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SUMMARY 

A wind tunnel model of a supersonic V/STOL fighter configura- 
tion has been conceptually designed to measure the aerodynamic 
interaction effects which can result from geometrically close- 
coupled propulsion system/airframe components. The approach is 
to configure the model for tests representing two different test 
techniques. One is the conventional test technique, where 
absolute configuration aerodynamics (including inlet/airframe 
interactions) are measured in a flow-through mode, and incremen- 
tal nozzle/airframe interactions are measured in a jet-effects 
mode. The other is a propulsion simulator technique, where a 
sub-scale, externally powered engine is mounted in the model, 
thus allowing measurement of inlet/airframe and nozzle/airframe 
interactions simultaneously. 

Comparison of the aerodynamic characteristics between t'ne 
two test techniques is a direct indication of the extent to which 
inlet and nozzle flowfields are coupled together. If significant 
coupling does exist, then the simulator test technique may be 
required in the future to properly measure the aerodynamic charac- 
teristics of compact fighter configurations. 

Measurement of these propulsion/airframe interaction effects 
is being carried out in a three phase program, sponsored by the 
NASA Ames Research Center, involving preliminary model design, 
detailed model design and fabrication, and high speed (up to Mach 
1.4) testing. In Phase 1, the preliminary design of the wind 
tunnel model has been completed. 

The aerodynamic configuration is a canard/wing concept 
designed for high transonic maneuverability, employing non-axisym- 
metric, vectorable exhaust nozzles located near the wing trailing 
edge. The external airframe components are existing hardware 
from an Air Force sponsored nozzle research program now in 
progress . 

xi 



The model has been extensively re-designed internally to 
meet NASA objectives, and a new strut support system has been 
designed. The model is designed for testing in the flow-through, 
jet-effects, and simulator modes under the philosphy to maximize 
hardware commonality. me netric arrangement in a l l  modes i3 
identical, wherein a single internal balance is used to measure 
all external aerodynamic forces except on the nozzle Soattail. 
External pressures are used to measure the boattail aerodynamics. 
The commonality feature extends to all three metric break loca- 
tions and seal bridging mechanisms. The purpose of commonality 
is to eliminate bias error sources between modes, so that compari- 
son of aerodynamic data will represent inlet/nozzle coupling 
effects, not differences due to test technique. The metric 
arrangement is considered a relatively low risk approach, since 
only configuration external aerodynamics are measured by the 
balance (i .e., thrust is. not measured) I and the metric break seal 
arrangements are based on extensive recent experience at MCAIR. 

Considerable effort was also expended to design the model 
inlet systems for compatibility with the simulator up to 25"  

angle of attack at high speed, and 90' angle of attack at low 
speed. An active thermal control system was also designed for 
the internal balance, so that errors would not be introduced by 
the wide range of flow temperatures used to power the simulator. 

The model preliminary design is a product of extensive de- 
sign and analysis by MCAIR propulsion and model design engineers. 
It was designed recognizing the main model purpose is for measure- 
ment of interaction effects with two uniquely different test 
techniques. Every effort was made in the design to ensure that 
any differences in the aerodynamics between test techniques is an 
effect of propulsion/airframe coupling, not test technique bias. 
This is not meant to infer that the model is simple, since this 
program represents the first time that two propulsion simulators 
of this type will be tested in a realistic wind tunnel model. We 
believe that this conceptual design provides an excellent basis 
foc the detailed model design and fabrication in Phase 2, and 
eventual successful testing in ?hase 3. 
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1.0 INTRODUCTION 

Many of the configurations proposed for advanced supersonic 
V/STOL aircraft are very compact in nature. This results primar- 
ily from the design goal to minimize control forces and forward 
lift engine size by concentrating the major components of the air- 
craft near the center of gravity. Integration of the propulsion 
system with the airframe for these configurations can result in 
potentially significant aerodynamic flowfield interactions. 
These interactions may arise from geometrically close-coupled 
wing/canard/inlet arrangements along with minimum length nacelles 
and supercirculation induced by vectoring exhaust nozzles. 

The data obtained with conventional wind tunnel test tech- 
niques can be questionable in the presence of large flowfield 
interactions, since these techniques cannot achieve simultar_ssus 
aiz~latforr of ail of the flowfields involved. This can be 
achieved with the Compact Multi-Mission Aircraft Propulsion 
Simulator ( W S ) ,  developed by the Air Force Aeropropulsion 
Laboratory (AFAPL), Reference 1. The W s #  Figure 1-1, is a 
miniature low bypass ratio turbofan engine powered by a high 
pressure air turbine. 

The most beneficial application of the CMAPS will obviously 
be on those aircraft that have potentially large flowfield inter- 
actions between the inlet, nozzle, and airframe. Since testing a 
CMAPS equipped model may be more complex and expensive than test- 
ing a conventional model (flow-through and jet-effects) , the need 
to identify the types of configurations which require CMAPS 
evaluation is critical A n  aerodynamically "close-coupled" 
V/STOL configuration represents an effective means of evaluating 
the requirement for simultaneous inlet and exhaust nozzle flow 
simulation, and thus the potential need for the CMAPS testing 
technique. 

1 
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Based on the foregoing considerations, a three phase NASA 
program of 29 months planned duration has been i n i t i a t e d  t o  
measure airframe/propulsion system interact ions on close-coupled 
supersonic V/STOL configurations using the propulsion simulator 
and conventional model techniques. A secondary objective i s  t o  
begin development of ins ta l la t ion  and t e s t  techniques for propul- 
sion simulator equipped wind tunnel models. 

The approach t o  accomplish these objectives i s  t o  design, 
fabr icate ,  and t e s t  t w o  model configurations characterized by a 
close-coupled and a closer coupled airframe/propulsion arrange- 
ment - each i n  simulator and conventional tes t  m o d e s .  Key charac- 
t e r i s t i c s  of the  test configurations a re  shown in Figure 1-2. 
The  basic m o d e l  (close-coupled) of the baseline configuration 
( i .e.  external airframe components) w i l l  be provided by the A i r  

Force. It was developed under prime contract  t o  the A i r  Force 
Wright Aeronautical Laboratories ( M A L )  by MCAIR i n  the Advanced 

Nozzle Concepts (ANC)  program, Reference 2 .  The very close- 
coupled model i s  a modification of the basic configuration with 
shortened i n l e t  length (canard removed). 

