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are accurately described by the linear equations (1) by using
the technique of Ref. 4. There, curvilinear axes are intro-
duced in which the equations of motion and their solution
again have exactly the same form as given here.
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Thrust-Minus-Drag Optimization
by Base Bleed and /or Boattailing

A. L. Aopy*
Unwwversity of Illinots at Urbana-Champaign,
Urbana, Il.
Nomenclature
AA = area; arearatio, A /A2, respectively
B, = base bleed-to-nozzle mass flow-rate ratio
CD = afterbody-base drag coefficient = Cpp + CpBT
CpBT,CDB = boattail and base drag coefficients, respectively
FNET = thrust-minus-drag force
L = boattail length-to-body radius ratio
M = Mach number
p,p = absolute pressure; static-to-freestream pressure
ratio, P/Pg, respectively
®Rx = ratio of gas constants, R1/REg
v = velocity magnitude
X,R = longitudinal and radial coordinates, respectively
p = density
Y = ratio of specific heats
B8 = flow angle
ACE = incremental thrust-minus-drag coefficient, Eq. (6)
Subscripts
B,BT = base and boattail regions, respectively
EI = external (freestream) and internal (nozzle) flows,
respectively
R = reference configuration
X = component in the longitudinal direction
0 = stagnation conditions
1 = geometric separation point at terminus of nozzle or
afterbody
2 = initial afterbody point
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Introduction

URING powered supersonic flight, base drag due to the
interaction between the propulsive-nozzle and free-
stream flows is a significant part of the over-all drag of a
vehicle.l:?2 Two effective techniques for reducing base drag
are mass bleed into the base region and/or using a boattailed
afterbody. Evaluation of the effects of these techniques on
vehicle performance must also consider the tradeoffs in-
volved. For example, when the base-bleed flow is diverted
from the propulsive-nozzle stagnation chamber, the gain
achieved by base-drag reduction must be considered relative
to the thrust that would have been produced if the base-bleed
flow had been expanded through the propulsive nozzle. When
a boattail is used, the tradeoff between afterbody drag and
base drag must be considered. If both techniques are in-
volved, the individual effects and their interaction must be
evaluated. As a consequence, the evaluation and possible
optimization procedures can be judged best on a unified basis
by the relative gain achieved in the thrust-minus-drag force,
FneT.? Presented herein are the bases for such evaluations
and example results for cylindrical and conical afterbodies
(Fig. 1). The flowfield over the afterbody is determined by
the Method of Characteristics and the base-flow analysis is
based on the flow model of Korst, et al.* These analyses have
been incorporated into computer programs currently avail-
able.5. '

Analysis
For the control volume of Fig. 1b

Fxer = puduaVu? — f (Pg — Ppr) d(4pT)X —
(4nm)y

(Pg — Pe)(d1g — A1) — (P — PiDdu (1)

In Eq. (1), the effects of friction have been neglected and the
base-bleed flow, if any, is assumed to possess negligible mo-
mentum. Using freestream conditions and the maximum
body cross-sectional area as reference quantities, Eq. (1) can
be expressed in nondimensional form as

Fxer/(peVE!428/2) = —Cppr — CDB —
Au — Pudur (1 + viMa) )/ (veMEY/2)  (2)

The boattail and base drag coefficients are defined, respec-
tively, as

Coper = f(jm) (1 — Ppnd(dsr)x/(veME¥/2) (3)

and
Cpp = (1 — Pp)(dig — Au1)/(YEMEY/2) )
The over-all afterbody-base drag coefficient is
Cp = Cpsr + CpB &)

P, (28) (1E) Fig. 1 Conﬁgt}ra—
tions and notation.

(11)
b) Conical Afterbody With Bieed
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ACy = [Fxer — (FNET)R)/ (PEVE"A21/2) (6)

can be expressed using Eq. (2) as
ACy = —Cpar — [CpB — (CDB)R] +
L+ yiMi2ldulPu — P)rl/(vEM £%/2) @)

For fixed propulsive-nozzle geometry and generating condi-
tions, the diversion of mass flow from the propulsive-nozzle
stagnation chamber for base bleed can be expressed by

Pi/(Pipr = (1 — By) ®
Combining Eqs. (7) and (8), the result is

ACy = —Cper — [CpB — (CDB)R] —
By(Pm)rdull + viM?)/ (yEMEY/2) (9)

The values of the base and boattail drag coefficients can be
determined, e.g., from the aforementioned computer pro-
grams®§; the effectiveness of base bleed and/or boattailing can
be assessed then by comparing the respective incremental
thrust-minus-drag force coefficients determined from Eq. (7)
or (9).

Representative Case

The foregoing analysis has been carried out for the repre-
sentative geometric configurations and flow conditions sum-
marized in Table 1. Detailed afterbody and base-flow solu-
tion data’:® are available from previous parametric studies of
base-flow problems.

For a cylindrical afterbody, the predicted reduction in the
base drag cofficient as a result of base-bleed flow is shown in
Fig. 2; reductions in the base drag coefficient are achieved,
although with progressively less effectiveness, by increasing
the base-bleed flow. If no charge is made for the base-bleed
flow, ACF is simply equal from Eq. (7) to the difference in
base drag coefficients for the bleed and no-bleed cases pre-
sented in Fig. 2. When the base-bleed flow is diverted from
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the propulsive-nozzle stagnation chamber, the behavior of the
base drag coefficient is still given by Fig. 2 and the incre-
mental thrust-minus-drag force coeflicient determined from
Eq. (9) is shown in Fig. 3. In contrast to the former case, the
maximum attainable values of ACy are readily apparent from
Fig. 3.

