= pitching moment coefficient, pithing

moment/^ Srefc: for planar wings about c/4;
for strake-wing-body about 57.19% body
length aft of body nose

= lifting pressure coefficient at 0,77
= constant
= constant
= local chord
= root chord
= local suction force/g^
= reference chord
= characteristic length in augmented vortex lift
= vortex lift factor
= length of leading-edge perimeter
= Mach number
= number of chordwise lifting pressure modes
= coefficient of cot(0/2) lifting pressure function
= coefficient of sin(/0) lifting pressure function
= freestream dynamic pressure
= area
= trailing edge
= freestream velocity
= distances on the gothic strake right panel that

locate its leading edge from the apex: positive x
aft, positively toward the right tip

= distance behind apex to moment reference
point

= fractional streamwise distance along a chord
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yb = spanwise location of leading-edge break
a = angle of attack
0 = angle of sideslip and Vl -M2

0 = angular distance along local chord; 0 at leading
edge; TT at trailing edge

A = constant leading-edge sweep angle
A, (TJ) = leading-edge sweep angle function
A, = constant trailing-edge sweep angle
77 = spanwise coordinate in fractions of semispan
77* = 77 value where c5c vs 77 changes from linear to

constant

Subscripts
BD = breakdown
inbd = inboard
le = leading edge
max = maximum
outbd = outboard
ref = reference
s = strake
5^ = side edge
se = augmented side edge
w = wing

Introduction

MANY hybrid wing planforms have been studied with the
idea of using them on supersonic transports or fighters

(see, for example, Refs. 1-3). These planforms can be
characterized, in general, as either strake-wing or blended
strake-wing configurations. It should be noted that the use of
the name "strake" is not universally employed for the for-
ward additional area. This area has also been called the glove,
fillet, apex region, and leading-edge extension. The strake-
wing combinations that have been studied are also known by
different names, for example, ogee and double delta.

The aerodynamic advantages of these complex planforms
are, in general, twofold: 1) aerodynamic center control with
Mach number change and, 2) the utilization of vortex lift.
Reference 2 discusses these advantages in relation to the
Concorde design. These advantages have been equally as
important for maneuvering aircraft, especially the vortex lift
feature as evidenced by the recently developed lightweight
fighters F-16 and F/A-18, which utilize strake-wing plan-
forms. Furthermore, there is current interest in developing
slender hybrid-wing fighter aircraft which would combine
good supersonic cruise performance with higher levels of
transonic-maneuver lift. Because of the difficulty in main-
taining attached flow for this class of aircraft, vortex lift may
also be used here to advantage.
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Table 1 Double-delta family geometric features

Model
number

1
2
3
4
5

S,m2

0.1612
0.1526
0.1316
0.0967
0.1240

b, cm

50.80
38.10
38.10
16.10
50.80

cr,cm

82.87
82.87
71.87
82.87
68.20

c,cm

47.67
49.85
42.67
62.93
38.27

yb,cm

8.05
8.05
8.05

8.05

*ref,cm

47.12
45.48
43.89
35.67
43.78

Ainbd»deg

80
80
80
80
80

Aoutbd'deg

65
65
65
65
65

A,, deg

0
0

30
0

30

It is to the high subsonic-transonic design problems posed
by the supercruising-fighter aircraft that this paper is ad-
dressed. For many of the simpler wing geometries, nonhybrid
configurations, the vortex lift can be estimated well with
available theory (see Refs. 4 and 5, for example). However,
success with the slender hybrid-wing, strake-wing con-
figurations, is more limited.

This paper is divided into two sections. The first addresses
systematic experimental studies and analysis to assess a
current estimating capability for planar strake-wing lift and
pitching moment. The second is concerned with developing a
procedure for strake design, integrating the result with a wing,
and testing the configuration on a fuselage, having dual
balances, to high angles of attack. This strake design work
only addresses high lift/vortex stability, and not the impact of
strake shape in post-breakdown aircraft longitudinal stability
or lateral stability at any attitude.

Strake-Wing Analysis
The few strake-wing examples that have appeared in the

literature have had their lift6'7 and pitching moment8

reasonably well estimated. An exception was a supercruise
configuration of Ref. 9. However, that particular con-
figuration did not provide a good basis upon which to judge
the adequacy of the estimating tools because 1) the outer
panel vortex flow broke down around «24 deg angle of
attack, and 2) the trailing-edge notch effect reduced the at-
tainable lift levels. Therefore, it was decided to perform a
systematic wind-tunnel and analytical study using the con-
figurations of Fig. 1 to determine if there was an approach
based on the geometry variables that could lead to the
measured results. The technique pursued is that of potential
flow calculations coupled with the suction analogy and in-
cludes as variables: 1) the spanwise extent of leading-edge
suction, 2) trailing-edge notch ratio, and 3) the augmented
vortex lift4 where appropriate.

