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Man 1n Space

A Nationmal Historic Landmark Theme Study
Inrroductory Essay

The Mzn in S5pace Mational Historic Landmark Theme Study has been prepared for
the Congress and the Secretary of the Intevior's Advisory Board in partial
fulfillment of the requirements of P.L. 96-344. The purpose of the Theme Study
is to evaluate all resources which relate to the theme of Man In Space and to
recommend certain of those rescources for designation as Hational Historle
Landmarks.

The Han in Space Theme Study considered resources relating to the following
general subihemes:

A. Technical Foundations before 1958

E. The Effort to Land 2 Man oo the Moon

C. The Exploration of the Planets and Solar Systenm

. The Role of 5cientific and Communications Satellites

The Theme Study considered the Space Program im an integrated fashion. In any
given space mlssion thousands of scientists, technicians, and other support
personnel were necessary Lo insure success. These support perscnnel performed
vital work in a variety of ways using support fm¢ilitles in many parts cf the
country. HNone of these personnel in all likelihood comprehended all agpects

of each space mission, yet all were vital to the success of the program. Since
individual missions lasted over many years and involved a wide variery of
respurces and people only a few managers at the Narional aeronzutlcs and Space
Administration (NASA) were able to see all of the facets of the space program.
It was this coordination, cooperatiom, and collaboration that enabled HASA to
successfully manage the American Space Program. The theme study follows this
same appraoach and attempts to ldentify, jnasmuch as is possible, the surviving
regources of those that were necessary to accomplish the goals of landing a man
on the moon and exploring the earth, planeta and solar syatem,

General Bacggruund

NASA's origins cam be traced to World War I and the realization that although
America had invented the alrplane we had fallen behind in the technology af
aeronautical research. In 1915 President Woodrow Wilson signed Lloto law a
Bill establishing the Wational Advisory Committee for acronautics {NACA) to
remedy this situvation. NACA began work in 1920 with the establishment of its
first field office—the Langley Memorial Aeronautical Laboratery in Hampton,
Virginia.

As the years passed and significant wind tunnel research was accomplizhed at
Langley, WACA percelved the need for additional research facilities. In 1939
NACA esrablished its second field center--the Hoffect Field Laboratory, in
California, later called the Ames Research {enter. Like Langley, Ames Was
primarily devoted to wind tunnel testing needed to support the growing American
alreratt industry.



In 1940 MACA established its third field center, in Clevelsnd, Ohfo—the Lewis
Regearch Center. The purpose of Lewls was also to support aergoautical research
with speclal emphasis on the development of newer, more efficient engines. '

By the late 19408 MHACA slsc had estabiished two flight teat centers--the
Auxiliary Flight Reasearch Center at Wallops Island, Virginia and the NACA Muroc
Flight Test Unit at Edwards, Celifctnia, later renamed the Dryden Flight Reseatch
Center.

Also established during these early years were the U.5. Naval Research Laboratory
in Washington, D.C., and the Guggenheiw Aeronautical Laboratory at the California
Institute of Technology, later called the Jet Propulsion Laboratory. Both of
these centers were goon concernad with resesrch involving rocket technology.

After the Second World War the interest of the Army in rockets &s battlefileld
weapans led to the lmportation of many German scientists who had worked on the
Cerman ¥-2 program. This group, led by Dr. Werner von Braun, was first stationed
at Fort Bliss, Texas, and later reassigned to the U.5. Army Redstene Arsenal, in
Huntsville, Alabama, The army group at the Redstone Arsenal eventually evolved
into the Ceorge L. Marahall Space Flight Ceoter. :

After the launch of Sputnik 1 and the much publicized failure of the American
vanguard Rocket, Congress passed the National Aeronautics and Space Act of 1938
that brought into being the Natiomal Aeromautics and Space Administration (NASA}
angd the modern American Space Frogram.,

When MASA began business on October 1, 1958, the process of consolldating the
many pieces of the American Space Program wes Iniriared. By 1963, when the
rocess was completed, NASA coneisted of the following fleld centers:

Ames Research Center, Moffect Field, California: Ames contilmued ite werk in
fur thering aerocautical research using its fine wind tummel complex. ILts role
in the Space Program was limited to the management cof the Piconeer series of
Spacecraft; space environmental physics; simulation techniques; gas dynamlcs
at high speeds; configuration, stability, structures, and guildance and centrel
of sergnautical and space vehicles; and blomedical and bicophysical research.

Hugh L. Dryden Flight Research Center, Edwards, Californfa: Dryden supported
flight testing of general aviation and high performance aircraft and epace-
eraft; flight operations and flight systems; and structural characteristics of
aeronautical and apace vehicles,

Goddard Space Flight Center, Greenbelt, Maryland: Coddard developed from the
Naval Regearch Lahoratory after its transfer to NASA im 1958. The role of
Goddard is in the scientifiec research of space with unmanned satellites;
tesearch and development of meteorclogical and communjcations satellites; and
tracking and data acquisition operaticns. The Goddard Space Flight Center also
manages the Goddard Institute for Space Studies in New York City which conducts
research 1ln astrophysica, planetary physics, and atmospheric physica.

fl
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George . Marshall Space Flight Center, Huntsville, Alabama: Marshall developed

from the U.5. Army Redstone Arsenal rocket program under Dr. Werner von Braun.
After the traansfer of Dr. von Braun and hisg group to NASA, Marshall continued
to work in the research and development cof launch vehicles and systems to
iaunch manned and unmanned spacecraft; development and integration of payloads
and experiments for assigned space flight activities; and application of space
technology and supporting sclentific and engineer ing research. Hzrshall is
most famous for the development of the Saturn family of rockets. Marshall alzo
mapaged the Michoud Assembly Facility in New Orleans, Louislanz where the giant
Saturn ¥ rocket first stage was built and the Siidell Computer Facility in St.
Tammany Parish, Louisiana, which handled computer data processing for both
Michoud and the Naticnal Space Technology Laboratories.

Jet Propulsicn Laboratory, Pasadena, California: The Jet Propulsion Laboratory
was trausferred to NASA from the U.5. Army in 1938 and developed into NASA's
primary center for the exploration of the moon, planets, and solar system. JFL
alsc manages the Goldstone Tracking Statioun which is responsible for the tracking
and dabta acguisltion syskems necesgary to comzunicate with spacecraft exploring
deep space. JPL is operated for HASA ander contract with the California Imstitute

of Technology.

John F. Kenuedy Space Center, Flerida: The Kennedy Space Center in cooperaticn
with Cape Canaveral air Foree Station supports major NASA laenches. All moon
flights originated from Lavnch Complex 39 at this site. The Kennedy Space

Center also manages the NABA Western Test Hange Operations Difice at Vandeoberg,
California, which was responsible for the integratiom, test, checkout , and launch
of unmanned light and medium vehicles and the Whire Sands Test Faclility in Las
Cruces, New Mexico, which supported developmental snd operational tests of
spacecraft propulsion and power generating syslems.

Langley Research Center, Hampton, Virginia: Langley was the first NACA field
Tnctallation and thus the oldest NASA center, Through the use of its fine
complex of wind tunnels and cther facilitles Langley suppotts research in asro—
neutical and space structures and materlals; advanced concepts and techniques
for future aircraft; aerodynamics of re—entry vehicles; and space environmental
physics, and improved supersonic flight capabilities. Lacgley has also provided
major support for most aapects of rhe Space Progran including Projects Mercury,
Geminl, Apolloc, the Space Shuttie, and the Viking Prajeck.

lLewis Research Center, Cleveland, Qhic: Lewls 1s another of the criginal MNACA
ficld offices that was transferred to NASA 1w 1958. lewis was responsible for
power plants and propulsion; high energy propellents; electric propulsion;
airecraft engine neise reduction; enginme pollution reduction; and data bank
vresearch loformation in aerospace safery. The most gignificant achievenent of
Lewis was in piloneering research that led to the development of hydrogen as a
rocker engine fuel and in the development and tegting of new materials for
spacecraft and sireraft. Lewls also manages the Plum Brook Cperatioms Division
at Sandusky, COhio, where many of Its larger testing tacilities are located.

Lyndon B, Johnson Space Center, Houston, Texas: The Johnson Spacé Center wWas
created after Che farmation of NASA to manage the Amorican Manned Space Frogram.
Johnson ploneered in research and development of manned spacecraft systems;




4

development of asgtronaut and crew life support systems; developmant and 1nteg’catin.
of experiments for space flight activitiesa; and application of space technology,

and suppoerting sclentific, englneering, and medical tesearch. Johnson was

recently designated as the lead NASA center in the davelopment of the manned

space statlon.

Wallops Flight Center, Wallops Island, Virgioia: Wzllops was angther of the

original MACA field installacions thet traneferred to HASA in 1958, Wallops
was respongible for launch facllities and services to other NASA installations
which conduct suborbltal, orbital, and space probe experiments with vehicles
ranging from swmall roecketa to the Scout four-atage solid fuel rocket.

National Space Technology laboratories, Bay S5t. Louis, Migsieaippi: The National

Space Technology Laboratorles {Mississippl Test Facllity) was responsible for
static test firing of large space and launch vehicles such as the 3aturn ¥V rocket.

Former MNASA Installaticns

In addition ro the above existing HASA installations there were two facilities
that no longer exist:

Electronlcs Research Center, Cambrildge, Massachusetts: The Electroales Research

Center was responsible for conductlng research and developing advanced technology
in the area of space and aercnautical electronic compoments. It was closed 1a 1970.

Nuclear Rocket Development Station, Jackasa Flats, Nevada: Tha MNeclear Racketr

Development Station was rasponsible for conducting full-scale ground tests of
auclear reaccors, engines, and flight stages for the nuclear rocket program. It
was closed in 1974,

Untited States Alr Force Facilities:

GCape Canaveral Alr Force Station, Brevard County, Flerida; Cape Canaveral Adr

Forece Station contains some of the earliest facilicies assoclated with rocket
experimentation and space exploration as well as active gpace-age installations
for current military and NASA programa, Tepe Canaveral is best known for its
assoclation with Projects Mercury, Geamlnl, and Apollo as well as the launch site
for most satellites and deep space probea durlng the asrly years of the American
Space [T OET al.

Edwards Alr Force Bagwe, Edwards, California: Fdwards alr Force Base is the site

of the Air Force Flight Test Center which conducts new and follow-on testing of
airerafr and related avionics and weapons systems., Edwards 1s also the home of
the Air Force Rocket Propulsion Laboratory and the Air Force Test Pilot School.
Fdwards is presently the primary landing site for the Space Shuctcle.

VYandenberg Air Force Base, Lompoc, California: Vandenberg Alr Force Base is

the site of the lst Strategic Aerospace Divizion, Western Space and Missile
Test Center, Space and Missile Test Organizatien, and the Shuttle aActivation
Task Force. Vandenberg conducts nmissile crew training, and operates testing
and launch facllities for the Strategic Afr Command.



Contractor Sites:

In addition to the above NASA and USAF installations there were many contractor
facilities that were important fn the space program. These facilitles were not
visited during the courge of this theme study. It 1s not known what contractor
facilities associated with the esrly years of the American Space Program survive,
Additional facilities associated with Robett Goddard, the V.5 Army White 3Sands
Test Sites, and space hardware now in the collectlon of the Smithsonian
Institution will be visited and assessed during Fhase II of the Man in Space
Theme Study. '

Becommendations:

A. National Advisory Committes for Aeronsutics Wind Tunnels

1, Variable Density Tunnel (Langley Besearch Center)
2. Full Scale Tunnel {(Langley}

3, Eight-Foot High Speed Tunnel (Langley}

4, Unitary Plan Wind Tunnel (Ames Research Center)

These sites are recommended for designation as Natiomal Historic Landmarka
because they represent the fine technological base of aeronavtical researah
facllities created by the National Advisery Committee for heronautics. It was
on this base that the Matlonal Aercuautics and Space Administratien would build
to create the success of the American Space Program. The Variable Density
Tunnel was the first wind tunnel in the worid to use che principle of variable
density alr pressute to test scale wodel aircraft. The Full Scale Tunoel was
the First full secale tunnel in HACA's inventory and contributed mightily to the
design of an entite new generatlon of aircraft in the 1920s and 1940s. The
versatility of the Full Scale Tunnel iz demonstrated by the fact chat today, 53
years after 1ts constructlon, it is still a major research tcol in NASA'o
inventory and ie being used to design a new generation of aircrafc. The EBight-
Foot High Speed Tunnel 1s important because it was the first cunnel to employ a
slotted throat design which gave aireraft designere accurate data on alrframe
per formance in the transonic range. The Ualtary Plan Wind Tunnel is significant
because it represents the continuing effort of NACA to update its wind tunnel
inventory to provide the American airceraft and aerospace industry with the =mweet
advenced testing facilities in existence in the world, The Unitary £lan Wind
Tunnel was extensively used in designing new generatlons of aircrait that
eventually led to the Space Shuttle of today. These wind tunuels represent
only a small fraction of the more than 65 wind tuenels currently in HASA's
inventory. -

BE. Rocket Engine Development Facilities

5, Rocket Engine Test Facility {Lewis Hesearch Center }
&, Zero-Cravity Research PFacility (Lewis)
7. Spacecraft Propulsion Research Facility {LeRC Plum Brook Operations Division}

These sites are recommended for designation as Martional Historie Lgndmarks
because they represent the imporctant role of the Lewls Research Center 1n
developing hydrogen as a fuel for the Centawr and Saturn ¥ rockets. The Rocket
Fngine Test Facilicy ploneered in the technclogy necessary to hapdle hydrogen



of handling liquids in a zero-gravity environment, and the Spacecraft Propulsion
Research Facllity enabled engineers at Lewis to hot fire full scale Centaur
engines in simulated space conditiona. The development of the Centaur and Saturn
Bockets was crucial to both the manned and unmanned epace programs of che United
Srates.

as a rocket fuel, the Zero-Gravity Research Fecility ilnvestigated the physica .

C. Rocket Engine Test Staunds

8. Redstone Test Stand {George C. Marshall Space Flight Center)
9, Propulsion and Structural Test Facility (Marshall)
10. Rocket Propulsion Test Complex (Nacional Space Technology Laboratories)

These facilitles are recammended for designation as National Historic Landmarks
because they represent the role of the Marshall Space Flight Center io the
building and testing of actual sepace flight rockets. Before any rocket la
allowed to f£ly and be used on a manned mission 1t is first tested by firing in
a static test stand to verify its f£light status. The Redstone Test Stand was
the First facility of this type built at Marshall by Dr. Werper von Braun. The
Redstone test stand tested rhe Mercury/Redstone missiles used to launch Alan B.
Shepatrd and Gus Grissom on thelr first space launches. The Propulsion and
Structural Test Facillty was lmportant in the testing of the Saturn 1B vehicle
and represeats rChe evolution of test stand technolgy from the days af the Army
Redstone Missile to the Solid Rocket Boosters used on the Space Shuttle today.
The Rocket Propulsiom Test Complex was used by Marshall to test and man-rate
all Saturn ¥ rockets used in the Apollo Program.

D. Rocket Test Facility .

1. Saturn ¥ Dynamic Test Stand {Marshaill)

This facility 1llustrates another facet of the building and testing and man~rating
of the Saturn V Rocket, After every Saturn ¥ was tested on the firing stand 1t
was brought to the Dynamic Test Stand for mechanical and vibrational tests to
determine its structural integrity. This process was part of the extensive
ground testing program for the Saturn V Rocket and 1t is a primavy reason for

the success of the American manned space program. Tesgts conducted here gave

NASA and industry engineers their last chance to detect and correct any flaws

in the [ully assembled Saturn V.

E. Rockets
12. Saturn V Space Vehicle

At this time the only rocket recommended for designation as 2 National Historic
Landmark is the Saturn ¥ at the Alabams Space and Rocket Museum. This vehicle
is one of only three remaining Saturn Vs in the country. It was selected to
represent the class of Satura V rockets because of its Integrity and asgcclation
with its site--the George C. Marshall Space Flight Center. All rhree stages of
the vehicle and the instrument ting are Intact, The vehicle is well maintained

and in a good state of preservation., This Saturn ¥V was the original test vehicl

used in dynamic testing of the BSaturn suppert facilities at the Marshall Zpace




Flight Center. While not intended to fly itself, this Saturn ¥V was a working
vehicle with all of its parts intact, aad prepered the way for all rhe Saturn . .
¥s that did fly and were lost after having completed their missions. '

F. Launch Fads
13. Space Launch Complex 2 {(Vandenberg Alr Force Base)

Space Launch Complex 2W at Vandenberg Air Farce Base is recomnended for
destgration as a Naticenal Histerie Landmark hecause it is the finest remaining
example of a 1950s—¢ra launch complex in the country. 411 facilitles associated
with the slte are intact. The blockhouse tetains the original electronic
equipment. The only medifications to the site over the years lnvolved changing
from the Thor to the Delta Rockets. Since the Delta is descended from the Ther
Rocket, modifications were minor.

G. Apollo Training Facllities

14, Lunar Laznding Research Facllity (Langley)

15. Rendezvous Docking Simulator (Langley)

16. Lunar Landing Training Vehicle {Alabama Space and Rocket Canter}
17. Neutrtal Bucyancy Space Simulater (Marshall)

These facilities are recommended for designation as Rational Historic Landmarks
hecause of their asspciation wlth training programs necessary Lo prepare American
astronauts to land on the moon. The Lusar Landing Research Facllity aod the
Lunar Landlng Trainiog Vehicle represent two different philosophies within NA3ZA
on how to fly the last 150 feet to the lLunar surface. The Lunar Landing Rezearch
Facllity employed a mock Lumar Excursion Module zttached te a fixed Facllity
while the Lunar Landing Training Vehicle was & free flying vehiela used to
replicate Lunar Excarslon Module flight dynamlcs here on Earth. Both methods
were used to tralm Apolle Astronauts. The Rendezvous Docking Simulator Is

the only surviving trainer that Gewini and Apolio Astromauts used rp practice
rendezvous and docking technigques needad to link the Tunar Excursion Module and
the Compand and Service Medule in Space. The abllity to link these Lwo vehicles
in gpace wag critical to the success of the Lunar orbit Rendezvour technigque

for landing on the meon. The Nentral Buoyancy Space Sigulater was used to
familiarize apolle astronauts with the dynamics of zero gravity whi le operating
outside of the Apollo Spacecrafl.

.'_. -r__l:,
H. Apollo Hardware T¥Est Facility
18, Space fovirenment Simulation Laboratory (Lyadon B. Johmson Bpace Centar)

The Spate Eavironment Simulation Laboratory is luporiant beecause it was used to
man—rate and test the Integrity of the Apello Command and Service Module, Lunar
Module, and spacesuitse under simulated space conditisns here on Eatrth. This
testing was esseatial to the safety and well being of the Apolle astronauts.
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. Unmanned Spacecraft Test Facilitiles

19, Spacecraft Magnetic Test Facility (Goddard Space Flight Center }
20, Twenty-Five-Foot Space Simulator (Jet Propulsion Laberatery) '
These facllities are reccommended for designation as Bational! Hiestorilc lLandmarks
pecause they 1llustrate the extensive ground support testing facilities needed
to accomplish the American unmanned gpace program—-the exploration of the mnear
and deep space environment. The Spacecraft Magnetic Test Facility representa
the role of the Goddard Space Flight Center in the Americen space Program- Thia
facility, the only one of {ts type in NASA's invemtory, enables NASA Co determine
and minimize the magnetic movewent of even the largest unmanned epacecraft and
thereby elimivate unwanted torques duve Lo the interaction of the spacecraft with
the Esrth's magnetic field. The Twenty-Five—Foot Space Simulator is the only
NASA facility capable of praoducing the true interplanetary conditicna of cold,
high vacuum, and intense solar radiation coupled with a large test chamher that
can accommndate large space vehicles. Both of these facilities have contributed
to the success of the American unmanned space program and represent the rtechno-
logical sophistication of the support facilities necessery to aceomplish that
DrOgL Al +

J. Tracklng Starione
21, Pionesr Deep Space Tracking Station {Geldstome Tracking Station)

The Pioneer Deep Space Tracklpg Staticn 1s recomaended for designation ab a

National Historic Landmark because it was the first antenna ta support NASA's
unmanned exploration of deep space. The technoingical achievements necessary Lo -
track deep space vehicles were first demonstrated and put inte use at thls site.

The Pioneer Station was later joined by dezens of additional tracking stations .
around the world. This site i}lustrates the role of Goldstone and the HASA

tracking syetem in the American Space Program.

K. Mizsion Control Centers

22. Space Flight Operations Facilley (JPL)
23, Apolle Misslown Centrol { Johnson)

These sites are recommended for designaticn ag Macional Histeric Landmarks
because they ate the very heart and soul of both the American Manned and Inmanned
Space Programs. The Space Flight Operations Facility at the Jet Propulsion
Laboratory represents the role and achievement of JPL in the #American effort co
explore the moon, planecs, and solar system: Projects Viking, Voyager, FPioneer,
Ranger, and Mariner opened new worlds for exploration and human understanding .
The Space Flight Operations facility is the sywbol of this effort and the
facility at the Jet Propulsion Laboratory is the one mest clesely associated
with this effort. Apollc Mission Control at the Lynden B. Johnson Space Flight
Center represents the role and achievement of Johnson in the American manned
spaceflight program. It was Lo Apollo Mission Control that Hell Armstrong
reported his famous words that man had first landed on the moon in July 19569,

v




L. Other Support Facllities
24, Rogers Dry Lake (Edwards Alr Force Bage)

Although a natural rescurce the Rogers Iry Lake 1s racommended for designation
as a Naticnal Historie Landmark because of its assoclation with flight testing
of advanced alrcraft that opened the way Lo Bpace. The natural attributes of
clean alr, isalated locatlon, ideal weather, proximity to variable terrain,

and the large surface of the dry lakebed provided a natural laboratory in which
to Flight test aircraft fhat were on the cutting edge in aviation and aeroepace
technology. #4s a respurce Lhe Ragers Dry Lake has contributed as much to the
Amer ican aircratt and aerospace effort as any papmade facllity. Starting in
1947 with the flight of the Bell X-1, the first plane to break the sound barrier,
te the landing of the Space Shuttle Columbia in 1981, the Rogers Dry Lake has
been the scene of pome of the mest ilmportant developments in the histoty of
aviation.

Previously Deslgnated Sites

Cape Canaveral Alr Force Station was designated a National Historic Landmark onm
april 16, 1984, Launch Complex 39 at the Kennedy Space Center was listed on
the Nationmal Register of Historic Places on May 24, 1973,

Summar ¥

The 74 recommended rescurces contained io this phase of the Man in Space Theme
study represent only & small fraction of the technnlogical resources that were
necessacy to support the asmerican space program. They ate recommended for
designatiun as Wactional Historic Landmarks because they represent the best and
most important surviving examples of this technelogy. Due Lo the rapld change
of the space program and evaolving cechnologles, supporl facilities simply do
not survive or survive in a greatly altered state. The efforts to land a man
on the mgon, investigate the neat Earth environment, and explore the planets
and solar system were supported from a technological base that reflected a
depth and variety of support faciliries that were unprecedented in American
history. Many of these resources have long Eince been destroyed, abandoned or
altered to meet the changing demands of the space program. The 24 facilities
reflected in this theme study are but a fraction of this resource base. They
are the best, most intact, and most important resources thac have survived.
Their variety and range reflect the much larger tecihmological base that provided
the foundation of the space program. It is hoped that this selection will
survive to interpret for tuture generations the early years of the American
space program.
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The Varisble Density Tunnel (VDT) 1s in Building 582 in the East Area of the
Langley Besearch Center .l The VDT was constructed during the period from

1921 to 1923 at the direction af the National Advisory Committee for Aercmautics
(NACAY .

The tank of the VDT was built by the Newport News Shipbuilding & Dry Deck Co.,
af Mewporo Kews, Virginia. It is cspable of withetanding a werking pressure

af 21 atmospheres. It 1 bullt of steel plates lapped and riveted according to
the usual practice in steam boiler conetructien, although, because of the size
of the tank and the high working pressure, the construction s ususually heavy.
Entrance to the tank is gained through an elliptical deor 3é inches wide and 42
inches high. The tank and 1ts contents weigh 100 tons and are supported by a
foundation of reinforced concrete.? The tank is 34.5 feet long and 15 feet

in diameter with interior steel walls 2 1/8 1nches thick., To minimlze tank
volume and the quantity of structural steel required (85 towns), an annuiar iflow
scheme was adopted, The test section was made 5 feet in diameter ro match the
flational Adviscry Committee for Aercrautics {NACA) Wind Tuanel Ho. L. The
maximim air velocity was 50 MPH at a pregsure of 20 atmospheres.

The VDT was partially destroyed by fire in 1927. The interior of the tunnel
was damaged but the extericr pressure tank remained fatsct. The tunmel was

rebullr and was operational again by 1930. .|

By the 1940s the tunnel was obsolete by Che standards of the day and was putted.
The VDT continued to serve the needs of NACA and was used as a pressure tank to
support the operation of the Vertleal Wind Tunnel and the Low Turbulence Wiod
Tunnel. The VDT continued to serve In this capacity until it was declered
potentially unsafe for further operatisns in 1978. Addirional medificatione
during this time tncluded the removal of the viewing platferm and porthele from
the tunnel.

The basle struckture of the tumnel remsains intact. At the presgent cime there
are na plans for the uwse of rhe Variable Density Tunnel.




8. Sigrnificance
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statzment of Bigniticancs {in one paragraph}

The Variable Density Tunmnel was the Eirsc faellifty to establish NACA as a
technically coumpetenl research organization. The tunnel was a technological
gquantun jump that rejuvenated American aerodynamlc research which in time led
to the best aircraft in the world,3

The success of the Wright Brothers airplane was followed by 2 techoological
backward slide by the American aircraft industry. Bricish, French, and German
deslgners soon surpassed the Wright Brothers and other American aicveraft builders.
By Worild War 1 the United States had slipped into a position of technological
inferigrity comparcd to the European designetrs.

To support their aircraft industry European designers built major wind cunnels
ko fest acy theories and to discover bhetter methods of bullding airecrafc. To
tegain for smerica Lhe technological leadership in the Eileld of aircraft design
and manufacture, President Woodrow Wilson signed inteo law a bill establishilog
the National Advisory Committee for Arecnautics {MACA) Hareh 3, 1915.

The responsibility of MAGA, as the new agency was called, was to "supervise and
direct rhe study of the proeblems of flighe, with a view to their prectical
solution...." The act alsoc provided for the constructlon of research facilitles
and a laborarory site near Hampton, Virginia. Thus the Langley BEesesrch Center
came into being in 1917.

(riginally calied Langley Memorial Aeronautical Laboratory, later just Langley
Aderonautical Laboratory, NACA langley ifmmediately set abouc tha problem of
building & wind tunnel to conduct aeronautical research., Because of the lack

of experience in this area Langley first constructed NACA Wind Tunnel No. 1, a2
low speed tunnel with oo retera circuit for air passing through the tesc section.
Although useful as a learning tool, this bunnel was chbsolete by the standards

of the day and produced no signfficant fiondings.

In June [92]1 MACA's Executive Committee decidad to leapirog European wind
cuntnel techoology and build a2 teunnel in which pressures could be varied. This
concept was strongly advocated by Max Munk, 3 HACA technical assistant, who was
familiar with Buropean wind Etunnel design from-his days at Gottiongen. The
purpose of che Variable Density Tunnel, that Munk advocated, was (o solve the
praoblem of applying cxperimental results obtained from scale model aircraft te
full size aireraft. Almoet all wind tunnel tests at the time were, and still
are, performed on scale medel aicrcrafc because of the expense ilnvolved in
constructing full scale wind tunnels.
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In a classlc set of experiments, Osborme Reynolds (1842-1912) of the University
of Manchester demonstrated that the azirflow pattern over a scale model would be
the same for the full scale vehicle L1f certaln flow parameters were the same in
both cases. This factor, now known as the Reynolds number, is a basic parameter
in the description of all fluid—flow sltuations, including the shapes of flow
patterns, the ease of heat transfer, aznd the onset of turbulence.%

In 1921 all wind tunnels were operating at normal atmospheric pressure using
scale models. This meant that experimental results using thess wind tunnels
were open to question because the Reynelds number sbtained did not mateh those
encountered in using full scale zirgraft. Thus the Reynelds number of a 1/ 20~
scale opdel being tesked at operational flight welocities in an atmospheric
wind tunnel would be too low by a facter of 20. HACA engineers realized that
sinve the Reynolds number is also proportional Lo air density that a solution
was possible by testing 1/20-scale models at a pressure of 20 atmospheres. The
Reynolds number would be the same in the wind tunnel as in actual flight.5

This was the significance of the Variable Density Tunnel. The VOT, for the

First time, placed in the hands of NACA engineers a research tool superior fo

that found anywhere alse in the world. The VDT was able to predict flow char- .
acteristics of test alreraft models more accurately than any other tuanel then

in existence. The VOT quickly established itself as a primary source for .
aerodynamic data at high Reynelds numbers.

The result of this research led te the publication of MACA Technical Report 460
in which aercdynamic data for 78 related girfoll sections were presented.
Information contained in this report eventuwally found its way into the design
of such famous airerafr as the DC-3, B-17 and the P-38.

The VDT established WACA as a technologically competent corganization and led to
the production of superior American airgraft that have dominated the airways of
the world since that time, All modern Variable Demsity Tunnels now in operation
are but an extension of the originel ideal first formulated and put inte operatioe
by Max Munk in 1921 with the construction of the otiginal Variable Dengity

Tunnel at Langley.
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Fooknotes

1. Much of the material in Sections 7 and 8 of this report has been adaplted
from Donald D. Baals and Willism ®. Corliss, Wind Tunnels of NASA
{Washington, D.C.: National Aeronautics and Space Administration, 1981),
pp. 917,

2. Elton W. Miller, The Variable Dencity Wind Tunnel of the National Advisory
Committee for Aeronautics Part LI, Techelcal Report Ne. 227, (Washingten, D.C.:
National Advisory Committee for Aeronmautles, 1925), pp. 411-41Z.