Preliminary (conceptual) design of the test model was com- 
pleted i n  Phase 1 during the f i r s t  seven months of the program. 
The essent ia l  products of Phase 1 are  the design layouts of the 
m o d e l  i n  the d i f fe ren t  t e s t  modes, and the supporting analyses. 
The layouts have been transmitted per  Reference ( 3 ) .  The support- 
ing analyses and other necessary documentation a re  the subject of 
t h i s  report .  

The remainder of the report includes description of the 
a i r c r a f t  t e s t  configurations; overall  t es t ing  approach: model 
common components; tes t  mode concepts; instrumentation; and er ror  
analysis.  

3 
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I 

2.0 AERODYNAMIC CONFIGURATION DESCRIPTION 

The baseline aerodynamic configuration for the study was 
selected in proposal studies (Reference 4) to be consistent with 
several VASA program requirements, as follows: 

( 1) Twin engine propulsion system with non-axisymmetric and 
deflectable exhaust nozzles. 

(2  Aerodynamic configuration and propulsion system inte- 
grated to maximize supercirculation lift induced by 
thrust vectoring. 

(3 ) Configurations with high probability of demonstrating 
aerodynamic coupling of inlet and exhaust nozzle flow- 
fields, including a baseline close-coupled configura- 
tion and one even more close-coupled in nature. 

( 4 )  Realistic design of a supersonic V/STOL fighter/attack 
aircraft utilizing a wing/canard configuration. 

In addition, other desirable requirements included engine cycle 
compatibility with the CMAPS and commonality with other programs 
to minimize cost. 

The aerodynamic concept selection involved (1) choosing an 
aerodynamic concept to meet the configuration requirements above 
(Items 1, 2 and 3) and (2) conducting sizing studies of various 
propulsion systems in the aerodynamic concept to assess the 
realism for meeting V/STOL fighter/attack requirements (Item ( 4 )  

above), concluding in selection of a specific V/STOL system for 
test simulation. 

2.1 AERODYNAMIC CONCEPT DESCRIPTION - The aerodynamic baseline 
configuration selected for the study was derived f r m  a concept 
developed for the Air Force sponsored ANC program, Reference 2. 

5 



The selected configuration, Figure 2-1, is characterized by 
widespaced, podded nacelles, a canard/wing arrangement, twin vec- 
torable 2-D nozzles at the wing trailing edge, and close-coupled 
airframe (canard/wing) and propulsion system (inlet/nozzle) 
components. The nozzle concept is a General Electric Aerodynamic 
Load Balanced Exhaust Nozzle (&BEN), with fully continuous 
vectoring capability up to 230' 

A major design objective for this aerodynamic concept was to 
provide a combination of the movable canard and vectorable 
nozzles to achieve maneuvering drag reductions. This was accom- 
plished by tailoring the canard/wing arrangement to achieve a 
maximum unstable static margin of 15372 at subsonic speeds. With 
this relaxed stability level, the vehicle pitching moment charac- 
teristics are such that a nose-up moment is produced with the 
canard deflection for minhum maneuvering drag. Positive nozzle 
deflection (nozzle deflected downward) is then used for trim, 
producing a beneficial lift/drag increment from supercirculation. 
The estimated thrust vectoring payoff in drag is illustrated by 
canparing trim& polar estimates with and without vectoring , 
Figure 2-2. At a typical maneuvering lift coefficient of 0.8, 
the drag reduction is about 100 counts, or 10% of aircraft drag 
(thrust loss due to vectoring included). 

Maximizing the degree of coupling between the airframe and 
propulsion system components was a strong consideration in selec- 
tion of the baseline configuration for the program. Of course, 
it is possible to only qualitatively assess the level of cou- 
pling, since the wind tunnel data are yet to be obtained. There 
is little question that the inlet/canard interactions will be 
significant, since the canard is located at the side. of the 
inlet. Similarly, the nozzle/wing interactions should be maxi- 
mized due to the location of the vectoring nozzle at the wing 
trailing edge. 

6 
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The l e v e l  of geometric coupling fore t o  a f t  i s  dictated by 
the nacelle length. I n  the baseline configuration, the nacelle 
length was established by the size requirements of the  close- 
coupled canard and wing. The related length of the i n l e t  duc t  is 
equivalent t o  approximately four engine face diameters. The 

I 

I resul t ing nacelle length is 54% of the overal l  a i r c r a f t  length. 

Comparing t o  the F-15, which i s  generally regarded a s  a "far- 
coupled" ins ta l la t ion ,  the i n l e t  duc t  length is about seven 
engine face diameters, and the nacelle length i s  approximately 
65% of overal l  a i r c r a f t  length. Since both the study baseline 

I configuration and the F-15 are  nearly equal i n  overall  length, 
the nacelle of t he  close-coupled baseline is about 20% shorter 

I than the  F-15 

: 

I To achieve a more closely coupled configuration, the i n l e t  

I 
duct  w a s  shortened to  about one engine face diameter i n  length. 
This u l t r a  close-coupled configurstion is shcq6:l: in ~igr;re  2-3. 
The nacelle length is  about 30% shorter than the baseline.  
Considering propulsion system requirements alone, the  decreased 

other change t o  achieve the  modified configuration i s  t o  remove 
the canard. The shorter nacelle length precludes a nacelle- 
mounted canard, unless the wings are  changed. 

I 

I d u c t  length is  prac t ica l  since the duct is s t r a igh t .  The only 
I 

I 

Testing of both the selected baseline and modified configura- 
t i ons  should provide an excellent approach fo r  achieving the high 
level  of propulsion/airframe coupling considered necessary t o  
f u l f i l l  program objectives.  

2.2 SIMULATED V/STOL CONFIGURATION - The v i a b i l i t y  of the sel- 
ected baseline aerodynamic configuration a s  a supersonic V/STOL 
f igh ter  was assessed i n  proposal studies through sizing analyses 
on a deck launched intercept (DLI) mission. Three d i f f e ren t  
V/STOL propulsion systems w e r e  evaluated a s  candidates. One was 
selected a s  a study baseline to  allow developnent of the aero- 
dynamic performance a t  inlet/nozzle flow conditions w h i c h  a r e  
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consistent with a representative V/STOL system. Selection 
criteria were twofold; (1) compatibility of the required model 
scale for the V/STOL candidate with model hardware available from 
the ANC program, and (2) capability of the CMAPS to match the 
operating characteristics of the candidate lift/cruise engine. 

