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1. Name 
Rocket Engine Test Facilityhistoric 

Indlor common Rocket Propulsion Test F'acili ty 

2. Location
 
street &: number Lewis Research Center not tor publication 

city, town Cleveland _ vicinity of congressional district 

state 
Ohio 

code 
39 county Cuyahoga coda 035 

3. Classification 
Category Ownerahip Statu. P....nt u_ 
_district -lL public _occupied _ agriCUlture _museum 
_ bUlldlng(s) __ privata _ unoccupied _ commercia' _park 
..X- structure _both _ work In progress _ educational _ privats rasldanca 
_site Public Acqu,.,t'on Acc••slbl. _ antartalnment _rallglous 
_object _In procass ~ yas: restricted Lgovammant -"- sclantlflc 

_ being conaldered _ yas: unrestricted _ Industrial _ transportation 
no military ..-X....- other: Space 

exploratlon
4. Owner of Property 

National Aeronautics and Space Administration (NASA)name 

street &: number 

city, town Washington _ vicinity 01 stata D. C. 20546 

5. Location of Legal Description 
courthouse, registry of deed_, etc. National Aeronautics and Space Administration (NASA) 

street &: numbel Real Property Management Office Code NXG 

city, town Washington D.C. 20546
state 

6. Representation in Existing Surveys
 
title NO:l€ has this property bean datermined eligible? _ yes no 

date _______________________---===-::Ia:.:d:.:e.:-ra..I---==::...::st::a:::ta:...,=::...::c:.:o::un_ty_~_-_I_OC_._I 

depository for survey records 

city, town state 



~~---::-"""":"'--------------------7 • Description 

Condition Check o"e Ch.ek_ 
~ncellent 
_good 

__ deteriorated 
_ruins 

__ unaltered 
Lallered 

-1\- original site 
_ moved date ~ ~ 

_laIr _unexposed 

Describe tho ......"t ."d orlel".1 lit know,,' ..h,sle.' .......r."e.
 

The Rocket Engine Test Facility (RETF) Complex is an integrated stand-alone 
test facility dedicated to the testing of full scale rocket thrust chambers. 
The complex is at the south end of the Lewis Research Center (LeRC), Cleveland, 
Ohio, and occupies approximately ten acres of land. The complex incl~des two 
major buildings with extensive support services. The RETF (Building 202) is 
used for sea level testing of vertically mounted rocket thrust chambers and 
space simulation testing of horizontally mounted rocket engines. The Rocket 
Operations Building (ROB) (Building 100) is located one-quarter mile north of 
RETF and contains the facility remote control room, a shop area, and general 
office space. This unique test complex has high pressure capabilities, the 
ability to test with a wide variety of rocket propellants, and space simulation 
capabilities for large area ratio rocket nozzle tests. 

The RETF was completed in the fall of 1957 at a cost of $2-1/2 million to test 
hydrogen-fluorine and hydrogen-oxygen rocket thrust chambers. The facility 
test capabilities have been significantly upgraded since it was built. 

Facility Systems 

The RETF consists of a 1325 square foot test cell containing two test standS, 
pressurized propellant run tanks and propellant flow line systems, and a rocket 
exhaust gas treatment combination scrubber and silencing muffler. A 4800 
square foot shop service building and 16 large volume high pressure (4000 to 
6000 psi) gas storage bottles are adjacent to the test cell. The support 
systems include permanent on-site bulk storage dewars for cryogenic liquid 
hydrogen, liquid oxygen, and liquid nitrogen and a large water reservoir; all 
are connected to the test cell by permanent pipelines. Four small buildings 
including a pump house, helium compressor shelter, liquid hydrogen pump­
vaporizer shelter, and an observation blockhouse are part of the test complex. 

Both the high thrust (20,000 lb) vertical test stand and the low thrust (to 
1000 lb) horizontal stand exhausts discharge into the common scrubber muffler 
system for toxicity and sound control. 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 instrumentation limit 
testing to a maximum of 20,000 lb. thrust. The scrubber system consists of a 
lOa-foot long horizontal tank, 25 feet in diameter containing six water spray 
banks connected to a vertical stack 20 feet in diameter (which necks down to 6 
teet in diamenter) by 118 feet high. During a run, water from the reservoir 
tank flows to the exhaust scrubber at a rate of 50,000 gallons per minute. The 
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hot gases. emerging from the rocket nozzle at velocities of 9000 to 12,000 feet 
per second and temperatures of about 6000°F, are met with a drenching spray of 
water and quickly cooled to steam temperature and slowed to a velocity of about 
25 feet per second. Additional water sprays condense the steam, and noneonden­
sable exhaust gas emerges from the stack below 160°F and a velocity of about 20 
feet per second. Water from the scrubber is due ted to a detention tank for 
treatment and then discharged to the ground water system. 

The 1984 modifications provide a space simulation test capability for the study 
of extremely large area ratio nozzles (to 1000:1) on small, low thrust rocket 
engines. The modifications include a large vacuum tank which houses the rocket 
engine, a long, water cooled diffuser section into which the hot engine exhaust 
is funneled, an inter-cooler for cooling the exhaust gases, and two gas ejectors 
to provide the pumping necessary to maintain the low vacuum environment during 
testing. 

