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(U) FOREWORD

(U) This is the final report of work performed under Contract No. AF33(615)-
5241, "Preliminary Design of Two Volumetrically Efficient High L/D Unmanned
Flight Tcst Vehicles". This report was prepared under Project 1366, "Aero-
dynamics and Flight Mechanics", Task 136616, "Synthesis of Hypersonic Vehicles'.

(U) The work was sponsored by the Aerospace Vehicle Branch, Flight Mechanics
Division Air Force Flight Dynamics Laboratory. The research investigation

was performed under the direction of the Air Force Project Engineer
Mr. Thomas R. Sieron. Mr. C. J. Cosenza a

vided overall tecbnical guidance.

nd Mr. A. C. Draper of AFFDL pro-

(U) The work was accomplished by the Lockheed-California Company, Burbank,
Californie and the report is also identified as LR 2120k,

(U) This is Part I of a five part report:

Part I Summary

Part II Parsmetric Configuration . é
Development and Evolution :
Part III Aerodynamics
E Part IV Aerothermodynamics
'é ~ Part V Vehicle Design

(U) This manuscript was released by the authors for publication in January 1968.

(U) Mr. J. T. Lloyd of the Spacecraft and Hypersonics Division was the project
engineer for the Lockheed-~California Company. Specilal appreciation is given to

Mr, G. L. Alexander for his veluable guidance and consultation in the conduct
of this program.

(U) The assistance of Flight Dynamics Laboratory personnel including Messrs

M. L. Buck. R. D. Neumann, V. Dahlem, P. Lane, and W. H. Goesch contributed
; significantly to the accomplishments of this program.

(U) This technical report hes been reviewed and is approved.

Phililp P. Antonatos l
e Chief, Flight Mechanics Division ;
‘A Air Force Flight Dynamics Laboratory
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(U) ABSTRACT

(U) Conceptual design and experimental wind tunnel testing of unmanned entry
research vehicles having high hypersonic lift/drag ratio and high volume are
described., Analytic parametric data are presented for two lifting body
classes designated HLD-35 and FDL~5. The FDL-5 is a unique configuration
which is aerodynamically stabilized without outboard fins. Experimental
aerodynamic and heat transfer data from the Arnold Engineering Development
Center Wind Tunnels A, B, C, and F are compared with analytic data for the
FDL-5. Candidate structure and subsystems are selected for performing
unmanned hypersonic research with the vehicle.

This report is subject to special export controls and each transmittal to
foreign governments or foreign nationals may be made only with prior approval

of the Air Force Flight Dynamics Leboratory (FDMS), Wright-Patterson Air
Force Base, Ohlo 45433,
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SECTION 1

(U) INTRODUCTION

(U) This preliminary design study of two volumetrically efficient high L/D
unmanned flight test wvehicles is a part of the continuing USAF Flight Dynamics

Laboratory program to conduct basic research on hypersonic maneuvering vehicle

systems. Use of atmospheric maneuvering has been found to provide operational

flexibility and versatility for performing a large variety of potential USAF

missions. Technologies for high-performance entry systems have been gradually

developing over the past six years., The study reported herein is concerned _
with unmenned free-flight research vehicles which would be used (1) to obtain v
broad free-flight hypersonic technology data in aerodynamics, thermodynamics,

structures, and propulsion, (2) to demonstrate the maneuver potential of

advanced entry vehicle concepts operating in the large-scale entry environ-

ment, (3) to demonstrate operational utility of such vehicles, and (4) to

demonstrate reusable structure concepts and the adaptability of the airframe

to man.

(U) This contract followed an earlier study entitled "Preliminary Design of
Hypersonic High L/D Test Vehicles" (Ref. 1). In the earlier study, six high
L/D entry vehicles were analyzed to establish the size, weight, and system
requirements for conducting free flight research on high. performance entry
systems from orbital speed to landing.

(U) The present study was focused on improving the hypersonic geometry and
properties of a high L/D research vehicle. Specifically, the objectives were
to configure an unmanned entry research vehicle having a hypersonic I/D of
3.0 at 20,000 fps and 200,000 feet altitude; and to confirm vehicle aerody-
namic and heat transfer performance through wind tunnel test. In addition to
this requirement, the vehicle was to be designed for maximum volume with the
relationship between volume and L/D to be identified. Horizontal landing

was the primary recovery mode, but alternate recovery concepts were to be
investigated. A structure concept and the vehicle subsystems were to be
selected based on earlier work and the experience gained in other USAF pro-
grams including ASSET, ASCEP, and PRIME.

(U) The contract effort was divided into two phases: the first consisted of
the development of the parameters affecting the selection of candidate con-
figurations; the second included supersonic and hypersonic wind tunnel test-
ing of one candidate configuration and selection of the structure and
subsystens.

