
8-FOOT TRJ1.nsonc TUNNEL 1953 INSPECTION 

... INTRODUCTICN 
y • 

You are now visiting the Langley 8-Foot Transonic Pressure Tunnel. This 

tunnel is the NACA 1 s newest transonic testine facility. At this visit we are 

going to give you a description of the two Langley 8-Foot 'l'ra...'1soni~ Tunnels . In 

addition, you will inspect the dat~ ~nd control center, test chamber, and test 

section of the new 8-Foot Transonic Pressure Tunnel. Following this~ your 

inspection will proceed to the first floor vmere you viill hear about some of the 

research being conducted in transonic tunnels . 

The Langley 8-Foot Transonic Tunnels are illustrated on this photograph and 

this planview drawing. The 8-Foot Transonic Tunnel is shown at the bottom and 

the newer 8-Foot Transonic Pressure Tunnel at the top. At the present time you 

are seated on the second floor at this approximate location &djacent to the data 
• -< 

~ and control center. These two wind tunnels are companion facilities which utilize 

~Y the same electrical drive-motor control equipment and switch gear. The common 

use of this equipment b,'f both tunnels represents an important saving in capital 

investment since the cost of this equipment alone represents approximately 1/3 of 

the cost of the new tunnel. While one tunnel is in operation, model and test 

set-up changes are made in the other. The old tunnel was origi~ally put in opera

tion in 1935 as a 500 mpb. facility. ·You vd.11 recall that 500 mph was regarded 

as a very high speed in 1935. As a result of the demand of the industry and 

military services for aerodynamic information at transonic speeds, this tunnel 

was converted by 1950 to a transoni c tunne l and at approximatel y this same time 

-~ plans we r e begun for the construction of the new· pressure tunnel. The conversion 

of the old tunnel was made by the installation of a transonic test section and by 

, 
' 

an increase in drive-motor power. This tunnel is a single-return atmospheric 
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type in which the cooling is provided by an air exchange tower. The test section 

y • is a 12-sided polygon. The drive motor is rated d, 18,000 hp for one hour's 

operation at 820 rpm. This motor drives a l e-foot di ameter fan with 36 blades 

arranged in two rows. 

The new 8-Foot Transonic Pressure Tunnel currently bein~ placed in operation 

also enables us to conduct detailed investigations at transonic speeds. The square 

test section was selected to facilitate construction and model handling, and 

because the wave reflection problem is less severe. The test section is located 

here in a 36-foot diameter chamber. The contraction area ratio from the settling 

chamber ahead of the test section to the test section is 20-1/2 to 1. 

Compared to the older tunnel, t he 8-Foot Transonic Pressure Tunnel is more 

flexible in operation. In this tunnel, i t is not only possible to va~f the tunnel 

speed but also the pressure or density. This variation in pressure is accomplished 

by the use of auxiliary equipment which can pump the tunnel to two atmospheres 

of pressure or evacuate it to 1/4 atmosphere. This auxilia:rJ equipment is located 

on the floor below and consists of a 10,000 cfm compressor, a 3,000 cfm compressor, 

- ~ and pressure control valves. In addition, there are silica-gel dryers and a 

refrigerati on system w~ich are used to control the humidity in order to avoid 

condensation shocks in the test section. The use of this equipment for a combined 

pumping and drying operation is illustrated schematically on this chart. Air 

enters the atmospheric i ntake valve, is water pre-cooled, c:. nd pumped by the 

10,000 cfm compres~or at a pressure ratio of 4 to 1 through a water aftercooler 

which reduce s the a i r t emperature t o l00°F; it t hen enters a refri gerated freon 

afterc ooler which further reduces the temperature to 40°F. This air then 

I 
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circulates through silica-gel dryers, :i.nd enters the tunnel through turning vanes 

vvi th open trailing edges in this corner of the tunnel. \'fhen the tunnel has reached 

the desired pressure, the :. tmospheric inlet valYe is closed and the tunnel valve, 

located in this part of the tunnel, is opened and the tunnel air is then re-circulat13d 

throu;:;h the drying systeM until the desired dr'JDess is reached. At this time the 

10,000 cfm compressor is shut off. It is then used O!)-lY as needed later to maintain 

a constant tunnel pressure, thereby compensating for leaks around hatches and 

access doors. The 3,000 cfm compressor then continuously recirculates the tunnel 

air through this system to maintain constant air dryness. Therefore, b:1 the use 

of this au.."'\:iliary equipment , it is possible to accurately control the tunnel air 

conditions required for a specific investigation. 