3. Baals, LV.
4. Ibid., 3.

5. Ibid., 15.
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Identification Key to Plotures

l. Wame of Properly

2. ity and State where located

3. Name of Photographer

4. Date of Photograph

5. Location of Photograph Megative
6. bescription of View

KASA, langley Research Center Archives
Exterior view of ¥DT in Bullding 582

-

i. WVariable Density Tunnel
2. Hawpten, Virginia

3. HACA

4, 1928

5

6
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1984

NASA, Langley Besearch Center Facilities Qffice
Modern exterior view of VDT in Building 582
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Statement of Significancs {in orae paragraph)

By 1929 the original NACA Langley wind tunnel complex was completed and turning
out useful high quallty aercdynamic research data. In splte of this achievement
NACA engineers realized that there was a gap in their wind tunnel inventory.
They needed a full scale wind tunmel.

Although the Variable Density Tumnel gave NACA engineers confidence in sealing
up test results from models, several reaearch areas could be explored only with
full-scale models or with actual aireraft. The ¥DT was limited when the aero-
dynamie characterisclcs of a complete airplane were desired heczuse it was
practically impossible to bulld a wodel of the required size that 1s a true
reproduction of a complete alrplane, This difficulty 1s increased by the
requirement that the model withstand large forces. Some of the guestlons thar
needed to be answered involved solving drag penalcies due ro external struts,
surface gaps, alr leaks, and englne ccollng insulatlon. These questions could
only be answered by using full scale aireraft, Models simply would not work.
Previous experience with the Propeller Research Tunnel, which had a large ecale
test section, gave NACA engineers the canfldence te attempt to bulld the Full
Scale Tunnel.

Under the leadership of Smith J. De Prance, the design of the Pull Scale Hind
Tuonel began at Langley 1o 1929, With funds approprlated before the start of
the Depression, NACA was able to buy materlals sond labor at bargain prices. In
addition a large pocl of talented but now unempioyed aerconautical engineers was
available to work on the project. The work progressed quickly and by 1931 the
tunnel was camplete.

The significance of the Full Scale Tunonel was immediately apparent to HACA
engineers. Drag tests 1o the tunnel indicated surprisingly large performance
penalities from external struts and other exposed aircraft parts. This informa-
tion had been suspected by HACA engineers for gsome bime but with the completion
of the Full Scale Tunmel the engineers now had the dats needed to cortrect the
problem, Seon a large procession of militery airc¢raft was dispatched to Langley
for drag cleanup tests. Before and during World War II practically every high
performance aireraft used by the United States was checked out at the Full

Scale Tuntel. The tunnel operated 24 houra a day 7 days a week dwing the war
performing drag cleanup tests for the military. For most of the war the Full
Scale Tunnel was the only tunnel in the country and in the world capable of
performing these tests. The lmportance of the tunnel wag s¢ evident Lhat the
United States built an even larger Full Scale Tunnel at the Ames Research

Center in 1944.3
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The Full Scale Tunnel has proved to be a remarkably adaptive research rool,

In recent years modern zireraft of all types have been tested in the tunnel,
These aircraft include the Havrier VTOL fighter, the F-16, the American super-
sonlc tramgport, the X-294-a forward swept wing experlmental fighter, the Space
Shuttle, the Lunar Landing Test Vehicle, and wmany others.

Becauge of itcg unigue performance the Full Scale Tunnel 15 of singular importance
not oaly in the area of aeronautical research but ailsc in the theme of support
facilities that contributed the American victory in World War II. The superiority
of American designed and built fighters and boumbers was due in oo small part te
the testing that thege aircrafr received In the Full Scale Tunnel.
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|
l. National Advisory Committee for Aeronautics, The N.A.C.A. Full-Scale

Wind Tunnel-Technical Report 45 (Waghington, D.C.: National Advisory

Committee for Aeronautics, 1933}, pp. 292-91,

Naticnal aeronautice and Space Adminietration, Langley Test Highiights
1982-Technical Memorandum B4655 {Hampton, Va.: Lengley Research Center,

1383), p. 3.

Donald D. Baals and William R. Gorlias, Wind Tunneis of NASA (Washingtono,
D.C.: National Aeronautics and Space Administration, 1981}, p. 23.

Ibid.

Langley Facilities Program Development Qffice, LaRC Data for Fargilities Catalcgue
{Unpublished Internal Memorandum, Angust 4, 1983), p. 3.

. Baals, pp. 22-3.
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Man in Space Theme Study
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1. Mame

niahoric Lurar Landirg Training Vehicle

and'¢r common runar Landing fraining Vehicle

2. Location

sireat & numbar Alahuma Space and focket Center ___ not for publication
city, town  li@ntsvilic — wicinity of congresatonal district

. ' 89
stain  LHACa code 1 county T2disen code O

3. Classification

Catagory Owrwerahip . Status Prasant Usa
- dlatrict _f. public —— cccuplad . . agriculture _*_ musaum
___ building(s) —_ private —— unoccupied — commernsial —— park
structure ____both ... WoOrk in progreas 11T T —— private residenca
siie Publle Acqulaition Accassible —— Enterainment - maligloun
" _ pbject ___ in procesa _ X yas: restricted ___ governmant — stienttic
__._ being conslderad — yuh unrestricied — ingustrial — tranaporiplian
T . milHary _X. cther; Exhiblt

4. Owner of Property

name “ar.oral Aeronautics and Space Administration, @mithsonian fnstitution {On cxtendsd
Toan Lo the AlaDam: Spdce and PGoRCL Cenlel

atreel & numbsar

city. tgwn  Sashington —_ vieinity of amte 0:C-

5. Location of Legal Description

courthouse, registry of desda, stc. HAA

street & numbsar

CLYy, town sinta

6. Representation in Existing Surveys

title

e mag his property bean.datermined eligible? _____yes ____no

e — Mmceral _ atate __ county ___ lacal

depoaitory for survey racords

city, town _  sute




7. Description

Cordition Chech one Check one

_4 axceilant __ deleviorated _Z_ unaltersd — original wite
- fpoad — rulns — aitered — moved Onie
— fmir —__ upexpoasd

Describe the presant and original [if known) phyvical appsarance

The Lunar Landing Traialng Vehicle {LLT¥) is a free-flight vehlcle consiatiag

5t a tubular frame on which a crew station, jet angine, lift rockets, arritude
contrel rockets, control slectronics, and assoclated eguipment are mounted.

The gimbaled jet engime, which is mounted vertically, provides main power for
takenff and supports five-sixzths of the welght of the vehicle duriong simulatrion
of the lunar eavironment. The vemaining one-sixth 1s lifted by two 500-pound
maximum thrust, throttleable 1ift rockets to simulate the Lunar Module descant
engine. The cockpit includes 2 Lunar Module three—axls attitude control assembly,
the throttle For the 11ft rockets, a horizental velocity indicator, the altitude-
rate tape indicator, and a thrust—to-welght indicator, Although the pilot of the
Lunar Landing Training Vehlcle was seated because of the necessity for a rockelb-
propelled ejection seat, the location of the flight instruments and coutrols
relative to the pilot’s hand aed eyes was simllar to that in the acrtuzi Lumar
Laading Module.

The Lunar Landing Training Vehiele is the third of rthree such vehicles bullt
for the Naticonal Aeronautics and $pace Admiaistration. It iz In excellent
conditinn and retains all of ice original equlpment.
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The value of high-fidelity simulation and tralning was an aceepted part of the
Space program. The dependence of this training for the success of every mission
aud the safecy of Che crew was crucial because of the nature of space flight.
Flight crews are fully committed at lift—-off for an entire mission in which a
broad number of varfables and cbatacles must be successfully surmounted. Unlike
aircrafr which allow for a broad range of training opportunities in actual
aireraft under flight conditions, space flight 1s necessarily limited to ground
simalation tralning before the actual flight. The success of the mission and
safety ot the crew is dependent on the success of space flight simulation and
training avaflable to the astromaucs before each actual flipght,

The landing of a manned machine, the Lunar HModule, on cthe surface of the moon

wAag crucizl to the success of the program. The feat itself could not be practiced
before a touchdown was Inltiated. Therefore 1t was necessary to devise training
ailds and simulators here on the Earth te train the astronauts in the techniques
and skills necessary to land on the moon. This was the nission and reason For

the Lunar Landing Training Wehiele, 1ts purpose was to simulate lugar landings

vn the Earth io a contrelled and ssfe environment.

The Hational Aeronautics and Space Admipistracion ordered three of these vehicles
for the use of its Apollo Astronmauts. Two Lunar Landing Training Vehicles
erashed during flight training excercises,

This vehicle is the third Lunar Landing Training ¥Yehicle pordered by HASA and Is
the only surviving example of the type. Crews from Apollc %, 12, 132, 14, 16,
and 17 trained en thie vehicle. Neil Armetrong, the first wan to land on the
moon, trained ¢u another Lunar Landing Tralniong Vehicle that crashed during his
flighr. After Heil Armetrong's crash, NASA suggested dropping tralning in the
Lunar Landing Training ¥ehicle as o0 risky, but the astonaute insisted that
this trafining continue in the belief that it accuwracely forecasted conditiong of
4 Lumar Landing on the moon,
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Lunar Landing Trainlng Vehicle # 52
Huntsyille, Alabama

HASA

1972

Alabama Space and Rocket Center

Lunar Landing Training Vehicle with Astronaut
John Young at the controls
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tunar Landing Training Vehicle #9352

Hugtsville, Alabama

Alabama Space and Hocket Center

1284

Alzbama Space and Rocket Center

Modern photo of Lunar Landing Trainfing Vehicle
on display at the Alabama Space and Rocket Center
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histartc I0=by G=Foot Tunnel

and‘or coOMmEn Full Scale Tunnel

2. Location

straet 8 number Langley Rosearch Center ____ nat for publication
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state  Vivginia code 31 counly Hampron code G50
3. Classification
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4. Owner of Property

name qational Aeronzutics and Space Administration (NRSA)

aireel & number

city, town washington vielnity of Eiats oD.C. 20546

5. Location of Legal Description

courthouse, registry of deeds, atc. Wational Aeronautics and Spaco haministration (IASR)

sireel & number Fzal Property Management pEfico Code MNG

D.C. 20546

eity, Town mWasnington state

6. Representation in Existing Surveys

tite Mome has this property been detsrmined eligible? . yes .. no

datm _ federal .__ wate _ county ____ i-cal

T

dapnsituw_l'ur survey records

city, tawn stnle |




7. Description

Cordition Check one Check ons

_% excellent —__ ceteriprated  ____ unaliered _X_gtiginal slte

—_ good 1Y -%_ shsred — . moved dawe _ 1231
—. lair —— umaxponed

Dwncribe the preasant and ariginal (if known) physical appaarance

The Full Scale Tunnel is in building 643 in the Bast Area of Langley Research
Caencer .

The general arrangement cf the Full Scale Tunnel is shown in Appendix 1 at
the rear of this report, The tunnel is a double return flow type with an
apen throat having a horlzontal dimenslon of A0 feet and a vertical dimension
of 30 feet. On either side of the teat chamber is a return passage 50 feet
wide, with a height varyiug from 46 to 72 feet. The entire equipment is
housed in the structure, the outslde walls of which serve as the cuter walls
af the return passages. The over-all length of the tunnel is 434 feet by 222
feet and the maximum height 1s 97 feet, The framework is on structural steel
and rthe walls and roof are of 5/l6-inch corrugated cement asbestos sheets.
The entrance and exlt cones are constructed of 2-inch wogd planking, attached
to a steel frame and covered cn the inside with galvanized gheet metal as
protection against fire.l

The test section in the open threat 1s 30 feet high and 60 feet wide and can
accommodate airplanes or models having spans to sbout 40 feet., The tunnel is
powered by two four~blade, 35.5 foot dilameter fans, each driven by a 4000-
horsepower electric motor. Alrflew from the dual propellers is split right
and left inte two streams; doubling back between the test pection and the
building's wall, the streams are reunited prior to entering the throat of the
test section.

The maximum air-speed of the tunmnel is about 100 mph. When this tunnel was
first placed in cperation in 1931, its maximum alr-speed was equal to the fop
speed of many ailrplanes thea flying. Since then, not euly has the maximum
speed of airplanes far gurpaszsed that of the tunnel, but tramsonic and supei-—
sonic airplanes operate in realms Inte which low—-speed data camnot be extrap—
olated. The design of these alrplanes, however, has required wing shapes and
girfoil sections that sometimes Tesult In poor low speed characterlstics.

The Full Scale Tunnel is well sulted fo igvestigate means of alleviating
these low speed problems because full or large scale hardware can be used,
angd the model or alrplane is readily accessible.Z

In additicon te the testing capabilities of extensive flow measurement and
visualization for large scale-models, the tunnel is eguippaed with shielded
struts for six-component scale balance ceating, and can a2lso be used for
free—flipght testing of subscale models. These tests are particularly suited
to the study of high-angle—of-attack flight dynamies for advanced fighter
configurations.

The Full Scale Tunpel was upgraded In 1973 and is scheduled to be upgraded in
1984, Work in both cases primarily involved work done on the electric motors
that power the fans, AU the current time, principal research for this facility
is directed at the study of the low-speed aerodynamics, static and dynamic
stability =nd control, and associated flow characteristics of wmilitary,

general aviation, and commuter aireraft.%
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i. Name
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2. Location
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4. Owner of Property

AAME Mat.iomal Aeronautics and Space Adminisbrariopn (MASHD

streel & numbar

city, town Hashington . Wheinhy of state D.C.  2084€

5. Location of Lega! Description

courouae, regiatry of deeds, mic. Mational Asrondutics and Space hdministration (HASH)

street & numbar riral lUroeceorty Management Office Code WEG

Eity. tawn Tiensdy s rghdan state  D.T. 05 46

6. Representation in Existing Surveys

ttie Historic pProgerties Heopore {Draft) has thiz property boen determined eligible? . yew PO
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7. Description

Condiion Check one Chath ana

A axcallent —— dateriorated X unaltered —=L_ original slte .
— oad ST Y — Aiterad —— oved date

— fair — unaxpossd

Describe the presant and aviginal (H known) phyalcal sappasrance

The Heutral Buovancy Simulator 1s In Building 4705 at the Marshall Space Flight
Center in Hunteville, Alabzma, A large water tank, 75 feet In diameter and 40
feet deep 16 the heert of the simulator. The water within cthe simulator is
teaperature centrolled, contloucusly recirculated, and filtered, There are
four obhservation levels with portholes toe view activities wichin the asimulacor.
An elevator serves all four cbservatlon levels. Special systems are integracted
into the tank for underwater gudic and vides, pressure—-suit environmemtal
cantral, and emergency vescue and treatment. Life support is simulbaneocusly
provided by these systems for up te four pressure-guited subjecta, Additionsl
systems include date acquisitlon and recording, underwater lighting, speclal
underwater pneumatic and electrical power coperations of motor , valves, controls,
and indicators that are required for high fidelity, and functional engloeering
perokaps and trailnecs,

Adjacent £o the Meutrazl Buoyancy Siwmulator is a completely equipped rest control
arez for directing, controlling, and monltoriog simulation accivicies in the
Neutral Buoyancy Simulater. An annex contains the éperating crew dreassing and
shower area.




. Significance

i Aroas of 8lgnificance—Check mnd justity beiow
- pishistoric ____ archeology-prehintoric _ communiy planning . landacape azchiteciure redlgion
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—__invention _X_ gthar (specity)
Space BExploration
SpecHic dates 1355-Fresent BuildarArchitest U.5. Army, HASA

Statement of Bignificances {In one parsgraphj

The Neutral Buoyancy Simulator was conskructed in 1935 by the Army at tche
Redstone Arsenal. It was desipgned to provide a simuwlated zero-~gravity
environment in which engineers, designers, and astronaucs could perform, for
extended periods of time, the various pheses of research needed to gain first
hand knowledge concerning design and cperation problems assoclated with working
in the zero-gravity enviromment of space, Because of this capabllity to support
resgarch and testing of cperational technigques and materiels needed to success—
tully performed manned space wmissions the Heutral Buowancy Simulater coneributed
significantly Lo the American manned space program especially Projects Gemini,
dpolle, Skylabk, and the Space Shuttle. The Heutral Buoyancy Simulator is a
facility thar is wonigque within the WASA iaventory of training facilitles.

Urkil the mid-1970s, when an additional facility was conatructed a2t the Jehnson
Space Flight Center to support the Space Shuttle Preogram, this facility was the
only test facility that allowed astronauts to become familiac with che dynamics
of body motion under welghtless conditions.

The WHeutral Buovancy Simulator 1s on the NASA public tour of the Marshall Space
Flight Center and is interpreted to the public.
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Neuwtral Buoyancy Space Simulator

Hunteville, Alabama

NASA

1934

HASA, Marshell Space Flight Center Facilities (Qffice
Exterior View of Heutral Buoyancy Space Simulator
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Beutral Buocyancy Space Simulacor

Funtsville, Alabama

NASA

1971

HaSh, Marshall Space Flight Center Facilities Dffice
Cutawey View of facility
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Neutral Buoyancy Space Slmulartor

Huntseville, Alabama

NASA

1984

MASA, Marshall Space Flight Center Facilities
0ffice

Extericr View of Water Tank







Neutral Bucyancy Space Simulator
Huntsville, ilabama
NASA

1984
NASA, Marshall Space Flight Center Facilities Office

Top of Water Tank
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Neutral Buoyancy Space Simulator
Huntsville, Alsbawa

KABA

1984

NASA, Marshall Space Flighco Center
Facilities Qifice

Interior Yiew of Control Room
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Neurtal EBuoyancy Space Simulator

Huntsville, Alabama

KASA

1940

NASA, Marshzll Space Flight Cencer Facilitles 0ffice
Interior View of Water Tank with astronauwt aad
Euppotrt persocnnsl
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APOLLO HARDWARE TEST FACILITIES

8. Space Envircoment Simulation Laboratery
{Lyndon B. Johnson Space Cecter}







flan in Spage Theme Study

;:‘1‘1"“ 100 Fedsral Agency Homination

United States Department of the Interior . .

National Park Service .Far NP3 usm anly |
National Register of Historic Places racaives
inventory—Nomination Form date emared

Seq instructions in How 1o Complete National Register Forms
Type alt entries—complete applicabie sactions

1. Name
historlc soace Envirpument Simulation Laboratory (SESL)
and:or common Space Environment Simulator Laboratory (SESL]

2. Location

atrast & number Twhdon B, Juhasoh Epace Center — nod for publicatlen
giTy, fown 1OUSTON ___ wicinity o congreasional district
state  LEXAS code 48 county  Barris code 201
3. Classification
Cutngory Swnarship . Siatus Prassnt Usa
__ digtrict - publlc —— otcuplisd . sgriculiure e MUBSLM
. bulldingis) __ privete ____ unottupled — commaercial — park
_&__ struciure w— both — . Wark in prograsy - sducationai __ private residance
— Aite Public Acquisition Accensible —— entertlainment — raligioun
____ ahjact —in procass __X_ yad: rastriclea . govathment - scientiflc
— being conaidarsd — Y88 unreatHcted . Indusiria - transportation
- — military % othar: Tndctive

«+. Owner of Property

name _Heklonal horonautics and Swoace Adminjstration (MASAL

atrgat & number

cily, lown washingl.om _ vicinity of sitate D.C. 255046

5. Location of Legal Description

rﬂuﬂhnuaa, repistry of dowds, etc. Hatinnal Aeronuatics and Spaco Administration (WasAl

street & number Real Fromesby Hanagement Office Code WX

Sity. town Wasninghon stata D-C. 20546

6. Representation in Existing Surveys

title Hoine has this property been detormined eligible? . yes .. 1o

tate ‘ _ _tederal ___ siata ___ county . local

depasitory for aurvey recorda

cily. town sale




7. Description

Condltian Chack one Lhack one

*__ exceliant — deteriorated  _X__ unaibered _E . originai sits

— good —— tulna — ahered —  mowed  date
— Imir — unaxY pedud

Describe the presant snd original {f known) physicH sppearance

The Space Euvitonment Simulation Laboratory (SESL) is in building 32 at the
Lyndon H. Johnson Space Center {JSC} in Housten, Texas. The SESL contains
twoe large man-rated chambers, Instrumentaticn and data pystems, and support
facilities,

Chamber A iz the largest of the JSC thermal-vacuum test facilitles. Its usable
test volume and high-fidelity space simulation capabllities are adaptable to
thermal-vacuum tests of a wide varlety of test articles.

The mapor structural elements of the chamber are the rotatable floor, the 40
fovt diameter access door, and the dual manlecks at the floor level and at the
3l foor level.

The chamber £loor, which is 45 feet in diameter, can be rotated by manual
control + LBO® about its vertical axis at eontinuously variable angular
velocities up to a maximum of 0.8 Tpm.

Test articles are normally inserted into the chamber by means of overhead
cranes and a doily and track structure that extends from the high-bay area into
the chamber. Twe (00,000 1b cranes are used outside the chamber and four
Independently operated 50,000 1b cranegs, lowered Chrough removable sections of
the top head, are employed inside the chamber,

The dual manlocks provide a means for the test crew to move frow ambient air
prosfsure Lo the thermal=vacuws environment and back. They also provide for the
mzintenance of resgue crewmen at convenfent intermedizte pregsures during
“anned Lest operatiens. When the loner door is bolted, either of rhe manlocks
can be used as an altitude chamber for independent tests.

In Chamber A, a test article can be irradiated frow either the top or the side
with lilgh-fidellty solar simulation. The solar simulation modules can ba
arcanged in varicus dimenslonal cenfigurations to meet most requirements,

This chamber can also generate thermal plasmas siwulating thome found in low
Earel ovbic,

Chamber B, the smaller man-rated chamber, has the same hasic capability as
Chamber A and can accommodate a variety of smaller scale tests more economically
aed with faster respanse. Hajor structural elements of the chamker are the
removable top head, the fixed chamber floor, and a dual manlock at the floor
level,

The load-bearing floor area is 20 feet in diameter and will Support a concentric
luad of 75,000 1b,

Twe relling bridge cranes with a capacity of 100 000 1b. are used Lo remove the
chamber top and to ingert targe test articles,
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Tug gual manlogk provides easr access to the rest articles as well ag a means
Al fvansporLing Tesl crewszen td the test eavirenment and back during manned
tests. The man.ock can ailss e 2sed as an altitude chamber for indspendent
tzsts. In addizion, one canlock is equipped with a water deluge system and
arher fearutes that permit its use far wanned operations with oxygfen-rich
residusl atmosgheres.

& sclar simuiacinre array, Sounted on the top head, is amedular in design te
faz:litate zharges in location and beam size to accommogate tesl reguirements,

Tne solsr siculation modules ate an-azis withk wenon Lamp sources. The source
arz callection opiics are Sutside the chamber, with the collisating optics
inside the chamber. Sclar incident angles other than vertical canm te achievec
3w installing mirrors in the chadber to redirect the solar beam.?

1

wlv Chamsers A and 3 are witnin the boundary of the Nationai Histeric Landmark.



8. Significance

Parviod Areay of Signficance—Chack and justiy below

___ prehistoric ____ archealogy-prehistoric _ communhy pianning  ___ landscape archilacture ____ rellgian

___ 14007499 __ archeoipgy-historic o conservallon L e Stlence

_ .. 1500-1599 ___ agricaltuore e BEONOMICE . lTTEratUre N mu!ptufe

_.— 16001599 . architecture — aducation — military — spciak

17001799 sl X _ engineering . music humanitarian

___ 18D0—1EBSE . . commarce —— explorstion/settement ____ phllozophy — tresalar

90— — communicailons ___ industry ___ paliticergovernment  ___ trangpartation
. irwermlon A aiher [specily)

e Exuloration
Spucific dules I1G3-~Frazent Builder:Architecl HASH ~

Lintemant of Signiticances {In one paragraph)

The Space Environment Simulation Laboratory (SESL) has a significant assoclation
wilh the manned spacecraft program of the United States, The SESL was designed,
built, and used to condect thermal-vacuum testing for all Uniced States manned
spacecraft of the apollo-era, The large size of both chambers ia the 3ESL

meant that Full scale Flight hardware could be tested Eor a varlety of design
and development problems invelving such factors as operatiog remperatures,

Fluid leak rates, changes in absorptive or emissive propetties of thermal
coatings antd other materfals, This testlng was absolutely essential to man
tate tlight hardware, The safety of the astronauts and the success of the
nanned space program depended on informakion that resulted from these tests in
Lhe SESL.

Since it way constructed in 1965, the SESL bas tested all Apollo command and
survice modules, Apollo lunar modules, spacesuits for extra-vehicular activity,
the SkytabfApolleo telescope mount system, varicus Space Shuttle systems, Che
ApollofSoyuz docking module, and various large scale scvientific satellite
systems such as rhe parabolic veflector subsystem of the Applications Techaulogy
Satellite. The thermal vacuum testing done at the 3ESL since 1965 has been a
significant factor contribuking to the success of both the manned and usmanned
space progran of Che Tniced States,
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9. Major Bibliographical References

. See continudtion sheets
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10. Geographical Data

Acraage of nominated property __Tass than ] acore
Guadrangle npme __LE3gue ity Guadrangle scate _.1:24,900
UMT Referencen
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Yerbal boundary description and justitication
Vi batedary of bthe Hpace Environgental Simulation Laboratory is defined by tho
nutzide perimoircrs of bpoth Chammers A and B located within Building 32 at the

Tymdon B Johnson Ypace Centor.

Linl ail statey and countles for propertiss ovariapping state or county baundaries

slata code county code

i

: slala coda COUNTY cogla

: .1 1. Form Prepared By
hamaditie  Haeec AL Butowsey
argnization  dational Bark Serviog . date 5. 15, 1984 i
wiree: & numbear  Divisicn of History telaphone (202} 343-BI&H _
chy or town washinguon, p.,o. 20240 siate

12. State Historic Preservation Officer Certification

Tha gvaiuated signiticance of this property witnin the stale is:

— natlenal ____siaie —— logal

: A3 the designatad State Historic Preservation Ofticer lor the National Hisisric Preservation Act of 1966 {Pubiic Law 89—
| Bt3), | heretry nominate 1his property for inclustosn in the Nalional Reglster and certify that it has been avaluated
l acconding to the criteria angd pratedures sel forlh by the Kationat Park Service.

Stute Higtorin Praservation Dfficer signature

e daie

For HPS use only
| hereby carlity that this properly is ingluded in the Hational Aeglster

data

' . Keeper of the Mationgl Register

I Atasts date

Chief of Registration
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Spdace Envirgnmental Simulation Laboratory Chamber A

22730 KG HOISTi TYPICAL FOR 4

SERVICE PLATFORM
ELEVATION 29.6M

YIE'W PORT OPENING
(TYRICALD

T v CAMERA

HE CRYO-
PUMPING PANEL S

LHp HEAT SINK

SPACECRAFT UTWITY POLE

/"-"-"' BOCR DIA 12 2M
PLATFORM ELEVATION 9.5M

! SIDE SOLAR COLLIMATDRS
SERVICE MORULE

P BASE ASSEMBALY

ELEVATION CM
REPRESSURIZATION DIFFUSER

PRESSURIZATION PLENUM
LUNAR PLAME

Source:  Technical Facilities Catdlog Vol 11, 1974, p. 8-103,




Space Environmental Simulation Laboratory Chamber

SoLAR SIMULATOR MODULES = REMOWABLE HEAD

Ny SHROLBS
FOLD W1 RROR

CONF |GURED FOR EXTRAVEHICULAR MOBYLITY UNIT - LUNAR GUALIFLCATION

sourscer  Techmical Facilities Catalep Vel. 11, 1974, p. 8-107,

MAK LOCKS



Space Environment Simulation Laboratory
Houstoen, Texas

RASA

1976

MASA, Houston Public Affalrs Qffice
Exterior ¥ilew of Chamber A




3
a
2
8
@
i

TICLA

v

N M TN Rt




Space Enviromment Simulation Laboratory

Houston, Texas

NASA

1968

NASA, Houston Public Affaivs Office

Interior View of Chamber A with Apollo Spacecraft
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Space Environment Simulzation Labaratory

Houston, Texas

HASA

1969

NASA, Houston Publie Affairs Office

High-angle interior view of Chamber & showing three
agtronauts preparing to enter Apello Spacecrafe, 2TV-1.
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Space Eavircnment gimzlation Labocatory
Houston, Texas

NASA

1969
HASA, Houston Publie Affairs (fflce

Astronaut James B. Irwin entering Lupar Module
Test Article-8 in Chamber B
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20.

UNMANNED SPACECRAFT TEST FACILITIES

Spacecraft Magnetic Test Facility (Goddard Space
Flight Center}

Twenty-Five Foot Space 5imulacer (Jet Propulsiocn
Laboratory)
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1. Name

higtoric Avvitnade Oontrol Test Faocility

and:or COMmEaH Snmacecraft Magnetic Test Facility

2. Location

streel & numbar Goadard Space Flight Centep —— not for publication
wiTy, 1owWn Croonbelt — ¥lcinity od congreasional district
atate  Mar¥land code 24 county Prince Gonrges code (333
. [

3. Classification
Calsgary Ownarzhip . Siatus Frasent Use
___ datrigt __A publiz T —— sgricufilurg —— Museum
— building(a) ——— privata — unoccuped — — commarcial .,
A atructure — both — Wotk In progresa — wducetional —— private reskdence
. Publlc Aocquisliilon Accassible —— erertalnment = faligious
____object — |n pracess _X . yms: rentricted _X. governmant X wehntilc

___. being conshhared e YU wNAMRtricred —— Inaystrisd —__ tranaponation

. no Y & ofher. srace
Exploration

4. Owner of Property

aame  Mational derosautics and Space Administration {NASA)

airest & number

city, towes  Washington — wiginity of atel® p. o, 20845

5. Location of Legal Description

sourthoude, regigtry of deads, etc.  Mational Aeronautics and Space Administration (MASA}

Elrent & mmier Tral Prowperty Management Office Code WNXG

. washingto
city, wn Hren

6. Representation in Existing Surveys

state L[.C. 20546

tilte N han Hhis property been determined shigthis? ___yex ___ no
date — lwederal ____ sate ___ county __ local

depository far survey records

Ciby, Town o slala




7. Description

Conddition Chack one Cheack one

_x_ excailant _ deterlorgled 3 unaltgred _K_ original sl

e pood — ruins o Atared . foged date __
. talr e Unexposed

Dascriby the present snd originst {If Lnown] physical appesrance

The Spacecraft Magnetlc Test Facllity was built in 1966 and consists of a

60-foot square building constructed of nonmagnetic materials, which contains a
47-foot-diameter c¢oil system. The coll, a4 3-axis Braunbek system of 4 loops on
cach axis, provides cancellation of the earth's magnetic fleld over the central
6-foot-diameter spherical volume, uniform te 0.001% and stable to a half nanctesia.
Geomagnetic fluctuations up to 16 Gz and + 750 nanoteslas are eliminated by
automatle servo-control from 2 remotely-located rubidium magnetometers. The

coil can generate a stable artificial field from zerp to 60,000 nanoteslas in
steps of 0.l nanotesla. The arcificial magnetic wveckor can ba rotated about

any axis at rates of zero to 100 rad/sec.