B AL I
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(U) In a parametric study, over 200 relationships among configuration

geometry, volume, aerodynamic heating, and aerodynamic performance and

stability were evolved. These data trends were based on hypersonic theories, .
results of ASSET flight data, and results of USAF AFFDL and Lockheed in-house

wind tunnel tests of high performance lifting bodies. The sources for each

of these data are documented in this final report. The purpose in. developing ¢

these parameters was to provide the rationale for selecting the test geometry
for the test and design phase.

(U) Two classes of configurations emerged from the configuration studies:
(1) a dual finned geometry designated the HDL-35 series, and (2) a unique
high volume geometry designated as the FDL-5 series.

(U) The FDI~5 was selected for wind tunnel testing and structure design in

the test and design phase. Its size was varied during the study from 30 to
35 ft in length.

()

are.:

The principal conclusions and results derived from the two study phases

1. (V)

A new clags of lifting entry vehicle designs (FDL-5 series) was
defined and tested.

(U) The FDL-5 configuration has demonstrated through wind tunnel

test that it is stable and controllable from supersonic to -
hypersonic speeds. Freedom exists to tailor the base geometry
and control surfaces for subsonic and iransonic control and per-

formance, Variable geometry may be considered to improve land-
ing performance.

Heat transfer wind tunnel test data revealed no unusual or
unpredictable heating phenomena.

An insulated and cooled structure concept was selected for the
vehicle design. The primary structure is made of aluminum and
the heat shields are made of coated columbium on the lower sur-

face and Inconel on the upper surface, Leading edges are made
of coated tantalum.

Candidate subsystems for conducting a three quarter orbit mis-
sion were selected.

Launch weight of the 35-foot~long unmanned research vehicle is
estimated to be 7700 pounds.

2

UNCLASSIFIED




Eel e nE

e

. (U) Figure 1 depicts the status of high L/D configuration development at
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SECTION 2

(U) PARAMETRIC CONFIGURATION DEVELOPMENT AND EVALUATION

the initiation of chis contract. The configurations designated by AF pre-
fixes were conceptual designs developed by the USAF Flight Dynamics Labora-

tory and were provided as the starting point for an earlier study contract
(Reference 1).

(U) Figure 2 shows the general arrangement of the F-5 configuration which
served as the starting point and basic model about which the parametric con-
figuration and structure trades were performed. The F-5 was chosen for this

purpose, since it was in a more advanced state of definition than the other
configurations.

(U) The first phase of this contract was concerned with development of the
configuration geometry rationale. The interactions among geometry, aerody-
namic performance, volume, stability and heating were achieved through an
extensive series of parametric trades. Figure 3 illustrates the basic

geometry elements that were systematically varied to accomplish the para-
metric trades.

(U) The following sections summarize the parametric trades that were con-
ducted. The more significant trades are illustrated.

2.1 (U) AERODYNAMIC PARAMETRIC ANALYSES

(U) The scope of the aerodynamic trades which were developed for high L/D
shapes is illustrated in Table 1. Variations in the geometry of each element
of the vehicle have been analyzed, and the effects on the performance, sta-
bility and volume parameters shown across the top of the table have been
determined. The designations within the table show the slopes of the trade
about the nominal parameter values for a 30-foot F-5 vehicle, or they indi-
cate the nature of the trade as coded by the table notes. For example, an
increase of one degree in the body leading-edge sweep angle increases the
hypersonic L/Dmax by +0.007, and decreases vehicle volume by 19.7 cubic feet;
effects on stability are negligible. Since most of the trades are nonlinear,
the parametric trade slopes or derivatives in Table 1 are representative only
at or near the F-5 parametric values. Large deviations from the F-5 values
require consideration of the complete parametric trade.

3
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' (U) Figure L shows the impact of equivalent lower surface dihedral angle, T,
side rollout angle, ¢, body sweep angle, A , and vehicle length on hypersonic
L/Dmax and volume. It is noted that all of these geometric parameters
(excepting length) produce a loss in L/D with an increase in volume. Further-
more, for a fixed vehicle length, volume can be obtained with least penalty
to I/Dmax by decreasing sweep angle. Increasing the side rollout angle is
seen to be the least desirable approach to increasing volume. Variations in
these parameters are ultimately limited by aerodynamic heating and stability
considerations.,

(U) Volume and L/Dygyx are also shown in Figure 4 for the earlier F and V
series configurations. The trend of reduced L/Dpmgx with increased volume is
consistent with the observations made from the parametric analyses.

(U) A separate series of parametric trades was performed on various arrange-
ments of finned and finless aft body geometry elements. These trades, which
led to the evolution of the "compression-sharing" concept and the FDL-5
geometry, are described in Part II.

