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INTRODUCTION 

The test section of t he  Langley 7- by 10-foot high speed tunnel 

i s  surrounded by a plenum attached t o  a boundary layer remova3 com- 

pressor. 

i n  the  f loor  and cei l ing t o  permlt operation at transonic speeds. 

The test  section may also be configured with a so l id  f loor  and cei l ing 

f c r  purely subsonic testing. 

available and since the current research program fo r  the f a c i l i t y  

does not require transonic tes t ing ,  the test section has been modi- 

f i ed  t o  return it t o  the  so l id  w a l l  configuration. 

tes t ing,  the so l id  w a l l  configuration has the advantages of w e l l  de- 

fined w a l l  boundary conditions for  the calculation of w a l l  interference 

The test section may be configured with longitudinal s l o t s  

Since plenum suction is  not currently 

For subsonic 

effects and significantly lower drive energy consumption with respect 

t o  the s lo t ted  w a l l  configuration. 

A tes t  program w a s  i n i t i a t e d  t o  recalibrate the t e s t  section 

i n  the so l id  w a l l  configuration. This calibration program consisted 

of measuring the test section centerline s t a t i c  pressure distribution 

over the f u l l  operating range of the tunnel. 

calibration are presented i n  t h i s  report. 

The results of t h i s  

Complementing the  calibration information is a description of 

the t e s t  capabi l i t ies  of the  7- by 10-foot high speed tunnel. 

emphasis has been placed upon providing i l l u s t r a t i v e  examples of the 

wide variety of test  setups which are possible i n  t h i s  f ac i l i t y .  

Particular 
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GA change i n  area,m2 (f% 2 ) 

hF reference area, 5.8065 m 2 (62.5006 ft 2 ) 

HI t o t a l  pressure indicated by sonar manometer, Pa (psf ) 

16 free stream Mach nmiber 

P loca l  s t a t i c  pressure 

s t a t i c  pressure indicated by sonar manometer,Pa(psf) P I  

s t a t i c  pressure from the calibration probe averaged over the 

usable t e s t  section, pa (psf)  

p1 

P t o t a l  pressure fro= the  calibration probe ,Pa(psf) 

f ree  stream dynamic pressure, Pa(psf) 

*1 

9 

R Reynolds number per unit  length 

T f ree  stream sta,gnation temperature, OC (OF) 

a angle of attack, deg. 

B angle of sideslip,  deg. 



PART I - TUMNEL CALIBRATION 

APPARATUS 

The Langley 7- by 10-foot high speed tunnel tes t  section i s  

shown i n  figure 1. 

atmospheric wind tunnel which operates at anbient atmospheric con- 

dit ions.  

The tunnel i s  a continuous flow, closed c i r cu i t ,  

A =ore complete description i s  given i n  the second par t  of 

t h i s  report. 

Figwe 1 shows the  calibration probe ins ta l led  i n  the  test 

section. 

probe is  7.620 cm (3.000 in . )  i n  diameter. 

t o t a l  pressure or i f ice  at tunnel s ta t ion  367.99 and measured the s t a t i c  

pressure distribution from tunnel s ta t ion  317.74 t o  tunnel s te t ion  

17.74. The rear  of the probe w a s  r igidly attached t o  the ve r t i ca l  

s t r u t  of the tunnel s t ing  support system. 

held centered i n  the test section through the  use of four cables. 

These cables also applied a tens i le  load t o  the  en t i r e  probe. 

The probe geonetry i s  shown i n  figure 2. The calibration 

The probe contained a 

The front of the  probe was 

The probe or i f ices  were referenced t o  a s ingle  s t a t i c  o r i f i ce  

i n  the cei l ing a t  tunnel s ta t ion 200.29. This o r i f i ce  was connected 

t o  a precision d ig i t a l  U-tube sonar mercury manoaeter. During normal 

t es t ing ,  t h i s  ceil ing o r i f i ce  provides the  indicated s t a t i c  pressure, 

as measured by t h i s  manometer, for  se t t ing  the tes t  conditions. A 

second cei l ing or i f ice  located at the same tunnel s ta t ion but displaced 

l a t e ra l ly  20.32 an (8. in.)  w a s  crops calibrated against the center- 

l i ne  cei l ing or i f ice .  During normal tes t ing,  t h i s  second or i f ice  

3 



provides the  reference s t a t i c  pressure f o r  d i f fe ren t ia l  pressure 

transducers. 

