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1 intend to give you a brief summery of the ruuh(gtﬁ” ‘.,.‘}\,,
of our lifting-body flight progrsm which is being conducted at the
NASA Flight Research Center. I have a film showing each of the
vehicles in flight snd some other interesting concepts we are test-
ing.

Before discussing the flight program, however, 1'd like to
give you a little background. The lifting bodies which we are
currently fly!. .re not recemt developments. The M2-F2 and HL-10
configurstions :~-22 conceived in the late 50's for use ss lifting-
entry piloted spacecraft. They were, in fact, considered when the
Mercury spacecraft configuration was being selected. They were
designed at that time to be competitive vith cspsules in terms of
volumetric efficiency snd are thus characteristicelly rather thick
blunt shspes. Although they could not quite equal the bsllistic

4‘/cnplulu in terms of volumetric efficiency, or weight, they ptfoud

/ the sdventages of low emtry "g" forces, ﬁmrunte asneuversbility,

snd s conventionsl horizontal lsmding on lsnd, without landing pro-
pulsion. As you know, the basllistic capsule spprosch wes selacted,
snd our manned spacecraft hv.‘, been recovered by psrachute in the

water.
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NASA hss, however, slways been interested in the concept of fly-
ing back from ot;btt. The X-15 was being flown into and back from
space, and MASA was also actively participating in the Dyns-Soar
program. The Flight Resesrch Center's interest in lifting bodies
was stimulated back in 1962 by the successful flights of some small-
scale lifting-body models. We decided to comstruct, sand attempt to
fly, a menned lightweight lifting body of the basic M-2 configurationm,
a configuration which was developed at the RASA Ames Research Center.
We made a successful flight from sltitude in 1963 after being towed
into the sir by a C-47. We flew the lightweight M2-F1 for epproxi-
mately 2% years snd made slmost 100 flights from sltitude.

The success of this flight program encouraged NASA to continue
on with the investigation of the lifting-body comcept. Money was
suthorized for the constructita of two heavyweight lifting bodies,
the M2-F2 (s modification of the M2-Fl) snd the HL-10 (& configurs-
tion developed at the NASA Lengley Research Center).

The M2-F2 was the first vehicle to be delivered. Ve mede the
first flight im July 1966. A lateral control sensitivity problem -
was noted during that flight, and a severe roll oscillstion was in-

duced by the pilot. Recognizing the potentially serious nature of

the problem, we still continued to fly the vehicle since we had
developed positive recovery techmiques. |

On the sixteenth flight, however, the pilot sgein induced o
severe roll ocscillation snd subsequently touched down before extead-
ing the lending gear due to disorieantation snd a number of other
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distractions. The vehicle was extensively dsmsged externally; how-
ever, the primery structure and vehicle subsystems survived. The
vehicle wass subsequently inspected and found to be repairsble. We
have since completed the repairs snd mede a flight last month. We
have a number of modifications to the originsl configurstion to
improve its flight charscteristics, the most noticesble of which is
s center fin,

The HL-10 wes flown for the first time in December of 1966.
Flow separation problems were encountered on the first flight which
were extensive enough to render the wvehicle uacontrollable for
brief periods during the flight. There were no violeant wvehicle
motions involved, simply a lack of stability and comtrol. The pilot

, however, able to make a lucccufnl lending. PFollowiag that
flight, sdditionmel vlnd-tumel tests were conducted to verify the
nature of the problem and define & fix. It took over a yesr tc do
this and accomplish the modification on the vehicle. Since the modi-
fication was completed, we have made 35 more flights. We have flowm
the HL-10, using the rocket eamgine, to s maximum of 1.85 Mach number

,and to altitudes in excess of 90,000 feet. The HL-10 hes so far

i
7/ been sn extremely honest vehicle. The pilots are impressed by its

handling characteristics snd consider its handling qualities to be
on a par with current operatiomal jet fighter sircreft.
1'd 1ike to show you s film mow and sfter the movie I'll

ou-nrlu our qcti.aco.

o

In conclusion, then, we hm nade 2 total ot 67 nuhn in the
three lifting bodies. We have had problems with esch vehicle evea




ol
after exhsustive vtul-tﬁnnol tests of esch configuration--s latersl
P10 in the M2-F2, flow separation on the HL-10, snd & less severe
combinstion of both on the X-24A. We hsve found solutions to easch
of these problems either by snalysis or sdditionsl wind-tunnel
tests. We now have three good flying vehicles, but we and the wind-
tunnel people had to work at it. These three lifting bodies sre not
candidate configurstions for the space shuttle. They were optimized
for @ much smaller sisze than the curremt shuttle and for s simpler
mission. The results obtained from the flight tests of these ve-
hicles asre, however, of significsnce to the shuttle program.

The flight test results valideted the wind-tunnel date end
indicated that the trsmsonic and low speed flight characteristics
of these unconventional configurations can be sdequately predicted
using existing fecilities and curremt techniques.

The lifting-body flight results demonstrated that configurstions
designed for lifting entry cam still have acceptsble low speed flight
charscteristics and adequate maneuversbility for spproach and land-
ing snd are thus practical to consider for the shuttle mission. \

The flight tests revealed s number of problems which hed not
been snticipated, end thus indicate the need for even more deteiled
wvind-tunnel testing snd snalysis on these unconventionsl configura-

tions, particulsrly in regerd to low speed flow separastiom.
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