Accessories include nonmagnetlc tracks and dollies to transport the test item

ia and out of the coil system, and an 8 foot—diameter powered turntable at the
coil center for positioning the test item, % fogt-5 inch Helmholtz ceils to
provide dc and ac field exposure up o 50 x 1074 tesla for perm and deperm
treatment, and a sengitive nommagnetic torquemeter capable of measuring magnetic
torques of 10 x 10~7 Mo on test items weighing up to 4000 kg.

The coil building is abour 2 miles east of tha Goddard Space Flight Center.
Accesa 1s through a truck lock with doors 14 feet by 15 feet high. Haterial .

handiing is accomplished with a 3~tom monorail hoist in the truck lock and
5000-pound-capacity fixed locatien noists on the coil center line and outside
the coil. The ecoll has a 10 foot-3 inch square opening and a clear interior
work space 25 feer in diamecter x 17 feet—6 inches high. The coil building is
air-condirioned to maintain the dew point =t 50°F or less. Gleanliness 1=
maintained by passing all air introduced into the bullding through a bank of
HePA (high-efficiency particulate air) filters. A recirculating air system to

maintain a higher degree ot contamination control 1n the work apace is available.l



8. Significance

Arens of Bignificance—Check and justity helow

rehistorle ___ archeology-prehistoric . community planning ___ landscape architeciure___ religion
14001499  ____ archealogy-historic __.. consarvation _ tew — science
___1500-1589 __ agriculture ____ economlics — . literature — — sculpiure
__ 1800-1699 __ . architectura —— educaton — miliary —— social’
. 1TOO-1i98 . art X engineering —_ muskc humanitarian
____1AD0-1899 __ commerce ____ explaoration/sattomant philosophny —— themar
_% 1900 ____ communicationa — Industry ___ polllica’government ___. transportatian

___ Ilavertion _X _ other (specily)

Space Exploratiom

Specific dates  196b-Fresent Bulldsr Architect NASA

Statemant of Significance ({in one paragraph|

The Spacecraft Magnetlc Test facility is the only facility in NASA's

inventory that wakes It possible ro deterping and to winimize the magnetic
movement of even the largest unmanned spacecraft and observatories and

thereby reduce unwanted torques due fo the interaction of magnetic movement
with magnetic vector, The limited evaluation of magnetlc control systems 13
also possible as is the fimal ecalibration of precision flight magnetomweters in

orbital configuratinn.2

Without the use of the Spacecraft Magnetic Test facility and lnformation it
provides in the testing of large statellltes, the United States would be unable
to succesafully orbit and maintain the large varlety of satellites that have
provided inforwation vn weather, communications, earth rescurces and many other
Fields. The use and operation of this facility is esgential to the continuing
success of the American Manned and Unmanned Space program. The Spacecraft
Magnecic Test facility is unique and is not replicated anywhere else in the

United States.
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and Space Administration, October, 1974}, p+ 5-15.
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and Space Administration, March, 1967), pp. 7-16, 7-17.
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9. Major Bibliographical References

Spe cohntinuation sheets

10. Geographical Data

Acrewge of nominatad property . Less than 1 acrg

Quadrangle namg __Laureld Quadrangie scale _1:24,{00
UMT Referances
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¥Yergal boundary description and justification

Tne houndary of the Spacecraft Magnetic Test Facility is defined by the outside
perimeter of building 310-20 at Ehe Goddard Space Flight Center.

List all states and counties lor propertiss averlapping state or county boundariss

wintm coge county code

slate coge county cn{::lu .

11. Form Prepared By

namatithe Harry A. Butowsky

organization Mational Park Service date May 15, 1484
atrest & number Division of History telephone . (202) 343-B168
clty or tawn wWashington, P.C. 20240 state

12. State Historic Preservation Officer Certification

The evaiuated significance of this property withla the stata Is:

__. nationa! __ . sime - locat _

A3 the designated State Mistoric Pregervation Ofiear jor tha National Historic Preservation Act of 1866 (Publlc Law 89—
655), | hereby nominate this preperty lor inclusion in T Matiorat Reglater and cartify that i has been svaluated
according to the criteria and procedures set forth by the Natlonal Park Servlce.

Siam Historic Preservation Oficer signature - .

tltle antm
For NPE usa only
! herehy certify that this preperty is included In the Mational Register .
derbe
Keeper at the Maticnal Register
Attesat: dmia
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$pacecraft Magnetfic Test Facllity
Greenbelt, Maryland
HASA

1965
MASA, Goddard Space Flight Center Facilities Office

Exterior Yiew of Spacecraft Magnetic Teat Facility
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Spacectaft Magnetic Test Facllity
Greepbelt, Maryland
HASA

1971
MASA, Godderd Space Plight Center Factlities Office

Cutaway View of Spacecraft Magnetic Test Faclility
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Spacecraft Magnetic Teat Facllity

Greenbelt, Maryland

KASA

1971

NASA, Codderd Space Flight Center Facllities Office
Interior View of Spacecraft Magnetic Teat Facility
showing Lunar Rover Vehicle Test
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1. Name

historia Twenty-Five Foot Space Simulator

and/or camman Twenty-Five Foot Space Simulator

2. Location

street & numbar  JeL F ropulsion Lahortory —__ not lor publication
city, town  ©headana — vicinlty of cangrevsional district
siate California - G county Laos Angeles coda 37
3. Classification
Catagary Ownarshlp . Sintus Prossnt Uss
. district _ % public —__ occupied — uqgricutiure T T
building(s) ___ private e WSCEUE L —_— i

_K structure  __ both e Wik [0 progresy T — privats renidenca
— Site Publlc Acguisiion Accussible — arbartalnmeed — ratiglous
___ objact e |1y prOTESS _X . you: resinicted _X. . governmnt A aclentifie

. being consderea —— ¥#%: unvantricted — insasrial —— ranaportition

— o —— milHary X odbar: Space
ExplLoration

4. Owner of Property

nams Fational Aercoautics &nd Space Administration (HASA]

strerl & numbar

city, town Wasninuoton — Wieinty of state [,o,  r0S46

5. Location of Legal Description

ﬂnun_tlnuu.rﬁgiitrvufdmm atc. HWaticnal hercnautics and Space Rdministration (HASA}

sireet & numbar Rcal Property Management Qffice Coade NAG

LIty town Washi.ngton stata 0.0, PR

6. Representation in Existing Surveys

‘ title mone has this property beon datarmined afigibie? ___.yes __. 00

-7 ) —— tedermt ___ stape ___ county .. iocal

cepoaitory tor survey recards

CiTY. town - aale




7. Descrigtion

Condltian Chack ona Chack one

_H_ axcellen .. deterioratad . unaitered X original slia
— gooca T — alterad . _moved dalz
— tulr — unaxpased

Describa the pressnt and original (IF known} physical appaarance

The 25-foot Space Simulator is at the Jet Propulsion Laboratory {(JPL} in Pasadena,
califernia. It was built in 1961 to provide high-quality space gimulatrion for
testing spacecraft under conditions of extreme ¢cld, high vacuum, and intense,
highly uniform collimated asclar radiation.l

The 25-foot Space Simulacor chamber is a stainless-steel cylindrical vessel 27
feet in diameter and 85 feet high; a 15-by 25-foot side-opening access door 1is
provided for test-ltem loading. A persoanel door provides entry Chro h the
accass door., The minlmum eperatling pressure of the chamber Is 5 x 177 torT.
The walls znd flovor are lined with thermally opaque aluminum cryogenic shrouds
controlled over a temperature range of -320° to +200°F by liquid or gaseous
nitrogen, The off-axis solar simulation system conslsts of an array of 37

senon 20— to 30-kilowatt coapaclh arc lamps, an integrating iens unic, a penetra-=
tion window, and 3 pne~piece collimator. This provides a simulated solar beam
that is reflected dowm into the test volume by the collimating mirrac, which 1is
temperature controlled with gaseous nitrogen through a range of -100° to +200°F.

The test volume of the Simulator, 20 feet in diameter and 25 feet high, can be
irradiated by a beam of simulated solar energy selected from a varlety of beam
sizes aad intensities, The maximum peam dlameter is 18.5 feet, which can
provide Lntensities up to 2.7 solar constants. With a smaller collimatiag
mircrer and different integrating lens wnit, a 9-foot diameter bean with inten-
sites up to 12 solar constants can pe provided. The spectrut is that of xenon
arc lamps, as modifiled by the simulator optics. A water—coaled deuser 1s
provided to simulate eclipee of the sun.

Tha simulated space enviropment <an be egstablished in about 73 minukes. Test
conditions can be terminated and access praovided to the test item in about 2

1/2? hours.

A 1000—square~foot clean Toom facility is available for test article assembly
and system test prior to environmental testing. An airlock separates the clean

room from the Simulator.

Test article { spacecraft) suspension within the Space Simulator can be provided
by a variety of suppert systems. The chamber has wall-mounted attachment
points at three levels, each capable of a 10,000-pound vertical load. These
points can be used to attach suspension cables or fixed hardware.

The cooled chamber floor has openings that allow support columns fot har dmounted
These columas rest on an igolated seismic mass below the

suppot b sCructure.
Simulator .
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A geosynchronous orbit simulation support system 1s available, providing one
revolution per day with a fast advance and return capsbility and declination

angle change, all possible la a vacuum,

Special test article lcading provislons can be accommnodated, using eltfher a

movable monerall hoist or ramp system within the chamber.

The 25-Foot Space Simulator 1s still in use by HASA and 1s likely to remain in

use for many years Lo cone.



8. Significance

Period Arsas of Significence—Check and juaiity bolow

___ prehistorlc archeology-prehistorie community planning - landacaps architectura___ religion ‘

__ . 14D0-t499 archealogy-historlc ____ consarvation — i — dclence

___1500-1589 ___. agricukture —_ economice — Iterature —_- scuipture

_ 1600-1699 .__ architecture — education . milikary _ . sociali

17001799 ____ant X engineering — muslc humanitarian

13001898 ___ comMmarca — sxploration/geftigment philosaphy . Yheater

_X_1900- ___ communlcations —— Industry —  politics/government trangpartation
___ invantlon A _ ather specily}

Space Exploration
Bpecliic dates 1?61l-Present Builder:Architect NASA

Statamant of Significance (In one paragraph)

The 25-Foot Space Simulator has technological capabilities in simulating the
environment of space and has strong assoclations with the unmanned space

exploration program of the United States.

The 25-Foot Space Simulator is the only NASA facility capable of producing irue
interplanetary conditions of extreme cold, high vacuum, and intense solar
radiation coupled with a 25 foot-test chamber that can accommodate most modern
spacecraft. Tts use of 3 collimating mirror te produce the intense solar
radiation of space was the first system of its type when installed in 19%6.

This ability to creabe a btrue 5S5pace envirenment has led engineers and secientists
from Europe and Japan to study Its many support systems in an actempt to build

similar facilities in those countries.
¢ tested in this facility include Ranger, Surveyor,

Over the years spacecraf
Mar iner, Woyager and other spacecraft. The succesyg of the American space

program in exploring these planets has nat

been replicated by any other vatien.

gne of the reasons for this success is the 25-Foot Space Simalator rhat enables

JPL enginesrs teo teat their spacacraft 1o a true space env

ironment and to locate

and eliminate any problems before launch.
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Footnotes

1, The descriptive wmaterial from this section hag been taken from the
following source, OQur Captive Space-—-JPL Space Slomlator Facilities
(Pasadena, California: Jet Propulsiom Lsboratory, 1980). pp. 2-3.
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9. Major Bibiiographical References

see continsation snoets

10. Geographical Data

Acrsage of nominpled proparty __Lass_than L acre
Quadrargie name _ Di#sadena Quadrangle scale 1:24,000

UMT Reforences

Al ) Blelasd (37085069 o N I T N PR P
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Yerbal houndary description and Justiiication

The bpoundary of the Twenty-Five—Foot Space Simulator is defined by the outside
perimetoer of Building 150 at the Jet Propulsion Laboratory.

List all states and counties for properiles overlapping vitals or county boundarias

state COuhey cOuMy code

COuhy caynty code

.1. Form Prepared By

narmatitle Harey A. Butowsky

organization Mational Park Service date May 15, 1984

sireet & number  Division of Higtory laephone 1202} 343-8168

Washington, D0,C, 20240

city or fown sate

12. State Historic Preservation Officer Certification

The evalumted signiflcancs of this property within the atate |s:

—___natianal 1] _ loccal

Ag the dasignated State Histarle Pregervallon OfHoer for the National Hlatoric Preservation Act of 1888 {Publle Law 89—
5£5], | harehy naminate this property for inglugion {n the Metlonal Register and cerlty ihat it has bean avaluated
according to tha erlieria and proceduras set torth by the Wational Park Service,

State Mistgric Praservation Dﬂmer stgnalure

fitla date

Far NPS use gnly
! herabry cartily that this property ix includend in the Welloned Regioter

date
.(Tem of the National Register |

Attest: vt

Chiet o Reaistration
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Source;

Our Captive Space-JPL Space Simulator Facilities, p,.2
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Twenty—-Five-Foot Space Simulator
Pacadena, California

NASA-JPL

1983

JPL Facilities Qiflce
Exterior View of Twenty-Five-Footr 5pace Simulator
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1. Haﬁj&

historiz Maenareetewss Hagin Speed Tannel

and or Commar gicht~Foot Vrednoonlo Gtanne

2. Location

atrest & numbar (IR WoLANS D A ST LY ] e 3L tOF p&lhﬂﬂﬂk}ﬂ
SN AN I ) - i

iy, to'wn ' — wie ity aof nongressional district

stata Vivaina code =4 county  lampton code S0

3. Classification

Category Swyprohip AT T ITE) Prasont Use

.. digtrict " it b —__ oooupied e AgTiGuiture —_— AU .
—-—- buildingta) . ..., privaie SO 11,1 T 351 T — commearcial —_ park
" alraciure —__ both — work i progimEn - 1 ]4T T e pivALY FAnidance
... site Public Aeguicition Agegunibia — antaralnment — roliginus .
_____ abjact e IO Grocues _ yae: reatricted 2. gurernment e BB

. being considered . YEE unTeRlCTed —— Indusiriad — tranaporiation
—__fno . ity % gthaer; Ahandoned

4. Owner of Property

name et lemii D ZororteAnuiar il sinigns Adiinistration (HASA

street & numbar

city, fown  Hasningnon _ vlchnity o sinte oL, 20346

5. Location of Legal Description

courhouss, registry of deeds, ate,  fatlonai Axvonsuting and speoe Adminlstraflon GASs)

Sirest & nurbmar

oY lawn R RN B T AT slate [ 0 L T

6. Representation in Existing Surveys

HHT] Bomd hzs this propary boan determired eligible? yes r'!...
dats — jeueral ___ stata courty ... local

SEpOAtOry for survey recnrds

Pabyy dome o Wit




8. Significance

od Arpas of Significance—Chasck and juslify below
rehiatoric __ archeology-prehistoric _.__ community planning . landscape architecture ___. religian
F1400-1499 ___ archeology-historic ___ conservation — law &L__ sclence
_ . 1500-1599 _____ ayriculture ____ fcontvnics — literaturg — scuipture
— 1600-1699 ___ architeclure —__. educaticn 2 military ___ social
___1700-179% ___ art % engineering e MUSC humnanitarian
_.. 1800-1689% . __ commerce __ exploration/setllement ____ philosophy — theater
-2 1900~ —__ communications __ industry ___ paliticsigovernment  ____ trangpartation
—— Invention _X_ other (specily}
fevonautical Research
Spacific dates  1235-1936 Bullder Architect JAZA _

Statement of Significancs {in cns paragraph)

The Eight-Foot High Speed Tunmel is a landmack in wind twnnel design. At the
time of the construction of the High Speed Tunnel, -NACA had only two small high
speed tunnels {(the 11" and 24" tunnels) to test aircraft design in speeds
ranging from HMach 0.5 to Mach 0.9. While useful, these small cunnels had bwe
severe limitations. Firsc, the small size of these tuanels meant than cnly
small scale models could be tested. This meant rhat Lest results were suspect
if high Reynolds numbers could not be cbtalped. Second, both tunnels were
powered by the rapid blowdown of the VDT and were thus restricted to tests
lastiag less than a minute.

The Eighr—Focot High Speed Tunnel scolved borh of these problems. It was large
enough to accommodate sizeable Lest models and even complete aircraft parts om
occasion, 1F was alsc a continuous flow tunnel that could operate almost indef-
initely therby giving the engineers sufficient time to run their tests and te
check their test results, For the first time MACA engineers had a regearch tool
thiat could supply high speed test vesults on a large scale.

Qvir the years WACA engineers continued to modify and upgrade the Eight-Foot

hish Speed Tunnel. After the Second World War NACA engineers began to work on
improving wind tunanel performance in the transcnic range {(Mach 0.7 to Mach

1.5}, it had long besn known that airflow within the test section of a transonic
wind tunnel did not represent the acktual conditions of free flight. The prablem
was tha® the natural pattern of airflow in this range is disturbed and alcered

by the egistence of the walls of the tunnel. This problem became severe in the
arza of Mach i and was known as the tunnel choking effect. Until this problem
was solved accurate test results were act possible for transonic tunnels.

Attempts to solve this problem by making smaller models proved unsuccessful
when lower Heynolds numbers were obtained. Attempts to eliminated the walls of
the tunnel in the area of the test section also proved less than satisfactory.
In 1946 Ray Wright a2t Langley analyzed the porentialiries of a partially open
or slotted wind tumnel wall. His results suggested that slots oecupying about
& percent of the wall would closely duplicare free-air conditions.”

This solution was quickly applied to the Eight-Foot High 3peed Tunnel. Ino
February 1950 the tunnel was shut dowm and slotted walls were added fo the test
gection, The concept worked and NACA now had the first wind tunnel in the worid
that would give accurate test results in the Etraesonic range, Since all super-—
sonic alrcraft would have to fly briefly in the transonic range, knowing what
happened to aiveraft in this transicion zone was critical to the supersemlc
Fighters and bombers being planned in the postwar era. The slotted wall concept
was immwediarely put to work testing the next generation of American aircrafr.
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After February 1950 the name of the Eight—Foot High Speed Tunnel was changed to
the Eight-Foot Transonic Tunnel. Before the tunnel was phased out of operation
in 1956 critical tests led to the discovery of the [amous Area Hule which dic—
rated that the fuselage of supersonic aircraft should be constricted where the
wings are attached and then expanded at their trailing edges. This eliminated
the possibiliry of generating strong shock waves behind an aircraft that can
act as a drag on speed.

Many modern wind tunnels are derlved from the technology extended or developed

at Lengley by MACA engineers, The variable Density Tunnel was the world's

first pressurized wind tunnel. The Full Grale Wind Tunnel was exactly that,

full scale and thus able to conduct important drag cleanup tests for modern

aircraft. The Elght—Foot High Speed Tunnel was the first contiruous flow high

speed tunnel able Lo test large models and actual working parta of airplanes.

The addition of the slotted throat design was reveluticmary for its time and

gave accurate wind tunnel data in the transonic range. Many wedern wind tunnels
incarporate some variation of these features of pressure, large scale, high .
speed, continuous flow, and slotted throat design, These three tunnels marked

the emerging technological superiority of the American alrcraft industry. .
After the Second MWorld War this technology was o provide the base upon which

amer {cans would begin to construct rockets that would eventually fly to the

moon and beyond.
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1. Name
hlatorks Dlorecr Doen Space Statlcn
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2. Location

strept & number Goidstone Deep Space Cofmunications Complex —— N for publiication
city, town  Fort Irwin e vigindy of congressional district
e Cornia code D& county San Bernarding code 071
3. Classitication
Category Ownarship . Status Prasent Use
- _#_ publie — oGcuphed — Mgricuftura . MGSEUM

bullding{a} _ privaia ——— UNGCCUE — cmmerchal — . park
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T =ite Publi¢c Acgquisition Accassible — 0T — riglcus
— Obiject ___.In process X yas: restricied L government — ]

.. bRing Condiderad —— yos: unrastricted — indgatHal tranaporiation
e DO e Miittary X _offmr: [nactive

4. Owner of Property

name Maticnal Aceronastics and Space hdministracion (NARSA)

sirpel & numbar

Wasningbon D.CL 28544

city, lown —— wviginity of siabe

5. Location of Legal Description

courthause. reglatry of deeds, 18, yarional Beronautics and Space Administration {HASA)

street & numbar Gedl Froperty Banagemsent Qffice Code NXG

cily. town Washinghon stata .o, 20546

6. Representation in Existing Surveys
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7. Description

Condition Check ohe Chack one

% axcellent __detwrforaled _* uneliered % original site

___ gowod — Fulns —— altered — . moved date —~ —

— fair e UNEAprAeed .

Desariba the pragent and original {H known) physical appearancs

The Ploneer Station (D55 11) was the first deep space station te be constructed
in the NASA Deep Space Network. It was built in 1958 and is at the Goldstone
Decp Space Communications Complex near the northeast tip of Goldstone Dry Lake
approgimately 45 miles nor thwest of Barstow, Califernia.

The Pioneer Skation antenna is a 26-meter large-dianeter, polar mounted,
steerable parabolic dish. The parabolic dish has a surface talerance of
approximately .125 inch and beamwith characteristics {0.L degree) that
permit efficient use of frequencies. from 1 to 3 GHz. The antenna Etructure
was designed for closed logp steeting control. The 26-meter dish surface
was constructed of punched aluminum panels bolted to 2o open steel framework
mounted atop a 62 foot high tower—like polar mount steering mechanism,t

The Pioneer Station antenna was patterned after the radic astronomy antennas
then in use by the Catmegie Institute of Washington and the University of
Michigan. There were significant differences in the design, however. First,
the Ploneer antenna incorporated a closed-loop device for automatically
pointing the antenna at the space probe. The electrical simplicity of a
steerable parabolic raflectar made this a good choice for maintaining
continuous conbtack with the spacecraft. Second, to track the space probe
automatically, the antenna had to possess an electrical feed capable of

urilizing the space probe signal for driving the servo—contrel system. .
Third, the antenna had vo operate without failure for many centinuous hours

and without being impaired by wind or temperature. The siogle significant

feature borrowed from the radio astronomy anteand was the design of the

gear system that meved Che antenna, which was a dual gear arrangement call

an hour angle-declination mount. The axis about which the polar, or hour

angle gear wheel rotated was parallel to the polar axiz of the Earth and

pointed precisely, at Polaris, the Horch Star. This axis provided antenns
movement in an Fast-West directien. The declination gear wheel rotated

about an axis parallel t6 the Earth's equator ( per pendicular to the polar

anis) and enabled the antenna to wove North-South. The gear wheels could

be moved either separately or together. Because spacecraft move much like

a celestial cbhject in space after traveling several thousand miles from

the Earth, it was naturzl to choose a mouat that would steer the antemna

from one horizom to the other at a sidereal rate, thus simplitfying the

pechanical complexity. 4ll of these features were successfully inecorporated

intn the Pioneer Starion antenna. 2

At the present time the Ploneer Station antenna is mothballed and ia & srandby
status. Over the years it has become rechnologically obsolete and other

NASA tracking stations now carry the burden of communicating with the various
aztive space probes.



8. Significance

od Areas of Bignificance—Chack and justify halow i
rahistaric  __ archeotogy-prehistoric . community planning landscape architecture ___. religion ;
1400-149% ___. archeclogy-historic ____ cansarvation e AW X sclence .
.. 1500-159% . agriculture - economics ——— literature e SEUlplure -
__..1600-169% __ architeciure ___ education X mititary ___ social/
e iTOD-1T99  __ art 2 _ engineering __ music humanitarian
__. 13001893 _ __ commarce ... exploraticn/seitlement ___. phiiasaphy — theater
~* 1900~ e Gommunications — industry — pollicsigovernment transportation
___. Invention _X_ other {spetily)
- aeropautical Research
Specitic dates  i535-1956 Builder Architect NACA

Statemant of Significance {In ons paragragh)

The Bight-Foot High Speed Tunnel is a landmark in wiand tunnel design. At the
time of the construction of the Righ Speed Tunmel, ‘NACA had only two small high
speed tuanels {the 11" and 24" tunmels) to test aircraft design in speeds
ranging from Mach 0.5 to Mach 0.9, While useful, these small tunnels had two
severe limitations., First, the small size of these tunnels meant than only
small scale medels could be tested. This meant that test results were suspect
if high Reynolds aumbers could not be obtalned. Second, both tunnels were
powercd by the rapid blowdown of the VDT and were thus restricted to tests
lasting lexs than a minute.

The Eight-Yoot High Speed Tunnel solved both of these problems. It was large

. cnaugh to accommodate sizesble test models and even complete aircraft parts on

ccrasion. 1t was alge a continuous flow tunnel that could operate almost indef-

check their test results, For the first time NACA engineers had a research tool
that could supply high speed test results on & large scale.

. initely therby giving the engineers sufficlent time to run thelr tests and to

Over the years NACA engineers contimued to modify and upgrade the Eight-Foot

High Speed Tunnel, After the Second World War NACA englneers began to work om
jmproving wind tunnel performance in the transenic range {Mach 0.7 to Hach

L.4), It had loag been known that alrflow within the test section of a transonic
wind twnnel 4id nob represent the actual conditionz of free fiight., The problem
was that the natural patzern of airfleow in this range is disturbed and altered
by the existence of the walls of the tunnel. This problem became severe in the
ares of Mach i and was known a3 the tunnel choking effect. Until this problem
was solved aceurate test results were not possible for transonic tunnels.

Attempts te solve this problem by making smaller models proved unsuccessful
when lower Reynolds numbers were obtained. Atbempts to eliminated the walls of
the runnel in the atea of the test section alse proved less than satisfactory.
In 1946 Ray Wright at Langley analyzed the potentialities of a partially open
or slorted wind tunnel wall. His results swggested that slots occcupying about
s percent of the wall would closely duplicate free-air conditions.>?

This soelution was quickly applied to the Eight-Foak High Spead Tunnel. In
February 1950 the tunnel was shut down and slotted walls were added to the test

. section. The coucept worked and NACA now had the first wind tunnel 1n the world

that would give accurate test results in the transonic range. Since all super—
sonic aircratt would have to fly briefly in the transonic range, knowing wihat
happenad to aireraft ipn this transition zone was cricical to the supersonic
fighters and bombers being planned in the postwar era. The glotred wall concept
was immediately put to work testing the next generation of American aircraft.
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ifrer February 1950 the name of the Eight-Faot High Speed Tunnel was changed to
the Eight-Foot Transonic Tunnel. Before the tunmel was phased out of operation
in 1956 critical tests led to the discovery of the famous Area Rule which dic—
rated that the fuselage of supersonic airecraft should be constricted wiere che
wings are attached and then expanded at their trailing edges. This eliminated
the possibllity of generating strong chock waves behind an aircrafc that can

act as a drag on speed.

Many modern wind tunnels are derived from the technology extended or developed
at Langley by WACA enginmers., The Variable Density Tunnel was the world's
First pressurlized wind tunnel. The ¥ull Scale Wind Tunnel wae exactly that,
full scale and thus able to conduct ifwportant drag cleanup tesls for modern
aircraft. The Eipht-Foot High Speed Tunnel was the first continuous flow high
speed tuanel able to test large models and actual working parts of airplanes.
The addition of the slotted throat design was revelutionary for its time and

gave accurate wind tuanel data in the transonic range. Many wodern wind tunnels
incorporate some wvariation of these features of pressure, large scale, high .
spead, coatinugus flow, and slotted throat design. These tiree tuanels marked

the emerging technolegieal superiority of the American aircraft industry. .
After the Second World War this technology was LO provide the base upon which

Americans would begin to construck rockets that would eventually fly to the
moon and beyand.
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Footnotas

1., Information taken for the description of the Spacecraft Propuleion Research
Faciltity was derived from the followlng sources:

Flum Brook Statlce (Cleveland, Ghic: Lewis Research Center, Mo Date), p.lé&.

Spacecraft Propulsion Research Facility “B-2" (Cleveland, Ohio: Lewis Research
Center , May 1572}, pp. 1-17.