The wind-tunnel study employed the five models (numbered
1-5) shown in Fig. 1. Note that three of them were obtained by
interchanging trailing-edge pieces (models 1-3). The basic
strake-wing configuration (model 1) has an 80 deg inboard
sweep, 65 deg outboard sweep, pointed tip, and an unswept
trailing edge. This planform should not experience the out-
board wing leading-edge vortex bursting problem described
for the configuration of Ref. 9 because of the higher outboard
sweep. Reference 10 indicates that vortex breakdown does not
occur ahead of the trailing edge until the angle of attack is
about 32 deg. The other four models in this series each
provide a slightly different experimental and analytical
situation. For example, model 5 has the same leading-edge
shape and pointed tip, but a swept trailing edge. Two others
have similar leading edges, but model 2 has an unswept
trailing edge with a cropped tip, while model 3 has both a
swept trailing edge and cropped tip. Model 4 has only the
inboard sweep with a cropped tip extending from the original
streamwise position of the cranked leading edge to the
planform trailing edge. This configuration represents a strake
wing in which the entire wing is removed outboard of the
leading-edge break. Pertinent geometrical quantities for these
models are given in Table 1.

The models were essentially planar with symmetrically
beveled edges and had the balance housing located sym-

Fig. 1 Five planforms in double-delta family.
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Fig. 2 Double-delta theoretical and experimental longitudinal
aerodynamic characteristics, model 1, A/«0.

metrically as well. A triangular fin was welded along the
entire lower-surface centerline for lateral stability. The
models were tested on a standard sting arrangement at two
different knuckle angles to provide an angle-of-attack range
from «-3 to «32 deg with about 10 deg overlap starting near
10 deg. Only a low-subsonic Mach number (<0.20) was used
in the test.

Data and analytical results for a. vs CL and Cm vs CL are
presented in Figs. 2-6. ACD vs CL results are not presented,
because for these wings, if the a vs CL are well estimated, so
will be the ACD vs CL. Before the results are discussed, the
different analytical methods will be described.

At most, there are four analytical curves for each set of
data. The curves are: 1) potential theory at zero suction; 2)
original vortex-lift theory; 3) low-a vortex-lift theory; and 4)
high-a vortex-lift theory. They were all obtained using the
Vortex Lattice Method of Ref. 11. When only three curves
appear, it may be because the original and high-ex vortex-lift
theories are coincident as for model 1 or the high- and low-a
vortex-lift theories are coincident as for model 4. The
potential theory and the original vortex-lift theory have been
described in several references, including Ref. 6. Briefly
though, the potential theory, at zero suction, is just the
potential flow normal force computational solution with
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Fig. 3 Double-delta theoretical and experimental longitudinal
aerodynamic characteristics, model 2, A/~ 0.
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Fig. 6 Double-delta theoretical and experimental longitudinal
aerodynamic characteristics, model 5, A/«0.
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Fig. 4 Double-delta theoretical and experimental longitudinal
aerodynamic characteristics, model 3, A/«0.
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Fig. 5 Double-delta theoretical and experimental longitudinal
aerodynamic characteristics, model 4, A/« 0.

appropriate trigonometric terms. The terminology for the
original vortex-lift theory includes, herein, both the leading-
edge and side-edge suction terrjjs and their contributions,
through the suction analogy, t6 vortex-flow aerodynamics.
The other two theories are the better of those devised and are
described with the aid of Kg. 7.

For a representative cropped double-delta-type wing, Fig. 7
shows how the vortex-flow aerodynamics are modeled at both
low and high angles of attack. The necessity for this a-
dependent flow modeling comes from a study of surface oil

Kv, Je(inb'd)

Kv, se(inb'd)
Kv,Ze(outb'd)

HIGH a

Kv,se + KV|se(outb'd)

', 56

v, se

Fig. 7 Vortex flow modeling methods for double deltas, suction
analogy, and augmented vortex-lift applications.

flow patterns, which are also shown for two representative
a's. The oil flows consistently show here, and for all double-
deltas tested, evidence of two primary vortex systems at low
a's, whereas, only one is of consequence at high a's.