The probe w a s  equipped with a t o t a l  pressure or i f ice  which was  

referenced t o  a t o t a l  pressure probe mounted on the right side w a l l  

upstream in the  entrance cone. 

t o  a precision d ig i t a l  U-tube sonax mercury manometer. 

tes t ing,  t h i s  sidewall t o t a l  probe provides the indicated t o t a l  

pressure, as measured by t h i s  manometer, for  set t ing the t e s t  conditions. 

A second t o t a l  probe located on the  l e f t  \&ide w a l l  w a s  cross calibrated 

against the right side w a l l  t o t a l  probe. 

the l e f t  sidewall t o t a l  probe provides the reference t o t a l  pressure 

fo r  d i f fe ren t ia l  pressure transducers. 

This side w a l l  probe was  connected 

During normal 

During normal tes t ing,  

The d ig i t a l  sonar manometers could be read t o  3.386 Pa (0.001 inches 

of mercury). 

t o  be in  agreement i f  t h e i r  readings d i f fe r  by not more than 10.158 Pa 

When exposed t o  the same pressure, the manometers are considered 

(0.003 inches of mercury). A l l  other pressures were measured by 6894 Pa (1 ps i )  

d i f fe ren t ia l  pressure transducers which are quoted as accurate t o  0.25 

percent of fill scale. 
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RESULTS AND DISCUSSION 

In  the present closed test section, the basic area distribution 

through the test section i s  constant. This dis t r ibut ion is  compatible 

wi th  the  s lo t ted  test section but results i n  uudesireable longitudinal 

velocity gradients for  the closed test section. While the test  section 

has 'e moveable floor and cei l ing t o  permit changing the area distri- 

bution , these changes i n  the test  section geometry are extremely 

d i f f i cu l t  t o  accomplish and were not considered feasible for  the 

i t e r a t ive  changes required during the calebration. Therefore , wood 

f d r i n g s  were added t o  the sidewalls of the test section i n  order 

t o  obtain the  desired area distribution. Calibration runs were then 

made and the fair ings were modified u n t i l  an acceptable s t a t i c  

pressure distribution was obtained throughout the operating range. 

The f i n a l  area distribution of the fair ings is  presented i n  figure 3. 

The resultant calibration s t a t i c  pressure distribution is shown 

i n  figure 4. 

figure 5. 

have smoothed out the dis t r ibut ion fo r  the top Mach number run. 

ever, since experience has shown that the maximum Mach nmber with a 

normal s ize  model i s  i n  the range 0.90 t o  0.94, this  f i n a l  i t e ra t ion  

w a s  not made. 

arriving at the tunnel calibration curve. It should be noted that each 

calibration run presented i n  figures 4 and 5 represents a unique combi- 

nation of operating conditions and that the runs at duplicate operating 

The associated Mach nmber distribution is  shown i n  

An.additional i t e r a t ion  on the area distribution could 

How- 

The top Mach number run of figure 5 was omitted i n  

5 



. .  

conditions were omitted fo r  c lar i ty .  

figures 4 and 5 ,  the  usable test section was judged t o  l i e  between 

s ta t ions 185 and 55. 

Based on the  distributions of 

The static pressure was averaged over t h i s  

region and t h i s  average w a s  used i n  obtaining the  tunnel c d i b r a t i o n  

curve of figure 6. 

The calibration eqxation which was obtained from a l eas t  

square fit t o  the  calibration data is: 

a) For (-) 2 .62474; 
HI 

b) For (-) C .62474; 
HI 

P 5 = 1.051280 (2 )-.030756 
P HI 
T1. 

The nominal power consumption of the tunnel main drive system 

i s  shown i n  figure 7. 

requires approximately 8.1 megawatts for  the closed test section. 

This represents a significant saving in  comparison t o  the  approximately 

11.5 megawatts required t o  obtain a Mach number of 0.8 for  the s lo t ted  

t e s t  section without boundary layer  removal. 

It should be noted tha t  a Mach number of 0.8 
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The dynamic pressure variation i s  shown i n  f igure 8 and the  

Reynolds number var ia t ion i s  presented i n  f igure 9. 

