
ALTITUDE FACILITIES 

Tal k No . I 

Speakers: o. Smith 
E. Samfield 

Today at thi s laboratory you will see many research 

demonst rat ions. But we are going to show you something 

entirely diff erent. We shall discuss the unique altitude 

faci l i t ies t hat make thi s re search possible. The air serv±es 

J are t he l i f e- blood of all experimental engine wor k, since 
... ., 

t he scope of t esting depends on the extensiveness and 

f l exibilit y of the air-handli ng sys tems . Because of our 

large air f a cilities , we have the mos t complete f ull-scale 

air craft engi ne l aboratory in this count ry. 

Current t urboj et engi nes now being used i n milit ary 

aircraft have been operated i n t he altitude chambers of 

t his building at simulated alti tudes to 65, 000 feet and a t 

speeds t wice that of sound . Ram-jet engines, 38 i nche s i n 

diamet er , have been operated a t a l t i tudes to 80,000 f eet 

and t hree time s the speed of sound. You wi ll see the air< 
systems that ar e required to per mit engine re search a t t hese 

.. 
extr eme condi t i ons, and t he manner in whi ch t he se systems 


'f 
are util ized. 


This central control room is the nerve center of the 

air systems . It is possibl e that we may be interrupted by 
-I 
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phone cal ls to the ser vice dispa tcher who i s seated at his 

desk. These calls will be from various r esearch setups 
~ 

in which some change in service i s r equi red . Work is now 

i n progress. 

Why do we need al t itude facili t i es? Conditions of 

pressure, temperature, and speed t hat are encountered at 

altitudes must be duplicat ed on t he ground. This slide ( fig . 1) 

shows the var i ati on in pr essure and temperature of the air 

above us . These graphs r epresent NACA data f or a standar d 
..- . 

a t mospher e. Notice that from a sea-level pressure of 
" . 

14.7 pSi, t he pressure diminishes until at an alt i tude of 

35,000 fee t it i s 3. 5 psi . At 100 , 000 f eet it i s only 0 .2 

,.~ 

4 .... 

of a pound per square inch• 
.. f 

In like manner, temperat ur e diminishes with altitude. 

II' 	 From an NACA s t andar d of 590 F a t sea l evel, t he t empera t ure 

decr ease s until at 35,000 f eet i t is - 670 F . From this point 

to 100,000 f eet t he temperature remains substantially con­
n .. 	 stant • 

.... 
Our t e s t air doe s not necessari l y follow thi s pattern

""~ 
~. s ince both the pressure and t emper ature of t he engine air 

~ are aff ected by the speed of the airplane . For exampl e , in 
~ 

,./ .. , 	 f l ight at 35, 000 feet and at a speed twi ce that of sound , the 

• 	 ram of the ai r as i t enters the engi ne causes a pr essur e 
 

rise from 3 . 5 to 27 pounds per square inch and a temperature 
 

rise from -670 to 2500 F. 
<4 

\ ,~ 
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Here are some exampl es of altitude research investi­

gations that have been conducted at the Lewis laboratory. 

This slide (fig . 2) shows a full-scale turbo j et engine 

installed in an altitude chamber. The hatch (which is shown 

in an open position) is, of course, closed and bolted before 

testing. This is t he air inl et of the engine, the compressor 

section, the combustion chambers, t he turbine and t he tail­

pi pe. Compressed air at the required pressure i s supplied 

through the bulkhead on the l eft. The air can be cooled or 
~ . 

heated t o the desired temperature. Exhaust gases are removed 
;. 

~ 	
to the right by t he laboratory exhauster system. A more de­

tailed description of t his installation wi ll be given l ater 

and you will have an opportunity to inspect it a s you leave 

the building. 

Research pr oblems ar e often limitedm one of the component 

parts of t he engine . As, for example , the compressor . This 

slide (fig . 3) shows a large mul tistage axial-flow compressor 

driven by a variable-frequency 15,OOO-horsepower motor . 

Conditioned air is supplied t hrough the surge chamber shown 

on the l eft, and the compr essor discharges into the t wo 
.-" 'I vertical pipes shown here. 
,'" 

Next (fig . 4) is a setup of a single combustion chamber. 
~ ~ 

~ In thi s appar atus we can study combus t or operation using only 

one of the several combustors that normally power an engine. 

~ 
Laboratory systems supply air at the left and remove exhaust 

gas at the right. In order to make the results applicable 
( 
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~ to the engine, the air supplied to the combustor must be 

compressed and heated to simulate the action of the engine 

compressor . The discharged gases likewise must be subjected 

t o the same conditions that ar e encountered in fl ight . 
,., 

A typi cal turbine r esearch i nve stigation is shown on 

the next s l i de (fig . 5). This shows a full-scale turbine 

to which heated compressed air is supplied through the over ­

head pi pes . The turbine discharges into the large pipe 

shown in the foreground. Mounted behind the turbine , but 

not visible in this photograph , i s an absor pt ion dynamometer. 