At low a's, the leading-edge vortex from the inboard wing
panel passes over the root chord of the outboard wing panel.
Augmented vortex-lift estimates are made based on KvMinbd)
and cinbd, or Ay^inbd). Additional augmented vortex 'lift is
available at the tip due to the action of the outboard leading-
edge vortex, i.e., KvMoui^ and coutbd, or #y,^outbd). There-
fore, the low-a vortex-lift theory combines the original
vortex-lift theory with the other two contributors to vortex-
flow aerodynamics.

At high a's, the assumption is that the one primary vortex
system acts over the outer panel in a manner similar to that
described in Ref. 4 for the original augmented vortex-lift
application (see also Ref. 12). Thus, with the increasing size of
the vortex and the more inboard location of the reattachment
line, coupled with the loss in lift due to the loss of flow
reattachment area through trailing-edge notching, the original
c definition is used as shown. This c in conjunction with the
entire leading-edge contribution to Kvje provides Kv>^.
Therefore, combining the original vortex-lift theory with
contributions to vortex flow aerodynamics from Kv^
produces the high-a vortex-lift theory.

Returning to Figs. 2-6, it is clear that, in general, the low-a
vortex-lift theory does offer improvements in CL estimation
up to 8 deg over the original theory. At higher a's, im-
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provements are noted only for models 2 and 5. For the pitch-
ing moment, not much effect is noted at low CL; however, at
high CL, improvements in Cm estimation are noted for
models 1 and 5. Additional improvements may possibly be
obtained at the higher a's, if only a fraction of the leading-
and side-edge vortex-lift flow aerodynamics from the out-
board panel are included. This could be justified on the
premise that the inner and outer panel vortex systems may not
merge, as assumed; instead, the outer panel vortices may be
displaced vertically, thereby reducing their influence. This
was not anticipated nor confirmed by oil flows for these wings
because, unlike the strake-wing-body configurations which
follow, the difference in the two sweep angles was not too
large, only 15 deg. The potential theory curves are only given
for reference.

The conclusion from this section is that, although some
improvements have been made in the a vs CL and Cm vs CL
estimating capability, these improvements are a. and con-
figuration dependent.

Having made some progress in the realm of the improved
estimation of a vs CL and Cm vs CL for strake wings; the
problem of strake design will be addressed.

Strake Design
The problem in strake design is to find a starting place.

Does one pick conventional shapes that are known to have
reasonably good vortex-flow characteristics and reach large
angles of attack and lift coefficients before breakdown occurs
ahead of the trailing edge, as with the highly swept delta and
low aspect ratio, rectangular wing, or does one try to find
"better shapes," and, if so, by what means other than ex-
perimental?

It should be pointed out that the significance of vortex
breakdown occurring ahead of the trailing edge is directly
related to the a at which CLm is developed, as shown in Fig.
8 for a 70 deg delta wing.m^fhis is further documented by
Wentz in Ref. 10 for other slender delta wings having A>70
deg.

The information presented in this section details a design
approach based on trying to establish a "better shape," by
using as a basis the correlating idea that "better shapes" are
those which have higher values of the potential-flow suction
distribution near the tip. This may be interpreted in a physical
sense for the separated flow in that the flowfields are more
stable for shapes that have higher levels of separation-induced
vorticity near the tip. Reference 4 first noted the potential-
flow correlation for simple delta wings, and Fig. 8 shows the
effect of increasing sweep on both the peak and OLBD.TE.

To develop a strake planform from the suction distribution
is just the reverse of what has been presented so far; that is, an
existing vortex lattice method (VLM) analysis code11 being
applied to a given geometry. This reversed problem first must

— -POTENTIAL THEORY
—— POTENTIAL + L.E. VORTEX LIFT
—o- DATA (REF. 9)

0" 20 .2 .4- .6 .8 1.0
a , deg 2y/b

Fig. 8 Delta wing vortex breakdown angle correlation with leading-
edge suction distribution, M«0.

be formulated, then the assumptions that are needed to effect
a solution must be made, and lastly, a level of confidence in
the answers must be established by example. To work this
problem, attached-flow concepts will be used.