'( i The tunnel is powered by an induction motor rated at 25 ,000 hp at 800 rpm. 

Accure.te speed control is obtained by the use of a Kramer-Scherbius system. This 

power is ;<bsorbed by a 17-foot diameter fan of 32 blades followed dovmstream by 

two rows of stators. The fan drives the air in this direction. 

In order to keep th~ air temperature vii thin pra.ctical limi ts in the closed 

wind-tunnel circuit, the air is cooled by w~ter pump~d throu~h a finned tube type 

heat exchanger located in this comer ahead of the test section. 'ilith this heat 

exchanger, it is possible to keep the tunnel air stagnation temperature below 125°F. ~ 
~or maximum power conditions. 

~1 ow, we will continue our tour of this facility by an inspection of the data 

and control centers. Ji.fr. will describe the operation of the auxiliary 

equipment and tunnel controls. 
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' " INSP:ZCTICN OF DAT~. AND CCNTROIJ CENTERS 

.. i< 

This is the data and control center. All of the controls for op0rating 

the tunnel arid r :) cording the data are at this location. On my left is the c on trol 

panel for the aux2.liarJ pumping, d!"Jing, and coolinc equipment . The equipment, 

piping, and valves in the pumping circuit are laid out schedmaticall~r on this 

panel to represent the system just described to you. This represents the 10 , OCO 

cfm cor:pressor, this the 3,ooo cfm compressor , this the refrigerating system, 

this the dual tower dryer, and these lines the air piping . This equipmen L · ::. s 

been seen or will be seen OIJ- the first floor . Push buttons rerr.otely con t.::·,~] 

the operation of butterfly val ves which re in these lines . 

The ope r ation of ~~is tunnel is illustrated as follows: The auxil iary equip

, ment is put into operation from the first floor. The test engineer here wi l l 

..,.y pre-set the temper.::ture, pressure, either sub- u.tmospheric or supcr-c;.tmospheric 

and the humidity controls to Eive the conditions he wishes to maintain during this 

test . :re also sele cts the necessc.:c-y punping circuit and operates the valves in 

the selected circuit . The _humidity is controlled and recorded here . The auxiliary 

equi?ment then operates automatically to produce and maintain th~ desired- tunnel 

air condition durinc the test . If, durinG the test , it is desired to change t he 

tunnel conditions, this can be done at any time . 

The test enginee r then directs the operator at the main drive motor control 

41- panel t o sto.rl the tunnel . He does this and controls the motor speed t°,') fY:_ ve the 

desired 1''. ach number which is indicated on the Mach meter above. The da-S, . will 

then be recorded t.y cameras which are operated from here. These came:::as ~re in 

the test chamber for taking schlieren pictures and here to photograrh pressure 
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distributions shown on these manometers. This screen is part of the schlieren 

system and is used for visual observation of the shock wave in the flow field 

around 	the model. The schlieren system is one of the items which makes possible 

the information on flow phenomena. This particular system allows the test engineer 

to keep 	the flow field under constant observation throughout the course of a test. 

These 	controls are used to select the portion of the flow field under observation, 

and the 	flexibility of the system all01'\Ts the engineer to v:iSw any part of the flow 

,_'•i 	 field and from various angles. More details on the schlieren system will be given 

when you inspect the tunnel test chamber. The test engineer can keep the flow 

field under constant observation during the course of a test. The angle of attack 

of the test model is controlled remotely from this panel. Special NACA recording 

potentiometers will be located in this panel to measure the forces and moment on 

the model being investigated. The operation of all of these controls and the taking 

of data are accomplished by three people, the tunnel operator and two test engineers. 

