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UNITARY PLAN WIND TUNNELS 
 

presented by 
 

Unitary Plan Wind Tunnel Divisi on 
 

This wind tunnel is one of three NACA Unitary Plan Wind Tunnels, one'. located at each of the three Laboratories . General arrangements of the 
~- other two installations are shown on this chart (chart 11) . These wind 

t unnels are being constructed under aut hority of t he Unitary Wind !unnel 
Plan Act of 1949 and have been designed for use primarily in conducting 
devel opmental research on airplanes, mi ssiles, and engines for the air ­
craft industry , 

.. Al t hough the primary r esponsibility of the NACA is the study and 
solution of fundamental problems i n aeronautics, i t is also our function..-' 
t o a ssist 	 t he aircraft industry and the military services i n develop.ent 

'" 	 testing when our r esources are needed and i t is considered to be in the 
best national interest. St r ategic requirements during World War II caused 
us to emphasize developmental research , arid t he 'bal ance between fundamental 
and developmental r esearch effort was upset. I t was also apparent that 
wi t h the rapid advances being made in aircraft and engine perfol'1ll8nce, the 
needs for development testing would continue - hence plans were ~e to 
build these Unitary Wind Tunnels in order to restore the proper balance 
of effort . 

The Unitary Plan was given the green light i n 1950 when Congress 
'i­ appropriated tunds for the construction of these t hree wind t unnels and 


the Air Force's Arnold Engineeri ng Development Center at Tull ahoma, 

Tennessee . The Langley Unitary Plan Wi nd 'Tunnel, which 1s currently 

undergoing calibration tests, has been designed t o operate over a Mach 

number range of 1 . 2 to 5.0 using two separate nozzles and test sections. 

The test sections are 4 by 4 f eet in cross section. This wind tunnel 

i s t o be devoted to aerodynamic stUdies of airplanes and missi l es and 

it is expected that the fir st investigations will commence sometime this 
.. sammer . 

The Lewis Unitary Plan Wind Tunnel will be devoted t o studies of 
aircraft propulsive unit s . Studi es will also be made here of air inlets, 
inlet diffusers, internal duct i ng, jet exits , and other aircraft com­
ponents associat ed with t he propulsive system. This wind tunnel has a 

" design Mach number range of 2.0 t o 3.5 provided in a single 10- by 

tt lO- foot test sect ion . It is now in the f i nal construction phases. 


The Ames Unit ary Plan Wind Tunnel, like the one at Langley, will be 
devoted to aerodynamic investigations of airplanes and missiles . Tests 
can be conducted over a Mach number range of 0.7 to 3.5 i n three separate .,. 	
test sections, an 11- by ll-foot transonic test section with a ranae of 
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This compressor i~ the largest of its type in operation i n the world 
t oday. The r otor is 18 feet in diameter and weighs nearly 450 t ons. This 
photograph (chart # 2) shows one of the 11 rotor discs being lowered into 
place. The sl ots arollnd the edge of the disc are for blade attachment. 
Also pict 'ured here during final a ssembly is the entire machine wi th the 
out er case open ~ and a closer detail of t he individual r otor blades. At 
full l oad this compressor circulates air at the r at e of 60 tons per minute. 

In order to ut i lize thi s compressor t o oper ate both supersonic circuits, 
it was necessary t o develop two extremely l arge two=way valves:; as was men= ,. tioned previously~ one situated at each end of the cammon br anch of these 
ci rcuits. This common branch has been reproduced schematically on this next 
chart (chart #3 ) . The val ves are shown here i n position for operation of the 
9= by 7-foot cir cuit. Note that the passages of the 8- by 7=foot circuit 
are bl ocked. When operati on of the 8- by 7- foot circuit is desi red :; the 
val ves are rotat ed thus . The guide vanes r otate with the valve and serve in 
either position t o guide the air smoothly around t he corner . The valves are 
operated only when the tunnel is not running and is open t o atmospheric 
pr essure. Total rot ati on of 1800 is accompl ished in about 3=1/2 minutes. 
(The photograph i s of this val ue before installation of the compressor. The 
vertical strips are the corner guide vanes . ) The I I-st age compressor is 
driven by four tandem=mounted wound r ot or motors with a combined rated output 
of 180 :;000 hQrsepower. For limited int erval s t hese mot or s are capabl e of an 
output of 216, 000 horsepower. You can get some idea of the s i ze of these 
motors by reference to t.his phot ograph of the motor assembly (chart 14) . 
:rhe mot or s and compr essors are sketched here to show their relati ve posit i ons. 