For an attached-flow pressure distribution given by

AC,(0,T;) = - - sin/0

the local suction distribution can be found from Ref. 13 to be

_ V/3 + tan 2 A/(ry) / 2gQ(ry)
5 ~~ 27rcosA/(r;) \ q^c

This equation relates the local leading-edge sweep angle A/ (77)
and chord c through the suction distribution csc and coef-
ficient of the cot(0/2) term in ACp(0,Tj). We have another
relationship between A/ (17) and c, and it is

c(y)=cr-(b/2)

However, to obtain a solution, some assumptions will be
needed with regard to csc and AC/,(0,r/). For example, the
correlation between suction distributions which peak toward
the tip and the resulting large values of &BD_TE could be used.
This can be done by assuming that

csc= + b1rj)b/2

The second assumption would be that since the planar
strakes are designed to produce separated flow with reat-
tachment (i.e., vortex flow), the associated leading-edge
pressures must conceptually, as well as in reality, exceed an
unspecified limiting value beginning at some small angle of
attack. This means that for the attached-flow pressure
distribution, the region of interest is near the leading edge,
i.e., 6 and x/c being small values. Hence, for this problem we
could take

If an additional assumption is made that across the span

AC, (0,7;)= const = C0

at constant 6 or x/c, we no longer have a real three-
dimensional attached or potential flow but a somewhat
related flowt in which the problem will be solved. This also
meant that the sectional lift contribution from the cot0/2 term
is constant. Thus,

* const =

The preceding discussion implies that if the flow separates
anywhere, it separates everywhere simultaneously. Putting all
of the assumptions together yields

27TCOSA /(Tj)

tOther assumptions concerning ACp (0,rj) and 0 could be made. For
example, 1) AC (6,rj) could be kept constant at a fixed distance
behind the leading edge or 2) AC?(0,r/) could take on a three-
dimensional variation at constant 6. Either one of these would impact
the resulting description of the leading edge.
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or
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where

a = a,/C2j and 6 = bl /C]

At r; = 0, the initial sweep of the strake can be determined by

100 - I 3-D IN PRESENCE OF
PLANAR WING-BODY -

2csC 60
a2bstrake

40

20

0

OGEE

.2 .4 .6 .8 1.0 0 .2 .4 .6 .8 1.0

^strake 2y/bstrake

Fig. 9 Strake and strake-wing leading-edge suction distributions,
A = 44 deg, A/w 0.

For fi>0, A, ( r / ) must be solved by iteration from the
following initial value problem

cr-
(a + brj)(b/2)2ir

= — (tanA,U)-

This solution has been coded for the CDC 6000 series digital
computer and typically executes in 1-2 s for a single set of
parameters.

It can be seen that the solution for A/(17) and later c are
dependent on a, b, b, A,, cr, and /32 or (1 - M2). The effect of
M has been calculated to be slight for a characteristic a and /?;
hence, only M = 0 will be used herein.

The 76 delta suction distribution of Fig. 8 will be used as a
model since it produced a large aBD.TE value. Values of al and
bj associated with this distribution are 1 and 12, respectively,
for C] = 1. However, early usage with these numbers led to
very small values of A / ( 7 7 ) , especially near rj = 0, making it
seem unlikely that a strong vortex system would be produced.
Therefore, smaller values of C] were tried until the resulting
A,(r;) distribution appeared reasonable. Cj=0.25 was
determined to be small enough for this al and bl. It should be
mentioned here that since the starting suction distribution was
the result of a three-dimensional solution for the 76 deg delta
wing and the ACp(0,rj) distribution assumed herein is not
three-dimensional, one should not expect the 76 deg delta
wing to emerge as the solution. Another representation of the
suction distribution which has large values near the tip is
obtained by truncating the same linear form part-way out the
span, at TJ* -b/2, and by letting the suction be constant from
there to the tip. This was tried and the A / f r y ) results were
compared with those of not truncating and the differences
were determined to be slight for TJ* = 0.65.

Therefore, a first test of this procedure to design a strake
planform used the following variables: fl?/ = l, bl = 12,
C] =0.25,JM=0, T/* =0.65, and A, =44 deg.

A, was set to 44 deg because the strake was to abut a 44 deg
trapezoidal wing. The resulting shape is gothic (see Table 2 for
coordinates), as can be seen at the left of Fig. 9, along with its
resulting three-dimensional suction distribution, labeled 3-D
ALONE. A comparison of this distribution with the
prescribed one shows that even with the assumed pressure
distribution being constant across the span near the leading
edge—a gross assumption—the resulting strake shape
produces a suction peak outboard. Before comparing with the
other curve, a description of the strake-wing-body con-

figuration will be given. (A description of the wing-body is
given in Ref. 14.)