Based on the sizing studies and other noted considerations, 
a lift plus turbofan lift/cruise configuration, Figure 2-4, was 
selected as the study V/STOL concept for test simulation. The 
scale of a CMAPS-equipped wind tunnel model of this V/STOL config- 
uration would be set by matching the maximum airflow of the CMAPS 
to the maximum engine airflow (normally the sea level static 
condition). Specifically, the model scale factor is determined 
as follows: 

Max CMAeS Compressor Corrected Airflow 
Max Engine Corrected Airflow Scale Factor =d 

Application of this relationship to the turbofan lift/cruise con- 
cept results in a model scale of 9.62%. 

A comparison of the key geometric parameters of the scaled 
V/STOL configuration with the existing ANC model is provided in 
Figure 2-5. The model airframe parameters (i.e. wing, canard, 
fuselage, nacelle) are somewhat larger than would be required for 
the properly scaled V/STOL concept, as is the inlet capture area. 
The nozzle throat areas are essentially correct. It is planned 
to modify the ANC model inlet for the NASA program to reduce the 
capture area to the properly scaled value (5.46 i d )  . 

An external geometry comparison of the modified (smaller 
inlet area) model and the lift + lift/cruise V/STOL configura- 
tion at 9.62% scale, Figure 2-6, shows that the ANC model is an 
excellent representation of the V/STOL concept. The propulsion 
system components are properly scaled in the model, as well as 
the relative location of the canard/inlet and wing/nozzle. 
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OVERALL FUSELAGE LENGTH 

NACELLE LENGTH 

WING SPAN 

~VI IUU nnccr 

CANARD AREA 

INLET CAPTURE AREA 

NACELLE MAXIMUM AREA 

NOZZLE THROAT AREA (DRY) 

NOZZLE THROAT AREA (AB)  

..,..I L ."C. 

--------c- 

SUPERSONIC V/STOL 

AT 9.6296 SCALE 

5.63 FT 

2.59 FT 

3.81 FT 

4.15 FT2 

L +  L/C TURBOFAN 

0.79 FT2 -- ----- 
5.27 IN.2 

16.7 IN? 

289 IN.* 

5.08 IN.' 

__ - - .- _- 

ANC 

MODEL 

5.88 FT 

2.83 FT 

4.28 FT 

5.22 FTZ 

AIR-TO-AIR 

1.02 F T ~  ----- 
5.67 IN.'" 

18 IN.' 

2.83 IN.2 

5.15 IN.2 

*Modified to 5.46 in.2 for NASA Program aPi-2a 

FIG 
COMPARISON OF KEY GEOMETI 

V/STOL SYSTEF 

JRE 2-5 
IIC PARAMETERS FOR SUPERSONIC 
I AND ANC MODEL 
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9.62% V/STOL CONCEPT) 

FIGURE 2.6 
EXTERNAL GEOMETRY COMPARISON BETWEEN ANC MODEL 

AND 9.62% V/STOL CONCEPT 

14 



3 . 0  OVERALL TESTING APPROACH 

The overal i  t es t ing  approach and associated data require- 
ments w e r e  established ear ly  i n  the program t o  ensure a proper 
groundwork for  f u l f i l l i n g  the major program objective.  Basic- 
a l l y ,  t he  major objective is  t o  measure propulsion/airframe 
in te rac t ions  using the  propulsion simulator and conventional 
m o d e l  techniques. 

3.1 BASIC DATA REQUIREMENTS - The basic data requirements are 
set by the  need t o  measure the  inlet/airframe and nozzle/airframe 
interact ions,  and t o  assess the extent  t o  w h i c h  these inter-  
ac t ions  are coupled together. Here, t he  term basic data  requi re -  
- ments refers to t he  "end product" data by which the  in te rac t ions  
are quantified.  If inlet/nozzle flow coupling e x i s t s ,  the  i n l e t /  
airframe Ln,terzctiofis measured by the  conventional f low-through 
m o d e l  with a "constant nozzle condition" w i l l  not agree with the  
in te rac t ions  measured with the  simulator and a "variable nozzle 
condition." Likewise, the  nozzle/airframe in te rac t ions  measured 
by the conventional jet-effects m o d e l  w i t h  a "constant i n l e t  
condition" w i l l  not agree with the  in te rac t ions  measured with the 
simulator and a "variable i n l e t  condition." The basic data 

requirements fo r  t he  t w o  test techniques, i n  terms of to ta l  
vehicle aerodynamic coeff ic ients ,  are therefore  as i l l u s t r a t e d  i n  
Figure 3-1. If the  leve l  of disagreement between conventional 
and simulator equipped m o d e l s  ( l e f t  and r i g h t  hand sides of 
Figure 3-11 is s igni f icant ,  simulator t e s t ing  may be required. 

U t i l i z ing  the  basic set of data (Figure 3-11, t he  t w o  types 
of t e s t ing  can be compared e i the r  in terms of propulsion/airframe 

in te rac t ions  or overal l  aerodynamic performance. The inter-  
action comparisons are between either of the conv'entional modes 
and the s i m u l a t o r  m o d e ,  and are quantified a s  i l l u s t r a t e d  i n  
Figure 3-2. 
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The f u l l  impact of any differences i n  the interactions i s  
probably most visible frun overall aerodynamic performance 
comparisons. This involves combining the flow-through and 
jet-effects data, using appropriate inlet  and nozzle "reference 
conditions", for comparison to  the simulator data. Here, compar- 
ison of trimmed drag 2olars is of m o s t  interest ,  as i l lustrated 
i n  Figure 3-3. 

I It  should be noted that a l l  t e s t  mode data comparisons are 

I Figures 3-1 through 3-3. Other comparisons w i l l  also be of 

I moment increments, external pressure distributions, and pitching 

not expected to  take the relatively simple form i l lustrated i n  

interest, such as those between vectoring induced l i f t ,  drag, and 

moment characteristics. In  the foregoing discussion, the funda- 
mental approach for comparisons was presented: the actual data 
elements w i l l  be dictated by the observed data levels and trends. 

3.2 OVERALL MODEL CONCEPT - Valid and meaningful measurement and 

canparison of the interactions and overall performance implies a t  
least  two major requirements for the mbdel approach: (1) t e s t  
technique biases must not enter into the comparisons and 
( 2 )  appropriate in le t  and nozzle reference conditions must  be 

established. 