Technical Facilities Catalogue Vol. 1 {Washington, D}.C.: Natlonal AeronauLics

. and Space Administration, 1974), pp. 4-89., 4-90.
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HASA, Langley Research Center Archives
. Interior view of test section with Vought 03U-1
Alr plane

1. Full Scale Tunnel
2, Hampton, Virginia
3. HNACA

4, 193]
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Full Scale Tunnel

Hampton, Virginia

HACA

1950

KASA, Tangley Eesearch Center Archives
Interior view of test sectiom with submarine
Albacore
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Full Scale Tunnel

Hampton, Virginis

NASA

19478

NABA, Langley BEesearch Center Facilities Office
Modern interlor view of test section







Pull Scale Tunmel

Hampton, Virginia

NASA

1983

HASA, Langley Research Center Pacilities Qffice
Modern view of the twoe four-blade fans that
power che Full Seale Tupnel




T

TRy Sl




Full Scale Tummel

Hampton, VYirginia

RaSA

1581

HaSA, Langley Research Center Facllizies O0ffice
Exterior view







2.
3.
4,
5.
B

Twenty-Five-Fopt Space Simulator

Pasadena, Callfornis

HASA-JPL

1981

JPL Facilities Offlcw

Interior View of Twenty-Five-Foot Space Simulator
with test article
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TRACKING STATIONS

Ploneer Deep Space Station (Goldstaone
Tracking Station)









tmitary Plan Wind Tunnel

Moffett Field, California

HASA

1984

WASA, Ames Research Center Facllities Office
Exterior view — The Unitary Plan Wind Tummel is
in the center of the photograph
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ROCKET ENGINE DEVELOPMENT FACILITIES

Rocket Englne Test Facility (Lewis Besearch Center)
Zero-Gravicy Research Facility {Lewis)

Spacecraft Propulsion Research Facility
(LeRC Flum Brock Operations Divisiom}
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1. Name

historle RBockoet Engine Uost Facility

andior sommof Rockel Progulsion Test Facility

2. Location

streat & number '€wis Research Center ___ nal for publication
city, lown  C1ovetasd ___ vicinity of congtesasional district
state TLC coce counry CUyahoga cooe 237
3. Classification
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4. Owner of Property

street & number

erty, town  Wastington — wiciniry of slate D.C. 20940

5. Location of Legal Description

courhause, registry of desds, etc. sational Asronautics and Spacc Admicistration (HRSA)

stresl & rumber Real Property Manaagement DfLloe Code NMEG

Wasn! ngton .C.  2134h

City lowny siaie

6. Representation in Existing Surveys

tite  wone has this property been determined eiigibla? ___ yes . .no

date ___ federal ___state ___ county __._ local

T

depository tor survey records

¢ity, town slate




7. Description

CondHition Check one Chack sne

A axcellent ___ deteriorated ___ unaitered x— original sils

__ good ___tuins A ahered . _moved  date _ .
__ Tair — Unexposed

Describe the prasent and original (it known} physical appsarance

The Rocket Engine Test Facility (RETF) Complex is an integrated stand-alone
test facility dedicated to the testing of full scale Tocket thrust chambers.
The complex is at the south end of the Lewiz Research Center {LeRC), Cleveland,
Ohic, aud occuples approximately ten acres of land. The complex includes Ltwo
major buildings with extensive support services. The RETF {Building 202} i=s
used for sea level testing of wvertically mounted rocket thrust chambers and
space simulation testing of horizontally mounted racket engines. The Rocket
Operations Building (ROB)} (Building LGO) is located one-quarter mile aorth of
RETF and contains the facility remocte contral room, & shop area, and general
office space. This unique test complex has high pressure capabilities, the
ability to test with a wide varlety of rocket propellants, and space simulaclon
capabilities for large area ratlo rocket nozzle tests.

The RETF was completed in the fall of 1937 at a cost of 52-1/2 million Lo test
hydrogen—fluorine and hydrogen-oxygen rocket thrust chambers. The faciliCy
test capabilities have been significantly upgraded since ir was built.

Facility Systems

The RETF cunsists of a 1323 square foot test cell containing two test stands,
pressurlzed propellant run tanks and propellant flow line systems, and 4 rocket
cxhaust gas treatment combination gerubber and silencing muffler. A 4800
squate foot shop service building and 16 large volume high pressure {4000 Lo
6000 psi) gas sterage hottles are adjacent Lo the test cell. The suppott
systems include permanent on-site bulk storage dewars for cryagenic liquid
hydrogen, liguid oxygen, and liquid nitrogen and a large water reservoir; all
ire connected to the test cell by permanent pipelines. Four small buildings
inciuding a pump house, helium cOmpressor shelter, liguid hydrogen pump—
vaporizer shelter, and an observation blockhouse are part of the test complex.

Boch the kigh thrust {20,000 b} vertical test stand and the low thrust (to

1000 1b)} horizontal stand exhausts discharge into the common scrubber muffler
system for toxicity and gound caontrol, The scrubber system and facility founda-
tions are designed to accommodate rocket engines up to 100,000 lb. thrust while
the present engine mounting and plumbing, controls and lnstrumentation limic
resting to a maximum of 20,000 ib. thrust. The scrubber system consists of a
100-foot long borizontal tanmk, 25 feet in diameter containing six water apray
banks connected te a vertical stack 20 feet in diameter (which necks down to 6
Feer in diamenter)} by 118 feet high. During a run, water from the reservoir
tank flows to the exhaust scrubber ar a rate of 50,000 gallons per minute. The
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hot gases, emerging from the rocket nozzle at velocities of agQl to 12,000 fect
per second and temperatures of about 6OO0U°F, are met with a drenching spray of
water and guickly cooled to steam temperature and slowed to a velocity of about
25 feet per second. Addicional water sprays condense the steam, and noncondan-
sable exhaust gas emerges from the stack below 160°F and a velocity of about 20
feet per second. Water from the scrubber is ducted to a detention cank for
treatment and then discharged to the ground water sysLem.

The 1984 modificatlons provide a space simulation test capability for the study

of extremely large area ratlo nozzles {to 1000:1) on smzll, low Lhrust rochket
engines. The modifications include a large vacuum tank which houses tha Togket
engine, a long, water cooled diffuser section into which the hot engine exhaust

is fuaneled, an inter—cooler for cooling the exhaust gases, and two gas egjectors

to provide the pumplng necessary to maintain the low vacuum environment dur ing
cesting.

Nine individual propellant sySLems compr ised of run dewars and taaks with
working pressure rangiog from 1500 to 6000 psi are operational and permancntly
counected to the test stands with stainless steel, vacuum, oOT ligquid nitrogen
jacketed plpelines. These systems provide the capability Lo Lest the thrust
chamber without the need for high pressure rocker turbomachinery aad pamps.
The separate propellant systemns are integrated to support a particular rocket
technelogy program on an as—required basis. Hydrauvlic, variable position

valves control hoth the pressurant gas flow to the run tanks and the prapeliacnt

flow to the rocket chambers under Eests.

The primary liquid hydrogen, liguid oxygen, cooling water, and hydrocarbon
propellant systems are rated at 5000 psl working pressure. Currently, gzsecus
hydrogen at 4000 psi, gaseous helium at 6000 psi, and gaseous nitrogen at 3000

psi are being stored. & nominal 500,000-gallon water storage rogervoly supplies

the scrubber and muffler as well as pruviding a source of water for the 630

gal/min and 1400 gal/min (at 450 psi) pumps and for cooling the recket altitnde

simulation system. On-site bulk storage of liquid nikrcgen {28,000 gallons)

liquid oxygen (2,000 gallons}, and liquld hydrogen (18,000 galions} support the

Rocket Engine Test Faeilirty. On-site gas- pumping equipment in service at RETF
supply gZaseous hydrogen at 4000 psi, gaseous helium {autpmated) at 6000 psi,
and gaseous nilrogen {automakced) at 3000 psi to rhe varlous gas hottle tarms.

A flare stack, at the top of the scrubber stack, provides the facillty with the

capability for open afr burnoff of non-regenerative hydrogen, discharged from
thrust chambers at rates up to 3 pounds per second .
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In the test cell integral CO; and water deluge fire suppression systems and
strateglcally located concrete blast walls aid ia damage control if a rocket
champer fails under test. MHydrogen gas detectors are throughout the facility
to warn of potentially hazardous hydrogen laaks.

control and Instrumentation

The RETF test stands are remotely controlled from the well equipped control
roow in ROB. Manual, autcmztic timed, and computer electrical units control

the facility justrumentation, data acquisition, hydraulic servo systems, valve

operation, and the rocket engine operation from that location. $Solid state,

programmable flow controllers and sequence timers provide automatic propellant

flow control, remote sequence ciming, and automatic preamissive and cut—-off

cuntrol for the rocker engine under tests. Fagillty safety monitoriog iz also

provided.

Data are processed through a 900 channel high speed (31K Hz) digicizer
multiplexer data acquisition system and fed by a direct digital data link

to the Lewis Research Center cemtral data system (IBM 3033 TS§ and Cray 1-S
computers), This system provides on-line data reduction capabilitles LoO the
contral coot via hardeopy terminals and CRTs located at ROB, Analog data
syatems provide "quick look™ test data through four ggcillograph recorders.

System presyures are displayed on panel meters in the control room for facility

. -mote control. Closed circuit television systems and a gsound monitoring

systen provide real time data necessary for the remote control of rocket tests.

4 facility intercommunication system, and emergency compunication systed, and
two independent telephone systems all provide the communications network
necessary For safe rocket test cperations.




8. Significance

Pariod Areas of Signilicance—Check and jusiify below

___ prenistorlc  ___ archeology-prehisioric ___ communlty pianning . landscape architeciura ___ religion

—__1a00-1a99 ____ archeology-hisboric ___ cOnBaTYation —_law X sclence

. 15001560 __ agriculture —— eConomice ~ — Wumrature ___ peuipiure

_.. 1600-16%8 ___ architecture —— wducstion — - miiiary . — socia¥

___1700~1799 _ _art _i_ sngineering ___ muslc humanitarian

__. 18001899 .__ commerce ___ wxploration/settiement . phllgsophy — - \heater

2 1a00- ___communications — Industry __ politicaigovemment . transportation
—— invention _X__ other {specity)

—_ Space Exploratlan

Spacific dates 1957-Present BullderArchitect NACA

Sisismant of Signiiicance (in one paragraph)

The Rocket Engine Test Facility (RETF) 1s nationally sipnificant because af its
contribution in the development of the lighwelght, regeneratively cooled hydrogen
engine, The RETF was built in 1956 by the National Advisory Committee for
Aeronautics (HACA) at the Lewis Hesearch Center for the purpose of sea level
testing of vertically—mounted rocket engines. The congtruction and use of the
RETF was the next logical step in the continuing mission of the Lewis Hesearch
Center in the field of aircraft propulslion systems.

The Lewls BResearch Center was from the beginning of its history a propulsion
center for the Narional Advisory Committee for Aeronautics. It was from this
early work which bridged the tramsition fraom reciprocating engines to newer gas
turbine jet engines that Lewl: made its early mark for NACA. In the years
immediately before the creation of NASA inm 1958 technical personnal at lewis
begin to experiment with the pessibilities of using hydrogen as a rocket fuel.
Hydrogen was a desirable fuel because of its low weight and high specific
impusle. It was a powerful fuel that appeared to hold promise in the development
of high performance rockel engines. Hydrogen was also a dangerous fuel cto
handle due to the pessibility of explosion and the need o use exotic oxidlzers
such as flourine and oxygen.

By the late 1950& researchers at Lewis became convinced that the desirability

of uging hydrogen—oxygen as a fuel for upper slage rockets was not only desirable
but practicable. This data on the use of liquid hydrogen—oxygen combination
developed at Lewis in the REIF was rapidly put to use by KASA contractors in
developing liquid hydrogen rockets for the American Space Prograi.

The specific accomplishments that resulted from this work at the RETF were the
development of the RL-10 engine for the Centaur rocket, the J-2 engine for the
ssturn rocket, and hydrogen—oxygen engines currently used by the Space Shuttle.
The development of the technology needed to handle liguid hydrogen-oxygen cannok
be overestimated. The use of the Centaur and Saturn rockets have made possible
the American exploration of space in both the manned Apollo prograzm and Che
unmanned program to explore Che planets and the solar environment, The technol-
ogy used to build the Centaur, 3aturn, and ecurrent Space Shuttle rockets can bz
directly attributed to the work of the Lewis Research Center in che RETF in its
effort to support the continuing propulsion needs of NASA for lts many space
programs and missions.

The RETF is an active WASA faciliry that is now engaged 1ln research Lo improve
rocket tectnology programs in support of the Advance Space Shuttle, Orbit
Transfer Vehicles, and the newly announced Space Station Project.
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Spacecraft Propulsion Besearch Facility
Sandusky, Uhlo

NASA

1981

NASA, Lewls Research Center Facility Office
futaway view of the fecility
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ROCKET ENGINE TEST STANDS

Redstone Test Stand {George €. Marshall Space
Flight Center}

Prupulsion and Structurel Test Facllity {Marshall)

Rocket Propulsion Test Complex {Natlonal Space
Technology Laboratories)
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Zero Cravity Besearch Facllity

Cleveland, Ohio

HASA

19482

NASA, Lewls Research Center Facilities Office

Cutaway section of the facility
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Zero Gravity Research Facllity
Cleveland, 0Ohilo

HASA

19382

HASA, Lewls Facllities Office
Exterior Yiew
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Zero Cravity Research Facility

Cleveland, Ohic

HASA

1982

HaSA, Lewlis Research Center Facllitiesa Office
Exterior View
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Focket Engine Test Facility

Cleveland, Ghic

RHADA

1976

HASA, Lewils Research Center Pacllitles Office
Rocket Englne Test Cell




7. Description |

‘ ndition Chatk one Chack orwe
axceilent __ deteriorated _y  unattered £ orginal site
1 ___ fuing — alusred — Mmoved  dale
] — unexposed

Dagcriba the prasant and arigina)l (f known) physlcsl appaarsnce

The Spacecraft Propulsion Research Facility is at the Plum Brook Station of thse
lewis Research Center. This facility is designed for hot firings of full-size
| space vehicles in an environment simulating conditions at an crbiral altitude
| of 100 miles.l The major elements that suppert this facility are a test building,
! an equipment building, a three stage exhanst system, a waste Lreatment retention
| pond, a propellant oxidlzer and fuel etorage area, an electrical substation, a
‘ refrigeration system and a service bullding.

The Spacecraft Propulsion Test Building is more than 70 feer high and extends
176 feet helaw grade. The below-grade spray chamber 1s 67 feel by 119 feet in
diawmeter and hoids 1,750,000 gallong of water. A 2.5-million—gallon retenticn
pond 1s northeast of the test bullding. The three-stage steam e¢jectors are in

| the back of the test building and ar 1} foot diameter duct connects them to the
spray chamber. The vacuum test chamber 1s 2 stailnless steel cylinder that can

| accommodate space vehicles up to 22 feet in dismeter and 30 feet high. Two &
foot 6 inch access openings are provided at the top and bottom of the test

| chapber . Five 8 inch viewports are provided at the top, center, and bottom of
the test chamber for TV monitors. The test chamber is provided with a 27 foot
access door for test . spacecraft artlcles, The heat siok of space is glmulated
by a Liquld Hydregen cold wall {maintained at -3200F) consisting of copper

. tube-in-gtrip panels surrounding the inside wall and top dome of the test

chamber . Twelve columns of quartz infrared lamps spaced aleng an atc of the
inside wall of the test chamber simulate thermal radiation and heat From the
EUTl . .

In operation, an entire vehicle can be vacuum "soaked"” to the proper envir-—
onmental space conditions ln preparation for engine test firing. With ths
-3200F cold walls and 5 ¥ 10~8-torr wvacuum, rocket engines can be ignited

in the chamber under space conditlons. As chamber pressure builds up because
of the exhaust gas, an 11 inch diameter valve opens in D.4-pecond to connect
the chamber to a stesm ejector system. TIwo parallel steam gjectors remove the
engine exhaust products from the chamber while maintaining a moderate vacuuh
level, Three large dump tanks are in the exhauat spray chamber to recelve
propellants in an emergency situaticn.

The exhaust system includes a 250,000-gallon-per-minute water spray systen for
cooling the rocket exhaust. The spray system water is recirculated through the
1,75-million-gallon catch basin under the chamber.




8. Sig!lificance

Period arens ol Bignificance-—=Chack and justify below
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. 1400-1489 ___ archeoiogy-historic —_ eanservation — law _— sclence
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___ i600-169% ___ architecture X . wducation — military e SOCiaN .

17001788 ___ ar — enginearing — music humanitartan

.. 1600-1899 _ commerce ___expigratiorssettlement ___ phllcsephy — lheater _

K 1900 - Ccommunications — indusiry ___ politics/government  _i{_ transporiation
___invention X other (specily)

Spape BExpl gration
fpacifle datas 1258 Bullder/Architect HASA

Siatsmant of Significance (in one paragraph)

The Spacecraft Propulsion Research Faecility'e aipnificance rests in ics
assoclation with the development of the Centaur Rocket. This facility 1s the
only one in WASA's dnventory that can hot fire a large rocket while simulating
the vacuum, cryogenic temperatures, and thermal radfation of space. The dupli-
cation of this space eavironment was cruclal to the development ¢of the Centaur
Focket which was desipned to fire from Earth Orbir te send vehicles to explore
the planets and Solar System. The Centaur upper stage rocket has launched some
of America’'s wmost important epace probes including the Ploneer, Viklng and
VYoyager Spacecraft. The successful development and use of the Centaur was due
in large measure to data that wase colleceed from successful rest firings of
Centaur engines In this facility.

The importance of the Spacecraft Propulsion Research Facility iz in its unique
technical capabilities and its asscclation with the Centaur research and devel- .
opment program. At the present time this facility is maintained by NASA on a

standby status.
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Verbal boundary description and Justificaiion

The boundary of the Propulsion and Structural Test Pacility is defined by the oubsiie
perameter of Zuilding 4572 at the Marshall Space Flight Center,

Liat afl states and countles for propariiss averiapping stste or county boundarias

slate code county code

statm code county coda
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12. State Historic Preservation Officer Certification
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Recovery System - After the experiment vehicle has traversed the total length

wf the vacuum chamber , it is decelerated in a 12-foot dilameter, 20-foot deep
container which is centered on the vertical axis of the chamber and filled with
small pellets of expanded polystyrene., The deceleration rate (averaging 32 g)

15 controlled by the flow of pellets through the area between the experiment
vehicle and the wall of the deceleration container. This deceleration container
is mounted on a cart that is retracted prior to utilizing the 1(~second mode of
operation. In this mode of operation, the cart is deployed after the experimental
vehicle 1s projected upwards by the pneumatic acceleratar.

This facility is in active service supporting present space shuttle experiments.
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8. Significance .

Perkad Araws of Signifiosnce—Check snd juntfy balow

—— Piehistonie  ___ archeology-prahistoric community planning __ ‘andscape architectury religion

—— 14001499 ___ archeclogy-historic — consarvatlon — -2 sclenca

—1500-1589 __ agricubure — economlicy — literstyre — sculpture

— 18001860 _ srchitecturs — Sducation = mliliary —_ soclalf

— 1700-1768 ___ ant ¥_ angineeting — music humanitarian

—1300-188% __ commerce ~ @xplorstion/esttiemant ____ philoscphy —— thester

X 1900~ -~ cemmunications — Indusiry —— polltice/government  ____ transportaiion
—___ Invention A other {apecity)

Space Exploration
Bpecitic dates 19%6-present Bullder/Architect  NASA

Siatemaent of Bignificance {In one paragraphj

The Zerc-Gravity Facility 1s significant because it is the only such facilicy

in NASA"s inventory that can study the behavior of liquids in a low gravity
environment. A knowledge of the characteristics of liquids in a space wehicle

is important to design engineers. Informaticn concerning liquid sloshing which
<an change the center of mass of a gpace vehicle and thus effect vehicle stabiliry
and control is absolutely essential to the successful performaiice of liquid

high energy space vehiclea such as the Centaur and Saturn upper stages. The

study of the effects of ligquid sloshing on the performance of upper stage

liquid rockers was therefore essential to the successful completion of the
dpjectives of the American Space Frogram.

The Zero-Gravity Pacility is the onilly such facilicy of its type in the world
and is direetly linked to the development of the Centaur and Saturn upper stage
rockets, which have transported Americans to the moon and sent American space
vehicles such as the Viking, VYoyager, and Mariner apacecraft to the planets.
Research and data developed here involving che physics of liquids in a zero-
gravity enviromment was indilspensible to the successful development of these
high energy ligquid fueled rockets.
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Footnotes

I. The descriptive material 1n this sectlon was taken firom the following source:

Thomas Labus, Natural Frequency of Liquids in Annular Cylinders under Low
Gravitaticnal Conditions, NASA Technical Note D-5412, {Washington, D.C.:
Naticnal Aeronautice and Space Adminietration, September 1969}, pp. 22-4.
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labus, Thomas L. Natural Frequency of Liguids in Annunlar Cylinders under Low
Gravitational Conditions. NASA Technical Note B-5412. Weshington, D.C.:
National Aeronautics and Space Administration, September 196%.

National Aercnautics and Space Adminlatration. Technical Facllities Lewls
Research Center. Cleveland, Ohic: Lewis Research Center, No Date.

National Aeronautics and Space Administration. Zero Gravity Research Facility.
Cleveland, Chic: Lewls Research Center, September [966.

Fetrash, Donald A. and Corpas, Ellias L, Zero Gravity Facllity for Space Yehicle
Fluid Research. Reprinted from the 1973 Proceedings of the 19th Annual Meering
“f the Institute of Envirommental Sclences. Mo place of publieation, Ro date.
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4. Owner of Property

mame Hactional heronauctics and Space Administration [HRSR)

«ireet & number

ity towsr  Washington —— wiginlty of saate [0, 20540

5. Location of Legal Description

courthouse, registry of deeds, etc. #arional Reronautins and Spane Administraticon fafisn)

Srept & B oaoabar Sl Property Hanacimenc B fice Code NAG

oo aslidngton state D.2. 2354%

8. Representation in Existing Surveys
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date il L0 _ federal ___ stata ___ county ___ local
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7. Description

Condition Check ane Check one

o excellent . - . deteriorated  _ . unaltered __ priginal site

_. . good ... ring VX alkered — moved dete .
____ fair — unexposed

Gescribs the prosent and original |if known) physical appaarance

The Solid Rocket Motor Structurzl Test Facility {(Building # 45F2) was couslr: reo
in 1957. It is in the BEast Test Area of the Marshall Space Flight Centet. uis
facility is a two-position test stand with a concretle foundation, reinforced
concrete load Erame, and steel structural frame. The test stand is 1753 feet

pigh and 20 feet x 30 feet at its base. The support shop, cffice space, and
cerminal rout accapy 13,360 square feet of area. The tesk stand is equipped
Wilh & L00-ton overhead crane and a 45-tonm gantry crane {Building #4573 .

tontrol and iqstrumentation are provided by the East Test Area Blockhous: abi.
Cable Tannels (Building #4570), with connecticns to the computer—controlled

data acquisitiou syslem im the Structures and Mechanics Laborarory.

fine pasition of the test stand can static fire l.bp-million pounds of thrust
stages Lor engines utilizing LOX/kerosene propellants and can accommodate
stages H2 feat s 22 feet. The other position has been modified to accommpdat e
sulid rocket boaster statie testing. Modifications included enlarging and
enclosing the west flame trench to acceplt bhe rest booster .

Tie Solid Rocket Test Facility is aetive and is expected to provide continuca
suppoct te the development and testing of new advanced rocket mefols and voehicloes

[exr years bo como.




8. Significance

iod Araas of Significance—Check and justify balow ) o
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_ 1600-1699 __ __ architecture - edusation XK. military _ _ social o
:;_1?0&4?99 — art X engineering e — INUBIC humanitarian
__1800-169% ___ commerce __ explorationsettlement ___ phiiu_fsaph-,r . — thaater )
“_1900- _ . communicatians _ - Industry —._ politicsigovernment ___ transpurtau_nn
o _— Inyention hs uiher{spe:ﬂyl
- e Spage mrolusablen
Specific datles |07 b Builder: Architect U.S. Army ) o

Statement of Significance [In ona paragraph)

The Solid Motor Structural Test Facitity was built by che United States Army in
1957 to support testing of the Redstone and other rockets then under development
by the Army Ballistic Missile Agency at Redstone Arsenal. After the establishment
of the National Aerouautics and Space Administration the Solid Motor Structural
Test Facility was transferred to MASA's George €. Marshall Space Flight Center
wititin the houndaries of the Redstone Arsenal, During the next few years the
Marshall Space Flight Center became the primary WASA Center responsible for the
development of large launch vehicles and rocket propulsicon systems. During the
19605, under the leadership of Pr. Werner von Braun, the Marshall Space Flight
Conter developed the Saturn Family of lavnch vehldcles. The Satura )| was the
launch wvehicle for the Pegasus meteoroid detection satellite. The Satwurn 1-E
was used for Apollo spacecraft development and orbital maneuvers and for the
Skylab and Apello-Soyur misgions. The Saturn ¥V was the launch vehicle for the
Farth ocbital wmissious and eventual moon landing missions.

The S0lid Recket Motor Structural Test Facility is one of the oldest rocket
motor test facilitics at the Marshall Space Flight Center. It has supported
testing of the Army Redstoue Recket, the Saturn 5-1B vehicle, and F-1 enginge of
the Saturn 1= vehicle employed in the Apollo program. After the completion of
the Saturn developmont program one position of the test stand was moedified bo
arcomnodate static rtesting for the $o0lid Rocket booster currently used in the
Snace Shutrle Program. The %clid Rocket Motor Structural Test Facility, through
its continual use and development over the years since 1957, has played a part
in the testing of every important rocket developed by the Eedstone Arsenal and
later che Marshall Space Flight Center. Through its continual use and modifica-
tion to meat the demands of new programs, it 1s illustrative of the primary
mission asgigned to the Army Ballistic Missile Agency and the George C. Marshall
Gpace Flight Center-—the development of large launch vehicles and propulsion
systems needed Co support the American Space Program. The launch of the Apollo
missions to the moon were spectacular, but without the support provided by the
Marsiall Space Flight Center and the years of testing of rocket boosters at the
nlid Kocket Motor Test Facility, the American Space Program weuld never have
caceecded - '
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name Hational Reronautics and Space Administration {NASH)
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7. Description .

Condlition Check onw Chack one

_ ¥ excellent — deteriorated ¥ unaligred A ariginal site

- Good —ruins — altered —— moved date
— . fIair ____ unaxposed

Deacribe the present and original (if known} physical sppearance

The Zers Gravity Research Facility fs at the Lewis Reseacch Center in Cleveland,
Ohio. It is the only know facllity of its size in the free world capable of
perfcrming tests In a reduced gravity enviropment. Tt has successfully supported
researchers lovelved in the Manned Space Frogram (Mercury, Gemini and Apclle),
and the Centaur Program. Most research tests involve behavior of conmponents,
systems, ligulds, gases, and combustiscn when under the infiuvence of reduced
gravity or low acceleracion environments .l

This facllity conslsts of a concrete-lined, 28-faoot diameter shaft that extends
510-feet balow ground level. A steel vacuoum chamber, 20-feet Iin diameter and
470-feet high, is contained within the concrate shafr. The pressure in this
vacuun chamber iz reduced to 3.3 newtona per square meter (l.ﬂxlﬂ'ﬁatm}

before uze, :

The ground-level service building has, as its major elements, & shop area,
control room, and & clean room. Assembly, servicing, and balancing of the
experiment vehicle are accomplished in the shop area. Tests are conducted

from the coactrol room, which contalns coantrols for the "pump down™ of the
vacuum chamber, the experiment vehicle pre-drop checkeut, release and the daca
retrieval system. Those components of the experiment that are in contact with
the test liquid are prepared in the faecility's clean room. The major elements
of the clean room are an ultrasonic cleaning system and a laminar-flow work
station for preparing those experiuents requiring more than normal ¢leanliness.

Mode of Operation - The Zero—Gravity Facility has two modes of operation. {ne
is to allow the experiment vehicle te free fall frem the top of rhe vacuum
chamber , which results in a nominal 5.15 seconds of free fall time. The second
mode is to praject the experiment vehicle upwards from the bottom of the vacuum
chapber by a high-pressure pneumatic accelerator on the vertical axls «f the
chamber . The total up and down trajectory of the experiment vehicle results In
a nominal 10 seconds of free fall time, -

In either mode of operation, the experiment vehicle falls freely; that 1s, no
guide wires, electrical lines, are connected [0 Lhe vehicle. Therefore, the
only force acting on the freely falling experiment vehicle ig due to rezidual-
air drag. This results in an equivalent gravitational acceleration acting on
the experiment, which is estimated Lo be of the order of 10-3 E or better.
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Yarbal boundary deacription snd justifioation
wne boundary of the Unitary Plan Wind Tunnel is shown as the green line an the
accompanying map entitlsd “Building location Chart, HASA, Ames Research Center.”
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The Ames Unitary Plan Wind Tunnel Complex is a landmark in the development of
conventional wind tunnels and represents the continuing effort of the National
Advisory Committee on Aeronautics to provide the American aircraft and Aerospace
industries with the best research facilities possible to insure the technelogical
superiority of the {industry. It provides the logical zrossover point from NACA
to NASA and has contributed equally to both the development of advanced American
aireraft and manned spacecraft.
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1. Ames Research Facilities Handbook (Moffett Fleld, Galifornla: National
Aeronautics and Space Administracien, 1982), p. 1.

2, Ibid., 16,
3. Tbid., 1B.
4, Tbid., 20.

5. Donald D. Baals and William R. Corliss, Wind Tunnels of NASA (Washingtom,
5.C.: Hational Aeronautics and Space Administration, 1981}, pp. 66=67.

6. Ibid.

7. Ibid.




7. Description

¢ ondHion Chack ona Check one

axcellent ..—. Geterloraied  _ unaitered _* original site
— {ood —____Truins — .. altered _ — moved date — e ——
— fair . — Wnaxpoged

Dascribe the present ard ariginal il nown} physical sppaarance
UNITARY PLAN FACILITY

The Unitary Plan Facility is a unique system of wind tunuels comprised of three
test sections: an ll-by ll-Foot Transonic Tuanel {Mach 0.40 to 1.40}, a 5-by
7-Fout Supersoaic Tunnel (Mach 1.55 rto 2.50), and an 8-by 7-Foor Supersonic
Tunnel (Mach 2.45 te 3.45), all capable of operating at variabple stagnation
pressures, The major common element of the tunnel complex is its drive system,
consisting of four intercoupled electric motora Cthat can provide 134.23 MW
(180,000 hp) continucusly.l

11-8Y¥ 11-FOOT TRANSONIC WIND TUNNEL

The 1l1-by ll-Foot Transonic Wind Tunnel is a clesed-treturn, variable density
tunnel with a fixed geometry, ventilated threat, and a single-jack Elexible
nozzla. Airflow is produced by a three-stage, axial-flow compresser powered

by four wound-rotor, variable-speed, induction mokors. For conventional steady-
State tests, models are gemerally supported on a sting. Internal strain—gage
balances are used to measure forces and moments. A schlleren system is available
for studying flow patterns, either by direct viewing or by photographs, as well
as a system for obtaining 51 X 101 cm (20 X 40 in.) shadowgraph negatives .2

2—RBY F-FDOT SUPERSONIC WIND TUNNEL

The 9-by ?-Foot Supersonic Wind Tuanel iz a closed-return, varizble-density
tunnel equipped with an asymmetric, sliding-block nozezle. The test section
Mach number can be varied by translating, in the streamwise direction, the
fived contour block that forms the floor of the nozzie. Adrilow is produced by
an ll-stage, axial-flow compressor powered by four variable-speed, wound-rotor,
induction moters. For conventional, steady-state tests, medels are generally
supported on a sting. Intermal strain-gage balances are used to measure forces
and tmoments. & schlieren system is availlagble for studying flow patterns,
either by direct viewing or by photographs, as well 28 a system for obtaining
51 X 51 em (20 X 20 in.) shadowgraph negatives .