In order to obtain a near-optimum gothic strake semispan
for this configuration, the following study was done. Similar
gothic strakes, ranging in semispan from 0.1 to 0.5 of the
wing semispan, had their suction distributions calculated in
the presence of the wing using the VLM code. The one which
was best overall had a semispan ratio of 0.3. To maintain the
strake-to-wing semispan relation on the strake-wing-body
combination, it was decided to use the exposed wing semispan
to set the strake semispan. This effectively made the strake-to-
wing semispan ratio larger than 0.3, but avoided having a part
of the strake geometry covered up by the body in com-
putations, (planar body representation) and experimental
study.

The resulting suction distribution is graphed on the left of
Fig. 9 and shows the large up wash influence that the wing has
on the gothic strake. The influence is most apparent over the
outermost 50% of strake semispan. This same curve is
reproduced on the right of Fig. 9 for comparison with suction
distributions resulting from a delta strake of the same chord
and span, and the large ogee strake described in Ref. 15. It is
interesting to note from this figure that the suction
distribution peaks are in an order which indicates the gothic
strake to be a better shape. Delta strakes of this slenderness
are known to have good vortex-breakdown characteristics,
and from Ref. 15 it was determined that this ogee strake
worked well to a«22 deg. All three strake-wing-body con-
figurations have been wind-tunnel tested. However, before
these results are discussed, sample water-tunnel photographs§
of a slightly smaller-scaled version of the designed gothic
strake attached to a 50 deg cropped delta wing are presented
for two different angles of attack at zero sideslip (Figs. 10 and
11). Additional water-tunnel photographs, which are of a
delta strake having the same span and slenderness ratio as the
gothic strake and mounted on the same wing, are shown for
comparison.

In the photographs, dark colored water was introduced
near the strake apex by means of a dye probe to highlight the
path of the vortex core. The comparative photographs at
a =15 and 25 deg show that the gothic strake promoted a
vortex core which could persist farther into the wing pressure
field before breaking down than could the delta strake of the
same slenderness. These early water-tunnel results of the
designed gothic strake were encouraging and preceded the
wind-tunnel tests reported herein.

Figures 12 and 13 present the overall strake-wing-body CL
and Cm for the designed gothic strake, a delta strake of the
same ratio of exposed semispan to ( c r ) s , 0.166, and a group

JThis is equivalent to #7 =4, bl =48, and C2 = 1, which is used i».
Fig. 9.

§The photographs were taken by the Northrop Corporation in their
water tunnel and provided to NASA Langley Research Center because
of a mutual interest in improving the stability of the strake vortex on
strake-wing configurations.
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Fig. 10 Effect of strake shape on vortex break-
down, Northrop water-tunnel results a =15 deg,
0 = 0 deg.

Fig. 11 Effect of strake shape on vortex break-
down, Northrop water-tunnel results, a = 25 deg,
0 = 0 deg.

of ogee strakes all tested at subsonic speeds on a two-balance
agreement of a high-a sting system. The ogee strakes range in
ratio of exposed semispan to ( c r ) s from 0 to 0.237 with the
larger one being compared with the other two shapes because
it performed best, in terms of interference lift, of all ogees
tested.15 Examining the CL variations first, it can be seen
from the left side of Fig. 12 that over the initial a range, the
effect of the strake shape is not very important, but becomes
so near CLmax. For instance, the ogee strake configuration
reaches its CL max at the lowest a and after a dropoff retains a

STRAKE SHAPE STRAKE SIZE

2-8

2-4
2.0

c uCL1.2
.8
.4
0

-.4

OGEES

-50 5 10 15 20 25 30 35 40 45 50
a , deg

REF. 15

-5 0 5 10 15 20 25 30 35 40 45
a, deg

Fig. 12 Effect of strake shape and size on CL characteristics, A = 44
deg, Af^O.

constant level; whereas, once the delta strake configuration
reaches its CL max, a higher value, the CL continues to fall and
reaches the level of the ogee strake configuration. The gothic
strake configuration reaches comparable values CL max with
that of the delta strake configuration, after which the high
value of CL reached is better maintained.

