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OVERVIEW OF PRESENTATION

DESCRIPTION OF THE 4- BY 7-METER TUNNEL

DESCRIPTION OF 1/24-SCALE MODEL TUNNEL

TUNNEL CIRCUIT FLOW CHARACTERISTICS

OPEN TEST SECTION TURBULENCE CHARACTERISTICS

CONCLUDING REMARKS
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LANGLEY 4- BY 7-METER TUNNEL DESCRIPTION

TEST SECTION: 14.5 X 21.75 FT

SPEED CAPABILITY: 0 T0 200 KTS

8000 HP DRIVE MOTOR

MULTIPLE WALL CONFIGURATION CAPABILITY: CLOSED, SLOTTED, PARTIALLY OPEN, OPEN
ACOUSTIC TEST CAPABILITY

TEST SECTION ENTRANCE FLOOR SUCTION AND MOVING GROUND BELT

AUTOMATED, TWO-COMPONENT LASER-VELOCIMETER SYSTEM

AUTOMATED HIGH-PRESSURE.AIR SYSTEM AND VARIABLE FREQUENCY POWER SUPPLY FOR POWER
SIMULATION

ON-LINE DATA REDUCTION AND DISPLAY
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4x7 METER TUNNEL ARRANGEMENT
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4 X 7 TUNMEL

MODEL TUNNEL

AIR INTAKE

1st CORNER VANES
FLOW CONTROL VANES
2np CORNER VANES
2np CORNER SCREEN
3rp DIFFUSER ANGLE
PROP BLADES

FLOW STRAIGHTENER VANES
bty DIFFUSER ANGLE

VENT

3rRp CORNER VANES

4ty CORNER YANES
SETTLING CHAMBER

YES
55
YES
55
173
AS BUILT

- CLOCKWISE

(9)
YES

AS BUILT
YES
99
202

2 SCREENS

YES
~ 15
YES
~—15
173
SAME

COUNTERCLOCKWISE
(8)

YES

SAME

YES

~ 25

~ 25
2 SCREENS




TUNNEL CIRCUIT FLOW CHARACTERISTICS

® 4~ BY 7-METER TUNNEL

e VELOCITY PROFILES MEASURED BY PROPELLER ANEMOMETER

® 1/24-SCALE MODEL TUNNEL
e VELOCITY PROFILES MEASURED BY PITOT-STATIC TUBE

o ATTEMPT TO MATCH 4- BY 7-METER TUNNEL CHARACTERISTICS

® CONTRACTION CONE BOUNDARY-LAYER CHARACTERISTICS
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HORIZONTAL VELOCITY PROFILES-CLOSED TEST SECTION
qTS= 2.78 kpa (58 psf)
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Space Adinistration

HORIZONTAL VELOCITY PROFILES-CLOSED TEST SECTION
FCV FLAPS INSTALLED, Q= 2.78 kpa (58 psf)
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%214-SCALE MODEL TUNMEL
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‘B.L. THICKNESS, 8§, IN. -4 x7 MTUNNEL

B.L. THICKNESS, &, IN. - MODEL TUNNEL

BOUNDARY-LAYER THICKNESS VS.- DYNAMIC PRESSURE

-

4 x 7 METER TUNNEL
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4- BY 7-METER TUNNEL

10 BASELINE LUNGITUDINAL TURBULENCE INTENSITY
- /O-Q
8 i \ 7) —O— CLOSED TEST SECTION
u @ o0 i _
Ko / \ —Q— OPEN TEST SECTION
O
| O
| 6 a o) |
o S S R e
\ [ O ,O\
_ 4 e /O ?
D) ~ : O
- O /
2 // O o ©
Oh—m-m—i-m wad 3 I s ot s s e s s . B bi:iibrhr—r—tl
0 10 20 30 40 50 60

©Q, psf




X: 4.3468 Y: 4.7846 HARMONIC
A SPEC ¢ R#: 5 £AT 10D
10.000 HOTWIRE
TEST 257 RUN 104
' g = 8.0
] OPEN TEST SECTION
4- BY 7-METER TUNNEL
i g
A
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]
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0.0

HZ 25.000



HARMONIC

X: 2.2938 Y: 1.0026
A SPEC ¢ v $A 100
10.000 HOTWIRE
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I
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HARMONIC
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Report No. 3179

Bolt Beranek and Newman Inc.