3.2.1 Elimination of Test Technique Bias Sources - There 
are two major possible sources of bias errors. These are due to  
support system and metric arrangement differences between t e s t  
modes. The obvious solution t o  eliminate these bias sources is  
for the support system and metric break locations to  be common i n  
a l l  t es t  modes. This is the model approach t o  be used i n  the 
program. 

a. Support System Selection - Selection of a common support 
system concept for a l l  t e s t  modes is dictated by several require- 
ments. O f  these, three predominate: 
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Adequate volume to contain drive, bleed, and instrumen- . 

tation lines for two CMAPS units, plus strength to 
sustain loads at angles of attack up to 25' at high q 
levels. 

Minimum interference, particularly i n  the nacelle and 
wing regions, where aerodynamic interactions are of 
most interest. This must take into consideration the 
requirement for future low speed testing up to 90' 
angle of attack. 

Feasibility for adaptation to other types of configura- 
tions , 

There were four fundamentally different types of support 
systems considered, as illustrated in Figure 3-4. They were 
(1) wing tip, ( 2 )  upper fuselage mounted strut, (3) lower fuse- 
lage mounted strut, and (4) rear entry sting. 

Wing tip mounting was not considered feasible because the 
high volume requirements for CMAPS air would have distorted the 
wing considerably all along the span. This would conflict with 
proper measurement of interactions involving wing supercircula- 

- 
tion effects due to vectoring. Further, flexibility to adapt a 
wing tip support to other configurations makes this approach 
unattractive. 

The upper fuselage mounted strut is attractive for high 
angle of attack testing. However, for the selected test configu- 
ration, which has the inner wing attached low on the fuselage, 
CMAPS air routing from the upper fuselage to the low inner wing 
was virtually impossible without excessive fuselage distortion 
and model complication. 
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WING-TIP SUPPORT 

UPPER FUSELAGE 
MOUNTED STRUT 

LOWER FUSELAGE 
MOUNTED STRUT 

REAR ENTRY STING 

FlGURE'3-4 
TYPES OF SUPPORT SYSTEMS 
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The lower fuselage mounted s t r u t  was given strong considera- 
t i on .  In fac t ,  it is the 'shpport  system being used for  tests of 
t h i s  model i n  the  ANC program. I t  is compatible with the  fuse- 
lage/wing arrangement of the test  configuration, and does not 
in te r fe re  with the v e r t i c a l  t a i l .  The major drawbacks a re  t h a t  
the fuselage interference e f f ec t s  a t  high ancjle of a t tack may 
become excessive. 

A d i r e c t  rear  entry s t i ng  is  the  type of support system used 
fo r  most force and moment t e s t ing  on conventional flow-through 
models. I t  is probably the  best system fo r  high angle of a t tack  
t e s t i n g :  and it is generally regarded as the  lowest interference 
support system, although very of ten the  a f t  fuselage must be dis- 
torted for  s t i ng  entry.  I n  f ac t ,  t h i s  is the  major disadvantage 
of t h e  direct rear  entry s t i ng  on the  selected tes t  configura- 
t ion .  Excessive aft-fuselage d i s to r t ion  would be required t o  
accommodate the  support of the  model plus  volume fo r  a i r  l i n e s  
and instrumentation. 

The selected support system i s  a compromise between the 
lower fuselage mounted s t r u t  and the d i r e c t  rear  entry s t ing.  
Details of the  aerodynamic design a re  shown i n  Figure 3-5. 

Adequate volume and strength a re  provided i n  the  same maximum 
thickness (2 .25"  near t he  model) t h a t  is  required for  the lower 
fuselage mounted s t r u t .  However, elimination of the v e r t i c a l  
"blade" port ion of t he  s t r u t  a c t s  t o  reduce interference a t  high 
angles of attack. The major disadvantage compared to  the  other 
candidates is probable increased interference a t  low angles of 
attack. However, the  interference e f f ec t s  should be confined 
largely t o  'the lower a f t  fuselage area,  w h i c h  is removed from the 
wide-spaced nacelles and outer wing regions where the in te rac t ion  
e f fec ts  w i l l  predominate. 
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b. Metric Arrangement Selection - The main requirements of 
metric arrangement selection were fo r  measurement of external 
aerodynamic interact ions on the complete configuration, and non- 
metric mounting of t h e  simulator u n i t s  and nozzles ( i . e .  no e x i t  
gross thrus t  on the metric portion of t he  model). These require- 
aents dictated tha t  the  airframe "skin" components be metric i n  
a l l  t e s t  modes. A p a r t i a l l y  metric Jet-effects  mode, which is  
common pract ice ,  could have been a candidate. However, i f  a f t -  
body flowfield changes (e.g. due t o  vectoring) reached the  non- 
metric forebody and were not measured, then the comparisons 
between simulator and conventional m o d e s  would r e f l e c t  t e s t  
technique bias ,  not t r u e  interact ion e f fec ts .  

The selected m e t r i c  arrangement concept is  characterized by 
a single balance system with three metric break locations common 
t o  a l l  t e s t  modes. The concept i s  shown i n  Figure 3-6. The 
external aerodynamic forces a re  measured by a single  in te rna l  
balance attached t o  the  a i r c r a f t  skin,  except fo r  the nozzle 
boa t ta i l ,  and by 52 pressure taps  located on the  nozzle b o a t t a i l  
surface. The CMAPS and nozzle (external  and in te rna l  surfaces) 
a r e  therefore non-metric i n  the simulator m o d e ,  the je t -effects  
internal  ducting and nozzle a re  non-metric i n  the je t -effects  
mode, and the in te rna l  duct a f t  of the simulator face s ta t ion  and 
choke are non-metric i n  t he  flow-through m o d e .  