The aerodynamic load distribution on various components of a model are inves

tigated by measuring the local static pressures on the components. These static 

pressures are measured by manometer boards. These manometer boards are back-lighted 

by neon-type lamps so that the combination of green light and the purplish manometer 

liquid results in greater resolution of detail on the photographic negative. This 

~ 	 type of lighting is desirable so that the reading of the pressures recorded on the 

photographic negatives can be easily done by a special tele-reader. This tele

reader is a semi-automatic film-readinE device which converts the photographic 

record to pressures and records the data on IBM cards which are then run through 
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IBM electronic computers. These computers convert the pressures to coefficients 

needed for final reduction of the data. During a pressure-distribution investi 

gation, the amount of data taken during one run would require 40, 000 data entires. 

The use of the IBM electronic computers h;:i.s simplified the h;:mdl ing 1nd reduct ion 

of data makin g the final information available in a short time. This concludes 

the inspection at this point. You will now follow me and vre will continue the 

inspection in the test chamber. 

.. y 
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, • 
INSPECTION OF TEST CHAMBER AND TEST SECTION 

You are in the test chamber which is a part of the tunnel pressure s hell. The 

heavy construction of the test chamber and test section was necessary because of 

the pressure under which the tunnel operates. This is the transonic test section. 

Installed in the test section is a static pressure tube for measurin g the Mach 

number distribution throughout the entire length of the test section. This survey 

tube is attached to a large circular arc strut which is also used to support sting

mounted models. Thus strut is motor driven to change the angle of attack of a 

stine-mounted model. With this sytem, the model would stay in the center of the 

-r "" tunnel while the angle of attack is being changed. Al:). pressure leads in the model 
-< 

pass through the strut and out the test section through manifolds in the test 

chamber walls and then to the manometer boards. The electrical leads are conducted 

in a similar manner to the recording potentiometers. For flo~ visualization, the 

test section side walls contain a number of optical glass windows for complete 

coverage by a schlieren system of the flow fields produced by a model. The schlieren 

~~ system is suspended from this overhead crane. The main frame is a large very rigid 

inverted U. Light sources, parabolic mirrors, knife edges, and camera will be 

mounted on these pivoted platform. For visual observation, a periscope is used to 

reflect the schlieren picture to the viewing screen which you just saw. In order 

to observe the three-dimensional flow- field around the model, it is necessary to 
~ I 

move the schlieren apparatus during the test. The schlieren system is remotely 

controlled from the data and control center and provides longitudinal, vertical, 

• 
and skewed motion of the optical axis. The flexibility of this system makes it 
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.. 
possible to use a relatively inexpensive schlieren apparatus to perform the 

functions of a much more expensive system using large mirrors. 

This concludes your inspection of the 8-Foot Transonic Pressure Tunnel 

facility. 
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(a) Description of the 8-Foot Transonic Pressure Tunnel 
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PUMPING AND DRYING SYSTEMS 
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LM..nl..1:1...cr.. .u.LD111ul I (MAY 19S3) 

I OOJt 

~ Ilfnn:l(\'f'l'fl ,..,,. 

Speaker•• T. v. Bolleeh, H. ll . 117, and G. 1t. Jones, Jr. 

!'he talks at this atop are ooncerned w1th wind-tunnel 

ruearch at t:ranaonic apeede:. In t.h1a speed range, a1 'JOU 

know, the a1r flow about the a1i-aa.tt 1s part11 •ubaon1c an! 

pai-tly aupersonic, with shock waYe• tlboae recs.. location 1• 

to small change• in speed, atel• ot atM.ok 

aileron cten.eclion, the uact •ha~ of the body, and so an. 

