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• Ses s ion 1- Ba ck g rou nd on a eroela s ticity a nd w ind tu nnels

• Ses s ion 2 - W ind tu nnel fa cilities
– Ca libra tions  a nd s ta tis tica l qu a lity control
– The Tra ns onic Dyna m ics  Tu nnel

• Ses s ion 3 - M odel des ig n a nd fa brica tion

• Ses s ion 4 - W ind tu nnel tes ting  a nd ca s e s tu dies

• Ses s ion 5- Active control a nd s m a rt s tru ctu re tes ts

EXPERIM ENTAL AEROELASTICITY AG ENDA
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W IND TUNNEL CALIBRATION CONSIDERATIONS

AND 

STATISTICAL QUALITY CONTROL
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W ha t is  k now n a nd w ha t is  im porta nt a bou t:

• M a ch nu m ber corrections

• Flow  a ng u la rity

• Bou nda ry la yer

• Tu rbu lence

FACILITY CALIBRATION CONSIDERATIONS
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TDT CALIBRATION OBJ ECTIVES

• Determ ine R-134a  Opera tiona l Envelope

• M ea s u re Ba s ic TDT Flow  Pa ra m eters

• Qu a ntify Tes t Section Flow  U niform ity a nd Flow  Q u a lity

Tra ns onic Dyna m ics  Tu nnel
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CALIBRATIONS APPROACH

• Verify measurement of primary tunnel parameters
- Stagnation pressure
- Static pressure
- Stagnation temperature
- R134a purity

• Mach number distribution

• Boundary layer

• Flow angularity

• Turbulence

Transonic Dynamics Tunnel



6

TDT CONFIGURATION VARIABLES

• Tes t m ediu m

• Slot config u ra tion

• Re-entry fla ps  s etting

• Pre-rota tion va nes  s etting

Tra ns onic Dyna m ics  Tu nnel
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• M ea s u re H a nd T in s ettling  cha m ber a nd P in the plenu m

• Us ing  a  centerline tu be m ea s u re P throu g h tes t s ection to determ ine tes t 
s ection M a ch nu m ber dis tribu tion

• M ea s u re P a long  w a lls , ceiling , a nd floor throu g h tes t s ection

• Us ing  a  flow  s u rvey ra k e w ith 11 probes  m ea s u re flow  a ng u la rity, tu rbu lence, 
a nd M a ch nu m ber dis tribu tion a t 3 tes t-s ection s ta tions  to determ ine flow  
u niform ity a nd qu a lity

• Us ing  6 bou nda ry la yer ra k es  m ea s u re velocity dis tribu tions  ons idew a lls , 
floor, a nd ceiling  a t 3 tes t-s ection s ta tions  

• M ea s u re s peed of s ou nd to im prove a ccu ra cy of flow  property ca lcu la tions

TDT CALIBRATION TASK S

Tra ns onic Dyna m ics  Tu nnel



8

TEST APPARATUSES
AND OBJ ECTIVES
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Tra ns onic Dyna m ics  Tu nnel
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PRIM ARY FLOW  PARAM ETERS

• M ea s u re H a nd T in the s ettling  cha m ber
• M ea s u re P in the plenu m  
• Obta in m u ltiple H, P, a nd T m ea s u rem ents  to determ ine 

proper m ea s u rem ent loca tions

Flow

Top View

Control Room

Bypa s s  Va lves

H & T
P

Plenu m

Settling  
Cha m ber

Tes t Section

Tra ns onic Dyna m ics  Tu nnel
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SIDEW ALL STATIC PRESSURES

• M ea s u re s ta tic pres s u res  a long  w a lls , ceiling , a nd floor throu g h tes t s ection
• Determ ine tes t s ection M a ch Nu m ber dis tribu tion

Flow

Orifices

Slots  not s how n

Sta tic pres s u re orifices

Tra ns onic Dyna m ics  Tu nnel
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H & T

CENTERLINE TUBE

• M ea s u re s ta tic pres s u res  in s ettling  cha m ber a nd throu g h tes t s ection
• M ea s u re tota l pres s u re a nd tem pera tu re in s ettling  cha m ber a nd tes t s ection
• Determ ine tes t s ection M a ch Nu m ber a nd dis tribu tion

Side View

Bypa s s  Va lves

Settling  
Cha m ber

Plenu m

Tes t Section P

Re-entry 
fla ps

H & T P

Tra ns onic Dyna m ics  Tu nnel
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BOUNDARY LAYER RAK E

• M ea s u re velocity dis tribu tion on
s idew a lls , floor, a nd ceiling  (6 ra k es  tota l)

• Perform  m ea s u rem ents  a t three tes t-
s ection s ta tions

FLOW

Tra ns onic Dyna m ics  Tu nnel
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FLOW  SURVEY RAK E

• Vertica lly tra ns la ting  ra k e, u p to 11 m ea s u rem ent probes
• M ea s u re flow  a ng u la rity, tu rbu lence, a nd M a ch Nu m ber dis tribu tion in tes t 

s ection
• Perform  m ea s u rem ents  a t three tes t-s ection s ta tions  to determ ine flow  

u niform ity a nd qu a lity

Flow

Top View

Control Room

Plenu m

Settling  
Cha m ber

Tes t-s ection 
s ta tions

Tra ns onic Dyna m ics  Tu nnel
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SPEED OF SOUND

• M ea s u re s peed of s ou nd of tes t m ediu m  in the plenu m  a nd tes t 
s ection

• U s e m ea s u red s peed of s ou nd to im prove a ccu ra cy of flow  
property ca lcu la tions

Flow

Top View

Control Room

Bypa s s Va lves

Plenu m

Settling  
Cha m ber

Tes t Section

TX1 RX1
RX2

TX2

Tra ns onic Dyna m ics  Tu nnel
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STATISTICAL QUALITY CONTROL

Statistical Control

Customer 
Test

Scaling of 
Repeatability

Check 
Standard 
Model 
Testing

Check 
Standard 

Probe 
Testing

Customer 
Measurement 
Uncertainty

Wall 
Interference 
Correction 

Control 
charts

Control 
charts

Design of 
the process

Quality 
assurance

Traceability
to National 
Standards
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PITOT-STATIC PROBE W ITH
STING  ADAPTER

Pitot-Sta tic Probe

Sting  Ada pter

Tra ns onic Dyna m ics  Tu nnel
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CHECK -STANDARD M ODEL
CONCEPTUAL DRAW ING

Tra ns onic Dyna m ics  Tu nnel
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CHECK -STANDARD M ODEL                    
STING  ASSEM BLY

Tra ns onic Dyna m ics  Tu nnel