There w e r e  t w o  major reasons for  choosing the single balance 
system. F i r s t  and most important, t h i s  approach f u l l y  s a t i s f i e d  
the  program objective t o  measure external aerodynamic inter-  
actions.  Second, compared t o  a multiple balance system, it i s  
the  most simple, cost  effect ive,  and lowest r i sk  approach. This 
program represents the  f i r s t  t i m e  t h a t  - two CMAPS uni t s  w i l l  be 

tested in a compact w i n d  tunnel model. Internal  model volume i s  
a t  a premium; packaging too much hardware inside the  model could 
r e s u l t  in  an unreasonable amount of model development time and 
high r i sk .  

i 
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In the proposed metric arrangement (Figure 3-6), there  a re  
three' metric breaks and three associated sea l s  common t o  a l l  
t es t ing  modes. The three sea l  locations a re  a t  the  simulator 
compressor face s ta t ion ,  (duc t  metric Sreak) , a t  the beginning of 
t h e  nozzle b o a t t a i l  ( a f t  metric break),  and between the s t r u t  and 
lower fuselage ( s t r u t  metric break) .  T h e  s t r u t  and a f t  metric 
break concepts a re  not  new, and have been successfully employed 
i n  recent nozzle research investigations (e.g. References 2 and 
5 ) .  The d u c t  metric break is  somewhat unconventional, since 
usual prac t ice  fo r  conventional flow-through t e s t ing  is a com- 
p le te ly  metric internal  duct .  However, the  only p rac t i ca l  
location fo r  the duc t  m e t r i c  break in  the  simulator mode is a t  
the  simulator i n l e t .  H e r e ,  a s ea l  t a r e  and a duct e x i t  momentum 
tare must be determined. The d u c t  metric break for  the two con- 
ventional m o d e s  was a l so  chosen t o  be a t  t h i s  s a m e  location. The 
idea is to eliminate possible bias  e r rors  due t o  determination of 
t h e  ta res  a t  two d i f fe ren t  locations.  Further d e t a i l s  concerning 
the  metric break configurations a re  presented in  Section 4.0.  

3.2.2 Reference I n l e t  and Nozzle Conditions - Specified 
reference conditions a re  required primarily for  overal l  perfor- 
mance determination using data from the  two conventional t e s t  
modes. In common pract ice ,  the  flow-through model, tested w i t h  

various s i ze  chokes a t  t he  d u c t  e x i t  and var ia t ions i n  the aero- 
dynamic control surfaces, provides the  basic aerodynamic polars,  
trim charac te r i s t ics ,  and drag var ia t ions with m a s s  flow r a t i o  
(MFR). Increments from the  je t -e f fec ts  model (of ten p a r t i a l l y  
m e t r i c )  a r e  applied t o  the  flow-through data  t o  account f o r  
operating nozzle geometry and nozzle pressure r a t i o  ( N P R ) .  I n  
order t o  apply the increments properly, a common nozzle condition 
must be tested on the t w o  conventional m o d e l s .  The comon nozzle 
condition i s  usually a flow-through model choke tes ted  a t  the  low 
NPR corresponding t o  a flowing i n l e t  condition. 



One problem is often neglected i n  t h i s  type of conventional 
tes t ing.  The chokes used t o  obtain the e f f ec t s  of i n l e t  MFR on 
the flow-through model a lso produce a var iable  plume shape and 
possible variation i n  the f l o w  over the nozzle Soa t t a i l  with MFR. 
I f  the model is fu l ly  metric, these plume e f f ec t s  can be misinter- 
preted as due t o  YFR variations and can cause e r rors  in the 
predicted f u l l  scale  performance at s o m e  i4FR conditions. 

Based on the  foregoing considerations of b ias  sources and 
reference conditions, a tes t ing  approach concept was selected 
where "multipurpose" reference conditions are established which 
are used not  only fo r  measurement of overal l  performance, b u t  fo r  
elimination of bias e r ro r s  as  w e l l .  

Selection of t he  proper reference conditions presented s o m e  
unique possibilities. The concept of a single configuration 
common to  a l l  th ree  tes t  modes became attractive, part-icularly 
since the  same m e t r i c  arrangement is used in a l l  m o d e s .  The need 
f o r  an inlet/nozzle configuration common t o  the  t w o  conventional 
test modes is  readi ly  understandable, since there  must be a 
method fo r  combining the  t w o  sets of data i n t o  overa l l  perfor- 
mance. In  the  selected tes t ing  approach, t h i s  same configuration 
is also tes ted  i n  the  s imula to r  m o d e .  This provides a "check" 
configuration t o  eliminate bias  from m o d e l  build-up. After the  
i n i t i a l  build-up i n  the  tunnel of each mode, t he  common reference 
configuration is tes ted  in a ser ies  of check runs over the  Mach 
number and angle of a t tack range. These check runs a re  then 
compared with runs of the common configuration on the other 
m o d e s .  I f  the  check run data does not agree (within some estab- 
l ished tolerances) ,  reasons for  the  discrepancies must  be found 
and corrected. 

There a re  not many choices for i n l e t  and nozzle reference 
configurations which can be common t o  a l l  three test  modes. The 
i n l e t  must be non-flowing (e.g. faired) , since i n l e t  flow cannot 
be simulated i n  the jet-effects node. And since the i n l e t  must 
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be non-flowing, this locks in a non-flowing reference nozzle. 
This is because there can be no simulatidn of nozzle flow in the 
flow-through mode if the reference inlet is also non-flowing. 

The choice of the geometry for the reference non-flowing 
i n l e t  was Setween an internally blocked or externally faire6 
inlet. The blocked inlet would be high in drag, simulating a 
zero mass flow ratio condition. Based on past experience, the 
faired inlet has a more representative drag level. This is 
considered advantageous in a thrust/drag accounting system, 
otherwise, increments fran the reference performance basis are 
large, resulting in increased uncertainty at the normal operating 
drag level. Based on these considerations, the faired inlet was 
chosen as the non-flowing reference inlet condition. The 
selected fairing shapes for the baseline and ultra close-coupled 
configurations are shown in c'igure 3-7.  The fairing shapes 
represent simple forward extensions of the local cowl moldline. 

There are also several factors to consider in choosing the 
exact configuration for the non-flowing reference nozzle. If the 
non-flowing condition were the only requirement, almost any 
nozzle geometry could be used. It is best, however, to make ths 
reference nozzle compatible with the nozzle requirements for the 
other testing modes. The ALBEN is not a good choice, because the 
flow-through W e  must hav; an easily variable throat size to 
achieve MFR variations. Further, as previously discussed, it 
would be best to remove the effect of choke size on the external 
aerodynamics so that only the effects of inlet variations will be 
measured in the flow-through mode. This is possible if the 
nozzle is extended far downstream of the normal vehicle exit 
plane, with variable chokes at the exit. I The nozzle extension at 
a no-flow condition is then used on the other test modes to serve 
as the reference nozzle geometry. This was the selected approach 
for the reference nozzle condition. The aerodynamic shape of the 
extensions are shdwn in Figure 3-8. 
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FIGURE 3 8  
REFERENCE NOZZLE GEOMETRY 
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The reference nozzle extensions a re  'non-metric. The outer 
shape conforms to  the ALBEN up to the lower f l ap  hinge point,  
t h u s  making the absolute drag level i n  the flow-through mode 
nearly representative of the actual full scale  configuration. 
The circular in te rna l  f l o w  path was chosen for ease of fabrica- 
t ion.  Chokes of various sizes are placed a t  t he  e x i t  of the 

extensions for flow-through tes t ing.  The extensions have the 
fur ther  advantage tha t  they may be attached eas i ly  t o  an ejector 
system for  low speed flowthrough tes t ing ,  t h u s  making it 
possible t o  achieve the proper i n l e t  mass flow ratio. F u r t h e r  
d i scuss ion  of the preliminary design for the nozzle extensions 
and ejector  system is provided i n  Section 5 . 2 .  