DIFFUSER

CEILING PIECES

COLLECTOR

FLOOR

M

NOZZLE

ELEVATION

OPENING

DIFFUSER

COLLECTOR

CEILING PIECES

NEAR WALL

MIC POSITIONS:

12" Above Floor

-

f-'ﬁ

14" Above Floor

FOAM BARRIER
"~ USED WITH POSITION (®

NOZZLE

TOP VIEW

46

10 in.

FIG. 24 AERODYNAMIC MODEL OF THE NASA LANGLEY V/STOL TUNNEL.



Report No. 3179 Bolt Beranek and Newman Inc.
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4~ BY 7- METER TUNNEL

-~ No FCV Flaps
-©- FCV Flaps

Open Test Section
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4- BY 7- METER TUNNEL

-- Baseline (FCV Flaps)
-©- Triangular Vanes

Voo - Open Test Section




4-BY 7-METER TUNNEL NOISE MEASUREMENTS

10+ Open test section, U=56.6 m/sec (110 kts)
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TURBULENCE MEASUREMENTS IN MODEL TUNNEL
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4- BY 7-METER TUNNEL
EFFECT OF COLLECTOR MOCKUP
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CONCLUDING REMARKS

UNSUCCESSFUL IN MODELING VELOCITY PROFILES IN THE CIRCUIT OF THE 4- BY 7-
METER TUNNEL. MODEL TUNNEL IS NOT AN ACCURATE DUPLICATE AND IS PROBABLY
T0O SMALL

MODEL TUNNEL HAS OPEN TEST SECTION TRENDS THAT ARE VERY SIMILAR TO THE 4-
BY 7-METER TUNNEL
e NO OBVIOUS SCALING FOR TURBULENCE INTENSITIES

e FREQUENCIES SCALE APPROXIMATELY WITH THE GEOMETRIC RATIO

COMPLETE CIRCUIT HAS A SIGNIFICANT EFFECT ON FLOW PULSATIONS



CONCERNS

® ACCURATE MODEL TUNNEL SIMULATION IS DIFFICULT AT BEST

® REYNOLDS NUMBER MATCHING MAY BE IMPORTANT IN DETERMINING FLOW SEPARATION
ZONES

MAKE YOUR MODEL TUNNEL AS BIG AS POSSIBLE AND
PROVIDE FOR REYNOLDS NUMBER SIMULATION



AEDC MODELING PROGRAMS

R. DEAN HERRON
MANAGER, TEST OPERATIONS AND ENGINEERING BRANCH (CALSPAN)
ARNOLD ENGINEERING AND DEVELOPMENT CENTER



" WIND TUNNEL MODELING AT AEDC

DEAN HERRON
ARVIN/CALSPAN FIELD SERVICES

ARNOLD ENGINEERING DEVELOPMENT CENTER
AIR FORCE SYSTEMS COMMAND




PROPULSION WIND TUNNEL FACILITY
o 16T
o 16S

o T

VON KARMAN GAS DYNAMICS FACILITY

0  APTU - AERODYNAMIC A\D PROPULSION TEST UNIT
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TUNNEL 16T SCAVENGING SYSTEM

SCAVENGING
SCOOP TIP

® SCOOP CAPTURES COMBUSTION PRODUCTS
® SCOOP PITCHES TO FOLLOW EXHAUST PLUME
@ VARIABLE SCOOP GEOMETRIES AVAILABLE




TUNNEL 16T TEST SECTION TRANSFER CART
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TUNNEL 16T VARIABLE GEOMETRY NOZZLE
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COMPRESSOR PROTECTIVE SCREEN IN THE

TUNNEL 16T DIFFUSER




HISTORY

DEVELOPMENT AND MCDELING OF PWT-16T AND 165

DESIGN CRITERIA FOR PWT-16T AND 16S WERE LARGELY DETERMINED FROM COVPONENT STUDIES
AT OTHER FACILITIES |

NATIONAL TRANSONIC PANEL - REVIEWED WORK
NACA, WRIGHT FIELD, BOEING, S&P, OTHERS

FINAL DESIGN BY SVERDRUP AND PARCEL, ST. LOUIS

SOME DESIGN CONFIRMATION AND MANY LATER MODIFICATIONS DEVELOPED IN AEDC 1-FT TUNNELS




16T COOLER

PROBABLY MOST USEFUL OF ALL MDEL TESTS - PINDZOLA

MDEL IN GA TECH WIND TUNNEL (9-FT.)