For nearly the same ratio of exposed semispan to (cr) s, the
middle-sized ogee strake configuration on the right has similar

Table 2 Gothic strake leading-edge description9

x(e,cm

0
0.659
1.501
2.496
3.631
4.897
6.291
7.811
9.458

11.235
13.151

>Vcm

0
0.324
0.648
0.972
1.295
1.619
1.943
2.267
2.591
2.915
3.239

xle,cm

15.212
17.432
19.831
22.398
25.111
28.010
31.162
34.691
38.891
45.365

JVcm

3.562
3.886
4.210
4.534
4.858
5.182
5.505
5.829
6.153
6.477

aExposed wing semispan is 21.59 cm; overall wing span is 50.80 cm.
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Fig. 13 Effect of strake shape and size on Cm
characteristics, A = 44 deg, A/« 0.
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Fig. 14 Theoretical vortex-lift parameters for strake wing.
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Fig. 16 Effect of strake shape on CLs characteristics at high a,
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Fig. 15 Estimates of strake and wing lift, A/« 0.

post-CL max characteristics as that of the gothic strake con-
figuration, but at an overall reduced CL level. This difference
is associated with that of strake area and shape. However, for
the ogee strake configurations on the right, it is clear that the
larger the strake, the higher the CLmax, and increasing the
ratio of exposed semispan to ( c r ) s beyond that of the middle
strake does not improve the post CL max characteristics.

The Cm vs CL curves on Fig. 13 are organized the same way
as the CL vs a curves on the figure just discussed. All strake-
wing curves show pitchup occurring, but it is most severe on
the gothic strake configuration because of the slow
progression of vortex breakdown on the strake, as shown by
the water-tunnel photographs. This slow progression led to
the relatively flat post-£*t max behavior of its CL vs a curve.

To get an idea of how well the CL characteristics could be
estimated for the gothic strake configuration, the strake or
forebody CL and wing CL have been separated using tests

data and are compared with various vortex-lift theories. The
augmented lift concept described originally in Ref. 4 and
advanced in collaboration with Luckringl5 for the ogee strake
configuration is also employed here, a descriptive figure of
which is presented for completeness (Fig. 14). Figure 15 shows
both the low- and high-a vortex-lift theories to overpredict the
strake CL, whereas, the high-a vortex-lift theory estimates
reasonably well the wing CL until vortex breakdown occurs.
In order to determine the degree to which vortex breakdown
effects reduce the lift on the strake, it was necessary to ac-
curately extrapolate the prebreakdown lift effectiveness to
higher a's. This was done by extracting for the gothic strake,
using a curve-fitting technique, a Kv value. It was determined
to be 2.0. This procedure was also employed for the delta
strake configuration.

The ratio of the strake CL data to the curve-fitted vortex-
flow theory, C£ theory* is presented in Fig. 16 for the
previously mentioned strakes along with the largest ogee
strake configuration, whose data were well estimated by the
high-a vortex-flow theory. This figure shows the gothic strake
to retain more of its vortex lift at higher a's than either of the
other strakes and, moreover, to lose that lift less suddenly
than the others. That explains why the total CL for the gothic
strake configuration is fairly constant for a>38 deg in Fig.
12, even though the wing lift falls off rapidly in that a. range.

Concluding Remarks
In the general area of strake-wing analysis and design, some

progress has been made in extending the suction analogy to
estimate overall lift and pitching moment for configurations
other than double delta, in particular, double arrow. With
regard to strake design, the procedure described herein
produced a gothic strake which, in conjunction with a wing-
body, developed a well-behaved vortex system resulting in a
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flat postmaximum lift variation with increasing angle of
attack. In addition, available water-tunnel photographs
indicate that the gothic strake produces a vortex system that is
better able to penetrate the wing pressure field than a delta
strake of the same span and slenderness.
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It is generally the objective of the designer of a moving vehicle to reduce the base drag—that is, to raise the base pressure to a
value as close as possible to the freestream pressure. The most direct and obvious method of achieving this is to shape the
body appropriately—for example, through boattailing or by introducing attachments. However, it is not feasible in all cases
to make such geometrical changes, and then one may consider the possibility of injecting a fluid into the base region to raise
the base pressure. This book is especially devoted to a study of the various aspects of base flow control through injection and
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The determination of an optimal scheme of injection and combustion for reducing base drag requires an examination of
the total flowfield, including the effects of Reynolds number and Mach number, and requires also a knowledge of the
burning characteristics of the fuels that may be used for this purpose. The location of injection is also an important
parameter, especially when there is combustion. There is engineering interest both in injection through the base and injection
upstream of the base corner. Combustion upstream of the base corner is commonly referred to as external combustion. This
book deals with both base and external combustion under small and large injection conditions.

The problem of base pressure control through the use of a properly placed combustion source requires background
knowledge of both the fluid mechanics of wakes and base flows and the combustion characteristics of high-energy fuels such
as powdered metals. The first paper in this volume is an extensive review of the fluid-mechanical literature on wakes and
base flows, which may serve as a guide to the reader in his study of this aspect of the base pressure control problem.
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