3 . 3  SUMMARY OF TESTING APPROACH - The overa l l  t e s t ing  approach 
and data u t i l i za t ion  features three key elements; (1) check runs 
on the common configuration, ( 2 )  comparisons of inlet/airframe 
znZ ~~zzIe/a~rfrziiiie iriteractions between tes t  modes, and (3 1 com- 
parisons of overa l l  performance i n  terms of trimed drag polars.  
These elements a re  i l l u s t r a t e d  i n  Figure 3-9. 

The check runs a re  made on the common reference configura- 
t i on  i n  each tes t ing  mode. Assuming no correctable model build- 
up biases are revealed by these t e s t s ,  the results provide an 
indication of the differences due to  rand- e r rors  between the 

tes t  modes (although without simulated propulsion flows). The 
polars for  the common configuration a l so  provide the reference 
bas i s  fo r  the overal l  performance build-up. Data from the 
"operating" conventional and simulator modes, w i t h  actual i n l e t  
and nozzle f l o w s  and simulated airframe var ia t ions (6=, 6 ~ 1 ,  a r e  
combined w i t h  the reference configuration data t o  give the over- 
a l l  performance comparisons. The operating modes a l so  provide 
the  data for  direct comparison of inlet/airframe and nozzle/ 
airframe interactions.  
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4.0 DESCRIPTION OF COMMON..MODEL COMPONENTS 

Achievement of hardware commonality in the peliminary nodel 
design received considerable emphasis in Phase 1. The key comon 
nodel leatures, other than the fuselage/wing/canard/tail compo- 
nents are: (1) test mode conversion hardware, ( 2 )  metric break 
seals, (3) model support/tunnel installation, (4) force balance, 
( 5 )  balance thermal control, ( 6 )  inlets, and ( 7 )  nozzles. 

4.1 TEST MODE CONVERSION HARDWARE - A key to implementing common- 
ality was in design of the hardware to convert frcun the internal 
“propulsion package” of one mode to another. The test mode 
conversion concept is shown in Figure 4-1. The only components 
of the model common are the w s ,  flow-through duct, and 
jet-ef fects air supply plenum. “hen converting to flow-through, 
the CMAPS units are replaced w i t h  z sactisn of straight duct; 
when converting to jet-effects, the CMAPS units are replaced with 
the high pressure jet-effects plenum. All nacelle hardware for- 
ward of FS 36.33 is common, including the duct metric break seal, 
instrumentation ring, and inlet. All nacelle hardware aft of FS 
45.08 is also common, including the duct bellows, transition 
duct, and nozzles. The duct bellows is needed primarily for the 
simulator mode-acting to prevent vectored nozzle induced bending 
moments from loading the simulator. 

The real key to the test mode conversion concept is the com- 
mon support hardware. This common hardware, as seen in the plan- 
view portion of Figure 4-18 ensures consistent positioning of the 
internal non-metric and metric model components. The supports 
consist of the forward side mount, bleed line manifold, and the 
nozzle support. The forward side mount and bleed line/manifold 
provide consistent alignment of the duct seal, which should 
eliminate bias in the tare correction for this seal. The forward 
side mount removes torque loads and is flexible in the axial 
direction to allow for  thermal growth. Consistent sositioning at 

33 



I 
. I  



I '  
I I 

f 

1 

4 
i 

H' 

1 r 

4 

\ '\ 

1 

I 

I i. 

rti 

I 1 

I 
I 
I 

i 

1 
! 

i 

I 

35 



the  a f t  metric break i s  provided by the common nozzle support and 
t ransi t ion duct. This should eliminate differences i n  the small 
s tep  a t  the ar't inecric break caused by balance def lect ion a t  
angle of attack. A difference in  step height at t h i s  metric 
break between t e s t  modes could cause a drag bias .  The nozzle 
support also transmits the nozzle t h r u s t  and moment loads in to  
the non-metric balance housing. 

4 .2  METRIC BREAK SEALS - I n  t5is model concept, the airframe 
components a re  metric and the CMAPS u n i t s  and nozzles are  mounted 
non-metrically t o  the  s t r u t .  Accordingly, there  a re  three 
d i s t i n c t  bridging locations between metric and non-metric hard- 
w a r e .  These a re  a t  the  (1) s t r u t  and lower fuselage ( s t r u t  
metric break),  ( 2 )  beginning of the  nozzle b o a t t a i l  ( a f t  m e t r i c  
break),  and ( 3 )  simulator compressor face s t a t ion  (duc t  m e t r i c  
break). Details of the metric break design, including the  seals ,  
a r e  shown i n  Figure 4-2. 

A t h in  f lex ib le  tef lon sea l  w i l l  be used a t  the s t r u t  metric 
break. The seal  is posi t ive i n  t h a t  no flow enters  the in te rna l  
cavity through t h i s  juncture. This sea l  has a negligible instal-  
la t ion e f fec t ,  as  evidenced i n  recent s t a t i c  loadings a t  AEDC 
pr ior  t o  test of the model under the  ANC program. Loadings i n  
axial  force, normal force, and pitching moment were made with and 
without the seal instal led.  There w e r e  no measurable sea l  
effects ,  e i t he r  to  reduce balance output s ens i t i v i ty  or increase 
random er ror .  