AERIDYNANICS AND STRUCTURAL DESIG

REVEALED MAWY DEFICIENCIES |

SOE FIXES IDENTIFIED WERE NOT INCORPORATED - COSTS/CONTRACTOR
SECTION TESTED AT UAC FOR SIPPLER FIES

HEAT TRANSFER OF FINVED TUBES - PURIUE UNIVERSITY

NOW TRYING TO CBTAIN BETTER FDES
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. FIG. 2. 16T COOLER _
SECTION VIEW, LOOKING NORTH,
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16T AND 16S COMPRESSORS

MODELS TESTED BY WESTINGHOUSE ELECTRIC

16T - LOW SPERD
(VECTOR TRIANGLE SIMILITUDE, INCOMPRESSIBLE)

16S - HIGH-SPEED
(1/16-SCALE, MACH-SCALED)

MANY MECHANICAL PROBLEMS WITH 9500 RPM 16 MODEL
LIMITED USEFULNESS - PINDZOLA'S RECOLLECTION
REPORTS ARE BELIEVED TO EXIST



DIFFUSER/SCAVENGING SCOOP -16T AND 16S

UNIVERSITY OF MINWESOTA - PRIVARY STUDIES
APPROKIMATE. 6-INCH  TUMNEL

SOME WORK AT UNIVERSITY OF TEXAS (?)

DIFFUSER,  SCAVENGING SCOOP, AIR REMOVAL/RETURN STUDIES

DESIGN REFINED AT AEDC

I




WALL CONFIGURATIONS

WALL DEVELOPMENT EFFORTS

UAC - 22% POROUS, NORAL HOLE CONFIGURATION
CORMELL - VARIOUS POROUS STUDIES
WRIGHT FIELD - -SLOTTED WALL STUDIES

OHIO STATE - PWT CONFIGURATION. DEVELOPMENT
1-FT BLODOAN TUNNEL

INITIAL PWT CONFIGURATIONS - 207 PORCUS, NORMAL HOLE

AEDC 1-FT  TRANSONIC MCDEL TLNNEL (TMT) LATER PATTERNED AFTER
0SU,, EXCEPT CONTINUOUS

16T WALLS RECONFIGURED T1957) TO 6% POROUS, INCLINED HOLE
BASED ON TMT  TESTS |




MODELING STUDIES

I




0

COMPONENT  MODELING FACILITIES

Ir (MD - 1FT CONTINUOUS TUNNEL - VERY HEAWY USE
APPROXIMATE MIDEL OF 16T TEST SECTION AND DIFFUSER/SCOOP

1S (M) - 1FT CONTINUOUS TUNNEL - DISMANTLED
APPROXIMATE  MCDEL OF 16S NOZZLE, TEST SECTION, AND DIFFUSER/SCOOP

ART (ACQUSTIC RESEARCH TUNNEL) - 6 INCH CONTIMUOUS TUNNEL
ATMOSPHERE IN-DRAFT TUNNEL FOR “QUIET” WALL DEVELOPMENT, VARIOUS
DUCTING, SCREENHONEYCOMB STUDIES




AEDC’S GENERAL  APPROACH
COMPONENT STUDIES PLUS ANALYTIC PREDICTIONS AND COMBINATIONS
PRESENT TREND - HEAVIER RELIANCE ON ANALYTIC PREDICTIONS,
ESPECIALLY MATH MODELS
COMPONENTS
SCALED-TEST SECTION, DIFFUSERS, MODEL SUPPORT SYSTEMS
FULL SCALE-SCREENS/HONEYCOMB
ANALYTIC
SEMI-EMPIRICAL MODELS

“YATH MODELS"

[§
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PWT-16T DIFFUSER IMPROVEMENTS