8-BY 7-FOOT SUPERSONIL WIND TUNNWEL

‘The 8-by 7-Foot Supersonic Wind Tunnel is a closed-returm, variable-density
tunnel equipped with a symmetrical, flexible-wall throat {the side walls are
positioned by a series of jacks operated by hydraulic motors). The upper and
lower surfaces are fixed, Airflow is praduced by an ll-stage, axial-flow
compressor powered by four variable-speed, wound-totor , iladuction motors. For
conventivnal , steady-statfe tests, moedels are generally supported on a stiag.
Internal straln-gage balances are used to measure forces and moments. A& schlie-
ren system 1% available for studying flow patterns, either by direct viewing ot
by photographs, as well as a system for obtaining 51 X 3] cm {20 X 20 in.)
shadowgraph negatives.%



8. Significance
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Statament of Sighiflcance {in ons parsgragh}

The Amcs Unitacy Plan Wind Tunnel is significant because it represents the
contioual developmeat of superiur technical aeronautical research facilicies
after the end of the Secund World War. These reseatch facilities formed the
foundation upon which the National Aeronautics and Space Administration would
draw in 1958 to launch the American effort to land a man ¢n the moon.

Since the construction of the Variable Density wind Tunnel at Langley in 1%2l

the Mational Advisory Committee on Asronautics {NACA) had built an impressive

variety of techanical research facilitles upon which the American aircraft

industry was based. These technical facilities had enabled the American aircraft
industry to produce the airplaunes that dominated the skys in both comner ical

and military applications. By 1945 the American lead in this field seemed to

he evapocatiug. The technological achievements of the Cerman missiles and jet .
aircraft indicated a lag in American seronautical research. To assume Cechno—

lonical Leadership, che Federal Government proposed a coordinated national plan

of tacility construction that would encompass ot only NACA, but the Air Force, .
industry, and universitles as well. This plan, known as the Unitary Plan Act,

pagssed Congress on October 27, 1945, and resulted in the consktruction of an

C.tfire new series of wind tunnel complexes Lo support the American Alrcraft

industry.5

The Ames Unitary Plan Wind Turmel Complex was a product of this legislation.
Construction of the facility began 1n 1950-1951 and lasted uwntil 1933, Because
no one wind tunnel could meet all of the demands for additional research faelli-
ties simulating the entire range of aircraft and missile flight, NACA chose Lo
build the Ames tuanel with three separate test sectione drawing power from 2
compon centralized power plan. The transonic test section spanned 11 x 11

feet, while the two supersonic sections were smaller: 9 x 7 feet and 8 x 7
feat. Cilaut valves 20 feet in diameter supplied air from one supersenic leg to

atnother .

The American west coast aircraft industry quickly capitalized on the Ames
Unitary Plan Wind Tunnel Ccmplex. The famed Boeing fleet of commercial trans—
ports and the Douglas pC-8, DC-9, and DC-10 were all tested here. In addition
such milltary aircraft as the F-111 fighter, the C-5A transport and the Bl
bomber were tested. In addition te aircraft, in the 1960s and 19705 almost all

NASA manned space vehicles incleding the Spaca Shuttle were tested in the Ames

Unitary Plan Wind tuanel complex.?
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1. Much of the material in Section 7 and 8 of this report has been adapted from
Dopald V. Baals and William R. Corliss, Wind Tunnels of HASA (Washington,
D.C.: National Aeronautics and 5Space Administration, 1981), pr. 25-8.

2. Ibid., 25.

3. Ipid., 26,

4, George W. Gray, Fromtlers of Flight: The Story of NACA Hesearch {(New Yorlk:
Alfred A. Enopf, 1948). po. H2~-43.
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Oascribe the present and original (i known) physical appesarance

The Eight-Feot High Speed Tunnel 1s a single-return atmospheric Pressure Lunnel
with an B-foot diameter closed-throat test section, The tuanel hecame opera-
tional in 1936 and at that time had a maximue speed of Mach 0.75 driven by an
8,000-horsepower electric motor/fan.

The design of the Eight Foot High Speed Tunnel was complicated by two problems.!

The first problem involved the effect discovered in 1738 by the Swiss
marhematican Daniel Bernoulll who observed that as the veloclty of flow in a2
duct is increased by constvicting the cross sectional area, the static pPressure
of the fluid drops. 1In wind tunpel design, this means that the air presgure in
the chamber contajning the high-velocity test section will be lower than in the

rest of the tunnel, Thus, for the tunnel, the test chamber had to withstand a
power tul, inwardly directed pressure.?

Une methed to solve this problem would have been Eto construct a welded steel
pressure vessel arcund the test section. In an effort to solve the pressing
unemployment problem then existing as a result of the Depression, NACA engineers
decided to use locally available unskilled lsbor and build the entire tunnel of
reinforced concrete. 4an 1gloo-like structure around the test sections was

built with walls 1 foot thick. The igluo was essentially a low pressure
chamber——just the opposite of the VDT. Operating personnel in the igloo were
subjected Lo pressures that were the equivalent of 10,000 feet altitude and had
to wear Oxygen masks and enter through airlocks,?

The second new problem that was created had to do with the mechanical energy
that the 8,000-horsepower fan added to the airstream. NACA engineers calculated
that chis additional heat would cause the temperature within the tunnel to rise
ten degrees per second until it reached the stage at which the amount of heat
seeping through the roncrete walls would equal the input of heat from the faz,
Befare this would happen the temperature within the tunnel weuld reach several
thousand degrees,

The task of providing a cooling system was given to Eussell G. Robinson who
devised a ventilating tower that periodically allowed a small amcunt of heated
air to escape In exchange for fresh coel air. This system proved Lo be sucessful
and was accomplished with a less of only one percent of powser, This same
principle was iater applied to many other high speed tunnels.%

The Eight-Foot High 5peed Tunnel was repowered in 1945 to 16,00{0~horsepower.
By 1950 a slotted throat design was added to the test section that enabled the
tunnel to he gperated as a transonfc tummel. In 1953 the tunnel was repowered
to 25,000-horsepower to yield a speed of Mach 1.2, A schlieren apparatus was
also added to the test secticn of the tunnel te increase the capability for
visual flow studles.
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The Eight-Foot High Speed Tunmel was deactivated in 1956 and ia now
ahandonded in place, The original test section of the tunnel is vsed
for storage.
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Federal Agoncy Nomination
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1. Name

higtoric  tinitary Plan Wird Tunmel

and/or comman Unitafy Flan ["E_I.Cilil'_}"

2. Location

strept & number  Ameys REesearch Center

~—— nat ter pubdlcatlon I

gity, town Moffett Field — vietnity of congraagional district
state Walifornia code U0 county Santa Clara code VTP
3. Classification
Category Dwnerehip Sixtus PFreseant Use
__. district _* pubtle — tetupied — mriculiure . TUBHELM
— building{a} ___ privam —__ unoccupkec — commercial ——— pHrk
—X_ structure ——. both . wOrk in progress — Bducatiohal — private rsidence
— site Pubilc Acquishiion Accassible — snterialinment —— rlig o .
__ object ___ in process A_. yea: restricted _Z% genmrnmant X scimmiic
-— belng considered —— yea: urtrestricted — Induatriat —— tranaporation
—_ ho ——. miltary X other: Space
T L L O L L
4. Owner of Propertly
nare Cational Aerenoaubics and Spdace Administratien (WABAL
sireas & numbar
city, town  Washington —-. wicinity of statg  D.C- 20346
5. Location of Legal Description
courthouse, ragistry of deeds, aic. Yatinonal Aeronautics and Space hdministration (nASh])
street & numbar Hoal Property danageoment O77ice Code NXG
city, town  washington atate D-C- 20546
6. Representation in Existing Surveys
e o has ihis property been determined efigioie? _._yes __ no
dite __ ftederal ___ state _._ counly __. lucal .
depasitery for survey records o L o .
Eity, lown state
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Rendezvous Docking Simulator
Hampton, ¥Virginila
NASA

1984
NASA, Langley Research Center Facilicies Office

Exterior view of ventilating tower
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Eight-Foot High Speed Tunnel

Hampton, Virginia

HASA

1981

HASA, Langley Research Center Facilities Office
Exterior View




9. Major Bibliographical References

See coptinuation sheets

10. Geographical Data

Acreage of nominated property _Les5 than L acre

Quadrangle name ¥irball Quadrangle scale _ 1:24,000
UMT References
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Yerbal boundary descriplion and justification

The boundary of the Spacecraft Prosulsion Sesearch Facility is defined by the outside
perimeter of Building 3211 at the Plum Brook Station of the Lewis Research Center.

List all states nrd countiss jor properiiss overlapping state or couniy boundaries

ate cocie county code
stala coda Lounty e
sl

1. Form Prepared By

1
o

nametitle Harry A, Butowsky

organtzation Maticonal Park Segrvice date May 15, 13984
street & number Division of History telephone (202} 343-81&3
clty or town Wazhingteon, [.C. 20240 state

12. State Historic Preservation Officer Certification

The svaiuaiad significance of this property wihin the state s:

_ . national .. otate o local

An the designated State Hlstoric Preservation Officer for the National Historic Preservation Act of 19648 (Public Law B9—
565), | arany nominate this property for incluskgn in the National Register and certity that It has bean evaluated
according to the criteria and procedures aet forth by the Nailonal Park Service.

State Historic Praservation OHicer siohature

title date
For MPS usa only
| harshy cerilfy that this proparty is inctuded in the Matlonsl Regialer
tate
Kecper of the National Register
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Spacecraft Propulsion Research Facilty
Sandusky, Ohio

NASA

1969

WASA, Lewis Research Center Facilities Office

ferial View
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Rocket Engine Test Facility

Cleveland, Chioc

NASA

1981

MASA, Lewls Research Center Facllities Office
Interior, exterior views and capablility
statement
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Lewls HMesearch Center

Cleveland, Ohic

HASA, Lewls

1933

NASA, Lewls Research Center Facilities Office
Aerlial Yiew
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Rocket Engine Test Facllity

Cleveland, Ohilo

NaASA

1982

WASA, Lewls Research Center Facilitles Dffilce
Exterior View
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Bocket Engine Tept Facility

Cleveland, Chio

HASA

1978

MAiSA, Lewla Research Center Facilitiea Difice
Cutaway view of the facility




& UNITARY PLAN FACILITY
. 6a. 11-BY H-FﬂﬁT TRANSONIC WIND TUNNEL

6b. -8Y 7-FOOT SUPERSONIC WIND TUNNEL

6c. 8-BY 7-FOOT SUPERSONIC WIND TUNNEL
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Man in Sgeace Theme Study

;:’;1"'“'“ - Tederal Agency Hominazion

United States Department of the Interior

Mational Park Service  For NPS uss only
National Register of Historic Places received
Inventory—Nomination Form date emtered

See insiructions in How to Complate Mational Register Forms
Type ail entries—complete applicable sections

1. Name

hlstoric Hodntone Tegh Stand

andigr common  [ntarim Test Itand

2. Location

streat & number meorago O, Marshall Space Flight Center ——_ nal for pubtication
cily. lown  wntuville —__ vicinlty of congressional district
n1ab s ol tladison oud
state  LATAME coce county code
- g -

3. Classification
Catagory Ownearahip Slatus Present Use .
—__ district _* public —_ occupied — agricustura 2 museum
——. bBlilding(s] _— private - Unotoupled — commerclal —— park
—L_ strugture ____btoth — worK in prograse —— sducational —____ priWam resxidence
L site Publlic Acqulisition Accesalble — entertalnmen) — religious
___ object ___In process I yes: restricted — . govemmant —— sciemltic

- being considered —_ yes: unrestricted — induatrial — ransportalicn

e nn _ mi"'l.l'l"jf _.-\_‘—K\..- ather: AR

4. Owner of Property

name naticnal Rerokaitios dand Space adoinisteation [WASA)

street & number

gity, town  washingbcn — vicinity of state D-C. 20946

5. Location of Legal Description

courthouse, registry of desds, atg,  Hav Lonal Anronauctics and Space ddninistration (JASAL

sireet & pumper FeA! Pronerty Hooanoment QffFice Code WG

sy, tpwy  wanidnoion state D.C. 2034k

6. Representation in Existing Surveys

bite ‘_ﬂ“ﬂf‘h _3_ Hed i__-‘iti‘- I'invenlioty  nas ibis propeny been determined sligible? _x,__ yes ___ nho
date '-"-f-i‘r“__ _” : Mli ’:1 _ —ledaral 2 ostam county ___ loeal

I:i_E_Fc__rs_it_:r-p for survey recards

'.Ey: ln_ Wt stats




7. Description

Condition Check one Chechk ane

i sxcellent —.. deteriorated % unaltered _%_ original sita

—— good — ruins — allgred — moved date -
- Tair — unexpgeed

Deacribe the prasent and original (If knawn) physical sppasrance

The Eedstone fest stand is a steel frame structure made from salvaged marerials.
The stand is 75 feet tall and 33 by 22 feet at its base. There is an externsl
stair 2nd two working platforms, An asbestos-sided gable roofed shed is found
at the top ol the structure.

The blockhouse far the test stand was used for observacions and for recelving
telemcetered data during cie tests. The blockhouse is comstructed irom three
surplus chemical steel tanks covered by 3 wound of dirt. There are metal doors
o the east side of the blockhouse, observation windows, and a roof observation
post. The three tanks cuntain 1,500 square feet of usable space for the test
engineers, The initial construction cost of the Hedstonme test stand Iin 1953
was 525,000, The Redstone test stand is in excellent physical condition.l




8. Significance

Pariod Arsas of Blgnificance—Check and justity below
prehistoric .. archeology-prehistoric ____ community pfannicg  __ __ landscape architecture relighon
1400-14%% ____ archenlogy-historic . conservation . law __ aclence
_ _ 1s00-15590  _ Agrlculture .. GCOomwmice —— litereture . sculpture
__ 16D0~1699 ___ architecture ___ wducation _¥_ milhary __ sociali
___1700-1729 ___an _%_ engineering . mustc humanilsrian
13001899 _____ commerce — wexploratlon/setilement philcsophy — theaar
—i 1900- o COMMUNICEtiONS —— Industry ___ poiltics'government .. transportathon
.. inyention X tiher [specily)

Space Erxuloratiocn

Bpeciic dates 195 - 1Uol Bulldar Architect U.5. Army

Statemaent of Significance (in one paragragh}

The Hedstone test stand is the oldest static firing facility st the Marshall
Space Flight Center. IE was constructed by the (rdnance Guided Missile Center
ar Redstone Arsenal and was transferred to NASA in 1960. It was the first test
stand in the United States bo accommodate the entire launch vehicle for stacic
tests {previous test stands in this country had accommnodated the engine only)
and was an important facility in develeping the Jupiter C and the HMercury-
Redstone wehicles that launched the first American satellite and the first
American manned spaceflight. The test stand was also used to develop the
“mantrated” launch prucedures vital to manned space flights and the acceptance
tiring eriteria which were made in launch pneumatics, thrust measurement ,
propellant fuel procedurszs, and launch ignition procedures during varlous Lests
at this facility.

The basic Redstoue missile for which the stand was a major test site lrad its
arigin in 1954 when the Ordnance Guided Missile Center began study of a 3UU-
mile-range rocket, The Redstone medium range ballistic missile that evolved
from 4 five-vear research and development progTram was 70 inches in diameter and
69 fect loug. Its power was rated at 73,000 pounds thrust.

“rum this test program, otber versions of the Redstome evelved, including the
Jupiter © and the Mercury/Redstone,

‘it Jupiter € was the basis for a detailed praposal for am orbizing earth
satellite. This proposal designated "a Minimum Satellite Vehicle Based Upon
Components Available From Missile Development gf the Army Ordnance Corps, was
prepared in 1955, It stated that the Army could launch a satellite wichin a
short time using hardware then available.

sftur the USSR opened the zpace age, in October 1957, by orbiting Sputaik 1,
the Army Redstone team led by Dr. Werner vou Braun was directed to attempt

a satollite launch. The feat was accomplished on Japuary 31, 1958, by adding a
single solid rocket motor as & fourth stage to the Jupiter € and attaching a
_mientific pavlead ar its forward end.

WASA Teguested ten Redstones for its first mapned program, Mercury. ¥For Mercury,
the Redstone propellant tank was lengthened by 6 feet (same as the Jupiter ¢

and the standard Redstone engine thrust was increased to 78,000 pounds CLhrust.
This vehicle became kaown as Mercuryf/Redstone, and nine of them were tested in
o podstone test stand. Two of the MercuryfRedstone vehicles were sventually
usid to carty men into space. By that time, the space program had prown, and
more sophisticated Lest sites werTe necessary.
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The site was phazed out of the active test program in 1961 and all usable
equipnent temoved.?

The Redstore test stand was listed on the Wational Register of Historic Places
as being nationally significant in 1976. It was alsc designated as an Alabama
historic engincering landmark in 1979,
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Redstone Test Stand
Hunstville, Alabama
HASBA

1954
KASA, Marshall Space Flight Center Facilltles Office

Historic Redstone Test Stand Site Sign
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Redstone Test Stand

Huntsville, Alabama

HASA

1984

HASA, Msrshall Space Flight Center Facilities Office
Redstone Test Stand Marker . '
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Redarone Test Stand

Huntevilie, Alabama

HASA

1961

NASA, Marshall Space Flight Center Faciliries Office
Exterlor View
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Redstone Test Stand

Huntsville, Alzbama

HABA

1984

NASA, Marshall Space Flight Center Facilities Office
Exterior View







Blockhouse for the Redstone Test Stand
Hunteville, Alabama
HASA

1984
HASA, Marshall Space Flight Center Facilitles Office

Extericr View of Bleckhouse
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Prapulsion and Structural Test Facility
Huntsville, Alabama

NASA, Marshall Space Flight Center Facilities Office
Acrial View of MSFC Shuttle Test Facilities
showing location of Propuision and Structural Test
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Propulsicn and Structural Test Facility

tunktsville, Alabama

BASA

19440

NASA, Marshall Space Flight Center Facilities Office
Exterior Yiew prior to transfer of facility to WASA
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Propulsion and Structural Test Faclility
Huntsville, Alabama
NASA

1946
NASA, Marghall Space Flight Center Facilities Dffice

$-1C FPropulsion System Fivring ’
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Propulsion and Structural Test Facility

Huntsville, Alabama

HASA

1971

MASA, Marshall Space Flight Center Facilities Office
Exterior View
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Propulsion and Structural Test Facility

Hunsrville, Alabama

NASA

1984

Ni8A, Marshall Space Flight Center Faclllties 0ffice
Exterier View of West S5ide of Faciiity used for
Solid Rocket Booster TesCing







W L b
N

Propulsion and Structural Test Facility
Huntsville, Alabama

HASA

1954

NASA, Marsghall Space Flight Center Facilitfes
Office

Intericor View of Solid Recket Booater Structural
Testing
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Fropulsiom and Structural Test Faciltity

Huntsville, Alabama

KASA

1984

NASA, Marshall Space Flight Center Facilities Dffice
Exterlor view of Bast Test position with Saturn Stage
in foreground
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:?HF“ 15420 Federal Agen:sy HJominatlon

United States Department of the Interior

Natlonal Park Sarvice  FarwPs s onty
‘dational Register of Historic Places received
inventory—Nomination Form dete enterect

See instrucilana in How to Complate National Register Forms
Type all entrias—complete appticabla sactions

1. Name

hiataric Focket tropulsion Test Conclex n=1/A-3, A-1/0-2

and’or common A—-LsR-2, B-1/B-2 Tesat EBtands

2. Location

aireat & numbar Nazioral Space ‘fechaclogy Laboratcries (MSTL) —. not igr publicatyn
city, town Y Sto o Louls —— vicinity of cangressional distrlet
stala Mississinni coce 25 county Hancock coda 045
- - L]
3. Classification
Category Ownership Status Prasent Use
_X district L publle —— accupied —— dgricuituce . PUBEUM
_. . building{s} ___ private e UNDECupled ~— . commarclal — park
_X_ structurs — Barii WOk I progress —— sducationat __- private resldanca
—_— A Pubilc Acqulnition Accanyibie —— mnterpinment —— meliglous
___ ohjact — . in procese _E wen! rastricted - gevarnment ——__ acinntific
—— bting consicersd — yid: unrestricted —— Industrial —1 trsmaportaticn
___ha — military ~& other; Shace

Lxnlora tan

4. Owner of Property

name oatlomal heronautics and Space Adminiscration {NASR)

sireel & number

oot - . : a —-
machaingoon vicinity of qtatg  D.C. 20048

5. Location of Legal Descri_ption

ciby, town

courthouse, regiatry of deeds, #ic. Naticnal Aeronautics and Space Administration (MASA)

street & number Foal Proverby Maradgene:t Dffice Code NKG

city. town  Hashinglon stale DLo. 20644

6. Representation in Existing Surveys

title e has this proparty bean dewermined eligible? ___yes o

dale — Meceral ___ state __ county .. local

Seposiiory for survey records

city, town almie




7. Description

Condilon Check onw Chack one

_%  axcailant — deteriorated . unailered _%_ ariglnal site

- Qoond —— . Tuing = allersd - Moved date —_
— . falr — unexpoSed

Describa the present and original {if known} physical appesrance

"B" Tesr Complex

The Rocket Propulsion Test Complex ("8" Test Complex) was consrructed in 1965
t¢ support static testing of the 5-1C stage of the Saturn ¥V rocker, The Etest
stand is a dual positlon stand 407 feet call and is construcred from steel and
concrebe. The rTest stand rests on 1600 steel pllings each Y8 feet long.
During test firings the 5~1C stage was secured by four huge haold-down arms
anchored t¢ a slab of conceete 39 feet thick. The restraining arms clamped
onto the rocket Lail by means of a drive mechanism geared to move only 3 inches
PEC minute.

In additien tu the test stand, the B Test Complex consists of a Test Contral
enter, and the reguired technical facilities (water, electrical, high pressure
gas, propellant systems, etc.) &s well ag the associated grouwnd support eguipment
necessary to control and fire cthe caprive stage.

The test srand is nomiaally rated for static testing stages wich uwp to 7,500,000
poungs of thrust, One side of the test stand has been modified to accommodate
the tescing of the space shuttle main propulsicn system elemencts (the engines,
the External Tank, and 2 simulated Qrbiter wich flipght propulsion systems).

A well-equipped machine shop is in the west test pier. The shop hag a limited
wanefacturing capahility vused in the support of various englne ov stage testing
and ground support eguipment.

The Test Control Center (TCC)} housas ths equipment and peopls requlred to econtrol,
ghsgerve, supervise, and moniter the operation f the test complex, The TGO is
2lsc a position from which technical observers can view test firlogs and which
provides 3 blastproof locarion for rest stand personnel who bave varated the
stand during test firings. The TOC is capable of supporting addiclonal stage
andfor engine test stands.

The High-Pressure Cas System fnecludes 2 gas battery of ailr, nitrogenm, and
helium. The propellant system includes a 300 ,000-gallon ready storage tank and
docking and travsfer facilities for the liquid propellant barges.?

"A" Test Complex

The "4&" Test Complex coneists of twe single-positien test stands, desipgnated

A4=1 and A2, a2 Test Coutrol Cencer (TCC), obeervation bunkers, techalcal systems
{such as high-pressure gas systems, water, electrical, etec.), as well as all
agsgociated ground service equipment necessary to control and fire engines or
stapges iuvolved.
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tach stand is capable of static Firing a stage up to 3% feet in diameter and &%
feet long. Stages of greater or smaller diameter and lengbh can he tested by
using an adapter system of modifying the stand. These stands were designed for
1,000,000 pounds of thrust although they have a capability to 1,200,000 pounds.
The stand prepellant systems include liguid oxygen and liguid hydrogen.

The TCC perfurms the same functions as the "B” TCC. It 1s alse capable of
supporting additional test stands without modifying the physical facilities.

The high-pressure gas bartery contains air, helium, and nitrogen. Therc is a
separdte gas battery for the hydropgen system.

The "A" Test Complex now supports engine testing for the Space Shuttle program.
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__ 15001598 _ _ agriculture - —— BCOnomic: — literature ——— sc“ff_’_" 3

__ 16001698  ___ architecture — egucation —— mungry I *. T AN o

. 170n-1759 ___ ar .1 englnegring — WSIC hurag- ' 3L

18001399 . commerce ___ exploration:settiement ___ philosophy — theater )

_".'_ Ya00- communicationg — indusiry . paltics-government % transporiation

T o invention _% - ather {specily}
- Sprmey Bapierst a0

;n-ciﬂc dates L3SV ecsont Baitder Architect WASLA L N )

Bistemant of 3ignilicance {in one paragraph)

The Natilonal Spoace Teennaology Laboratories was established in the carly 190
As [he natiunal racker test range for flight cectifying large rocket propulsicg
s¥sCems. The Rocnet Propulsion Test Complex ("B Test fComplex and the A" Test
Cownlex) wers boabtit Built in 1963 to support this geal. The "B” Test Complex
supported all ground testing For bl 5-1C stage of the Saturn ¥ rocketb and che
"a’ Test Coaplex performed all svound testing Eor the 5-1L stazge of the Saturn
Yorockel.

The Satura ¥ rocmel was one of the wost rellable rockets ever bullt for the

f§pace proegram and was crucial to the sffort to land a man oa the moon.  The

gurtceds aF Ehe Satwen Vo Wwas dependent uposn extenslve groend testing nf the

weaiole.  dmee fhe Saturn ¥ biffed off the pad there was no turning hack for

tepairs. [is puowered flighr was hrief buot critical. The economles of rocketry

atd th phyaicar 2afety of Ehe sgiverants demanded that the rogker wark perfentiv,

This wag the vurpose 2f The Roeke. Provulsion Test Faclligw, .

Duis facility was the priaary site For conducting reseacch, development zod
cebfLitivcanion Easting on non-flight engines to lmprove and upgrade Rasic engiae
desipgn, «@mi dccwptance Eestine of flight engines, ¥o Saturn V was shipped to

the Wentedv Space Lonter uatil its engines were Fully tested and certified. Anv
raalem capabhle of causing 4 Tailure in the vehicle was discovered and coreecCed
bofare the azteal lauinech. The Hocket Propulsfon Test Complex was the critical
final step wn cerrifyving the flrst stage of the Saturn ¥V rockei for flight.
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1. Boger E, Bilstein, Stages to Saturn: A4 Technological History of the
4pollofBaturn Lapnch Vehlcles (Washington, D.C.: Nationzl Actronautics
and Space Administration, 1980), pa 207,

HSTL Facilities Master Plan {Washington, D.C.: Wational Aercnauflcs
and Space Administration, 1979}, p. 36.

2. N5TL Facilities MasLer Plapn, p. 56.
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2.
3.

3.
B.

Rocket Propulsion Test Complex p-1fB8-2
Bay 5t. Louls, Mississippl
NASA

k973
Marshall Space Flight Center Facilities GQffice

Aerial View of B-1/B-2 Test Stand







Rocket Propuision Test Complex B-1/8-2
Bay St. Louis, Mississippl

HASA

1966

HSTL Facilities Office

First Stage of Saturn ¥ being hoisted

into test stand







Focket Propulsion Test Complex B-1/B-2
Bay St. Louls, Mississippi

NASA

1967

NSTL Facilities Qffice

Test of Saturn ¥V lst stage booster







Kocket Propulsion Test Complex B-1/8-2

Bay 5t. Louls, Missiesippil

MASA

19?7

N3TL Facllities Offlce

External Tank of 5pace Shuttle being hoisted inte
test stand
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1.
z.
3.
&
3.
G.

Rockot Propulsion Test Complex A-l
Bay 5t. Louis, Miszissippi

NASA

1971

NSTL Facilities Office

Exterior View of A-1 Test Stand







1.
2.
3.
.
5.
G

zocket Propulslon Test Complex A-1
Bay 5t. Louls, Mlssisedppl
HASA

1967
HASA, Marshall Space Flight Center Facilities Office

A-1 Test Stand with Saturno ¥ 5-11 stage in place
ready for firing.
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Focket Propulsieon Test Complec A-2

RBay 5t., Louis, Misslssippi

NASA

1966

N5TL Facllities Office

Installation of S-11 stage of Saturn V Rocket in

A-2 Test Stand







Rocket Propulsion Test Complec

Bay St. Louis, Mississippi

NASA

1973

NASA, Marshall Space Flight Centier Facilities OQffice
perial View of A-2 Test Stand
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ROCKET TEST FACILITLES

Sarurn ¥ Dynamic Test Stand (Marshall)
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1. Name

hiatarle Satuwrn ¥ Dynamizs Test Stand

and’or COMMEn  [npae: . Sirgctural Test Facility

2. Location

streat B NUMber George 7, Marshall Space FPlight Center ___ not for publication
elty, town 114" tuvizle — viginily of congreasional dlstrict
slate Alabama code ol counly Hadison cods 0BG
|| - -

3. Classification
Calagory Qwnership Status PFrasent Use
—_ digtrict X subhe —__ uccupied —— agriculiure — ruseum
. builditg{s) — privaie — unoccuphsd — commercial — parik
A ostructure  _ both e work In progress . — sducailonal — priveta residencs
___ wita Public Acquisition Accasalbls — eniartaingment —m Meilghous
— objecl — in procesa — ¥ yen: restHcied — government — acinntific

____ b#irg consicdered — yes: unrasiricted — industrial —— lransportavon

— na — mildary _3& opther: Inactlve

4. Owner of Property
nare Nationel dsronautics and Space Administration (MASAG
street & number
city, towrn Hansainoron wiginity ot state .00 20546

5. Location of Legal Description

eourthguse, registry of deeds, elc. wational Acronautics and Space Administration [MASA)

street & number Foal Troverty Manwgenesnt DEflce Onde NXG

City, town  washingbon sate D.C. 203546

6. Representation in Existing Surveys

hpe HiStOric Properties Seport {Draft}

has this property baen detarmined gligible? __yes __ no

Juzly 193 : '
date ly 1984 _ % federal ___ slate _._coumy ___local

depository for survey records Y- 5- Army Redstune Arsenal

c_].i town ClufLEville siate alaama




7. Description

Condition " Chack ana Chack one

_% excellant ___ deterigrated ___ unaltered _%_ariginal sits
— pond — ruing _* alersd — moved date
___fnir — unexposad

Dwasribe tha presant and original [If known) phyzical sppearance

The Dynamic Structural Test Facility was built in 1964 to conduct mechanical and
vibrational tests on the fully asgembled Saturn ¥V rocket. The facility is 360
Feet high and 122 feet by 98 feer at the base. It has ¢ maxioun center bay =ize
wt 74 [eet by 74 feef, has a main derrick at the top of the structure capable of
handling 200 tons at a 70 foot radius. The facility is connected by a cable
tunnel to the East Test Area which provides instrumentation for testing. 4An
clevator provides access to 15 of the 16 levels.

when in wse the test vehicle rests on hydrodynamic supports which provide a
gaximum of & degrees of freedom of movement which is required when large space
vehicles are dynamicaily tested. Vibration loads can be induced in the pitech,
yaw, or longitudinal axis to obtain resonance frequencies and bending medes.
Vertical matiug procedures between stages can also be iovestigated and checked
LT .