There are over 100 test installa t ions in t his bui l ding 

alone . All of t he buil dings at this l aboratory are supplied 

air services whi ch are controlled from this room. Each 

research scientist is interested in the progress of his 

own work. In fac t, he probably believes hi s project i s the 

mo st important one at the laboratory. Thus coordination 

and supervisi on ar e necessary to obtain a maximum economy 

of test time , consistent with t he avail able altitude services . 

Much t hought is given t o the scheduling and dispatching of 
~ 0( 

.. t hese facilities , since many user s nor mally operate simul­~ 

... -( taneously f r om the same supply and exhaust systems . 
'" 

4 
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ALTITUDE FACILITIES 

Tal k No . 2 

Speakers: F. U. Hill 
A. Brandt 

) 
The previous speaker has t ol d you of some of t he 

resear ch methods empl oyed a t this l a boratory . I woul d now 

l ike to el aborat e on the equi pment whi ch is used t o supply 

t he al titude services f or these research programs. 

Le t us consider a t ypical research setup (fig. 6) . 

Such a setup woul d be a full-scale engi ne mounted i n an 

alti tude chamber. Air is supplied by a compres sor, and 

let us a ssume t hat for this par ticular case , the air must 

be ref r i gerated. This is done by passing the compressed 

air through a cooler where i t is cooled by means of a 

refr i gerat i on system. The air mus t then pa s s t hr ough a shut­

off valve which is controlled by t he Central Control Room. 

Then t he a ir enters t he al titude chamber to t he test cell 

t hr ottling valve which is controlled by the operator of 

t he test set up . The air pas se s t hrough a temperat ure con­

trol ler where a par t icular altitude and f light speed tem­

perature is dupl i cated. Hot gas leaving t he engine enters 

a primary cooler and then passes through another control 

valve to a shut-off valve which is controlled by the dis­
''i 

patcher in this control room. The gas is further cooled by 
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a secondary cooler , and finally back through the building 

exhaust system where it is discharged to the outside . This 

arrangement typi fies the research setups in thi s building. 

To your l eft you will notice five control panels. The 

first panel is sued to supervi se the distribut ion of t he 

altitude exhaust system. If you will look at t his panel, 

you will see a large number of colored lights enclosed by 

a white border . The whi te border represents t he outer 

walls of thi s buil ding . The brown lines mark out the 
t , 

var ious t es t cells. These r ed and green l i nes r epresent 

.... the altitude and atmospheric piping . A green l ight r epre­

sents a machi ne r eady t o r un and a red light represents a 
"'. machine t hat is running . Each pair of white and blue l ights 

represents a valve . There are over 300 valves ranging from 
~ 3 i nches i n diameter to 72 inches i n diameter control led 

f rom this room. 

Located on the fir st f loor and in t he basement of t hi s 
' .. building are large vacuum pumps or exhausters. This slide 

.~... 
," (fig . 7) shows four centrifugal exhausters, each wi th a 

~ ... ra ted capacity of 100,000 cfm. The exhausters are l ocated 

at t his point (indicating on Panel 1) in the buil ding and .. 
the background noises you now hear are these exhausters 

i n operati on. Six r otary t ype exhausters , with a combined 

capacity of 120,000 cfm are located at this point in this 

building. This next slide (fig . 8) illustrates one of these 

rotary exhausters. 
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Let us trace a typical path. I f we fo llow this r ed 

line from the exhausters , we find it is a main distributing 

line running the length of the buil ding . This t est cell 

feeds into i t . You wi l l notice that the blue light is on. 

This i ndicate s that t he control room shut-off valve is 

closed. Should t he t est cell operator r equire altitude 

exhaust service, he would ca l l t his control room. The dis­

patcher woul d t urn the swi tch and the white light would 

come on. When t he bl ue light goes out, t he di spatcher .) would know the valve i s fully open . 
, . 

A centralized control is ver y import ant from t he safety..... , 

angle. You wi l l notice a number of caps over the val ve 

swi t ches . These indicate that t he lines served by the 

va l ves are out of service . The Central Control Room dis ­

pa t cher i s responsibl e for the signing out of val ves and 

equipment t o pr event injury in case a pressurized l i ne i s 

opened or a machi ne started i n error. 

The knobs and lights you see on the aprons are also 

safety f eatures. Shoul d am emergency arise somewher e in 

t he building , and the equipment operator could not get t o 

.... < hi s controls , each maj or piece of equipment suppl yi ng a l ti ­
.. 

tude services could be shut down from here . 