Figure 4a demonstrates the dependence of the over-all
afterbody-base drag coefficient Cp on the conical-boattail
angle B for several operating pressure ratios and no base-
bleed flow. For a given operating pressure ratio, Cp can be
minimized by the proper selection of 8; the locus of these
minimum values of Cp is also indicated in Fig. 4a. The in-
fluence of base-bleed flow for this configuration can be demon-
strated best for a fixed operating pressure ratio; the funec-
tional behavior and the possible minimization of C'p are shown
in Fig. 4b for an operating pressure ratio of P;1/Pg = 3 and
parametric values of the base-bleed flow ratio. Thus, the
possibility of reducing and minimizing the base drag co-
efficient by proper selection of a conical-boattail angle and
base-bleed flow-rate ratio is demonstrated in Fig. 4.

For diversion of the base-bleed flow of Fig. 4b from the
propulsive-nozzle stagnation chamber, Fig. 5 clearly demon-
strates the potential gains in ACF that could be achieved with
both boattailing and base-bleed flow. For this operating
condition, ACy can be maximized by proper selection of the
conical-boattail angle and base-bleed flow-rate ratio; the locus
of these maximum values is given in Fig. 5. A noteworthy
point, from Fig. 5, is the significant potential gains in ACy
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Table 1 Summary configuration and flow data

Conical

boattail Bage-flow variables

L —pr Xua B B1 vt Ma X Re vg8 Mx &1 Tog
20-11.309 0 06 0° 14 25 0 1-06 14 2 1 1

that can be achieved with combined base bleed and boattailing
as compared to base bleed only.

The foregoing results, which were presented to demonstrate
the optimization and evaluation techniques, have been
limited to a single boattail geometry and length, as well as a
limited operating pressure range. However, these results are
representative of the data which can be generated readily
with existing computer programs®® and of the bases for
optimization and appraisal of over-all system performance.
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Machine-Aided Photo Interpretation
Techniques for Vegetation Analysis
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ARGE-SCALE “operational” survey missions, using
Earth-orbital satellite sensing platforms, are planned to
begin as early as 1972. Efficient data handling schemes are
needed to keep pace with the rates at which such missions can
collect and subsequently return or transmit remotely sensed
data. This Note explores some of the capabilities which
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various remote sensing systems offer, in terms of spatial reso-
lution and user requirements, for obtaining rapid land-use
inventories.

Desired Inventory Information and Sensor Resolutions

With respect to vegetation-oriented resource inventories
in the U.S., the land-use manager is mainly concerned with
four broad categories: agricultural erops, forests, rangelands,
and brushlands. The following lists of desired information
for these categories suggest a need to examine spatial reso-
lution requirements at the various possible remote sensing
altitudes and corresponding sensor resolution capabilities.

Agricultural crops

For land-use inventory purposes, the following information,
as a minimum, is desired at relatively frequent intervals: 1)
total crop acreage by growing region, 2) acreage per crop type,
by growing region, 3) state of vegetational maturity and yield,
and 4) extent of crop-damaging agents, per crop type and by
source for all growing regions.

Forests

The following data are desired, but at much less frequent
intervals: 1) total forest acreage, 2) acreages of commercial
vs noncommercial forests, 3) forest stand vigor and volume,
per species and size class (commercial stands only), 4) pre-
dictable future volume yield, per species and size class (com-
mercial forest stands only), and 5) extent of tree-damaging
agents, per forest type and size class (commercial forest
stands, primarily).

Rangelands

The following information is desirable, as a minimum, at
infrequent prescribable intervals: 1) total acreage, 2) com-
positional structure of tracts in terms of animal “carrying
capacity,” 3) present and probable future animal carrying
capacity, and 4) extent of range-damaging agents or causes
(weeds, rodents, drought, ete.)

Brushlands

The following data are desirable at very infrequent inter-
vals: 1) total acreage, 2) acreages of various brushland types,
and 3) vegetative density, by type. (More specific brushland
information will depend upon the primary importance of the
vegetation to such uses as watershed protection, wildlife
habitat, or potential conversion to forest stands, agriculture
sites, recreation, ete.)

The proposed “‘operation’” Earth resource technology satel-
lite ERTS-A, which is scheduled for launch in March 1972,
reveals fairly coarse resolution capabilities in terms of the
total vegetation inventory data requirements. It will possess
ground resolution capabilities ranging from 200-500 ft at the
proposed orbital altitude of 496 naut miles. One of the sen-
sors, an optical-mechanical scanning device, will have four-
channel recording capability ranging in sensitivity from the
blue-green to the near infrared wavelength intervals of the
electromagnetic spectrum. The second sensor, a three-
channel return beam vidicon system (RBVS), will record
radiant wavelength energy from the blue-green through the
red portion of the electromagnetic spectrum. The recorded
data will be transmitted to various ground stations and subse-
quently transcribed to film emulsions for image analysis.
These same data ean remain in digital form for machine-
aided interpretation as well. Due to the spatial resolution
capability which this initial satellite sensor package will pos-
sess, it is suggested that general land-use classifications can be
performed adequately. Note that when high-resolution films
are used to sense and record the data (which is proposed in the
follow-on ERTS-B and C satellites), considerably more infor-
mation can be extracted. Such films possess a spatial reso-
lution capability which will be at least one-order of magnitude
better than that described previously for the ERTS-A sensors.