The a f t  metric break i s  bridged by a f loat ing te f lon  seal .  
This is no t  a posi t ive seal,  b u t  simply a r e s t r i c t o r  intended t o  
s t ab i l i ze  pressure inside the  model cavity.  A t  the  s t a r t  of the 
nozzle boa t t a i l ,  where the sea l  i s  located, a sizeable pressure 
d i f f e ren t i a l  can ex i s t  between top and bottom a t  angle of attack. 
Therefore, t o  avoid f low within the cavity,  some seal  or  
r e s t r i c to r  i s  required. The t e f lon  seal  i s  attached i n  a groove 
t o  t h e  metric aftbody and is backed by foam i n  t he  groove ( see  
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Figure 4-21. This has the  effect of "spring loading" the sea l  
s l igh t ly  against  the f l a t  surfaces of the non-metric nozzle. The 
non-metric, downstream side of the sea l  must  r i de  on a f l a t  

surface ( i .e. ,  a s  opposed to another groove) because the non- 
metric nozzle def lec ts  r e l a t ive  t o  the m e t r i c  aftbody under 
vectoring loads. This seal  design has also Seen shown to  have a 
negligible in s t a l l a t ion  e f f ec t  based on the recent s t a t i c  check 

loadings of the ANC m o d e l .  

The duct metric break i s  bridged by a Butyl rubber seal. 
This posit ive seal  arrangement i s  the same type used on the 8.5% 

Simulator Demonstration Model and the 7 . 5 %  F-15 Inlet/Airframe 
M o d e l  (References 6 and 7 )  The tare force of t h i s  seal depends 
upon the pressure d i f f e r e n t i a l  across it and the r e l a t i v e  deflec- 
t i on  between the m e t r i c  and non-metric d u c t  on either side of it 

(imposed by model aerodynamic loads) . Successful ca l ibra t ions  of 
these e f f ec t s  fran the two referenced programs provide experience 
f o r  establishing th i s  tare force. 

Two design features have been incorporated t o  fur ther  ensure 
minimum, repeatable corrections due t o  the duc t  sea l  tare. One 
is to minimize deflection a t  the duc t  metric break, and the other 
is  t o  ensure ident ica l  seal posit ioning i n  all t e s t  modes. The 

l a t t e r  feature i s  provided by the mounting arrangement, a s  
addressed i n  Section 4.1. To minimize the ve r t i ca l  downward off- 
set, which r e s u l t s  f ran balance deflections a t  high a ( l a rge  pitch- 
ing moments), a .OS0 inch upward ve r t i ca l  o f f s e t  is  incorporated 
in the basic design. The variat ion i n  o f f s e t  w i t h  angle of 
a t tack w i l l  t h u s  be a s  shown in Figure 4-3. A t  low a, where the 
a i r  loads  produce very l i t t l e  deflection, a small upward o f f s e t  
( . O S  in. maximum) w i l l  e x i s t .  A s  the model is pitched t o  nominal 
maneuvering a (10°-12') and additional deflections occur, near 
zero o f f se t  w i l l  occur. A t  even higher a tes t  conditions, a 
small negative downward o f f s e t  ( . O S  i n  maximum) w i l l  e x i s t  
between the  i n l e t  duc t  and simulator. The maximum o f f s e t  over 
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t he  test angle-of-attack range is therefore  l i m i t e d  t o  the  .050 

inch deflection. A deflect ion of t h i s  same value, experienced on 
previous models, caused no problems. 

4.3  MODEL SUPPORT/TUNNEL INSTALLATION - The emphasis of t h i s  pro- 
gram is t o  evaluate the airframe/propulsion system in te rac t ions  
i n  the conventional wing &rne f l i g h t  m o d e .  An i n s t a l l a t i o n  i n  
the Ames 11-foot Unitary Plan Wind Tunnel has been defined to  
conduct t h i s  evaluation. There is  also i n t e r e s t  i n  assessing low 
speed in te rac t ion  e f f e c t s  a t  angles of attack up t o  90*, w h e r e  
vectored t h r u s t  must be used f o r  control.  Testing a t  these condi- 
t i o n s  would be conducted i n  a fu ture  test program i n  the  Ames 

12-Foot Pressure Wind Tunnel. A conceptual i n s t a l l a t i o n  for the  

12-foot tunnel t e s t i n g  has also been defined. 

4.3.1 .Utes 11-Foot Tunnel I n s t a l l a t i o n  - The support system 

w a s  designed consis tent  with (1) a test  Mach number range from 
0.3 t o  1.4, ( 2 )  a constant tunnel Reynolds number of 2.5 x 106 
per foot, ( 3 )  angle of a t t ack  capabi l i ty  from -5' to +25', and 
( 4 )  minimum buoyancy e f f e c t s  from t h e  support system. 

The tes t  Mach number range covers the operating range avail-  
able i n  t he  11-foot tunnel. The tes t  Reynolds number w a s  
selected as a compromise between t h e  des i r e  t o  operate a t  t h e  
highest  dynamic pressure possible and model and support system 
strength considerations. The tunnel dynamic pressure and t o t a l  
pressure corresponding t o  t h i s  Reynolds number is  shown in Figure 
4-4. Angle of attack capabi l i ty  up t o  25' should cover the 
conditions of primary i n t e r e s t  for  conventional V/STOL f l i g h t  
a t t i t udes .  

- 

A tunnel i n s t a l l a t i o n  w a s  defined consis tent  with these  
operating requirements. The i n s t a l l a t ion ,  Figure 4-5, cons is t s  
of the Ames 40 inch extension and 10' canted adapter, and a new 
tapered adapter, o f f s e t  adapter, and s t ing  support. The maximum 
bending moment for  t he  i n s t a l l a t i o n  is  within the  800,000 in-lb 
moment l i m i t  of the tunnel sector. 
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The m o d e l  s t ing  length was selected t o  minimize the buoyancy 
e f f ec t  of the o f f se t  adapter on the m o d e l .  The e f f ec t  of the i 

I adapter was analyzed using a MCAIR-developed program for  analyz- 
l 

ing subsonic and transonic flow about 3-9 bodies (Program 
AFTEND). The analysis was performed fo r  t w o  d i f f e ren t  s t i ng  
lengths. The shorter s t i ng  length is compatible w i t h  both the 
l l - foot  tunnel i n s t a l l a t ion  and high angle-of-attack t e s t ing  (40' 

t o  90") i n  the 12-foot low speed tunnel. The longer s t i n g  repre- 
s e n t s  an estimate of the required length t o  minimize the e f f ec t  
of the adapter, a s  determined fran AEDC s t ing  interference test  
r e s u l t s ,  Reference 8 For comparison, a baseline s t i ng  ins ta l la -  
t i o n  wi thout  the o f f s e t  adapter was a l so  analyzed, R e s u l t s  a r e  
shown in Figure 4-6 i n  terms of incremental pressure coef f ic ien t  
(bCp) f r o m  the baseline f o r  the short  and long s t ings-  