< TRANSITION SECTION ———>= CONICAL SECTION ——>

- TURNOUT
mlm m m YSTRUT

AIRFLOW
w“z:;@ . @

- | -
i
B =T W
g ) S 0 | g || ‘\ '
Z AREA TRIM FAIRINGS NEW

SCREEN

PR
A e GRAAMES.  ablothiiand

-

SCAVENGING SCOOP PRESENT COMPRESSOR
MODIFICATION ' PROTECTIVE SCREEN

\ r.22.89 * | . )
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MAIN DRIVE POWER, MW
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"ESTIMATED POWER SAVINGS
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Flow Shaping Screen

/

/—Pttot Rake (42 Pressures) /—Drive Motor & Pot.

il

i

61

SEN Rake Support
= Support
y4 \

HIHIHIHTTN

/-' ~ SURVEY RAKE INSTALLATION -Tww#EL 1T

' o Flow Angularity Probe (Press.)
Y . gSupport System
) - — . })
Quartel-plane /! | .
Roll Head )
. f:/:  TEST SECTION FLOW ANGLE
- , ©_ SURVEY.RIG INSTALLATION ~
| !
Half-Plane Cooler Fairings

FLOW SHAPING SCREENS

Figurem 3. Schematic of >’rest Installation. '.
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' - T b OR SCREENS STATION F
; ‘
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HONEYCOMB/SCREEN TESTS

TO BE ADDED TO PWT-16T IN FY 86

REDUCE. FLON AVGLE MON-UNIFORMITIES

REDUCE FLOW TURBULENCE LEVEL

MINIMIM POWER INCREASE DESIRED

INITIAL CONFIGURATION SAVE AS LANGLEY -7

LAREE SIZE (55 FT.) REQIRED ADDITION OF 1-VESH BACKUP SCREEN
EFFECT OF BACKUP SCREEN WAS MAJOR CONCERN

COMPONENT TESTS IN ART (6-INCH ACTUSTIC RESEARCH TUNNEL)

29
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RESULTS

o PRESSURE DROP AND TURBULENCE REDUCTION MEASURED FOR 25 CONFIGURATIONS
o EFFECT OF BACKUP SCREENS

0  PRESSURE DROP PROPORTIONAL TO “COMBINED” POROSITY

o  ADDING BACKUP IMPROVES TURBULENCE REDUCTION

o OTHER RESULTS
o  HONEYCOYB EFFECTIVE IN REDUCING TURBULENCE

o HONEYCOMB/SCREEN COMBINATIONS MORE EFFECTIVE THAN PREDICTED FROM COMPONENTS
o SCREEN SETS REDUCED FROM 4 TO 2 |




C-0

OTHER MODELING STUDIES

TEST INSTALLATIONS

NUMERQUS STUDIES OF GENERAL AND SPECIFIC TEST INSTALLATIONS
T0 DETERMINE/MINIMIZE SUPPORT SYSTEM INTERFERENCE,

“QUIET" WALL RESEARCH
WALL CONFIGURATIONS WITH “LOWER ACQUSTIC NOISE” LEVELS

EFFECT OF WINDOWS, OTHER SOLID PLATES (ALSO HOLES)
ON THE TUNNEL FLOW




STATIC

0

ANALYTIC MDELS

DUCT FLOW
16T TUNNEL

16T AND 165 COMPRESSOR

APTU

16T (WORK IN - PROGRESS)

N




DUCT FLOW MIDELS

JACKSON - AEDC-CH-01-6-76

0

0.

0

0

ONE-DIMENSIONL COVPRESSIBLE PIPE-TYPE FLOW
IPPLIED TO MDELING ENTIRE WIND TUMEL

EXTENSIVE COLLECTION OF EYPIRICAL LOSS DATA
INCUDES COOLERS,  SCREENS, HOEYCINES,  TURVING VANES, ETC,
ADAPTED 1O HP830 DESK COMPUTER