Th• phenCIMna 1.rrt'olved are tar too capl1eat-4 ror tl.).eorJ' to 

contl'ibu.t. raueh bea14•• broad generalisation•, and so w b&Ye 

to rel7 •1nl7 on exper1-rttal reaearch for our dealan tnror

mation: and, the recent deYeloment b:v· tbt '.RACA or tra.naonic 

wind tunnels has aided eno!"moual:v 111 «•tt1ng these neee••U"J' 

data. 

At the LanRley Laboratwy we have tl~ major t:ranaonlo 

wind tunnel•. This t1rat chart shows a photograph of tm two 

·oot tra.naonie tunnele. The older twmel, which vaa conftllted. 

tor tranaon1e operation in 1950,, waa the f1ret tra.neon!o turmal 

used tor aeronautical reaeareh. The new preesure tunnel, where 

we are now. (vhioh )'OU hav• just lns~cted up1ta1ra), 1• tbe 

mo•t recently cOlll'daaioned LanP1eY wind tunnel . (You. wll1 

inspect this tunnel. ~t a.f'ter leaving here. ) ·The puapa amt 
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peakers: J. alliss~v, • Allis, and ieser 

y coord1nat1n,'.'" the information obtained from schl1eren 

pie , turt observation~, liquid film studies. ann Pl'easun 

dletri tione, we have achtned a f'airly r'ood underatandin~ ot 

the a1r low at transonic speeds, and ot th.e fundamental reaaons 

for t11e tabllitv, loads, and perf'ol"mance problems •ncountered. 

1 t. This und.eratanding provides a direct and 

rational basis tor the solution of these problems. 

Throu~hout the subsonic speed rlll'.l.Re a leadlng-ed~e vortex 

low exists on thin awept wings at moderate and high angles of 

attack as shown here- (left side ot next chart). This vortex 

lncreaaea in siz.e toward the wiM t1P and, at a high enough 

an~le or attack, causes eeparation of the tlow O'Vflr tile tip 

portione of the wing, Ae the speed 18 increased into the tran

sonic ranr:e, the vortex tlow disappeara; however., separation 

or t.ne rlow at the winv tip• still exists at moderate and high 

angles or attack. The tip ••pa.ration ie now cauee4 by an en

tirely dit:ferent tlow plum.om.anon; that le, th• interaction or 

shocks with the boundary layer. Tb.is di&gJ-aan&tic '•ketch shove 

tne ck tormatione. ne shock or!s:ina.tes at the win. 

e fuselage juncture a.nd aweps acroaa the v1ngJ a 

second shock ori~inates at the w1ru~ tl"ailintz:-edge body juncture. 

These tw' ocks reinforce one ther at t' ir intersection 

over t outboard port1ons o the lid. cauid the flow to 
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or tlow aepai-at1on 1 v1dent t:r the f aot that eome ot the 

f'low in t undary lay-er 1 ovin~ U'Patream.. t i3• angle or 
attack ·complete flow 1eparat1on haa occurred over the outboard 

winP: panel . 

As a consequence of win.- -ti ow separation, a lost in 

loadi over these outboar t i results, along 

with a simultaneous 1nereaae 1 over the inboard win 

panel"'. 1 ome is on· C11.lef ctors contributing 

to t danRerous stablli~ istics ea.ll itch.up. 

(use el) t small arw:l the lead is p1..operl 

d1atr1but ver ntire wi , total lift on eac 

win,g pa..11el can be r sente r l e.ctor a.vt>lied at 

the center ot lo..O. :ien tne le or attack is increased to 

produ.ce erately hip·,h val lift coeft1c1ent, a 1.\0ndition 

encountered d.ur ake-of'r, landi , , the losa 

in litt at the tip& causea the center or load t itt inboard, 

ano since the win~ is swept the load also ahltts forward . The 

forward shitting of the load produces a noae-up moment, which 

turthe:r increases the angle ot attack., and under aome circ 

stances c-.n overload and de·stroy the wings. In practical air 

craft, this dit.ficUlty has been broue?:l.t under partial control, 

tor exarut>le. by use of fences and leading-edge device•, but 

pitehup remains a eeri.oue. problem at transonic speeds ror some 

con:t1gurationa. 