The longitudinal gradient i n  the  s t a t i c  pressure dis t r ibut ion 

of Figure 4 can be interpreted i n  terms of a buoyancy effect  which 

leads t o  a buoyancy drag correction. A detailed analysis was per- 

formed wt?ich separated out the  t i m e  gradient of t he  multiplexor from 

the  longitudinal gradient of the  pressures. This analysis showed 

that :  

i s  essent ia l ly  zero i n  the l o w  Mach number range and i n  the  higher range 

is  l e s s  than 0.0001 f o r  models with volume t o  reference area r a t io s  

(a) i n  terms of drag coefficient,  the  buoyancy drag correction 

less than 0.35, and (b) i f  the  buoyancy drag correction became important, 

fo r  large models at the  higher Mach numbers,for example, it muld be 

necessary t o  survey i n  the region t o  be occupied by t he  model using 

individual transducers i n  order t o  determine the buoyancy correction 

more accurately. It should be noted tha t  almost a l l  tests conducted 

i n  the 7- by 10-foot high speed tunnel involve models with volume t o  

reference area r a t io s  l e s s  than 0.35. 

7 



PART I1 - TEST C A P A B I L I T I E S  

F A C I L I T Y  DESCRIFTIOM 

The 7- by 10-foot high speed tunnel i s  a continuous flow sub- 

sonic-transonic atmospheric wind tunnel. 

configuration, the speed range i s  from very low speed t o  a speed 

of approximately M = 0.94 depending on model s i ze .  

In the closed test section 

The test section i s  2.007 m (6.584 f t )  high end 2.918 m (9.574 f t )  

wide .  The present calibration shows tha t  the usable length is  from 

stat ion 185 t o  s ta t ion  55 for tt length of 3.302 m (10.833 f t ) .  The mean 

cross-sectional area of the test  section for use i n  blockage calculations 

i s  5.7717 m2 (62.1256 f t2). 
The tunnel operates at ambient temperature and pressure and 

ccntinuously exchanges air  with the surrounding atxosphere. 

The drive system consists of a motor generator system which 

powers a 10.5 megawatt (14000 hp) fan motor. 

an eighteen blade ducted fan with a diameter of approximately 9.1 E 

(30 f't). 

speed of 485 rpm. 

The fan motor drives 

The fan blades are laminated spruce. The fan has a m a x i m  

F A C I L I T Y  D I G I T A L  DATA ACQUISITION, DISPLAY, 'AND CONTROL SYSTEM 

The 7- by 10-foot high speed tunnel is  equipped with a d ig i t a l  

data acquisition, display, and control system controlled by a dedicated 

on-site computer. 

central  computer complex is  presently being implemented. 

See figure 10. An on-line l ink  t o  the Langley 
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The on-site system presently consists of a Xerox Sigma 3 

computer with 49152 words of memory in  the  central  processing uni t ,  

an external input/output processor, 4.5 megabytes of rapid access 

disk, two 9-track tape drives, a card reader, a l i n e  pr inter ,  a 

Tektronix 4014 graphics terminal, and a data acquisition unit. 

present input capacity of the  data acquisition unit is 50 analog 

channels , 20 d ig i t a l  chennels, and 8 tachometer channels. 

The 

The data 

acquisition unit also has an output capability suff ic ient  t o  perform 

control functions. 

Faci l i ty  T e s t  Capabilities 

The 7- by 10-foot high speed tunnel i s  currently used primarily fo r  

fundamental aerodynamic research related t o  the  exploration of new aerodynamic 

concepts, studies designed t o  provide improved understanding of flow phenomena 

required for the development of improved theoretical  methods and special 

experiments t o  evaluate the  range of applicabili ty of advanced theories. 

However, because of the development over t he  years of unique test  capabi l i t ies  

and equipment for  a wide range of Stat ic  and dynamic tes t ing,  the f a c i l i t y  i s  

a l s o  used periodically for  highly specialized tests which would be d i f f icu l t  

t o  perform in  other f ac i l i t i e s .  

. i l lus t ra ted  i n  figures 11 t o  400 

A tes t  section schematic is  shown i n  figure 11. 

, 

This wide range of tes t ing capabflity i s  

The primary 

model support system i s  used for  the  najor i ty  of the tests and i s  

referred t o  as the  standard angle of attack sting. 

of a ver t ica l  s t r u t  with a variable pitch angle s t i ng  support systea 

This system consists 
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which covers an angle range of 24' i n  the tunnel ver t ica l  plane. The 

model s t ing  i s  attached t o  the tunnel stiw pod through a variety 

of knuckles and couplings. 

range t o  be placed anywhere between a pitch angle of -30' and a 

pitch angle of 30'. 