COVPARISONS GOOD WITH PWT-16T AND LANGLEY TDT

GUNN, KRAFT, POOLE - AEDC COMPUTER PROGRAM SEPOOOSS

0

0

PRECEEDED JACKSON, ABOVE, AND SIMILAR
USED ON LARGER COMPUTERS




PWT - 16T STATIC MATH MODEL

DAVID AND JACKSON - AEDC-TMR-79-P5
. STICH - UNIVERSITY OF TENN. THESIS, MARCH 1984
o . HISTORICAL PROGRAM - FROM HISTORICAL DATA BASE
TUNNEL DIVIDED INTO 8 COMPONENTS, AND LOSSES MEASURED
o ANALYTICAL PROGRAM
COMPOMENT LOSS FROM HISTORICAL PROGRAM
EVALUATE IMPROVEMENTS

57




BACK LEG

CORNER 3 0.040 M CORNER 2
GENERAL FLECIRICAL POWER
CPLTS 0.318 MO 110.7 MKW
CPLOF  0.283 ,
CPLCI 2.027
cPLBL 1.916
1023 PSFR ]
CONDITIONS COMPRESSOR C1 668 2R
M 1.500
ORTTR| Pr o igoo pora O 1% ™ coMP.\  ream
NT 4808 LB/S- EFF  0.859 C1 0.135 i
WR/HT0.100 :
WRE  0.50 DEG COOLER K1
HEAT OUT-107.9 MW 664 PSFAR
580 OR |
1
TEST-SECTION DIFFUSER |
- — CORNER 1
CORNER 4 oosio olda oloss |
B 5 6 @ oo

TUNNEL 16T-MODEL NO. 2 HNQLYTIC

JA




WIND TUNNEL COMPRESSOR MATH MODELING

16T Cl MATH MDEL COMPLETED FY 81

PUT "CALIBRATED" COCODEC CODE (UNION CARBIDE - ERDA)
ADEQUATELY MODELS  PERFORYANCE

DOES NOT ADEQUATELY PREDICT STALL

165 (235 MATH MODEL WORK STOPPED

(2 HAS BEEN MODELED |

GENERALLY GOD RESULTS

FURTHER DEVELOPMENTS REQUIRED FOR 3 OR 4 BARREL CONFIGURATIONS

I




AXIAL STATIONS

(O OJONOXO) @/— INLET GUIDE VANES
—-———_*\ | | / . .
=ISTe) 8|90 ) 1 Zca 4[| 4T /
l T 7 -
36.0 BEARING NO.2
202 = - BEARING NO, |
— - | - -
Ve
18.0 3t
)i s
\_3 \\
NS ]
aonl 0
- ; N\ QUTLET GUIDE VANES
L—w.o-—--——um —ete 4 5 64.0

Design Conditions

__ _ Tip Speed, 942 ft/sec (Absolute)

Hub Speed, 565 ft/sec (Absolute)
-Design Pressure Ratio, 1.385 .
‘Design Inlet Volume Flow, 200,000 cfs

Flow Coefficient, 0.47

Work Coefficient, 0.308

Inlet Axial Velocity, 442 ft/sec

Figure 1. Tunnel 16T Compressor Cl Layout

ALL DIMENSIONS IN FEET



PRESSURE RATIO, Ac

COMPARISON OF TUNNEL leT PERFORMANCE

WITH CODE
1.60 ,
O AEDC-TR-65-242
® Cl MATH MODEL RESULTS
DS -7
1.40 |
~ [¢
1.20 } \-STATOR BLADE
* ANGLE.
1.00 ! L ' L o .
100 140 180 220 _ 260

INLET VOLUME FLOW, Q. x |0=3 cfs




' TUNNEL 16S COMPRESSOR

206 — : — »

F Y

SURVEY STATION NO. !

- 21— 15 —» [4—-— 15— - 12 ' .
cz T ! )
ls: Cyizndn ’ (€3 (c4) (C3) \ .
7 2nd Cylinder 3rd Cylindar , ath Cyiinder \ —x

[ ] P -- -
\ ‘4’ v -
. AU~

2122 | 2425 :
23436 7 89101213 14 151617T1819° 20 23 2627 28

. All Dimsnslons In Fll'.‘
Nat to Scale :




rz

Pressure Ratio, Ac

Open Symbols: Data of Ref. 5
Solid Symbols: Present Calculations (COCODEC)

Ty=100F  Pg =300 psf -

Ref. S.