Nine individual propellant systems comprised of run dewars and tanks with 
working pressure ranging from 1500 to 6000 psi are operational and permanently 
connected to the test stands with stainless steel, vacuum, or liquid nitrogen 
jacketed pipelines. These systems prOVide the capability to test the thrust 
chamber without the need for high pressure rocket turbomachinery and pumps. 
The separate propellant systems are integrated to support a particular rocket 
technology program on an as-required basis. Hydraulic, variable position 
valves control both the pres surant gas flow to the run tanks and the propellant 
flow to the rocket chambers under tests. 

The primary liquid hydrogen, liquid oxygen, cooling water, and hydrocarbon 
propellant systems are rated at 5000 psi working pressure. Currently. gaseous 
hydrogen at 4000 psi, gaseous helium at 6000 psi, and gaseous nitrogen at 3000 
psi are being stored. A nominal 500,000-gallon water storage reservoir supplies 
the scrubber and muffler as well as providing a source of water for the 650 
gal/min and 1400 gal/min (at 450 psi) pumps and for cooling the rocket altitude 
simulation system. On-site bulk storage of liquid nitrogen (28.000 gallons) 
liquid oxygen (2,000 gallons), and liquid hydrogen (18,000 gallons) support the 
Rocket Engine Test Facility. On-site gas-pumping equipment in service at RETF 
supply gaseous hydrogen at 4000 psi, gaseous helium (automated) at 6000 psi, 
and gaseous nitrogen (automated) at 3000 psi to the various gas bottle farms. 

A flare stack, at the top of the scrubber stack, provides the facility with the 
capability for open air burnoff of non-regenerative hydrogen, discharged from 
thrust chambers at rates up to 5 pounds per second. 
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In the test cell integral C02 and water deluge fire suppression systems and 
strategically located concrete blast walls aid in damage control if a rocket 
chamber fails under test. Hydrogen gas detectors are throughout the facility 
to warn of potentially hazardous hydrogen leaks. 

Control and Instrumentation 

The RETF test stands are remotely controlled from the well equipped control 
room in ROB. Manual, automatic timed, and computer electrical units control 
the facility instrumentation. 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 timing, and automatic premissive and cut-off 
control for the rocket engine under tests. Facility safety monitoring is also 
provided. 

Data are processed through a 200 channel high speed (31K HZ) digitizer 
multiplexer data acquisition system and fed by a direct digital data link 
to the Lewis Research Center central data system (IBM 3033 TSS and Cray 1-S 
computers). This system provides on-line data reduction capabilities to the 
control room via hardcopy terminals and eRTs located at ROB. Analog data 
systems provide "quick look" test data through four oscillograph recorders. 
System pressures are displayed on panel meters in the control room for facility 
.emote control. Closed circuit television systems and a sound monitoring 
system provide real time data necessary for the remote control of rocket tests. 
A facility intercommunication system, and emergency communication system. and 
two independent telephone systems all provide the communications network 
necessary for safe rocket test operations. l 



8a Significance 

PeriCHI A..... of " ...lfIc.nce-Chec:k .nd justify below 
__ prehistoric __ archeology-prehlatorlc _._ community planning __ landscape archltecture __ religion 
_1400-1499 _ archeology-historic _ conservation _ law ..1L science 
_1500-1599 __ agriculture __ economics __ literature __ sculpture 
_ 11100-1899 __ srchltecture __ edUCSllon __ military __ soclall 
_1700-1799 __ art L engineering __ music humanitarian 
_ IllOG-1899 __ commerce __ e"ploratlon/settlement __ philosophy __ theater 
~ 1900- __ communications __ Industry __ polltlcs/govemment __ trensportsllon 

_ Invention L other (specify) 
Space Exploration 

Specific d.t.s 1957-Present Bulld.rlArchlt.ct N!\CA 

It.t.......t of SI.nlflc.nce (In one p.r••r.ph)
 

The Rocket Engine Test Facility (RETF) is nationally significant because of its 
contribution in the development of the lighweight, regeneratively cooled hydrogen 
engine. The RETF was built in 1956 by the National Advisory Committee for 
Aeronautics (NACA) at the Lewis Research Center for the purpose of sea level 
testing of vertically-mounted rocket engines. The construction and use of the 
RETF was the next logical step in the continuing mission of the Lewis Research 
Center in the field of aircraft propulsion systems. 

The Lewis Research Center was from the beginning of its history a propulsion 
center for the National Advisory Committee for Aeronautics. It was from this 
early work which bridged the transition from reciprocating engines to newer gas 
turbine jet engines that Lewis made its early mark for NACA. In the years 
immediately before tpe creation of NASA in 1958 technical personnel at Lewis 
begin to experiment with the possibilities 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 rocket engines. Hydrogen was also a dangerous fuel to 
handle due to the possibility of explosion and the need to use exotic oxidizers 
such as flourine and oxygen. 