After romplecion of testing for the Saturn ¥ program the Dynamic Structural
Test Fucility was modified for testing the Space Shuttle. AL the present time
this facillty {5 on a standby basis, but because of its uaique capabilities to
dynacically Cest large space vehicles, it will be retained for use im future
HASA programs. '




8. Significance

ol Arean of SignHicance—Lheck and jJusitty below

___ pmhistordc ____ archeclogy-prehlstoric ... community planning Inndacape archiiacture, . raliglon

—__14D0—1488 ___ archeclogy-historlc ____ consarvailon . e )

15001599 ___ agricutture —— EEOROM S — |terature — sculpture

—__1500-16§9% __ architeciura — wducailon . liYary T

e 17001798 __ arl A sngineering — musk humaniiarlan

__. . 18001899 ___ commerce __ sxplorplion/settiement __ philosophy —_—

—E 1900~ —— communicatians —— Indusiry — politic‘governmant X trensporistion
. invention X oty (apecity)

npane Exploration

Spaciic datas 1964-Prasent

Bulldar'Architest MNASA

Statamani of Bigniflcancs {n ane paragraph)

The Dyoamic Structural Teet Facility 1e significant kecause of Lts connection
with the testing and develuopment of the Saturn ¥ rocket.

The Satucn ¥V rocket was onz of the most reliabla rockets ever built. Upon its
success depended Lhe fare of the Apolle program and che Skylab program. The
guceess of the Saturn ¥V was hecause of two factors: (1) the stringent reliabilicy
and quality assurance programs developed to eversee rfhe manufacture of the

Saturn ¥V, aad {2) extoustive ground teating.

The ground Lesting program was crucial to the suscess of the Satwrn V. Once
lavnched a Saturn ¥ could never be recovered for teskting. Any flaw in the
vehicle cauld result in the loss of the vehlcle and the loss of the lives of
the astronauis riding the Apollo Command Medole,

The Saturn ¥ Lad Lo work and perform ics joh successfully every time. There
was v matpio fur error. Due to this fact as much as 50 percent of the total

eFfore and money in the Saturn ¥ program was devokbed to ground testing the
vehicie, Every comporent of the vehicle was tested agalan and again separately
and in pactial and full assembly.

Ting Pynoamic Stcuctural Test Facllity at Marshall represented the last step in
this resting process before a Saturn v was accepted for full flight status.
Dace .11 af rhe componenta were accepted and tested the Sacurn V was assembled
and brocghit to the Dynamie Structurai Test Facllity te test the entire vehicle

uitder dypamle load condltions.

Mechanical and vibrational tests om the fiight

vehtele and ow svparate [light coafigurations were conducted uyntil the data
indicatbed that the S5atucrn V was clean and ready for f£light status. Testing
vonducted in this facility permitted NASA and industry engineers thelr last
¢hance to decect and correct any problems or flaws in the fully assembled
tlighe vehicle, The succezs of the Sacturn V¥ program and cthe fact that no
Satutn ¥V ever failed fn £light is indicative of the contribution of this
facility. Major problems capable of causing a failure of the vehicle were
dizcovered and corrected before the Saturn ¥V ever reached Launch Complex 39 at
thy Zonnedy Zpace Center. When the Apolle 11 moen flight lifced off the pad in
July 1369 the sstonauts and KASA were confident that the Saturn ¥ would complete
its Job and laoich the Command and Lunar Landing Module into a safe mooun-bound

CFajecLory.
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Szturn ¥ bBypamic Tesk Stand

Huntsville, hlabama

HASA

1574

HASA, Marshall Space Flight Center Facllities Office

Aerial View of the Bast Test Area of the MSFC.
Saturn ¥ Dynamic Test Stand (Shuttle Dynamic Test
Srand) is in the upper left hand corner.
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Saturn V Dvnamic Test Stand

Huntsville, Alabama

HASA

1966

HASA, Marshall Space Flight Center Facilities Office
Exverlor view of Saturn V Dynamic Test Stand wich
5=11 scage in place,.
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Saturn ¥ Dynamic Test Stand

Huntsville, Alabama

NAGA

1576

NASA, Marshall Space Flipht Center Facilities Office
Exterlor view of Saturn ¥ Dynamic Test Stand in
ptocess of being modified for Shuttle use,






.

& Lbn fe G B e
.

-

Saturn ¥V Dynawmic Fest Stand

Huntsville, Alsbama

HASA

1980

HASA, Marshall Space Flight Facilities Dffice
External View showing Space Shuttle being hoisted
inte Test 3tand.
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Saturn ¥ Dynamic Test Stand

Huntsville, Alabans

HASA

1977

NASA, Marshall Space Flight Center Facilities Office
Interior view of Test Stand







Saturn ¥ Dynamic Test Stand
Huntsville, Alabama
NASA

1578
NASA, Marshall Space Flight Center Faclillitles gffice

interior view with Space fhuttle in place
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BOCKETS

Saturn ¥V Space Vehicle {Alabama Space
and Rocket Center)
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For MPA ube only -

date emaomsd

i. Name

| historic Sasurs ¥V Spacc Vehisnle

angior comman  Saburn Vo Space VWehicle

2. Location

strest & number  Tranquility Base

____ not for publicatlon

city, town  iluntuville — viciniby ot oungres_shlnnal district .
state  2lapama code 01 county Madison code oo
3. Classification
Catsgory Ownershig Status Prirsartl Usa
___ district X public — occupied . agricultare L mugeum
__ building(s) .—— private _¥X  unoccupbed — —_ cammaercha __ park
x structure — bath e WOTH [N prograss —— aducational - private resldence
| — site Public Acquisition Accesslible ___. anlaralnement — religicus
.. ebjecl — In procesa _M yen: restricted - government _ sclentihc
___ being congidared —— yus: unrastriched — industrial ——_ tranaportation
—no — milhary — other;

4. Owner of Property

4

(On extended loan to Alahama

name Sational airx and Space Huseun, Smithsonian Institution

gpace and kocket Center)

street & number

cify. town Washington — viciniby of

atate ©D_C.

5. Location of Legal Description

caurhouse, registry of deeds, mic.  ifice of tne Judge Probate

street & number Madlson Lounty Courthouss

Dy, tgan Simtsville

glate Aalabana

3. Representation in Existing Surveys

. dational Heolister Invenilory
L} g =

has this properly been determined eligible? _¥_yes . no

15977

. u_.HlE'

— lederal

X

~  state . _ county . local

depnsitory tor survey regords  National

city, town WaS Ll

Zavk Servi_-_::_e, Interadency Resources DiTision

slate [0,




| 7. Description -

Condition Check one Chack one

_*% axcellont __ deterigrated X unalterad ___ original sila

—_ good ... RUINS —. alkerad — moved date S S
____tair —__ unexpoxed

Dascriba the prasent and original (if known) physical apgearance

The Saturn ¥ Space Vehicle is in the Rocket Park of the Alabama Space and
Rucket Center and consists of three tank—type propellant stages and payload.
The vehlele is exhibited horizontally, one stage on a trailer, others on
cradies.

Priwaty naterials: aluminum alleys, staloless steel and titanium.

Length: 365 feet.

Weight: §,200,000 pounds.

Firgt Stage: 33 feet dlameter by 138 feet) Tive F-1 engines.
Assembled by Marshall Space Flight Center and Boeing Alreraft Corporatien

Second Stage: 33 feet diameter by 81 feet; five J-2 engines.
pssembled by North American Rockwell.

Third Stage: 22 feet dlameter by 59 feet; 1 J-2 engine.
Azsenbled by McDonnell-Douglas.

Pay Load: {1} 4pollo Command Module — cone-shaped, 10 feet ¥ Inches high,
12 feet 1 iuches diameteat .

| Hlabitable wolume — 210 cubic feer,
| Weight — 13,000 pounds.

{2) GService Module: Cylinder—shaped, 22 feet 7 inches high,
12 feet 1 inches diameter.
Weight = 55,000 pounds.
Aszenbled by Morth american Rockwell.

|
|
|
‘ Cost: §13,010,000.00l




8. Significance

Pariod Areas of Significance—Chack and justiy below

— prehistorlc  ___ archealogy-prehistoric .. commundty planning ____ tandecips srchisciure _ reldlglon

—_1400-149% . wreheology-hintoric — CONBeTVALON — W — mclanca

— 1500-159% __ wgreulture —— BCONOMICH — tlterature — sculpture

—_ 1600-1689  ___ srchiteciore —— sducation L — soclalf

___ 1700170 ___ant _Z_ enginsering __ muslc humanitarian

— T800-18%% __ commeica . sxploraiion/asmamant _ phitosophy — ihsater

A 1900- . cOmMmMunications ___ industry —_ politiceigovarnment X transportation
e Invamtion — . othar {specity]

e fpace Exzlorallon
Spacitic dates  1UGH-LGTS Buitder'Architeet pocing Adrcraft, leDonnald Douglas,

dAorth Ancrican Aockwell
Statemaent of Slgnificance |lp one paragraph] !

tm July 16, 1969, a Saturn V Space Vehicle rose from the lavnch pad carrying
astronauts Neil A. Aramstrong, Edwin E. Aldrin, and Michael Collins toward
mankind's first expedition to the surface of the moon. Because stages of the
Satura ¥V are not recovered after use, a Saturn which has actually flown a
mission will never bLe avallable teo the public. The test stages located st Ehe
Alabama Space and Racket Center are full operatiomal uwnits of the actwal f£light
stayes and provide a realistic view of the vehicle which carried the first men
Lo the moon and placed the first U.S. space station inte orbie.

Tha decision co develop the Saturn ¥V wae offlecially announced on Janwary 1,
L%62. It was the first large vehlele in the U.5. space program to be conceived
and developed for a specific purpose-—the lunar laading. WASA formally assigned
the task of developing the Saturo ¥V ko the Marshall Space Flight Center on
January 25, [967. Launch responsibility was given to tie Kennedy Space Center
in Flavida.

Marshall Center designers decided that a three—stage vehicle would best merve
the lmmediate needs for a lunat landing wission and also serve as a general

pur pose space exploration vehicle. The Saturn ¥ provided the U.5. with the
capaaility o put inko eactn otbit some ZED,008) pownds of payload or send
95,004 pounds to the moon. Duriog a seven-year perilod, a total of 13 Saturn ¥
vehicles were launched, including two unmanned test flighte; ten Apollo [lights
aud one flight which carried the Skylab space station to earch orbit. The
Saturn V performed successfully in all missions,Z

There are Chree remziriog exanples of the Saturn ¥ space vehicle in existence.
One is found ar the Kennedy 3pace Center, one i3 at the Johnson Wammed Space
Flighr Center, and the last 1z found at the Alabama Space and Rocket Museum in
Huntaville, Alabama, adfacent ot the Marghall Space Flight Center,

The 3aturn V at the Alahema Space and Rocket Muneum wag chogsen [0 represcilt che
clase of Saturn ¥'s as a hational Histuric Landmark for geveral reasons.

Le i Saturo V oat Meonteville is closely associated with its site. The design,
deveiopment., and umanufacture of the Sarurng was the respossibilicy of the
waisA—Marsnall Space Flight Center at Huntsville, Alabama, which ar the time,

was under the leadership of Tr. Werner von Brawn. Dr. -von Braun headed a
ralivnwide team drawn from industry, govermment, and the educational comunity
which proevided the expertise to produce the Saturn.
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2. The Saturn V¥ on display at the Alabama Space and Rocket Museum i= the
actual test rocket that was used in dynamic testing of the Saturn facilities ar
Huntsville. The stages of this rocket were used to check out all of the 327tuTo
¥ facilities at Huntsville. Thus, while the rocket was not intended to b
flown, it was a worwing vehicle that prepared the way for the Saturn ¥V rock:..
that were flown and eventyally destroyed.

3. The Saktuin ¥V at the Alabama Space and Rocket Museum is zlse the best preserved
gxanple of this space vehicle. It has been maintained since it went on exnibit

in 1969 and i= ir mint conditlon. Hoth the Saturn V's at the Kennedy Space

Center and the Houston Manned Space Flight Center exhibit extensive deteriorablon
due to the elemants.

4., Finally the Saturn V at the Alabama Space and Rocket Center has the bes:
remaining integricvy of the class. Ibks three principal stages and Instrument unit
arc intact thus representing all che necessary parts te the Saturn V that lsunched
the American exploration of the moon.

In a letter to the Narional Register of Historic Places in 1978, Michael Collins,
Direvtor of the National Air and Space Museum and participant in the Apolio 11
mission that first landed men an the moon, s5aid the fallewing about the Savurn ¥
at the Alabama snd Bockat Museum:

This letter is written {n respoase to the application by the Alabama SHpace
and Rocket Center recomoending listing of the Saturn V space launch vehicle
on the National Register of Historic Places.

The uniqueness of the Saturn ¢, the high level of technology that it
tepresents and the successful role thac it played ia making possible man's
landing on the Moon seems= to gualify for natienal recogniticm by placemant
on the Matlonsl Register of Historic Flaces. In addition, the locatioa is
adjacent Lo the NASA/Marshall Space Flight Center which was Tegponsible
for the design and development of this vebicle.

For these reascns we concur in the applicatien fer listing made by the
Alabama Space and Rocket Cenber .,

The Saturn ¥V Space Vehicle was a unlque engineeriag masterpiece that foromed the
key link in the chalu that enabled Americans to travel to the moom, The success
of the Saturn ¥ made possible the success of the Ameriean Space Frogranm.
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Foutnotes

1. FEdward 0. Buckbee, "Hational Register of Historlc Places Iaventory Saturn
¥ Space Vehicle Huntsville" (Alabama, Alabama Space and Rocker Center, 1977},

P 2.

2. Ibid., 3.
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Launch ¥Vehiclcs. Washingtonm, D.C.: National Aeronautics and Space Adminisocat .

19E0.

Brooks, Lourkney G., Grimweod, James M., and Bwenson, Loyd 5. Jr. Chariots for
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Acronavtics and Space Administeation, 1979.
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9. Major Bibliographical References

. See continuation sheets

10. Geographical Data

' Acreage of nominated property _ LESE Lan 1 acre
Clusdrangle name __Madieon Qupdrangle scale 1.2 500

UMT Relarencas
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Yorbai boundary description and justiification

e poundary of the Satarn ¥V Smace vepicle is shown as the grecn line on the
acroruany ing map entitled "Rocket Park.”

List ail states snd counties for proparties overlapping sinie or cownrly boundariss

atate code coumy code
aiote Code caunty E_i'“
. 1. Form Prepared By
nam#:dile oy Al By ;
| arganization M.t ional Parz Service daie av 15, 1984
strMHnumbEL Oiwisima 0Ff Histovy talephona {Z02] 3.43-8166.
elty ortewn  Washinstor, D.C. 20240 statn

12. State Historic Preservation Officer Certitication

Thr eveiuatad significance of this proparty within the steie i5:

__ . national .. State . local

A5 the designated Siale Historic Preservation Dificer 1oF the Natlonal Historic Preservation Act of 1966 (Pubdic Law 29—
6631, | herety nominalte this properly for Inclusicn {n the National Reglstar and cerlity that 1t has been evaluated
accordine "o the critaria and procadutes set jorlh by the Matlonal Park Sarvice.

A & istorle Preservation OHicer signature

H3 11 daim

For 8PS use oniy _
i herety ceriify that this property is included in e Natonal Reglatar

@ =
| Keeper ot the National Register

Attest: y Uate .

Chigf of Reqistration
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Schematic of Saturn V
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Saturn V Space Vehicle

Honstville, Alabama

Alabama Space and Rocket Center

1984

Alabama Space and Eocket fenter

Rear View of [st Stage of Saturn V Space Vehicle







Saturm ¥ Space Vehicle

Huntsvilie, Alzbama

Alabama Space and Eocker Center
1984

Alabama Space and Rocket Center
Side View of Saturn V Space Vehicle
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2.
3.
4.
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6.

Saturn ¥V Space Vehicle

Huntsville, Alabama

NASA, Marshall Space Flight Center Feclilitiee Office
1982

MASA, Marshall Space Flight Center Facllities Office
Aerial View of “"Rocker FPark™ at the Alabama Space
and Eocket Center sbowing the Saturn ¥V Space ¥Vehicle










LAUNCH PADS

13. Space Launch Complex 2 (Vandenberg AFE}
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1. Name
hiatoric Hpaase e Do lex 3
and'aF commaon Sammiic launacy Jomolox 2

2. Location

streel & number vandenlaero Ale Foroe dase — net for pubdlcation
ciry, tewn LT e Wit NIty of congregpional district
gtate  ~oLliioraia code 0 courty  Santd Barbara code 53
3. Classification
Category Ownership . Status Prasert Uaas
. disatrict _&_ public _— orcuphed — efgricultiire — myssum
. buliding{a] ___ private —unocoupied — commercial — park
Mruciurg — both _— work in pragross —— dducational —. .. priveias residence
uita Puhbilc Acquisitian Accevslhle — anteTlainment —— relighous
- objact —_inprocEEk _& yea: rastricted X governmant i oieit:
. ——— baing consldaredg — yea: unresiricted — Irdustriel % tranaportation
— & milltary _%_ Oihar: Shace

4 5 i Ry

4. Gwner of Property

M- Tnibad Statos Alr ForoseS¥aticoral Agronautics and Svace adminifcstration

siraat & pumber  Wandenborg Alr Moreoe Rase

city, town  -CTILOL — weinlty of atapy  California

5. Location of Legal Description

tuunhouse, registry of deeds, #IC. it 3 States ALy Foroe/LBERD

sireel & npraer Huxldler Sle, Solling Air Force Basc

crty, Taps Fasiningron siate DO, ADoA2

£. Hepresentation in Existing Surveys

Lol P has this property been determined eligible? ___yes ___ no

._ — feciaral __ sitmle __ coOunty __.in:_uj

gemasiiory far survey racorda

oty town state




7. Description , o .

Condition Check one Chack ane

A excellent .. cetericrated __ unaltered X origingl site

... — good — _ruins X alterad ..—mmovad  date e e
— falr —-.. unExposar

Dexzcribe the praseni and original (if known) physicsl appearance

Space Launch Complex 2 {SLC-2) is at Vandenberg Air Force Base and is part ¢f

of the Keonedy Space Cszoter Western Test Range Qperations Qffice. This cerolen
is compused of Lhe WASA Launch Cperations Building, Blockhouse, and {wa iov=oi
pads {East and West}. BSLC-2E wag decommissioned and stripped in 1973, SLO-YH
is active. 1Its lasc lawnch is scheduled for March 1584, 0mly the blockhow.:
and pad Z-W with supporting structures retain their Integrity and are cuasiderad
a part of this nominatlen. The MASA Launch Operations Building served bo houss
NASA and conttactar personnel between launches and 1s not considered lntegral

to the zite and is npt incloded in this nominacion.

Blockhouse

The Launch Contrel Blockhouse at SLO-2 was and is used to centrol lauwnches f-.oo
both the Zast and West Pads. 1he blockhouse is a self-contained reinforo::d
concrete building capable uf withstanding the dangers of catastrephic vehicls
Faituce at life-off. The contrel roowm room houses numerous menitor constlas
necessary bo support rche vehicle and spacecraft during tescing and final
countdown. Televisiaon moniters are moonted in the control room wall for viewling
Che wvehicle and eritical prelaunch Eunctions From cameras at vantage polnes
arcund fhe compl&x.l

Ump i 1.i.::alr_ Tower

The Umbilical Tower supports purge, coolant, and propellant lipes as well =v
electrical cables and environmental ducts required for checkout and iaunch of
the Deltz Space venicle. The Tower is an 8-feef x 8-feet x 124 feer—hign fres
standing steel structure W2

Service Structure

The Service Striucture is a rail-mounted, steel structure 168 feet high. The
cuclosed tower , which is moved by & hydraulic drive system, is uged for evgc-
tion, asssmbly, and checkout of Belta launch vehicles. The structure hes &
t3-ron overhead bridge crane, a 3-ton Interior bridge crane, and ome 2500C-1b.
capacity elevator. Eight working levels are provided, with the top one infi-
nitely adjuscable within an 18—(eet working range.
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Suppurt Sysiem

The suppurt system for SLE-2 includes propellant storage and handling eguipment,
hyaraulic power units, high pressure nitrogen a2nd helfum storage tanks, and a
nitropen purge system. An alr-conditioning unit, hydro—paeumatic concrols, and
vehicle checkout equipment are housed in the Launch Pad Building and ia the
clectrical egquipment building. The launcher has 2 wet flame bucket that is

used during ignition and lift-off of the Delta Space Vehlcle.%




8. Significance

Pyriod Arsas of Signitizance—Check and Justily balow ‘

___ prehigtorle ___ archeclogy-prehisloric _ community planring  _ landscape architeciora___ ne'r..

_ T400-1489 . _ archesiogy-historic .. conparvation - W R ¥ AL

_. 1300-1593 ___ agriculture L — iiterature — ey

— 16001688 _ __ architeciure —. sducation — - milflary ~ - socint

—__ATOOT9R . ant “_ engineering ___ music DumEr Tt

—._-18DD-18%3 __ commerce —-r— mxploratiarsettiemant  phllosophy — Mheater

2 1900~ —. communlcations ___ industry __ politicwgovernment _%_ (ransporation
—___invention A T T

e i —— Sonr o umant o
Bpecific detes 15— (0.2 Builder:-Architeet .3, Rir Force

Statamant of Signiicances {in one paragraph}

Space Launch Complex Z was bullt for the Air Force in 1957 for their Interaedinte
Range Ballistic Missile {IERBM) Testing Program. The complex fired the Thor
I#EM in various USAF testing programs during its early years.

KAaSa acquired SLC-2E ip 19/2 aoad SLO-2W in 1969, HMinor modifications wero mode
an hoth pads so that HASA could launch its Delta rocket. Siance the Delta was 2
ditect outgrowth of the Ther rocket, modifications were kept to a minimum, The
complex was used by NASA to lauwnch polar orbiting satellites using the reliakle
Pelta rocket.  As the negd te launch polar orhiting satelliter decreased, NASA
abandoned SLC-3k in 1975 and concentrated its operations at 3LC-2W. SLC-ZH
teverted Lo the contrel of the Air Force which decommissiorned and stripped che
pad of 2ll wf its eguipwment and salvageable materials in 1975.

BLC=-2W is the bLest surviving example of a launch complex builr In the 195305 at .
the bepioping of the American effort to explore spacs. The blockhouse, with
its supporting electrical equipment, is Intact. Oniy che most minimum of
modifications were made over the vears. The blockhouse with its electronic
equipnent is teday the best suwrviving exapple of working electronics used to
support a gpace launch from this era. The only comparable example is the
blockhouse at Launch Complex 26 at Cape Canaveral Air Force Station., The
equipnent af Launch Complex 26 is not operatcional. It was reconstrucred for
visitor interpretatioo when Lawnch Complexr 26 became part of the bnited States
Alr Fores Museun. The equinment at the blockhouse at SLC-2 is operatilanal,
dates from the pericd of the 1450z, and i5 Integral to the site. It is the
best surviving example of this technology. '

In & sigilar manner che Launch Pad at SLC-2W is intace and survives from the
19505 with only mivor modifications dane to change from the Thor to the Delta
Launch Vehicle. While the Redstone gantry at Launch Complex 26 and the Atlasz
gantry at Launch Complex 13 &t Cape Canaveral Air Force Station ate comparable,
Che gantry and supporting sccuctures ait SLC-2W are in a better stake of presse-
vation, SLC—2W i3 scill a working complex and has been concinuously maintzined
since 1957, The last maintenance performed on Launch Complex 13 was in 1978,
The Kedstone paialry at Launch Complex 26 is in serieus danger of being lost to
tust and the elements.

SLC-2W with its blockhouse i a unique resource that reprasgnte the best surviving
example of a4 working :950s-era launch cowmplex that propelled Americans intoe
Gpace.
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Footnotes

1. Western Test Eange Operations Handbook (John F, Kennedy Space Center,
January 1968), p. V-1.

2. Technical Facilities Catalog VYol. 11 {Washington, D.C.: Nationsl aeronaustics
and Space Administration, 1974), p. %-151.

3. Ibid.

4, Western Test Range Qperations Handbook, p. V-7.
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Varbal boundary description and justification
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17.

APOLLO TRAINING FACILITIES

Lunar Landing Research Facility (Langley)
Rendezvous Docking Simulator (Langley}

Lunar Landing Training Vehicls (Alabama Space
and Rocket Center)

Neutral Bucyancy Space Simulater {Marshall)
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historlc iupar Landing Research Facility

andiar common  {mbact Dynamics Research Facility
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courthouse, reglatry of deeds, eic. Wational Aeronautics and Space Administration (NARA)
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7. Description

Condltion Chack ane Chack one

4 axesllant ___cewrlorated _ unalterad £ _ original mite
___ pood —__ruine JX— altered — moved dais
- fair  Unexposed

Describa the presant and original {If known) physlcal sppaarancs

The Lunar Landing Research Facility ia in the West Area of the Langley Heaearch
Center. This facility was congtructed In 1965 at a cost of $3.5 milijon and
wag used by the Apello satronauts as a tralning simulator teo study and practice
piloting problems in the final phase of the lunar laznding mission, A liat of
the Apolle astronauts that trained on the Lunar Lznding Research Facllity can
be fournd in Appendix & at the rear of thls womlnation.

The Lunar Landing Research Facility is an A~frame steel structure 400 feet lomg
and 230 feer high, hAasoclated with this facility is a full-scale Apolle Lunar
Excursion Hodule or LEM, Simulation of lunar gravity is achieved by employlng
an overhead parcial-zuspension aystem which provides a lifting force by means
af cables acting through the wehiele'’s center of gravity =zo as to effectively
caucel all but one-sixth of earth's gravitational force. The lifting force and
vertical alignment of the cables are contrelled automatically throwgh the
action of servo-controlled hydrauvlic drive systems which power the overhead
traveling bridge crane and dolly unit mounted on the lavge gantry strutture.
The bridge Follows in the down-range motion of the vehicle, and the under-slung
dolly follows in cthe cress-range direction.l

The cables are attached to the vehicle by means of 2 gimbal system which provides .
freedom of motion in pitch, rall, and yaw. This system consists of a swiveled-

truss assembly directly over the cab and two vertical struts attached to the

vehicle on its pitch axis. Load cells are carried in the vertical struts Lo

senge cable force for the lift serve system, and cable angle sensers are mounted

ogn the beitom of the dolly to provide ercor feedback signals for the bridge

ang dolly secrvo drive systems. Automatic braking equipment built into the

servo drive units provide :in extr i safeiy feature. The LEM can fly in a space

of about 180 feet high, by 360 feet long, and 42 feer wide,<

The LEM was congtructed using many pileces of off the shelf equipment such as
the H-34 helicopter cabin and landing gear shock struts. WNikrogen gas was used
to pressurize the fuel system which provided 90 percent hydrogen peroxide to
the main lifcting body vocket assembly and to the 20 attitude rocket motors
located around the periphery of the vehicle frawe. The cab of the LEM can
accommodate two persons at the same time. A common ipstrument panel is mounted
between the two pilots. Attitude controls at the right hand seat consist of a
set of standard Foot pedals for yaw control and a two—axis side-arm controller
used for pitch and roll control, The left hand seat is provided wich a three-
axis side arm controller, Thrusc of the main engines 1s controlled by either
pilet with his left hand using the collective pitch levers., Weight of the
wvehicle is 12,000 pounds, of which 3300 pounds was hydrogen peroxide fuel,
giving a Flight duratien of slightly less than three mioutes, 3
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The Lunar Landing Research Facllity was also used 88 a lunar-walking simulater
for the Apelle astronsuts, Thls was done by suspending the subject ocn his side
ga that he was free to generate walking movements on a plane inclined to about
80.5 degrees relative to the vertlcal direction of earth's gravity. Suspension
for the cest subject was supplied by a series of slings and cabhles attached to
a lightweight trolly which traveled freely zleng an overhead track. By varying
the angle of the inclined plane it was possible to simulate other gravitational
fields. For example, to simulate the conditien of welghtlessness, the walkway
would be moved directly under the track soc that the cables were vertical and
the test subject horizontal,4

The base of the Lunar Landing Facilicy was medeled with £ill dirt te resemble
the surface of the Moon. Pock-marked holes, pits and craters resemble the
lunar landecape encauntered by Apollo 11 when 1t landed oo the Hoon in July
1969, g

.The Lunar landing Facility is Intact and retaina almost all of ics design

integrity. The facllity is now known as the Impact Dynamlice Research Facilitcy
and is used by WASA Langley for alrcraft iopact studies. The base of the
facilicy hes been modified se that the simulated lunsr landscape ia gone and
has been replaced by an impact ruaway that can be modified to simulate varicus
typas of crash environments, The complex cahle system that once carried the
LEM now supporta varloua test aircraft in crash studies. The lunar walkway has
been removed. The LEM fa on the aite but the main engine and some of the
controls have been removed. The original electronics mesociated with the site
are in the process of being upgraded to meet modern requiremente of the crash
testing program.