The t hree=stage compr essor whi ch operates t he t r ansoni c cir cuit i s of 
the same general const ruct i on as the ll~stage compressor . Since the rotor 
of this machine has only t hree stages:; its weight i s l ess than t hat of the• 	 ll- stage compressor rotor. However:; the large t r ansonic test sect ion 
 
requi res that the three- stage compressor circulate air at t he rate of about 
 
290 t ons per minute, or approximately f i ve times the rat e of flow of the 
 
ll-stage machine. Thi s compressor is dri ven from the opposite end of the 
 

->­ dri ve motor ass~mbly. Disconnects are provided on t he shaft extensions at 
.. both ends of t his motor assembl y:; which permit coupling t o eit her compressor • 

Only one cir cuit may be operated at any one time:; however • ..... 

I n the process of compressi on as the air passes t hrough the compressor 
considerable heat is developed . For example:; the temper ature of t he air as 
it l eaves t he ll-stage compressor is 4500~o Heat is removed from the air i n 

.., these large cooling sections to keep the air temperature down to 120oF o 
Cooling i s pr ovi ded by circulat i ng water from t his l arge cool i ng tower .... through finned coi l s or radiators. Pictured here (chart #5 ) i s the com­

t 	 plete i nstall ation i n the transonic circuit cool er f r om which you may get 

an i dea of the size. Notice the man standing at the bottom of t he bank of 

cooler s. Also shown here is one of the coil units being lifted i nto place 

during installation. 
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'" . ... The air pressure in each wind tunnel circui t may be set at any value ... fram near vacuum to twice atmospheric pressure by use of pumps and com­
pressors located in this building. Once set , the pressure is very accurately 
maintained by an automatic control system. These spheres serve as pressure 
and vacuum reservoirs for use with the automatic control system. 

I would now like to introduce Mr. who will discuss same of the 
accommodations for aerodynamic testing provided by this wind tunnel. 

,I" ' In the center portion of this building on the upper two floors are six 
iT}> shops with adjoining offices for use by the manufacturers' representatives 

while models are being readied for test and whil e investigations are being 
I~ • conducted. Here preparation of models and special instrumentation as well 

as minor 	modifications may be made all within the requirements of security 
and proprietary interests. On your way to the following presentation you .. will pass one of these shops and we invite yoUr inspection of these facili ­
ties. On the second floor of the east wing of this building is the central 
computing roam where our electronic comput ing machinery is located. 

The manner in which this computing equipment is used may be illustrated 
by reference to the simplified schematic hookup shown on this next chart.. (chart #6). The equipment shown here represents that in each of the three 
test chambers - this -equipment is l ocated i n the cent ral COmpUting room. Data 
fram the model are received in the form of electrical impulses. These .. 	 impulses are sent to a recorder at the control panel where visual indica­
tion is presented on dials and the uncorrected data are automatically tabu­
lated for future reference and check purposes. Data are then transmitted 
to the central computing roam electrically. Data may be sent here for 
proceSSing fram any of the three test chambers. The information is then• fed into 	the computer which performs previously programmed computations. 
The corrected data emerge through an electric typewriter and are tabulated 
by a receiving typewriter in the test chamber control roam. 

In addition, the output of the computing machine may be used to actuate 
a plotting machine in the test chamber control roam. Here corrected test 
results may be viewed within minutes after the data are taken. This arrange~ .. ment allows the test operatoT to monitor the tests as they are in progress 
and permits current evaluation of the test program. This is a very important 
feature as it allows us to detect aerodynamic problems as they occur and may 
save unnecessary testing. 

.. 'oj 

'fhis Unitary Pl an Wind Tunnel will enabl e us to pr ovi de f or the aircraft 

.. 
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.. design engineers much needed information for proposed designs as well as for 
airplanes and missiles in the developmental and operational stages. Many 
types of investigations will be conducted 1n this wind tunnel; for instance, 
we can accommodate models such as this - of sufficient size that movable 
controls may be incorporated to permit the measurement of control forces 
needed by the aerodynamicist. Model.s such a s t .his can be tested. By con­
necting separate pressure measuring instruments t o each of the many tiny 
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Mach number from 0.7 to 1.5, a 9~ by 7-foot supersonic test section with -a 
Mach number range of 1. 4 to 2. 6 , and an 8- by 7-foot supersonic test sec­
tion with a Mach number r ange of 2. 4 t o 3.5. The wind tunnel is nearing 
completion and calibrat ion tests i n this 9- by 7-foot circuit are just 
beginning. 