2.2 (U) AEROTHERMODYNAMIC PARAMETRIC ANALYSES

(U) The heat transfer parameter trades that were conducted during the study
are indexed in Table 2, As in the aerodynamic analyses, variations of the :
F-5 geometry parameters were analyzed. The effect on the surface temperature !
of the various configuration elements were then determined. In addition to ¥
the basic geometry parameters, two attitude parameters, o and p were investi- K
gated. Two of the more significant heat transfer trades are illustrated in
Figures 5 and 6.

!
(U) Figure 5 combines the aerodynamic and heat transfer trades at the stag- :
nation point to illustrate the change in hypersonic L/D with stagnation i
temperature for various nose radii. The selection of an equivalent nose :
radius of three inches is based on a maximum temperature of L500°F and a low :
penalty in hypersonic L/D. Table 2 indicates the rate of change of nose s
stagnation temperature with change in nose radius to be =-200°F per inch i
increase in radius. '

(U) Figure 6 shows that increasing the body side rollout angle, ¢ , results
in a significant increase in upper surface temperatures. PFurthermore, the
effects of yaw are such that, for a fixed temperature limit; body side angle
must be reduced by 2-1/2 degrees for every degree of yaw that will be
tolerated during peak heating.

R
= T SRR

2.3 (U) DESIGN CONSIDERATIONS

i)%

(U) The alternate recovery modes shown in Figure 7 were considered during 5

the study to estimate their effects on weight and vehicle geometry. Recovery 4

weight (in fraction of unassisted landing weight) determined for each of the b

i alternates is tabulated in Table 3, All the modes considered can be N

9
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g configured and packaged in a manner which will not significantly chanéé the
: hypersonic configuration.

i (U) A trade study was made between the weight of the vehicle-booster adapter
! and the weight of a solid rocket motor used to overcome base drag during
" landing. This trade arises from the fact that a reduction in vehicle base
area to improve landing L/D leads to the requirement for a larger, heavier
adapter. The use of a rocket engine precludes the need for base area reduc-
tion and the assoclated larger adapter section. The trade is summarized in

Figure 8, and includes consideration of adapter weight, rocket weight, and
subsonic base drag.

2.4 (U) GEOMETRY SELECTION

(U) Tables 4 and 5 summarize the geometry parameters that resvlted from the
parametric trades. The columns headed "Effect of Decrease" and "Effect of
Increase" define the competing considerations that result in the recommended
geometry elements, Table L4 is concerned with the geometry, performance and
volume trades; and Table 5 i1s concerned with stability requirements.

(U) The resulting geometry is similar to that for the original F-5 configu-

ration except for the contoured lower surface. The general arrangement is L]
shown in Figure 9 and incorporates the recommended geometry elements of

Table 4 and 5. This system was designated the HLD-35-1,

2.5 (U) CONFIGURATION EVOLUTION

(U) The HLD-35-1 has two unattractive features. These are (1) the large
base area which requires thrust-augmented landing or some other landing mode
and (2) the use of heavy, high temperature fins for stabilization. Several

alternate aft vehicle geometries were considered in attempting to overcome
these deficiencies,.

(U) The first aft vehicle geometry variation is described in Figure 10 and
was given the designation HID-35-2. Its geometry elements are similar to
those of the HLD-35-1 except that the base area has been reduced by boat-
talling and elimination of the fin/body ramps. This geometry has satisfac-
tory performance, stability and control and satisfies the requirement for ;
minimizing base area; but it retains the discrete high temperature fins.

(U) A second excursion was identified as HLD-35-3 and is shown in Figure 11.
This geometry was the first attempt to remove the outboard fins by substi-

tuting slab body sides. It was found to have adequate directional stability
at high angle of attack but only marginal stability at low angle of attack.

A center fin is provided for low-speed directional stability. The base area
is greater than that of the HLD-35-2.

(U) Figure 12 illustrates the approach suggested by AFFDL to minimize the !
fin and accomplish base fairing simultaneously. This initial geometry
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results in large reductions of the hypersonic I/D due to the aft upper
surface contours that produce large down and drag loads. It achieves more
than adequate directional stability, however, and suggested that hypersonic
directional stability could be obtained without fins,

(U) The geometry that was ultimately selected for the test phase is shown
in Figure 13. It is designated FDL-5. This configuration resulted from
parametric analyses of the effects on stability and performance of the aft
contouring suggested by the geometries of Figures 5 and 6. The large
increase in directional stability with increase in angle of attack observed
on the HID-35-3 and the large value of directional stability observed on the
AFFDL configuration suggested a compromise geometry might accomplish a nearly
uniform value of directional stability with various angles of attack while
minimizing the penalties in hypersonic I/D. This compromise contouring
philosophy was found to provide the desired stability and is the basis for
the "Compression-sharing" concept defined in detail in Part II.
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