The fixed knucbles permit the 24' 

The couplings provide a yaw capability of -15' t o  15' 

and r o l l  capability i n  90° increments. 

system act.lrally has two mutually exclusive wdes of operation, the 

pitch mode j u s t  described and a t r a n s l a t i o n  mode. 

mode, the model may be translated ver t ical ly  from f loor  t o  ceiling. 

The primary model support 

In the l a t t e r  

The standard angle of attack system is shown i n  figures 12 t o  18 and 

32 t o  36. 

For special t e s t s ,  models may be mounted on a high angle s t a t i c  s t a b i l i t y  s t i n g -  

(See figure 11.) 

vides a pi tch capability of -10' t o  60' and a r o l l  capability of 

180°. 

This s t ing has a computerized controller and pro- 

to 

The high angle s t ing  is  mounted on the front of the standard 

s t ing  which is placed i n  the  translction mode. 

of attack and angle of sidesl ip ,  the controller drives the high 

angle s t ing  t o  the appropriate pitch and r o l l  angles and t ranslates  

the standard s t ing t o  maintain the model i n  the center of the t e s t  

sectioE. The high angle s t a b i l i t y  s t ing  is  shown i n  figures 19 t o  

For a selected angle 

21. 

The test section includes a side w a l l  turntable with a pitch 
0 rotation CaFability of oo t o  360 which is available f o r  special t e s t s .  

(See figure 11.) This system is  shown i n  figures 22 t o  24. 

It is  also possible t o  mount models on fixed s t r u t s  as shown in  

figures 25, 26, and 38. 

10 



The f a c i l i t y  possesses a complete s e t  of highly specializec? 

dynamic s t a b i l i t y  t e s t  r igs  which consist of both special  s t ings and 

balances. 

contained computerized data. acquisition, display, and control system. 

For r o l l  s t a b i l i t y  t e s t s ,  both a steady s t a t e  r o l l  r i g  (see figures 

27 and 28) and an oscil latory r o l l  r i g  (see figures 29 and 30) are 

avallable. 

e i ther  pitch s t a b i l i t y  o r  yaw s t a b i l i t y  t e s t s  (see figure 31). 

The d y n d c  s t a b i l i t y  system also includes its own self-  

There i s  also an oscil latory r i g  which may be instal led for 

In addition t o  these specialized model mounting systems, the 

f a c i l i t y  i s  also able to perform specialized types of tes t s .  

f a c i l i t y  is  supplied with high pressure air f o r  use i n  j e t  simulation. 

Powered model tes t ing  is made possible by a number of specialized 

sting-balance arrangements developed for  the fac i l i ty .  Powered model 

instal la t ions are i l l u s t r a t ed  in  figures 26, 32 t o  35, and 39. 

The 

To accomplish specific t e s t  objectives, highly specialized model 

instal la t ions may also be made. See figures 37 38. 

The f a c i l i t y  has de-reloped a laser  velocimeter system f o r  f l o w  

f i e l d  velocity measwements. This system u t i l i z e s  a 10 watt 

Argon ion laser .  

of nominal I micron par t ic les .  

The flow is  seeded with kerosene smoke composed 

See figures 13, 37[b], and 41. 

A variety of flow visualization methods are available fo r  use 

e i ther  alone o r  i n  conjunction with other t e s t  methods. Classical 

ORIGINAL PAGE IS 
OF POOR QU- 
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methods such as tufts and fluorescent o i l  are used t o  visualize 

surface flows. The laser fromthe laser  velocimeter has also been 

used with different optics t o  throw a light sheet across the test 

section, 

zation of complex three dimensionel flow fields.  

Heavy seeding with kerosene smoke then permits the visuali- 

See figure 42. 

It should be emphasized tha t ,  since t h i s  f a c i l i t y  is  used 

primarily fo r  s t a t i c  s t a b i l i t y  and control studies and for basic 

research t o  support analytical  development, the simple model in- 

s ta l la t ions  of figures 12 ,  15, and 17 are  typical of the majority 

of tes t s .  The Gther model instal la t ions shawn,xliicli represent only a 

small percentage of the t e s t s ,  serve t o  i l l u s t r a t e  the f l ex ib i l i t y  

inherent i n  the f ac i l i t y .  The more complicated instal la t ions 

involve considerable setup time, may require extensive calibrations 

a f t e r  instal la t ion,  and consume large blocks of tunnel occupancy 

time. 

12 
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Figure 6 .  Tunnel calibration curve. 
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