The second board i s used for supervi sing the distribut i on 

of the 10 pound per square inch refr igerated air . The 

next slide (fig. 9) illustrates a portion of the ammonia 

refrigeration equipment. Here air can be lowered to a 

temperature of - 700 F. The operation of this board and the 
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remaining boards is the same as the altitude board , but 

each board is an entir ely separate system. 

The third panel controls the distribution of the 40 

pound air . This i s used for t esting full-scal e engines and 

some engine components. 

The f ourth panel supervises the di s t r ibution of the 

125 and 450 pound air . This air is used pri marily i n burner 

r esearch. For exampl e, the combustors behi nd the compressor 

operate at a much higher pressure than tha t at t he i nl et 

of the engine . 

The next slide (fig . 10) illustrates three of the 

group of centrifugal compre ssors that can suppl y compressed 

ai r f rom 10 to 450 pounds per square inch , controlled from 

the two boards just described. 

The final board cont r ols the dis tribution of the 2 

pound engine cooling air . At pr e sent its use is very limited . 

Several years ago , thi s laboratay, anticipating the 

speed and size of present day engi nes, pl anned new and 

"'" larger engine test fa ci lities. A part of t his program is 
· .. ­

to increase the exhaust capacity of the a l t i tude wind 

~ - tunnel by an additional 75 per cent . In addit ion, new 

propul sion facilities ar e being complet ed. This is a model 

of the new facility. During the day , a s you travel from 

one exhibit to the other, you will not ice this large con­

struction project . It will be used for testing the large 

full-scale turbojet and ram- jet engines . The service facil­

ities are similar to those for this building, except that 
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the capacity is almost doubl e . 

Let us examine this model . Outside air will be drawn 
~.. ~ . i n and compressed in thi s location. The air will pass) 

t hrough l ar ge dr yi ng t anks whi ch do not appear on the model • .., 
It passes through t hese specially designed heaters, mixing.,. 
Sat i ons, t hrottling valves and enters the altitude tanks 

.... in which t he engines are mounted . Hot exhaust gases are 
>-1 

f i rst cooled in t he pr imary cool ers, pass through a control 

valve and the l ar ge piping t o t he secondary cooler. The 

cooled gas i s drawn i nto the exhaust er l ocated here befor e 

bei ng discharged t o t he atmosphere t hrough this s t ack. 
+1". 

The hot gases from the engi nes may r each temper atures 
,,~ 

as high as 35000 F. The se ga ses must be cooled by wat er 

until they reach a temperature that can be handled by the 

exhausters. Since large quant i ties of water are requir ed 

f or thi s and numerous ot her cooling applications , t hr ee 

cooli ng towers are i n use. You will see one of these 

cool ing towers as you l eave this building . 

Shown on thi s i llustration are t he Engine Research 

Building, i n which you are now, the new Propul sion Facilities , 

whi ch I just described, and the Altit ude Wi nd Tunnel, which 

you will visit or have visited duri ng the day . Lar ge con­

necting pipi ng or tie l ines now bei ng constructed wi l l allow 

t he combined capacity of all major services to be available 

at any of the three locations. 

t 

\ .. 



- 10 ­


When our present program of expansion is compl eted, 

it will be possible to test 15,000 pound thrust turbojet 

engines at 60 , 000 feet and twice the speed of sound . 

I should now like to intr oduce the next speaker , Mr . 

_________, who will show how this control room oper a tes 

in coordinating the use of several of the services at this 

labor ator y . 
;. 
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ALTITUDE FACILITIES 

Talk No . 3 

Speakers : B. R. Leonard 
E. Corsetti 

) ~ 

Mr . Smith has described t he services that ar e r equired 

1..- J t o test a modern ai rcraf t engine in the laboratory. Mr . 

.:. Hill has i llustrated some of t he service f acilities avai l ­

abl e a t the Lewi s l abor a tory for i nve s t igati ng t oday ' s -­

and tomorrow 's -- aircraft engines . 

.. 

We ar e now ready to see how the service faci l iti es 

are made availabl e to operate an a ctual r esear ch ins tallation. 

Let us presume t hat we are going t o conduct a l titude tests 

on a full - scal e turbojet engine here in the altitude test 

cel l , designated SW-23 . 

Since i t would be inconvenient to actual ly tour the 

entire ar"ea , we shall view the operati on with t he aid of 

a mot ion- picture camera . (Movie star ts) 

Here we see the complet e turbojet engine housed i n 

an alti t ude chamber 10 feet i n diamet er . The research 
10 4 _ 

engineer i s in the process of compl e t ing the check- off l i st... 

to make certai n t hat the equi pment i s i n proper waking 

order . 

He and the chief mechanic discuss the installation, and 

the mechanic makes minor adjustments prior to the run. 
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.. 