REPRODUCED ON GOUVT COPIER
C PN 7650+

2.6
2.2
® Calibration Point. \One-Barrel Stall Line
1.8 ‘ \j
o S |4 :\B\E::Jg\ ‘ N
L4 =% ﬂ"?; PN 'Q%‘\ 1\\ X =21
174 he fe] g e T[NPz
1.0 80 90 100 110 120 4 130 140 150 1 170 180 190 0
Intet Volume Flow, Q., CFS x 1073
Fig. 9 Compariso

n of COCODEC Calculations for Compressor C2 with Measurements of

7




AUTOMATION AND MATH MODELING IN THE
APTU FACILITY AT AEDC

BLOW-DOWN FACILITY

PRIMARILY FOR RAMJET PROPULSION SYSTEM TESTING

TRUE TEMPERATURE AERODYNAMIC TESTS

HIGH TEMPERATURE TESTS.

il



<< TYPICAL MODEL (FULL SCALE)

AERODYNAMIC AND PROPULSION TEST UNIT (APTU)
. TYPICAL FREEJET INSTALLATION

T
- N L8Ry -

o T e

~on

i
TEST CELL (16' DIAM)!

EXHAUST DUCT (13' DIAM)
DIFFUSER (4' DIAM)

THRUST STAND
~ AXISYMMETRIC FREEJET NOZZLE
. PLENUM (7° DIAM)

"~ A, TyprcaL TEST INSTALLATION
F1cure 1.  AeropyNaMIC AND PropuLston Test Unit (APTU)




APTU TEST CAPABILITIES

MAcH NUMBER RANGE 2.0 10 4.5 (CURRENT NOZZLES)
STAGNATION PRESSURE UP TO 300 Ps1A (DEPENDING ON MACH NUMBER)

VITIATED AIR HEATER PROVIDES STAGNATION TEMPERATURES BETWEEN 700
AND 20000R

CELL PRESSURE CONTROL
OXYGEN DEPLETION REPLACEMENT

" RUN TIMES TO APPROXIMATELY 10 MINUTES.

Ué



MATH MODEL

ACCURATE MATH MODEL OF THE PROCESS
MODEL INCLUDES PROCESS, VALVES AND INSTRUMENTATION
RUNS IN REAL TIME WITH CONTROLS SOFTWARE

USED BEFORE ALL TEST RUNS TO CHECK OUT HARDWARE AND CONSTANTS.

REPRODUCED ON GOVT COPIER
C PN 76778
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‘Stagnation Pressure, PSIA

Stagnation Pressure, PIIA

154,

120.09

90.00

0.0

el

20

¢0.00 92.00 120.00 150.80

.o

J.u

e e v v Mmaws ATV WMV UUA W

LR

99.08

135.68 180.80  225.68 279.00 315.00 9408.08 405.080 4S0.80
RUN TIME ,secC

Actual Test Data

135.80 188.83 225.68 278.00 315.00 3408.00 4@5.68 450.82
RUN TINME.SEC

Math Model Simulation
a. Stagnation Pressure

Fig. 5 Comparison of APTU Math Model Simulation with Test Data
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(X1Bss-1)

45.00 92.00 135.08

‘eao'g 2 s. . -
RUN '""EE seﬂcﬁ 278,090 31S.80

Actual Test Data

340.08 405.88 450,082

T
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DEG. R
120.09 160.80 200.0¢

g

L

~

Stagnation Temperature,
"
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*9.080

45.00 99.00 135.08

b.
Fig. 5 (continued)

180.88 225,60
RUN TIng, SC%

Math Model Run
Stagnation Temperature

278.60 315.88 3s0.00

405.00

450.808



KEY FACTORS IN SUCCESS

MOVES MADE BY RAMPS

ACCURATE MATH MODEL USED TO CHECK OUT SOFTWARE AND CONTROL STRATEGY
DURING DEVELOPMENT AND ON-LINE OPERATIONS

OPTIMUM CONTROL AT ALL CONDITIONS
LINEARIZED CONTROL ELEMENT OUTPUTS

MODERN SOFTWARE DEVELOPMENT TECHNIQUES.

REPRODUCED ON GOVT COPIER
C PN 76778
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