By the late 1950s researchers at Lewis became convinced that the desirability 
of using hydrogen-oxygen as a fuel for upper stage rockets was not only desirable 
but practicable. This data on the use of liquid hydrogen-oxygen combination 
developed at Lewis in the RETF was rapidly put to use by NASA contractors in 
developing liquid hydrogen rockets for the American Space Program. 

The specific accomplishments that resulted from this work at the RETF were the 
development of the RL-IO engine for the Centaur rocket, the J-2 engine for the 
Saturn rocket, and hydrogen-oxygen engines currently used by the Space Shuttle. 
The development of the technology needed to handle liquid hydrogen-oxygen cannot 
be overestimated. The use of the Centaur" and Saturn rockets have made possible 
the American exploration of space in both the manned Apollo program and the 
unmanned program to explore the planets and the solar environment. The technol­
ogy used to build the Centaur, Saturn, and current Space Shuttle rockets can be 
directly attributed to the work of the Lewis Research Center in the RETF in its 
effort to support the continuing propulsion needs of NASA for its many space 
programs and missions. 

The RETF is an active NASA facility that is now engaged in research to improve 
rocket technology programs in support of the Advance Space Shuttle, Orbit 
Transfer Vehicles, and the newly announced Space Station Project. 
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Footnotes 

1. Wayne Thomas, "Description of the Rocket Engine Test Facility" (Unpublished 
Report, Lewis Research Center, 1984), pp. 1-4. 
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9. Major Bibliographical References 

See continuation sheets 

10. Geographical Data
 
Acreage of nomlnat.d property Less than 1 acre 

Quadrangle name Lakewood 

UMT Referencea 

Quadrangle scale 1 : 24 , 000 

AW ~~ 
Zone ea.tlng Northing 

BW LLJ...w..J l...J...L...LuJ 
Zona esstlng Northing 

LLJ...w..J W-L.L..w..J 
l.L..L..J..J W-L.L..w..J 
l.L..L..J..J I I I I " II 

v...... boundary deacrfptlon and Ju.tlflcatlon
 
The boundary of the Rocket Engine Test Facility is shown as the green line on
 
the accompanying map entitled "National Aeronautics and Space Administration,
 
Lewis Research Center."
 

List all atat.s and countl•• for properlles overfeppl", state 0. county bounderfes 

state code county code 

state code county code 

11. Form Prepared By
 
namp1tltle Harry A. Butowsky 

~ational Park Service aay 15, 1984orga:a1z.,t'on dele 

street & number Division of History telephone (202) 343-B16B 
-----------'--------~----

Washington, D.C. 20240clly or lown state 

12. State Historic Preservation Officer Certification 
The evaluated significance of this property within the state la: 

__ I18tlonal __ stete __ locsl 

As the designated State Historic PreservaUon Officer for the National Historic Preservation Act of 1966 (Public Law 89­
665). I hereby nomlnstethls property for Inclusion In the National Register and certify that II hae been evaluated 
according 10 the crllarle and procedures set forth by the National Parl< service. 

State Historic Preservation Officer signature 

title date 

For NPS use only 
I he"'by certify thai this property la Included In the National Reglsler 

Keeper 01 the National Register 

Attest, 

Chief 01 Registration 
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1.	 Rocket Engine Test Facility 
2.	 Cleveland, Ohio 
3.	 NASA 
4.	 1981 
5.	 NASA, Lewis Research Center Facilities Office 
6.	 Interior, exterior views and capability 

statement 



NASA 
C-81-371 

Lewis Research Center NI\SI\ 

CAPABILITIES 
• MULTI-PROPELLANT-lH2, L02' N204. 

N2H4' RP-1 

• DUAL TEST POSITIONS 
-100 to 1000LBS THRUST 
-1500 to SO,OOOLBS THRUST 

.• CHAMBER PRESSURE- to 4000 PSIA 

• CYCUC TEST-200 TESTS PER DAY 

• NOISE AND CHEMICAL TREATMENT 

PROGRAMS 
• INJECTOR TECHNOLOGY FOR RL·10. 

J-2 AND SSME 
• 100,000 THRUST CHAMBER LIFE TESTS 

• FIRST LOX COOLED ENGINE 

• HYDROGEN COOLING TECHNOLOGY 

• COMBUSTION STABILITY TECHNOLOGY 



1. Lewis Research Center 
2. Cleveland, Ohio 
3. NASA, Lewis 
4. 1983 
5. NASA, Lewis Research Center Facilities Office 
6 • Aer ial View 





1. Rocket Engine rest Facility' 
2. Cleveland, Ohio 
3. NASA 
4. 1982 
5. NASA, Lewis Research Center Facilities Office 
6. Exter lor View 
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1. Rocket 1lIIgine Test Facility 
2. Cleveland, Ohio 
3. NASA 
4. 1978 
s. NASA, Lewis Research center Facilities OfUce 
6. Cutaway view of the facility 





1. Rocket Engine Test Facility 
2. Cleveland, Ohio 
3. NASA 
4. 1976 
5. NASA, Lewis Research Center Facilities Office 
6. Rocket Engine Test Cell 