The next concerns airpl ri'or oe and will be 

1ve 
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perto!"lUnee at the eubsonS.c orui•• •P•d. ·are Yfl'r7 lara•• Ko•• 

aotual airplane• d•aigned in tllie manner requtn auztllarr au 
iatake• or other mNll• ot varying the 1n1at geoaaV,- 1n _... 

to min!m!.se these loa..a. 

One other point muat be made. Tt1* 1111.et pertoftUD08 

Ta.lue a d.ven by th••• overlay CUl"'Y•• are ror the lenl•t'ligb.t 

condition on17. Ad41t1onal loeses, aa large ae 20 pere4tnt ot 

the ideal thrust, ooeUP at the b1gb.er an.glee ot .,,aek l'eflulred 

1n cl!mb and 1n ••••~••• 

!he prennt atatua ot \ransoza!e aJ.r-s.ni.t P•Harcdl, in 

wtet, 1• that enough 11 Jmown about the aillpler inlet tn-• 
10 that \hew oan be uelped tor high ett101..,- in eae J)aH1• 

oulv ft.lg'b.t condition. 1"hll goal. ot O\tl'N1lt re...,...h 1• t;o 

elarif'J' the aeaip:~·• tor lhe Mr• complloatN. '"9• or 

talet•, and to 4.t;end.Jt.e .... tor ob,atatng _,.. .a\1atae•OIT 

,.rroranoa '13.rougb.oGt the ntgtl.t range. 

When optlatla engia• pertoaanoe ~ 1*a• aoh1...i, Ula 

onl7 tunher aeana bJ' vb.1ell the apee4 ot an airplu. eu. w 

1.n........t 1• bJ' :riec1Qot1on of ~ clrq. for a long tSae now, 

all Jet and propel.lar-dri:ven airaratt ba•• 'bNn 11111ted to 

av.baord.c 8J>M4• 1a lnel fi18h' Moauae ot the luge 1noftaH 

in drag '1aat ooour• near a Kach llUaHr ot i.o. Reo•t NACA 

~ ......._,, baa ahotln that a large ,_, ot •hi• drag 

~ UR•ll7 1• cau.H4 bJ' aerodJUSl• tnter.terenoe Mt;wen 

the ••1oua ..,._,. ot the airplane. !M bUio tmdei-••Cl• 
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needed ~or tne r etion or eliminnti of this element or the 

dr al£o hae been obtained and t result ft research 

are now 1>• a:onl1ed in t dea1rn ot' nearly all of the new 

airplane h1 s advane e of t art is renarded an one or the 

major keys to supersonic flight. 

:nif1c.u:ice or this work ie 1lluatrate al1tatively 

·Q 1 nal chart, which presents variation of thrust 

and dr~ 111.th Mach. number if':f'orent reonlbinationa of 

a1rorat't comPC>llenta tor the condition .of 1evel fl1Rht at eon

atant alt1tuae. The an....:le or attao :r the airplane varies 

tram a hiP.h value at the lett of tbe chart to a Vfn."Y low value 

here. or a aveeit'ied turbo-jet engine, the thrust availabl• 

over t an&ed range 1• indicated by the dotted oUPve. At 

the .... 01· the cnai~t are shown th.e major individual component• 

from which moat aireratt are built up: wing, fuselage, tail, 

pilot canop7, nacelles, and external atorea. Combhu1.tion A 

is a typical ease 1n which t e ination or these bodies in 

a convollt1onal manner bas reeulted in a. severe dra~ rise in 

the transoni~ sµcod range. Max1mur4 speed in level fliRht is 

reached, of course, at tlle point where the thrust and dra.R are 

'9q,U&l• In this case the maximum speed tall• :slitthtly below 

en. numoer 1.0. On the baeis of our better understanding or 
interference drag a.t transonic speeds, the des.igner can rear

range these su.e components into an airplane dea1r:n bavirut a 
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