Test programs and schedules of all of these Unitary Plan Wind Tunnels 
will be coordinated through two allocation and priority groups which have 
already been established - one for aircraft and missile projects, and one 
for propulsion projects. These groups are made up of one member and one 
alternate each from the ArIIry, the Navy, the Air Force, and the NACA. 

Models will be furnished by the aircraft company, and the actual 
testing will be carried out by wind~tunnel staff members. 

:; ~ 	 

The Unitary Plan Wind Tunnel here at Ames is unique in i t s general 
.~ arrangement. For a more detailed descr iption of t his wind tunnel I would 

l ike to introduce Mr . 

This scale model will give you a good idea of what the Ames Unitary 
Tunnel looks like from above. It is in reality a three-in-one arrangement,.+ 
consisting 	of a transonic circuit and two supersonic circuits, as was pointed 
out by Mr. The transonic cir cuit covers a Mach number range of 0.7 
to 1.5. Air is circulated around the closed circuit in a counter-clockwise'. ~ di recti on by t his large t hree- st age axial f l ow compressor . Tests are con­

,..., ducted in the 11- by Il-foot test section . The l ower supersonic circui t 
provides Mach number variation from 1 . 4 to 2 .6 i n a test section 9 feet• wide and 7 feet hi gh. You are now seated here = i n the test chamber-. 	 enclosing this test section. Air is circulated in a clockwise direction 
around this circuit by this ll- stage axial f l ow compressor . Note that 
this compressor is located in a section common to both supersonic circuits. 
For operation of the higher super sonic ci rcuit it circulates air' in a 
counter-clockwise direction. To accompl ish thi s dual role requires the 
use of large two-way valves at both ends of the cammon section. These 
valves will be described later i n more detail . Thi s higher supersonic 
circuit provides Mach number variati on over a range of 2. 4 to 3.5 ih the 
8- by 7=foot test section. 

This uni.que arrangement was evolved because it was f ound t hat satis­
factory test sect i on flow fields throughout t he desired Mach number r ange could 
best be provided by three separate nozzles . The construct i on of t hree 
separate nozzles was f ound to be feasible econOmically only if they' cou.ld , , ,
be operated from a Single source of power, for the drive system is the most 
costly component of a large wind tunnel . Because of the wide variation of 
flow requirements of the three nozzles and the limited range of flow quanti ­
ties over whi ch a compressor can be designed to operate efficient ly without 
undue complexities, it was not feasible to design a single compressor to 
operate all t hree circuits . By i ncorporating these bypass channels i n the 
higher Mach number range where the nozzle flow is restricted, it was possible 
t o design a single compressor to operate both supersonic circuits . 

'" 
 



holes on this wing we can determine the distribution of air pressure and conse­
quently the load distribution, of great interest to the structural design 
engineer. Internal flow models such as this may be studied - models large 
enough to permit comprehensive measurements of the air flow through internal 
air ducts. These are, of course, but a few of the many types of investigations 
which will be conducted, but they do serve to illustrate how this wind tunnel 
will be used to improve the perfor.mance and effectiveness of the aircraft of 
today and tomorrow. 

To complete your visit to this Unitary Plan Wind Tunnel, we invite your 
inspection of this test section and its associated test apparatus. A typical 
model is mounted in the test section on the sting support and may be viewed 
from the far side of the tunnel. You will recall that air flow here is from 
right to left as viewed fram your present position. In the control roam, the 
data recording machine and plotter are in operation. There you may' see the 
form in which final data are tabulated and plotted. We request that you cross 
the tunnel here at the west end of the building and return by the stairway at 
the east end. Members of the tunnel staff will be nearby to answer any ques­
tions which may occur. The next presentation is in this building down the 
corridor through the door at the foot of this stairway. May I remind you that 
on your way to the next presentation you will see one of the manufacturers'... 
shops and offices. 

I thank you for your attention. 
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