An Institutional rehabilitacion of the office portion of the facility is now
underway and will be completed by Cotober 1, 1984,
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Statament of Significenca {in one parsgraph)

The Lunar Landing Research Facility permitred WASA to traln the Apcllo astronauls
to fly in a simulated lunar environment that produced LEM vehicle dynamice.

This training gave Neil Armstrong and athers the opporctunity to safely experlence
the dynamics of lunar f£light while in a centrolled research envircument.

Exparience gained at the Lunar Landing Hesearch Facility enabled Nell Armstrong

and others to train with a greater degree of confidence on the Lunar Besearch
Training vehicle at Houston and Edwards Alr Force Bage and eventually to journey
Ly the moon in July 1969,

The decision by President Johm F, Kennedy to land a man on the Moon by 1969
meant that NASA hed to quickly determine the methad of accomplishing the journey.

NASA engineers evaluated three means to do this by 1962; direct ascent, Earth- ;
arbit rendezvous {EQR), or lunar-orbit rendezvous (LOR}. .

Direct ascent to the moon was ruled ogut because of the size of the launch wehicle
required to accomplish the missiem. The EOR concept was tuled oub because Lwg
laynch vehicles were required to mest missicn reguirements. NASA chose the LOR
concept which called for a single rocket to launch two spacecraft into lunar
orbit where one would remain in orbit while the other would decend to the Moon.
The vehiele on the Moon would then boost itself back into lunar orbit, rendezvous
and doek with the mother ship, which would thea return to the Earth.

wWhile this was 4 bold plan that held out the promise of achieving a lunar
landing by 196% it presented many technical difficulcles. The LOR plan was
based on the premise chat NASA tralmed astronauts could master the techniques
of landing the LEM on the lunar swface and returning to orblit and decking with
the mother ship, The Lunar Laoding Research Facility was deslgned to solve one
part of this problem, that 1s, how to land men on the surface of the Moon. The
need for such a Facility arcse from the fact that there was no direct parallel
between the unique plloting problems of the LEM and normal aircraft operating
in Earth's atmosphere. Conditions encountered by the LEM were different due to
the Mpon's lack of an atmosphere and low gravitational force. For example, =
vehicle operating ia the vicinity of the Moon requires the use of contrel rockels
which are operated in an on—off manner, thereby producing abrupt changes in
control torgques rather than the smocthly modulated controlled Lorgques aof a
helicopter. Furthermore, inasmuch as the LEM hovers with a thrust equal to 1ts

weilght ,

the lunar vehicle hovers with only one-sixth of the thrust vequired to

hover tCie 5ape vehicle in Earth's gravicy. As a result, the econtrol systen

characteristics in translation are markedly different from those of an Earth .

vehicle, thus precluding the extrapolation of results in Earth conditions to
lunar conditions.g
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Experlences gained by the Apollo astronauts on the Lunar Landing Hesearch
Facility indicated that it wae gossible to successfully master the complicated
skills that were required to land the LEM on the Moon. Both Neil Armatrong and
Edwin Aldrin trained there fotr many hours. Only when they successfully mastered
skills necessary to fly the LEM would MASA approve plans for their histeoric
first landing on the Moon in July 1%69.

Because of this, the Lunar Landing Research Facility was an indispensable tool
that enabled NASA to land a man on the Moon by July 1959,

ata
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¥Footnotes

1. Donald E. Hewes, Reduced {ravity Simulator For Studies of Man's Mobility
In Space And On The Moon, Eeport Presented at the Human Factors Meeting,

Dayton, Ohie, Qctober 18-21, 1965 (Hampton, ¥a.: Langley Research Ceater,
1865, p 3.

2. Ibid.
3, Ibid., 4.
4. Tbid., 1-2.

5. No Author Given, Lunar Landing Research Facility (Hampton, Va.: Langley
Research Center, 1969), p. 1-Z.




. Form i0-D00-a
b

United States Department of the Interior
National Park Service

National Register of Historic Places
inventory—Nomination Form

Bibliecgraphy

Benson, Charles D., and Faherty, William Barnmaby. Moonport: A History of
Apollo Launch Facilities and Operaticns. Washington D.C.: Hatiomal
Aeronautics and Space Administration, 1979.

Brooks, Courtney G.; Grimwood, James.; and Swenson, Jr., Loyd 5, Chariots
for Apollo: A History of Manned Lunar Spacecraft. Washington, D.C.:
National Aercnautics and Space Administration, 1979.

Hewes, Donald E, Beduced Gravity Simulator For Studies of Man's Mobility
. In Space And On The Moon. Report Presented at the Homan Factors Meeting

yeon, Ohio, October 13-21, 1965, Hampton, ¥=.: Llangley Hesearch Center
965.

Levine, Arnold $. Hanaging MASA in the Apolio Era, Washington, B.C.:
Naztlonal Aeronautics and Space Admianistration, 19482,

| Lunar Landiog Research Facility. Mo Author Given. Hampton, Va.: Langley
I Research Center, 1969.
|

Morse, Mary Louise, and Bays, Jean Kernahan. The Apcllc Spacecraft: A
Chronulogdy, Washingfon, B.C.: Natlonal Aeroniaulics and Space administration,
1973,

' Technical Facilities Catalog Vol.l. Washipgton, D.C.: Hational Aercnautics
| and Space Administration, 1974.

i U.5. Congress. House, Unlted Staces Civilian Space Programe A Report
prepared for che Subcommittee on Space Sclence and Applications. Serial D,
Vol. }, Janvary 1981,

g



9. Major Bibliographical References

Spe continuwation sheets

10. Geographical Data

Acteage of nominated property Less than 1 acra
Quadrangle name NeWport News North Quadrangle scate 1224, 000
UMT Rafarences

Alaue) Blrsls ol byioe a0 SN TR S

Zorme  Eagting MNarthing Zome  Easting Nerming

el bt bty bty by Lyl ol L e e b b
I T ST i T A B N I S O T T I A S
Gll|l[|f11|{!|illl| Hi o Ll L L by Laal

Yarhal boundary description snd jJust/Acation

The boundary of the Lunar Landing Research Facility is shuwn as the bhlack circle
o the accotpanying map entitled “NWASA, Langley Rosearch Center, Pigura 1-4,

. Hest Arca ™

List all states and countiss tor properiiss overiapping state or cownty boundarfes

alale Civche county code

alate COCh county cn:_rge ‘
11. Form Prepared By

name:titia pdarcy A, Butowsky

organization Mational Park Service date day 15, ludg

atreel & number Division of Histoary elephone [0z 353-3164

cliy or town  Wasninaton, ©.C. 203240 state

12. State Historic Preservation Officer Certification

The evaluated significance of this property within the state is:

__ natlonad - Nl —_ilocal

A3 the designated Slate Historle Preservation Offlcer for the Matlonal Hiatoric Preservation Act of 1866 [Public Law 89—
§65], } hereby nominate this property 1or nclusion in the Natonai Register and cerlfy that it has been evaluated
according to the criteria and procedures set torth oy the HWatlional Park Service.

Suate Historic Preservation Officer signelure L

litle dake
fFor HFS use onty
| hereoy cortify that ™is property s included tn ihe Natlonal Aegisher
dare _ ’
Keepar ol the Mational RBegstor
Allast: daiw

{Chint of Raalstration
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ASTRUNAUTE TRAINED AT

LUHAR LANDING RESFARCH FACILITY

Armstyong, Weil A.
4ldrin, Edwin E., Jr.
Anders, William A.
Bean, Alan L.

Borman, Frank

Carr, Garald 7.
Cernan, Eugene A.
Chaffee, Roper

Cooper, L. Gordon, Jr.
Conrad, Charles

Duke, Charlas H.
Engle, Joe M,

Haise, Fred W., Jr.
Itwin, James R,
Lovell, James A., Jr.
MeDivier, James 4.
Mitchell, Edgar D.
Schmitt, Harrisom H,
Sehweickart, Russell L.
Seott, David H.
Shepard, Allen B., Jr.
Stafford, Thomas P.
Williams, C. C,

Young, Joebn W. -
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1.
2.
3.
4.
3.
b.

Lunar [aoding Research Facilicy

Hampton, Virginia

NASA

1981

KaSA, Langley Besearch Center Facilities Office
Aerlal View of Lunar Landing Resesarch Faedlity

z
N







1.
2.
3.
4.
5.
5.

Lunar lLanding Research Facility
Hampton, Virginia
NASA

1979
NASA, Langley Research Center Facilicies Gffice

Ground View of Lunar Landing Eesearch Facility
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HASA

1965

NASA, Langley Remearch Center Faciities Office
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Han in 5pace Theme Study

:;:-':]Fw 1o Federal Agency Homination

United States Departmant of the Interior

Matlonal Park Sarvice o mm@.m'
ational Register of Historic Places received
nventory—Nomination Form datn antered

See inatructions in How to Complete Natlonal Register Forms
Type all antries—complete applicable sacticns

1. Name

hintemlc Repdezvous Docking Simulator

EndiOf COmMMon Heal-'i'ime Dynamic Simulator

2. Location

street & numbar rarglev Bescarch . center L —— nint for pubtication
»
ciry, town Hampton . vicinity ot congresaionat district
state vitginia codes 51 county  Hampton cote 550
- | ] L ]

3. Classification
Catagory Ownarshlp . Biatus Prapant Uan
. district _&_ public . otcupied —... agricuttyre - muBRUM
___ bullding{w} _— private —— dnoccupivd e cammarclal — penrk
—_atruchure . bath — . work N1 progreas — Sducationat —— private residence

sita Public Acquisiion Accasuible ____ srmterminmant ____ Telgous

ohjact —— {n process = i remtricted L — - hclerific

— Ding conyitered — . i unrestricted o Inuentrini — [ranBportation
. m — miifary _X_ other: Inactive

4. Owner of Property

nama Wabional Aeronautics and Swace Admindstration (HASHE]

strowl & number

city, town  Hashington — vicinity of stete ., 20546

5. Location of I..egal Descrigtion

cuurrhousg._ru-glstryuidudt. mc. National Aeronautics and Space Administration (NASA}

street & numbar Feal Property Mapagement (Ofifice Code WXSG

Cll'&'. town b2 5l gL on

6. Representation in Existing Surveys

gtate D.C.  20L4%

titie KT has this prapeeTy Deen determined etigibie? .__yes __._no

ate __ federal _ _ mtata __. county _ local

duposiiory for survey records

Gity, town state




7. Description

Condltion Chachk ona Chack one

_E _axcellent — cteviorated __ unaltered X_ orkginal ajte
— . good —_ nins & nilered — moved dale
- Fair —___ unexposed

Dascribe the prasent and original (K known)] physlcal appaarance

The Rendezvous Docking Simulator {(RDS) is in Building 1244 in the East Area of
the Langley Research Center. The ENS is a full-scale dynamic facility which
was used te study pilot-controlled docking of various types of space vehiclea.
It was bullc In 196 and simulated contollied docking procedures for both the
Geminl spacecraft with the Ageana booster and the Apollo Lunar Excursion Module

with the Command Modulaz.

The simulator coneiscs of an overhead carriage and cable-suspended gimbal

system. The carriage is
freedom in translatiom.

electrically driven and provides three degrees of
The gimbal is hydraulically driven and provides thres

degrees of freedom In rotatfon. Thus, the pilot flies the vehicle in gix-

degree-of-freadom wotion

which is controlled In a clesed-loop fashion through a

ground-based analog computer. The operating velume of the simulator is 210
feet horizontally by 15 feet laterally and 40 feet vertically, This enabled
the test pilots to dock with target Gemini and Apolle spacecrafr in a three
dimensional mode.l Depending upon the test, either .a full scale module of
the Gemini or Apolle spacecraft, could be hung from the simulator.

After the completion of the Apolle program the Bendezvous Docking Simulator was
modified to solve open—and-clesed loop pilot contreol proplems, aircraft landing
epproaches, slmulator validation studies, and passenger ride quality atudies.
The name of the facllity was changed and it is now called the Beal-Time Dynamic
Siomlator. Modificarions to the facllity consisted of remcving the Apolle
Command Module cockplt and installing an aireraft cockpit. The system was also
linked to the Langley real-time digital computer syster and Lengley landing

terrain scene generatﬂr.z

Ui .

At the present time this facility is no longer in




8. Significance

.nrlud Araas of Bignificance—Chack and justily balow

__ prehistoric  _— archeoiogy-prehistoric . gommunity planning ____ landscape architeciure ___ religion

__ 14001488 ___ archeclogy-histaric - Gonservation — law . science

__ 1501599 ____ agriculture - BCOnomics ___ Itarsture — sculpture

____ 18001698 ___ archiiecture e — education — military — socialf

___1700-1788 ___ art £ engneering — music humanitarian

__._ 1g~1609 . Ccommearce —— explorationssattleneni . philoscphy — thestar

A —__ communtcatione — Industry ___ politice’government =L trangportation
— inventicn —&_ owher [specity)

Ymace Fxploriiion
Speciilc dates 19263-1%72 Builder/Architect Nh5A

Stalement of Significance {in cne parsgraph)

The Rendezvous Docking Simulator is significant because 1t permitted NAGA Eo
train Gemini and Apollo astronauts in deckimg procedures they had to master
before attempting to land on the moon. The slmulator gave the astronsuts the
experience of a docking spacecraft in a safe three dimensional mode that ciosely
approximated a space environment. Training recedved here and in the Lunar
Landing Research Facllity was indlspensable teo accomplishing the goal of landing
men on the moon by 1969,

The decision by President Kennedy to land a man on the moon by 1969 meant that
NASA had to gqulckly declde the method of accomplishing the jourmey, NAEA
engineers decided that the best method of accomplishing the goal of the moon
landing was through the concept of the lunar erbit rendezvous (LCR) which
called for a single Saturn V launch of two spacecraft inte lunar orbit wherse
one would remain inm orbit and the other would descend to the meoon. Euccessful
completion of this method of travellng to the moon meant that the vehlcle on
the moon would have to boost itself back into lunar orbit, rendezvoug, and dock
with the mother ghip and then return to the Earth.

The LOR technigue was a hold decision to speed up the schedule for landing a
man on the moon. To accomplish this mission it was essentlal that Apolle
astronauts be trained im all aspects and problems likely to arise in the artempt
to dock the Apolle Command and Lunar Excursion Modules in lunar erbit. Failure
ta accomplish this docking would result in the fallure of the entire mission
and the likely loss of the lives of the astronauts. This justified the need

for the Bendezvoue Docking Simulater. Only when the Apollo astronauts had
successfully wastered rendezvous and docking skills, learnad on this facilicy,
would NASA give permission for the attempt Lo land on the moon.
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10. Geographical Data

Acreage of nominaled property _LESS that 1 acre

Quadranghe name Hewport News North | Quadrangle seaje _+:24, DL
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Yeorbal boundary description and justification
The boundary of the Rendozvous and Docking Simulater is contained within the
porimeter of Building 1244 in the EBasl Area of the Langley Research Center,

List al} states and cauntiey lor properiles overlapping state or county boundaries

atsle code county ' code

e Couche CounTy Coeke

11. Form Prepared By !
narmatliie Harry &. Butowsky .
atganixation Mational Park Service data  May 15, 19484

i‘l_mtﬁrlumhar Divigion of History wlephone [(202) 343-Bleg _-_
clty ar bawn Washington, D.C. 20240 staty

12. State Historic Preservation Officer Certitication

The eveluabed significance of this proparty within the stais Is:

__. natlonal ] L toesl

As the denignaled State Hiztoric Preservation Officar tor the Hawonal Historlc Preservallon Act of 1966 (Publlc Law 85—
665}, | hersby nominate this property for inciuslon In the Matlonsl Regiater and carlity that it has been evalen bhed
according to the criterla and procedures et forth by the Hatlonai Park Service.

Sigle Historic Praservation OMicer signature

title date

Atteat: dawx
Chief of Regtatredlon

For NPE use only
i herabyy cerlity that this property is included | the National Reytsier

Keeper of tha National Register
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Rendegvous Docking Simulator

Hampten, Virginia

NASA

1964

HASA, lLangley Archives DEfice

Rendezvous Docking Simulater wirh Gemini medule







Rendezvous Docking Simulator

Hampten, Virginia

NaSA

1964

NaSA, Langley Archlves Office

Rendezvous Docking Simulator Gemini module with
Agena Target Vehicle







Rendezvous Docking Simulator

Hampton, Virginia

Hasa

1984

MASA, langley Research Center Facllitles Qffice
Modern view of BDS on top of Building 1244
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Rendezveus Docking Simulator

Hampton, VYirginia

HASA

1984

NASA, Langley Research Center Facllitcies QEfice
Control Panel for che RDS




8. Significance

Peariod Arsas of Significence—Check and Justiy below
prehistorlc archeology-prehisiaric . community planning - lsndacape architecture __ religian
1400-1459 ___ archeciogy-historic ——_ conseryation — o ___ sclence
. 15001598 __ agriculture - aconomics — . literature —— sculpture
_. .. V600-1699 ____ archlietture — sducation — . miliwary — soelal
. 1ro0-1Tes . art _X _ engingering e MOUBIC humanitarian
____18DD-1899 ____ commarce - sxplaration/ssitiement ___ phtlosophy — thoater
A 1900 _% communications —_ industry ___ poiltica/government . iransportation
- Invertion X othar {specily)
space Exploration
Specific deiss 1958-1978 Bullder:Architect U.S. Army

Statement of Signilcance [in one paragrsph|

The Ploneer Station antenna was the first antemnma to support the Rational
Aeronautics and Space Administration's unmanned exploration nof deep space. It
was the prototype antenna for the entlre Deep Space Network and had many of its
design features ilncorporated into later improved antennas. Durlng the course

of its vperational life the Pioneer Deep space Station antenna tracked a variety
of HASA wissions including projects——FPloneer, Echo, Ranger, Lunar Orbiter,
Surveyor, Apello, Hellos, Mariner, Viking and Yoyager .

When NASA assipned responsibility to the Jet Propulsion Laboratory (JPL) for

the unmanned exploration of the moon and plagets in our sclar system, the

problems implicit in the assignment werg awesome, Arlde from desligning and
fabricating the spacecraft itself, JPL had to solve the many problems in extending
the acts of telecompunications and tracking. While research in sophisticated
techniques of space age telecommunications had beea going on since 1954, there

was little experience ia dealing with the practical problems of tracking a
spacecraft traveling far from Earth, malntaining communication ¢ontact, and
capturing radio waves generated from the far reaches of gpace. The problem wasz

tn degign and build a space broadcasting and racelving statlon here on Earth,-

Prior to the Space Act of 1958 constructicm begen on the Pioneer Station antenmna
as an Army project upder JPL. After the creaticm of MASA the Ploneer Statlon
antenna became the first deep space tracking atatien in'the NASA deep space
compunications network. In deciding where to build the Ploneer Station two
stipulations were that the locarion had to be far from man-made electrical and
commercial radic and television interference and that the terrain be of a
natural howl shape.“

A suitable site was found in the heart of the Mojave Desert in California, at
Fort Irwin, about 45 miles from the town of Barstew. It was at thie site that
JPL built the Pioneer Station antemma which eventually grew inte the Goldatane
Deep Space Communicaticns Complex. AL the present time the foldstone Complex
consists of four Deep Space Stations (D58s)--Pioneer (DSS 11), Echa (DS3 12),
venus {DSS 13) and Mars (DSS 14}, These stations are named for the projects in
which they first participated.>

To provide continous 24-hour coverage for space probeg, NASA algo established
two overseas tracking stations in the Deep Space Hetwork. These stativns are
in Canberra, Australia, and in Madrid, Spain, and are spaced approximately 120
degrees apart go that spacecraft are always in view of at least one tracking
station.
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The Pioneer Station antenna represenia the flrst generation of 26-meter antennas
that enabled NASA to solve the technical problems of tracking deep space probes.
Although it has now been superseded by newer and more efficient antennas 1t was
the first, the prototype for the entire system. Features incorporated into the
latest generation of b4-meter antennas that enable NASA to track Ploneer and
Voyager Spacecraft to the very edge of the Sclar System and beyond were first
developed and proven at the Ploneer.Statlon. In recognition of the impertance
uf the Ploneer station to the Deep Space Hetwork, and to the people who worked
there, HASA dedlcarted a plaque to the station in 1978 recognizing its role and
conty ibution to the continulng mission of WASA in the expleoration of space.
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Footuates
1. H. 4. Renzetti, ed., & History of the Deep Space Hetwork From Inception

to January 1, 1969 Technical Report 32-1533 (Pasadens, California: Jet
Pronulsion Laboratory, 1971}, ¥al. 1., pp. 10-11.

Thid,, 13,

Goldstone DSCC {Pasadena, Callfornia; Jet Prupulsion Laboratery, 19797,
e B

Thid.

Ibid.
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10. Geographical Data
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;:-hll boundary description and justiflcation

The boundary of the Ploneer Deep Space Station Antenna includes omly the Antenna
and the baze upon which it is now physically located,

List al! states and counties for propariies overlapping siate or cownvty boundaries
sinte (=] County code

Atmim coda county coda
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12. State Historic Preservation Officer Certification

The eveiuaisd significance of is proparty within the state is:
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E45), | hergby nominale this property for Inclusion in the Nattonal Aegiater knd cortify that it has bean evajuated
according to the criteria and procedures set (Grih by {he Natlonsl Park Sarvice

State Higtoric Prasgreation OMicer signature

title date

' For NFE usa ony
| hereby cerlfy that thia proparty ia included in e Mational Regioter

. Keeper af the Mational Register
Atteed: date

Chid of Registration




SRR LTER]

aded oy ﬂ.u.n:.u:__.H,E;__.,:E (M sEUEPy g u..u_m:.z:z.,ﬂ:c..u Ju h,::.,.:__‘ S ARTTR

izucqmd&*J&wﬁE.MZOPmDJOwLO.&IwZO;ﬁJmm“EIaizoouw

ot |.¢.J.”|| P ap———repeei it - M.......-... ————————— ] _ - ...I .I....|1
| X 98 ~ NV3ID0 -
| ‘,\H oy cﬂﬁnmumm ~ or:oﬂh
T,
R AT —— O“du_._l_m-._u_tﬂu
IHLAE SIHHI4 YHNY Y1MYG
H3LMAD
w_ JH3IS3A o_ mmm
1\.._ /& UMJL.M._I@ZM-W ﬂ.w
oNIaY & 012 s szaud, |
SIVN_310LvsS NIJHYNYIE NV g vwadvsvd ~
- - _J_&Q |
- . . . NOFYS T
oL 09 _Dm. o OE 02 0Ol g MN
Bl
ﬂ__ INAHOLOIA EALZL AL A
| GG HILSYONT
I WSO L
f; TYIESEREE T
| wu4auwz asva 4°¥ i

maxﬁacu

I__.H_umhﬂ_zolm. ; .D_._.u_ | i
el u}:ﬁo:\ o
- 2250
(ANOLSATO9 /
I G&f m
"83H UM HOLLYLE ) _

Nimdy 1HOL

o



FgdIneg

"5 *d *§zz-€g ‘ON WNPUBIOWSH TEITUYDIL Tdf

\... LR
k% ACifavE o) Y
=
LT
m—m- 1.._ L1 HOLLTLS ..n..
SnN1A o #s
, A it
. p . ¥ W0
¥ i 908 HIMDL ey
. J NOILLE#T 0 s
4 * 7
N o
Jurt i
FSETEIE- o
i
_ &
o~
H‘\
45 WolEs s feny P
L™ o g~ 2Ty 5"
.ﬂ# s L o1 - i
SHALUYAEIY IH a__vot \.,\._.\ .flu...._...._..u ., rr
. - FHQLETTIO0 Py ...“_.____ L .r.,_,..r_r.r __..u._
L . . - i
HOtLWATII0D g Mot s o il TFa, N
. () - i -t _“
oyl by
1L RENIN SHALMYROOY In .m.._
. HIYHIININ ]
ot Japrom [}
i 1 e
I < ; o
MCHM o AL F
115 IoMvn 133r0U4
vhvilne Y _ TSN boooa '
(" LY
- e
A }
Iy L
2,
-
%
Lipk|F]
HITHA
1HD sy
™
.m.r.w e
o
¥ ' tYOM N33
=t
- uvae '
HAMGL kG o
HOGLYAETIO0N &
.,‘ Iy WAMGL
_— O NGILTMIIT0S
1] Ay &
& ITN __c.u_#
NOLL N LISNGD H3NN
¥l HOILYLS SHYW
A FORY

LZOSTGE/OU0E TS/ T

uoilely ooedg dosg Joouoly
tUHIDY BUDISPLO



A
O
STATES SoLDS ONE LAKE QUADRANGLE a,tc'fu*
? TH MY CAL SRNIA-BAN BERMARDING DO &
'Jr:u::EEEgg {5 M iUTE SERIES (TOPDGRAPHIC) i
o N
r'.-l\lnimy b § E I : ri19 RIE 2322200 TIET - G:"".Elf."
. X . . i - 'I = i -

< TR
W

. ‘I-\"-\_r'. N
o —
.
N,
"
R
-t
- -"E"-H_j . t
oA t
o T R A r P 2
o L ] . /—I ! . . ;
- P _)'_ - & T - Nelsan #I1
ad s T T 3z 33 ;o 3a |,
L: - 36 T ) Loke -

I N

Pioneer Deep Space Station

UT™ References:
", P /513060/35910025

eyt e ——— _I"' -‘.-_,-.\.-

%Wﬂ -_Mmh cwn‘“'hﬂr/ f*"féuﬁ

[P S

iz

510

IHFFOAT MELNtANEr?
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1.
2.
3.
4,
5.
B.

Pioneer Deep Space Station

Fort Irwin, Califarnia

HNASA-IPL

Pre-1969

JPL Facllities Dffice

Aerial View of the Pioneer Beep 5pace

Station and support bulldings







Ploneer Deep Space Statiom

Fort Irwin, California

NASA-JFL

1933

JFL Facllitles Office

Exterior View of the Ploneer Deep Space Station
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MISSION CONTROL CENTERS

22. Space Flight Operations Facility (JPL)

23, Apoilc Missien Contrsl Center (Johnson)






Man in Soace Theme Study

HFS Fom 10-000 Federal Agency Homination
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United States Departmant of the interior .

National Park Sarvice For NP uuruir
National Register of Historic Places receiwd
Inventory—Nomination Form darte antered

San Instructions in How tc Compilele National Aegister Foris
Typa all entries—complate appllcable sectiona

i. Name

higiorc Space Flight Operations Facility

eSS COMMeN  Space Flight Operarvions FPacility

2. Location

street & number ¢t Fropulsion Laboratory not for pubilcatlon
city, towi Fisadena —_vicinity of  congressioral district
g% 1 california code a]o} county oS ARG ies cods 037
2. Classification
Catugory Ownarship . Alatus Prasent Uow
e Gindslet 4 public A otcupiad — gty — museum
_24 puikdlegs) . privelm — unoecupied — commarclal —_— park
—— strgciirs — both — wark In progress — Bducatanal e peivate resldenca
— slte Public Acguisition Accesxible —— afmturainment — . mqligloys
— — abjet — in proceas ¥ you: raatricted % govemmaent X sclentiflc
—— balng consldered — yex: unreair|cied — 1T —— ranaportation
T — Mmilltmty E__ glher; Soace

LK:?J.LII.EI.LJ.C‘I'I.

4. Qwner ol Property

st —

name: vabianal Aeronautics apd Space Adminisiriticn {MASA)

sirent & number

city, town  VESANGLON —__ viginity of state D.C. 205946

5. Location of Legal Description

LEenouse, regintry of desds. aic. Natimmal Rersnautios and Space Administration (NASA)

Euedt & number  Acai Propecty HManagerment Office Oode NHC

Gy lawn Wesniaston State L., 20548

6. Representation in Existing Surveys

e _NO""" _ has this property been gelefmined eligibie? ___yes __ no
ﬂﬂ_“ — fecarsl ___ state ____ county ___Ioin_j

depository tor survey records

EIb tewesy e




7. Description

Chack one Check one
% axcellent — demariorared _ unaltesed _* ariginel sive
- fuins A alterag —. maoved date —

—_ unexposed

Dascribs the present and original {if known} physical appearance

The Space Flight Operations Facility (SFOF) 1s at the Jet Propulsion Laboratory
(JPL) in Pasadena, California. The SFOF 1s where spacecraft tracking and
scientific data are received and processed from JPL's Deep Space Network.

The SFOF wus constructed in 1963 and is composed of three floors and a basement
The SFOF is a square bullding with 2 standby powerhouse extending from the
bagement on the west side., The entire structure encloses 122,074 square feet.

All parts of the bullding, except for parts of the bazement and the standby power

house, are air-conditioned to precise tolerances. The exterior of the structure
has a rock and concrete face.

At the heart of rhe SFOF is the Metwork Operativms Control Center which provides
a centralized control point for NASA's Deep Space Network. The Network Operations
Control Center has two separate functlonal elements: Network Operations Control

and Network Data Processing.

The ¥etwork Operatlons Contrel Center houses control conscles, video displays,
projection screens, status and coperation displays, closed circuic television
communication links and telephones necessary te control and mopitor deep space

fiight operatlions, The Netwoerk Data Processing Center houses the computers and

the dara storage and processing facilitles necessary to suppert the Network
Operations Control Center, Other areas of the bullding house cfflces, public
viewing areas and additional suppert facilicies for the Network Operaticms
Control Center.