We are now ready to close the ha tch and go to the test 

cell control room to start the engine . As the hatch is 

closed, let ' s take a brief look behind the scenes at the 

pr eparation and activity that has preceded this moment . 

The test actually began some time ago when t hese 

research scientists found it wa s necessary to obtain cer t ain 
- ~ 

- .. alti t ude i nformation for a t urbo j et engine . 
~ . 

They have requested that the engine be instrumented 
 

, and assembl ed for testing. This is done in the Engine 
 

.. Over haul Section. When t he engine is r eady for the test, 
 
, ; 

the service facilitie s are scheduled. ... \ 

Here we see a scheduling conference in session. Members 

of t he research and service divisi ons meet every Friday and 

analyze the requests for services from all the research 

scientists. The most efficient operating schedule is 

agreed upon , and the finished schedule is distr ubuted to 

re search and service per sonnel . 

Our t est is schedul ed f or 8:30 a .m. and i t begi ns for 

us a t 8 o 'clock here in t he Central Cont rol Room. The 

servi ce dispatcher , seeing that a run is scheduled for 8:30 , 

calls the equipment operators and i nitiates the starting 

of addi tional machi nery t hat will be necessary for our test. 

The equipment oper ator for the air compr essors is 

stationed in the basement of this building . He receives his 

instructions from the service dispatcher, sets the valves 

to connect the proper machines to the air- supply headers , 

and starts the compressors . 
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Here we see the recipr ocating machinery starting to 

compress air at 125 pounds per square inch for operation 

of test instruments and auxil iary equipment . 

These are the centr i f ugal compre ssor s which wi l l furnish 

the combustion air f or our jet engine test . The controls 

have been set to deliver ai r a t 40 pounds per square i nch . 

Our next stop is in the exhauster room. The centrif ugal 

exhausters shown here are used to simula te engi ne exhaust 

condi t i ons . We will have an opportunity to observe these 

machines in operation following this film . 

The starti ng procedure for the exhausters is simi lar 

to that for the compr essor s . The equipment operator, having 

r eceived his instructions from the service dispatcher, signals 

the elect rical operator to start the motors . As .each motor 

comes up to speed , the equipment operator engages a hydraulic 

coupling between the motor and the exhauster . As the 

exhauster starts to rotate , the operator cheds the gages , 

ad juststhe controls , and calls back her e to the Central 

Control Room to notify the service dispatcher that the 

r equest ed equipment is in operation . 

The service dispatcher , after recei ving word f r om all 
.. 

the equipment operator s that the machinery has been started, 

gives the signal for the main valves to be opened to route 

the r equired services to the test cell . The control is set, 

the valve opens, and 40 pound per square inch combustion air 

is delivered to the test cell . In the same manner, the 
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..... 
 

~. 

"""l' . ,,1 

remai nder of the ser vices are made avai l abl e for use by 

the research engineer . 

We may now rej oin the engineer and mechanic i n the 

test cell control room. 

At t his pOint , the r esearch engi neer makes a final 

clear ance with t he Central Control Room and proceeds. He 

opens t he test cell contr ol val ves f or combustion air and 

al t i tude exhaust , and si gnal s t he mechani c to s tar t the 

t urbojet engi ne . The mechanic t urns on t he i gni tion , 

starts the f uel pumps and opens t he thr ottl e; t he engine 

f l a mes i nto action; and the take-taking process begi ns . 

Aft er the data ar e analyzed and evaluat ed , the infor mation 

is prepared f or use by i ndust ry , mil itary , and r esearch 

organizati ons i n the form of NACA reports . (Movie ends) 

Thi s concludes the descript i on of the al titude 

facil ities . You wil l now leave the Centr a l Control Room 

and go on a brief tour . You will see the centri f ugal 

exhaust ers in operation , t he Engine Overhaul and Therm o­

couple Section, where the engines ar e a ctually bei ng pre­

pared f or te sting , and the altitude test area wher e we 

have j ust conduct ed our j et- engine t est . 
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PRESSURE 
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VARIATION OF ATMOSPHERIC PRESSURE 
 
AND TEMPERATURE WITH ALTITUDE 
 

SEA LEVEL 50,000 100,000 SEA LEVEL 50,000 100,000 
 
ALTITUDE 
 

15 

10 
POUNDS PER 
 

SQ. INCH 
 
ABSOLUTE 
 

5 

75 


50 


25 

rTEM PERATURE 

o 
DEGREES 
 

F- 25 


-50 


-75 

Al titude Fpci l i ties -- Fi gur e 1 ~ 
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ALTITUDE RESEARCH SYSTEM 
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EXHAUST 
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Altitude Faciliti es -- Figure 6 ~ 
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