The SFOF is an active NASA facility supporting variocus ongoing MNASA projects
including the tracking of the Voyager Spacecraft, It has continually been
modified and its equipment upgraded since it was bullt and put inte operation

in 1964,




8. Significance

Period Areas of Signiticance—Check snd justity balow
prehistorle archeotogy-prehistoric . community planning — landscape architectura ____ religion
.:. 1400--1488 ___ archeology-historic ___ conseryation _ law __. science
___1500-1598 ____ agriculture ___ aconomics —_ literature _ sculpture
_ 1s00-169% __ architecture . sducation — mitlitary __ social
_ 1700-1799 _.__art _i_ enginearing — _ music humanitarian
__  1600-1898 ___ commerca ___ explaration:setilament philosaphy ___.. theatar
1000~ *__ communications ___ Industry . polticaigovernment . transportatlon
___ 'nvention X ather (specify)
_ space Bxprlearaflon
spacific dates 136 i-Crenent Bullder Architect NASA

Ytatamert of Sigaificance (in one paragraph)

The Jet Propulsion Lahoratery from the beginning of lts asseciation with NHASLA

iu 1958 has served as the primary NASA center tor the unmanned exploration of

the planets. The first version of the Space Flight Operations Facility was

built in 1958 to support the Expleorer 1 satellite. This mission control center

was in a single voom that housed all the communications, recording, and other
suppor bt equipment necesasary for Exploter 1. By 1961, with the coming of

Project Ranger to explore the moon, it was obvious that a more elaporate mission
control center was necessary. The Space Flight Operationg Facilicy was consttuc-
ted to replace the original Explorer 1 missicn control center and to provide

the depth of technlcal support needed by newer generations of unmanned gpacecraft.

The Space Flight Operations Facllity was constructed to be part of the Deep

Space Network (DSN). The main elements in the DSN are the Deep Space Instrumen-

tation Facility (DSFI), the Ground Communicaticns System fGs}, and the Space
. Fiight Operations Facility {SFUC}I.

The DSIF is a network of tracking and communications stations located appraoximately
120 degrees apart in longitude to insure that a spacecraft is always within the
field of at least oue of the tracking stations.

The GCS consists of voice, teletype and high speed data cirevlts that 1link each
tracking station with both Cape Canaveral and the SPOY.

The SPOF at the Jet Propulsion Laborafory is the focal peint of the Deep Space
Network. The Space Flight Operations Wacility is signifieant because it ie the
hub of the vast communications netwerk through which NASA controls its unmanned
spaceeraft flying in deep space. Commands that control spacecraft flying
millions of miles from the earth are seac from the Network Control Center in

the Space ¥Flipht Operacions Facility. Scientifle and engineering information
generated by unmanned spacecraft is transmitted to the Space Flight Operations
Fatility. Inasmuch as the Jet Propulsion Laboratory is NASBA's primary center

for the unmanned exploration of the planeta, the Space Flight Operations Facility
is the heart and mind of the Jet Propulsicn Laboratory, The Mariner, Viking,
Pioncer , and Yoyager prejects that have explored the planets and solar epvironment
have all been controlled for at least part of their missions in this facility.
The vast harvest of scientific information concerning the planets and the
universe gathered by these spacecralt first szw Lhe light of day and were read

by technicians working in the Space Flight Operations Facility.
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The scale of the achlevemenls of WASA's planetary exploration proegram aver the
last twenty years is staggering. Like the great early explorers of human
nistory, Columbus, Magellan, Balboa, Cortes, and Champlzin the unpanned space—
craft of NASA, Ranger , Mariner, Pioneer, Viking and Voyager have oppened new
worlds to human understanding and comprehension. The Space Flight Operaticns
Facility for this period of time has been at the heart of this gperation.
Through the achievements of modern technology and communications the entire
human family was able to travel to the planets and experience the thrill of
discovery. The Space Flight Operatlons Facility is the syubel of this technolegy
and the respurce most closely asgoriated with the unmanned planetary exploration
program of the Jet Propulsion Laboratory aund the Hational Aeronautics and Space
Adminlstration.
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10. Geographical Data

Le=zs than 1 acre
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Ihe boundary of the Spage Flight Operations Faoility is shown as the green line
aon the map cntitled “Space Flight Operations Facility Location Mag."

List all slmies and counties for properiias ovarlapping state of county bourdaries

atate ) coda gounty code

Hate code county code

14¥. Form Prepared By

name/lia  Larry A. Tukowshy

Grganization Mational Pari Service dste May 15, 1984
atrowt & number Division of History elephone {2027 343-8168
city or town Washington, B.C. 20340 stats

12. State Historic Preservation Officer Certification

The svaiumted signiicance of this property within the alats is:

— nnptlonal ____state . locai

As the deskgnated State Historle Praservation OHicer for the Mational Historic Presarvation Aci ot 1966 (Public Law B3
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according ta the criteria and procedures set farth by ihe Naiional Park Service.

Siate Historic Preservalion Oiicer sighalure

title date

Far N5 use only
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Allam - date
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Space Flight Operatlons Facilicy
Pasadena, California
NASA-JPL

1983
JPL Facilitles Office
Exterior View of Space Flight Dperations

Fac{lity Building #230







Space Flight Operaticns Control Faellity
Pasadena, Californla

HASA~JPL

1976

JPL Publie AFfalrs Qffice

Interlor View of the Network Operations
Control Center
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Space Flight Operations Facility
Pasadena, California

WiS4A—JPL

1981

JPL Public Affairs Office

Interior View of the Network Operations

Control Center
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National Park Service
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Inventory—Nomination Form

See instruciions in How to Complete National Register Forms
Type &1 entrigs—complate applicatile sectiona

Far KPSy only
e
dote artersd

1. Name

hinteric Apollo Mission Control Canter

andfar commeon Migzion Control Cenker

2. Location

streel & number Lyndaen B, Johnrson Space Flight Center

_— et for publicstion

cily, town Houston — vicinity of congressio:  districl

1A T A8 ; 1
stata Texas cadea county Harris GOk 20
3. Classification
Category Gwnarship Status PFresani |
___ distriet - publie — acgupled __ agrle tuce . museum
_X buidingls) — _ private _— unaccupied —_ vomr roiai - park
— structurs — both —__work In progres — odus: -onel —— peivate resicence
__ gila Public Acquisitlon Accannible - wictar _inment — raligious
___ abjact ——_in process i yas: resiricted X gove:. mamt # _ sclentific

— baing considered ___ ye3: unrestricted __indu: ial £ __ tranaporiation
- no e mtll; A other: SPAce
- ERTTTITTET L0

4. Owner of Propertly
name Walional Acronautics anpd Space Administration {WASAH)
street & number
city, town Waspington vicinity of state  O-C- 20546

5. Location of Legal Description

courthoiise, registry of deeds, eic.

Mabional poronautics and Space Bdministrarion [WNASAD

zirest & numbar Aeal Properby Mapagement Office Code NXG

D.0, 20548

City. ten washinguon state

6. Representation in Existing Surveys

title fane ) nas this property been detarmined eligible? ___ yes - na
date __ _locemsl __ stgte __ counly — .. local
deposltory for survey records

City, tawn e




7. Description

Caondition Chack one Chack one

X encellent ___ deteriorated ___ unaltered _X _ origlnal site

- qobd — ruing _X aitered __ moved date

— lair e WnENposed .

Describs the prasent and original (it known) physical appesrance

The Apollo Mission Control Center is in Building 30 at the Lyndon E. Johoson
Manned Space Flight Ceater in Houston, Texas. The three-story structure consists
of a mission operations wing {MDW}, opermtions suppeort wing {05W}, and an
interconnecting lobby wing. The MOW contains systems and equlpment required te
support the mission control funcrion. The OSW contains offices, laboratory,
and technical support areas for the flight operatiens directorate. The lobby
wing provides additional office space zad dormitory farilities utllized by
Elight controlers during space flights of extended duratiom. The mission
control center 1s supported by an emergency power building that houses standby
electrical power and alr-¢ondicioning systems in the event that primary sources
fail.

principal systews on the first floor are the real time computer complex and the
communications systems. These systems suppori the dual mission facilities and
systems on the sccond and third floors. The communications system provides the
inter face between the mission control center in Houston and the manned space
flight network and the launch site.

Principal ateas on the second floor are the mission pperations control room
{MOCR), the staff support rooms {55R), the simulation faciliries, and the
master digital command system. The MOCR is the principal command and control
center, statffed with key wission operations teams responsible for overall

manzgement of the Elight.

Principal areas on the third fleor are the MOCE, the S5R, the recovery control
room, the meteorological area, and the display and timing area. The MOCR and
$5R are exact duplications of the areas on the second fioor.

The recovery conktrol room, the meteoralogical area, and the display and timing
areas support the dual mission facilities and systems on the second and third
floors.

The MOCR on the second floor is the principal command and decisicn area in the
MCC. Critical information related to spacectaft, launch vehicle, and ground
pystems, as well as aercmedical parameters from the worldwlde stations, ships,
and aircraft, is processed and displayed within the MOCR. Based on an analysis
of this continuocus flow of information, personnel in rthila room mest assesa the
spacecraft flight status and progress, and then, in time-critical perlods,
determine the continvation, alteration, or termination of the space flight.

This 1s an oagoing NASA facllity and is currently being modified to accommedate
flights of the shuttle. The third floor of the facility has been turuéd over
ko the Air Force and is in the process of belng converted into & secure aread
from which air Force shuttle flights will be moniteored. The second floor of
the faecility housing the mission contrel cperations room 1s being divided incte
two rooms to accomnvdate inereasing numwbers of shuttle flights.l




8. Significance

Pariod Arsas of Significance—Chack and juatity bulow

__ prehistoric archeology-prehistoric community planning . 'andscape architecture ral_lgtnn

___1ap0-3489 . archeology-historic — conservation _ . law ____ science

. __ 15001508 ____ agriculture . gcondmics . \haraiure - . scu!pture

18001898 ___ architecturs . education - milllary __ . socialf

—— 17001793 ___an X engineering __.— musle humanitarian

. 15D0D-1898 ___ commerce ___ exploration/setiloment phllcsophy _ . iheatsr

£ 1p00- _¥X_ communications ___ Ilndustry ___ politica/government ___ transportation
__ invantien _X _ other (apecify}

Space Txploration
specific dates 1965-Fresent Bulider Architect NASA -

Statement of Significance [in one paragraph}

| The apollo Mission Control Center is significant because of its close asgociation
with the manned spacecraft program of the United States. This facility was

' used to monltor nine Gemini and all Apollo flights including the flight of

! Apollo 11 that first landed men on the moon, After the end of the Apollo

| Program this facility was used to monitor manned spaceflights for Skylab,
Apollo-Soyuz, and 21l recent Space Shurcle flights.

| The support provided by the Apollo Mission Control Center to the first manned

| landing on the surface of CLhe moon wasg critical to the success of the mission,

1t exercised full mission control of the flight of Apollo 11 from the time of

liftoff from Launch Gomplex 39 at the Kennedy Space Center o the time of

i splashdown in the Pacific. The techmical management of all areas of vehicle

| systems of Apelle 11 including flight dynamics, life systems, flight crew
activities, recovery support, and ground operaticns were handled here.

| . Through the use of television and the print news media the scene of activity at
the Apollo Mission Control during the first manned landing on the moon was made

familiar to millions of Americans. When Neil Armstrong reported his "glant

| leap for mankind" to Mission Control his words weat tmmediately around the

' world ang into history. The Apollo Mission Gentrel Center and Launch Gomplex

39 at the Kernnedy Space Center are the two rescurces that symbolize for most

Americans achievements of the manned space program leading to the successful

first moon landing during the flight of Apollo 11 im July 1969.
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10. Geographical Data

o055 than 1 acre

Acreage o nominated property I

Qusarangss name Leagug City Quadrangle scale l:24,000
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Yerbal boundary description and Justitication

=ho bowmdary of the Apollo Mission Control Center Ls d¢ fined by the cutside
perimeter of Building 33 at the Lyndon B. Johnsen Spas Center.

tist ail stales and countins for properiies ovariapping stats gr coumty b wndaries
staie coda CounTy code

siate cods counky condw

11. Form Prepared By

nama/titie [arry &, Dulowsky
organization Mutional Iark Scrvice daie I-.a_y_lE, laa4
strest & numper  Divisien of History wephone (202) 343-8168

city or town Washingtan, 1.0, 20240 -

412. State Historic Preservation Officer Certification

The sviiuated significance of this property withln the siate Is:

o nuaticnal .- atala _ . wocal

As the ceakgnated State Histaric Preservation Officer jor tha Wational Historc Preservation Act of 1966 {Publlc Law 68—

&65), | hereby nominate this property for Inclusion in the Naticnal Regigter and cartify that it has been evaluated
according (o the critaria and procedures set farth by the Wational Park Sarvice.

Sate Historic Presgrvalion OHiver signature L

fille dale
For HPS use only
t heraby cerlily that thig proparty ia inciuced in the Natlonal Aeglsler
-y
Kezeper of the Hational Heqistar
Alvest- ]

Chief of Regisbetion
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The 16 positions in the control room and the primary
responsibilities ave as follows. A graphic illustration shows the
location of these consoles.

t. Miagion Director — overall mission res naibility and con-
trol of flight test operations. In Project Mercury there were
no alternative mission objectives that conld be exercised other
than early termination of the mission. The Gemini and Apollo
Iissicns, however, offer many possible alternatives which have
to be decided in real time.

2. Department of Defense Representative — overall control
of Department of Defense forces supporting the mission, in-
cluding direction of: the deployment of recovery forces, the
operation of Lthe recovery comimunications network, and the
search, Jocation and retrieval of the crew and spacecraft.

3. Public Affairs Officer — responsible for providing informa-
tion on the mission status to the public.

4. Flight Director — responsible te the Operations Director
for detailed control of the mission from liftoff until conclusion
of the flight; assumes the duties of the Operations Director
in his absence.

5. Assiztant Flight Director — responsible to the Director
for deteiled control of the rnission from litta® through con-
clugion of the flight; assumes the duties of the Flight Director
during his absence.

6. Network Controller — has detailed operations] control of
the Ground Operational Support Syztem netwaork,

7. Operations and Procedures Officer — responsible to the
Flight Director for the detailed implementation of the MCC!
Ground Operational Support Systema mission control pro-
cedures,

8. Vehicle Systeris Engineers — monitor and evaluate the
performance of all electncal, mechanical and life support
equipment aboard the spacecraft (this includes the Agena
during rendezvous missions).

g. Flight Surgeon — directs all operational medical activities
concerned with the mission, including the status of the flight
CIEW.

10. Spacecraft Commuinicater — voice carnmunications with
the astronauts, exchanging information o the progress of the
rmission with then,

11. Flight Dynamics Officer — monitors and evaluaies the
flight parameters required to achieve a succeasful orbital
fight; gives "GO or " Ahort” recommendations to the Flight
Directer.

12. Retrofire Officer — moniters impact prediction displays
snd is responsible for determination of retrofite times.

13. Guidance Dffcer — detects Stage 1 and Stage L1 slowrale
deviations and other programmed events, verifies proper per-
formance of the Gemini Inertial Guidance Syslem and recom-
mends action o the Flight Director.

14. Booster Svstems Engineer — monitors propellant tank
pressurization systems and advises the flight crew and/or
Flight Director of systems abnormalities.

15. Aszistant Flight Dynamics Officer — monitors and evalu-
ates Gemini launch vehicle systems and reports any asbnormal-
ties tg the Flight Director.

16. Maintenance and Opetations Supetvisor — rezponsible
for the performance of MCC-H equipment and its abibity to
supporl the mission in progress.

Information is displayed on television monitors, in-
dicator lights and digital readout devices on the econscles.
Information is ako displayed on the large group display
projection screens at the front of the contrgl room.

A visitor viewing room, providing seating space for 74
persons, is located at the rear of each MOCR. This is a
separate room with a glass front which permits authorized.
visitors to observe the functioning of the control Toora during
a missicn.







Apoilo Misslon Control Center

Houston, Texas

HABA

1966

NASA, Houston Public Affalrs Office
Aerial View of Apollo Mission Contrel,
Bullding 30
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Apollo Mission Control Center

Housron, Texas

NASA

1979

NASA, Houston Public Affairs Cffice

Interior View of Mission Operations Control Room
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Apollo Miasion Comtrel Center
RHouston, Texas
HASA

1882

NASA, Houston Public Affairs Office .
Interior View of Mission Operations Controel Rocm

during flight of Space Shuttle Challenger
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Rogers Dry Lake (Edwards AFB}






Man in Space Theme Study

;:IHFM 100 Federal Agengy Hominatior

United States Depertment of the Interior .

National Park Service | pum;-m |
National Register of Historic Plac s racaived
inventory—Nomination Form cats entered

Saa instructions in How (o Complets Nationai Regisier Forms
Typa ait entrias—ecormplete applicable sections

1. Name
histaric Huroo Oy Lake
and:or common Rogers Dry Lake

2. Location

atrest & number Edwards Alr Force Bage — not lor publication
gity, town — . vicinity o con:: enalonal district
atake ralifornia code D8 ' county Kern, San Bernardino code 029
3. Classification
Category Ownerehip . Slatus Fro gk Uan
e dimtried — & publie — Bceuphed —-. wgriculture . MUSBUM
___ buiddingis) _—— private — unocsupled —_— oLyl —_— park
—— structure - —bath — Work It progrean — sducational ___— privals residence
X gite Public Acquinition Accaxsible . SNursnment —. religlous
—__ object — ln process —X_ yua: rentricted —  govermmant — Sclemtific
— being connldend — ywn; unreetricted - Ingtustrixl — h-mpuﬁrulhn cal
—g & miliaey _ ¥ other: grﬁc‘:“ﬁaiugﬁlca
Space Exploration
4. Owner of Property pace Bxp
name United States Alr Force

straat & runtber Edwards Air Force Base

city, tawn o vicinfty of ‘siate

5. Location of Legal Description

courthoune, regisiry of desds, eic. tnited States Air Force/LEE}

streut & numbar Buildinyg 5316, Bolling Air Force Base

washi H -
ey, lown ashington afate b.c

6. Representation in Existing Surveys

title Nate L haa thia property besn determined eligible? _ _ysa ___ _no
datm —_— el e ___ cownty ___ local
depoatigry tar survey meords

eily, lawn slate




7. Description

Condition Chack ona Check one

_%_ sxcellent —_ detarlorated _ & unalterad _X _original alte
— good — ruins w— altwred — . movad  dae
T - — unexposed

Deacribe the presant and orginal {If known} physical appearance

Rogers Dry lLake is within the boundaries of Edwards Alr Force Base in California,
approximately 100 milee northeast of Los Angeles. Rogers Dry Lske Is part of

the Antelope Yalley region of the Mojave Desert and 18 bounded by the Scledad
Mountaing, the Slerra Pelona ranges of the San Gabrial Mountains, the Long
Buttes, and the Tehachapi Mountains. The lake forma the lowpoint of the Antelope
Valley which rauges in altitude from 2,300 to 3,000 feet above sea level.

Bogers Dry Lake is sizty-flve miles square and shaped roughly like a lopsided
figure-8, 12 1/2 miles long and 5 niles wide. It 1s a pluvial lake that was
formed during the late Pleistocene Era about 2.5-million vears ago. The leke
is maturally flat and ite surface 1s vnusally hard and can support up to 250
pounds per gquare Inch of presgure enabling even the heavliest ajrcraft to land
and take off from the lake bed. The lake is dry for most of the year except for
brief occasions when rainfall fills the lake bottom to a depth of a few inches.

Rogers Dry lake has 60 miles of marked and maintained runways which are 300
feet wide. {ts broad expanse of hardened clay surface forms the largest natural

landing £ield in the world.




8. Significance

i -

Period Arsas of Significance—Chack and justify below _
prentstoric __._. archeology-prehiabaric ___ community planning . landscape architecturs __ religion
1400-1489 ____ archeology-historle - conservatian e e —_ science
15001599 ___ . agricuiture —aconapmlcy - Nerature __. . seulpture
. 1600-15699 ____ architeciure e Bducation _R  military — saclal
— 17001799 ____ an ____ enginearing — musit humanitarian
__..1800-189% ____ commerce _._. exploraticn/eeniament ___ philosophy — theatar
A 1g00- ___ communications —— industry —__ politics’government ____ wansportation
— . invantlon A oiner [zpecify]
Aeropnautical Researc
Specific dates 1933-Present Builder/Architect /g Space Exploration

Statemant of Slgniicanca (in ane paragraph)

Bogers Dry lLake is the primary resource assoclizated with and reaponsible for the
establishment of Edwards Ajr Force Bage and the Dryden Flight Research Facility.
Edwards AFB is the world's premier flight tegting and flight research center.

i Both Edwards and Dryden have had a proiound impact on the development of aero-

. space technology and military security. It is preclsely the presence of the

| natural attributes of ¢lean afir, Iscleted location, ldeal weather, variable

i terralin, and rhe large expanse of dry lakebeds that firsc actracted the Army to
|

I

|

the Rogers Dry Lake im 1933. These natural assets enabled the milirary and
later the Mational Advisory Committee for Aetonautics {(NACA) and the National
Aeronautics and Space Administration (NASA} to flight test aireraft that were
on the cutting edge in aviation and asercapace techmology. Starting in 1947
with the flight of the Bell X-1, the firsr plane to break the sound barrier, to
the landing of che Space Shuttle Columbia inm i%81, Rogers Dry Lake has been che
scene of the mest impertant developments 1n the history of aviatiom.

| General History

Hogers Dry lLake area was little more that a watering stop for the Atchison,
: Tupek? & Santa Fe Railroad uwntil 1910 when the Corum Ffamily settled near the
lﬂ.kE - '

Clifferd Corum, his wife Effie, and his breother Balph were honmesteaders and
were the earliest known sectilers of this region. Seeking to sttrack others to
the area they buillc 2 combination stote and post aoffilce. Effle drove the

family buggy across the scorching desert geeking the necesgary signatures for a
petition that would officially give the Corum name to thelr post office, When

, the Postal Departwent rejected the name because of ite similarity to zoobher

' Californla towm, the Corums presisted io immortalizing thelr name. They decided
to reverse the letters In Corum and the name Huroc wag born.

Muror was first used by the military in 1933 when a small advance parcy from
March Field in Riverside came to design and maintain a bombing tange for the
Army Alr Corps. Four years later, the entilre Alr Ceorps was performing bombing
and gunnery maneuvers here.

At the outbreak of World War 1I, the south end of the lake was used for tralning
P-38 Lightning fighter pilots, and B-24 Liberstor snd B-25 Mitchell bomber
CrEWS .
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Bombing practice targets lnc¢luded a realistic 650-fuot model of a Japanese Navy

heavy cruiser, dubbed the "Muroc-Haru.

Pilots and bombardiers used the “ship”

for strafing, identification, and skip ponbing practice. The Muroc—Maru passed

from landmark to legend in 1950 when it

was "sunk” as a flight hazard by Army

engineers, who first had to rid the hull of unexpiloded bombs.

In February 1942, Col. Benjamin W. Chidlaw and Lt. Col. Ralph P. Swofford of
the Materiel Center at Wright Field, Ohio, on an extended tour of the western
United States, chose HMurcc Dry Lake as the ideal locatiom to test rfhe new
“super secret” Bell-built ¥P-59 jet airplane.

Later , negotiations with the HMuroc Bombing and Gunnery Range commanding officer,
Maj. Glen L. Arbogast, resulted in assignment of a portion of Hurec Dry Lake
north of the Santa Fe Railroad for exclusive use of the Haterilel Center peraonnel
who had been directed to proceed to Muroc, California, to take charge of the
*Materiel Center Flight Test Site.” In September 1942, America's first jet

arrived at Muroc by rall. While it was

peing Teadied for its firatr flight, a

wooden propeller was attached te the nose of the aircraft to disguise 1its jet
propulsion. The YP-59A made its first Elight October i, 1942.

As tests of the XP-59A progressed, it becane apparent that the location was
ideal for testing aircraft. In addition to a climate assuring 350 days a year
flying weather, the ary lake was a ready-made emergency landing field for

experimental aircraft.

From December 1942 the base was called the Materiel Copmand Flight Test Base.
In 1944 it was redesignated the Muroec Flight Test Base. In Dctober 1946 the

Muroe Flight Test Base on the north end
Cunnery Crew Trainiog 3ase on the sauth

of Muroc Dry Lake and the Bombing and
end of the dry lake at merged inteo &

single flight test facility at Huroc Army Adr Field under the jurisdiction of

the Air Materiel Command.

Muroc Army Alr Field was redesignated Muroc air Force Base in February 1948 and
hecame Edwards Air Forece Base in February 1949 in homor Capt. Glea W. Edwards.
A native of Lincoln, Califormia, Captain Edwards had been killed June 5, 1948,

during a performance test of a ¥B-49 “f
official dedication of the newly named

Through the years, Edwards has Lecn the
aircraft concepts and designs and has ¢
combat capability of the Afr Force. Ma
the skies above Edwards, Gapt. Charles

lying wing” experimental jet bomber .
Edwards AFE took place January 27, 1950.

focal peint for testing and evaluating
ontributed directly to the iwmproved
ny aercspace “firsts” have asccurred in
E. Yeager hecame the Eirst man Eo braeak

the once-feared sound barrier. He accomplished this feat October 14, 1947, in

the Bell ¥-1 experimental rocket plane.
of the supersonic Century Series of fig
Super Sabre.

This led directly to the development
hter aircraft beginning with the FIOU
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The three X—-15s, the world's fastest and highest flying winged alrcraft, were
tested from 1959 until 1968. XKnowledge galned from their 199 flights in the
research program hastened the day of the United States manned space and meon
flights, '

The second X-153, now on display at the Air Force Huseum, Wright-Patrerson AFE,
Dayton, Ohio, set an unofficial world speed record of 4,520 mph Qctcober 3,
1967, The X-155 reached altitudes of more than &7 mliles, Other test projects
have included the XB-70A triple-sonic Alr Force research aircreft, the F-1llla
supersonic variable sweep-wing jet fighter, the X-13 vertical take—cff and
landing airplane, and the C-5A Galaxy cargc alvcraft.

AfFrer the X~15, the Air Force-National Aeronautic and Space Administration
{ RASA) research partnership turned to a different kind of eaperimental rocket
craft-—a specially contoured, wingless wvehicle called the lifting body.

Not designed for speed like the X158, the lifting bodies were shaped to fl¥y
both as a spacecraft and a wingless airplane. They were tested to determine
their qualities for an extended near—earth flight and for conventional runway
approach and landing. The knowledge gained from the lifting body research bas
aided in the development of the space shuttie.

The shuttle eliminates costly “throw-away” boosters and ocean splashdowms.
Fdwards AFE was the prime landing site for all spsce shuttle tests and develop-
ment flights. During the entire life of the space shuttle program the desert
base, with its uniquely qualified large drylake bed, will continue to be a
contingency landing eite on any orbital wmission.

The natural resource of Rogers Dry Lake has made possible the succeseful
development snd testing of generations of American aircraft leading te the

Space Shuttle today. Because of this assoclation with the Histary of american
Aviation the Rogers Dry Lake Is uniquely qualified for designation as a National
Historic Landmack. ’
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Footnotes

1. The descriptive material for the general history of thls section has
been taken from Antelope Valley Salutes Edwards AFB (Riverside, (a.:

frmed Bervices Press, 1982}, pp. 37-9.
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Rogers Dry Lake UTM References
Eogers Dry Lake Horth
A. 1LFA428690/ 3868300
B. 11/428958/3864000
. 11/426060/3859300
Hogers Dry Lake South
. 117425600/ 3854300
E. 11/422870/3850230
F. 11/420000/3853930
Redman

G. 117416960/ 3856160
H. 11/417500/3857800
I. 1i/420030/3855000
Epzers Dry Lake Morth

J. 11/421040/38560710
K. 11/420040/3865460

Edwar ds

L. li/418850/3864560
M. 11/420150/3870860

Rogers Dry Lake ¥orth

N. 11/422950/3872940
0. 11/425860/3871360




9. Major Bibliographica!l Referen: :s

. See continuation sheets

10. Geographical Data

Acreage of naminated property _Sixty-five sguare miles

Quadrange name _SC¢ continvation shect Quacrangle scais 1:24,000
_ UMT Raferences ses pontinuation sheet
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¥erbal boundary description and justification
The boundary of the Rogers Dry Lake is shown as the green line op the following
1.5.53.5. Maps: Rogers Bry Lake Horth, Bogers Dry L ke Scuth, Redman and Edwards.

List all statas and counthes for properties overizpping stete or coun'y bourmderies

state code county cods
atate code counTy mg.
‘ 1. Form Prepared By
Pt Harry A, Butowsky L
organization National Park Service date May 15, 1984
sireet & numbar Division of History Iuhph:ric {202) 343-2l6B

Washington, D.C. 20240

city or town atats

12. State Historic Preservation OIficer-Certiﬁcatinn

The avaluated significance of thin property within the atets la:

—_- nationai — - Al — kot

As b dasignated State Historlc Presarvation Ofticer for the Natlonal Hlatoric Preasrvatkon Act of 1968 {Public Law B9-
555), f haraby naminate thia property ler inclualon in the Hationat Ragister and certlty that it has baeh evalusied
according te the criteria and procedures et forth by the Waticnal Park Sanvice.

Slabke Hiatoric Preservation CHicer signature

tithe dala
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Rogers Dry Lake

Edwards Alr Force Base

HASA

1983

NaSA, Dryden Flight Research Center

Iryden Flight Research Center and Edwards Adr
Force Base next to the Rogers Ity Lake
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Rogers Dry Lake

Edwards Alr Torce Bage, California
HASA

Unknown

NiS&, Ixyden Flight Research Center
The Bell X-1E om the Bogers Dry Lake
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Bogers Dry Lake

Edwards Alr Force Base, Californis

HAZA

Uitknown

NAGA, Dryden Flight Research Center

The %~15 research aircraft on the Rogers Dry Lake
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Rogers Dry Lake

Edwards Altr Force Base, California

HASA

Unknawn

NASA, Dryden Flight Research Center

The M-2 lifting body on the Rogers Dry Lake
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Bogers Doy Lake

Edwards air Force Base, California
NASA

Unknown

KASA, Dryden Flight Research Center
gpace Shuttle Challenger landing on the
Rogers Dry lake
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