T h e  o f f se t  adapter w i t h  the short  s t i ng  produces a Cp rise 
of zp=rsxL~ztely 3.02 on tne  model aftbody up t o  the metric 

break, w h i c h  converts t o  a drag error for both nozzles of about 6 

counts. In  this calculation, t he  -02 ACp value w a s  applied t o  
the projected area fran the a f t  metric break t o  the nozzle e x i t .  
The Cp increase w i t h  the short  s t ing  w a s  considered unacceptable. 
There is  no discernible pressure rise from the adapter f e l t  on 
the m o d e l  w i t h  the longer st ing.  Based on th i s  analysis,  and i n  
concurrence w i t h  the NASA project engineer, the longer s t ing  has 
been selected for  the program. 

4.3.2 Ames 12-Foot Tunnel Ins ta l la t ion  - NASA-Ames i s  cur- 
rent ly  planning to  modify the  12-foot tunnel: the extent of t h i s  
modification is not t o t a l l y  defined. However, a conceptual 
i n s t a l l a t ion  has been defined using the current AMES pi tch  sys- 
t e m ,  Figure 4-7. W i t h  t h i s  ins ta l la t ion ,  angle of a t tack  t e s t ing  
up t o  90' would be conducted i n  two steps. For angles of a t tack 
from 0" t o  40°,  the ins t a l l a t ion  consis ts  of an exis t ing NASA 

adapter, a new tapered adapter, and the 0" o f f s e t  adapter used i n  
the l l-foot ins ta l la t ion .  For the  tes t ing  t o  90' angle of 
attack, another tapered adapter will be provided between the 0' 
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offset adapter and the Ames high angle of attack pitch system. 
It should be noted that the model sting shown for the 90' 
testing is shorter than the sting seiected for the 11-foot 
instailation. 

4.4  ,FORCE 3AwNCZ - A Task Mar!< XXXII, 2.5 inch balance owned by 
NASA will be used in this program. Its selection was based on 
maximizing the axial force accuracy, consistent with normal 
force/pitching moment and deflection limits. The axial force 
limit of the balance is 250 lb, which is consistent with the 
expected maximum axial force loads for the testing (near 200 lb 
at Mach 1.4, maximum a (16')). The maximum allowable normal force/ 
pitching moment envelope for the Mark XXXII is compared to the 
estimated model loads in Figure 4-8 for Mach 0.9 and 1.4. Also 
shown are the allowable deflection limits at the duct and aft 
metric breaks, AY = 0.100 and 0.080 inches respectively. The 
deflection limits are based on test experience from applicable 
inlet and nozzle research programs, References 5 and 6. At Mach 
0.9, the baseline model configuration testing at the higher 
angles of attack ( a>2O0) - will be limited to negative canard 
deflection settings (canard leading edge down), due primarily to 
the duct metric break deflection limit. At Mach 1.4, the balance 
load capacity limits the test angle of attack as a function of 
canard deflection. 

The available test envelope is large enough to cover the 
conditions of primary interest. The angle of attack/canard 
deflection test envelope is summarized in Figure 4-9. 

4.5 SALANCE THERMAL CONTROL - The force balance in the model 
will be subjected to a wide range of temperatures in the three 
test modes. In the simulator mode, the W S  units have three 
significant heat sources: (1) turbine drive air with a fixed 
temperature of about 200°F, (2) turbine bleed air with a 
temperature varying from about 50' to 165'F, and ( 3 )  compressor 
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discharge air temperature that can approach 400'F. In the jet- 
effects mode, turbine drive and bleed air temperatures of the 
simulator mode are duplicated, although the high temperature 
compressor discharge air is not. In the flow-through mode, the 
balance is subjected only to the tunnel temperature ('L 120'F). 
Bias errors can be introduced into the force balance output as a 
result of the differing temperature environments, particularly if 
thermal gradients occur. 

These errors can be eliminated if the balance is thermally 
controlled in all modes to the same constant temperature levels, 
with minimum thermal gradients. A three-dimensional thermal 
model of the balance and surrounding model structure was devel- 
oped as a means to design the thermal control system. The model 
consists of approximately 300 nodes: a schematic of the node 
locations are shown in Figure 4-10. 

The thermal control system was designed under the follow- 
ing criteria: 

(1) Maintain a balance operating temperature of 160'F in 
all test modes, consistent with the nominal upper limit 
of Task balance operation: 

(2 Minimize steady-state balance axial temperature gradi- 
ents to within 2'F, consistent with recent experience 
on an F-15 jet-effects model: and on the ANC program; 

(3) Provide steady state temperatures in a reasonable 
amount of time ( %  1-2 hr). 

The thermal control system designed to these criteria is shown in 
Figure 4-11. Two heaters (#1 and # 2 )  are located on the forward 
and aft sections of the balance housing. Another heater ( # 3 )  is 
located on the forward end of the balance taper insert. The 
fourth heater (#4) is located beneath the balance. Very thin 
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( .030 inch) custom heaters,  manufactured by the Watlow Corpora- 
t ion,  w i l l  be used for  t h i s  application. Two thermocouples are 
provided for  each of the  four heaters.  One provides feedback t o  
the proportional temperature control ler ,  set t o  naintain 160 "F on 
a specific location of the  balance housing (or tapered i n s e r t ) .  
The other is for temperature monitoring and back-up purposes. 
U s e  of the proportional temperature  controllers, i n  conjunction 
with the th in  blankets, w i l l  permit heater  p o w e r  dens i t ies  of up 
t o  25-30 watts/in2 f o r  t h i s  application. 

The thermal model w a s  used t o  predict  balance temperatures 
with t h i s  thermal control system f o r  both t r ans i en t  and steady- 
state operating conditions. The t rans ien t  analysis,  representing 
balance heat-up from 80.F with the tunnel o f f ,  indicated the  
balance could be driven to  160'F i n  about one hour. T h i s  is con- 
s i s t en t  with the design c r i t e r i a .  Maximum power density required 
for  t h i s  length of heat-up time was about 1/3 of the system's 
capabili ty.  This converts i n t o  e i t h e r  a high safety fac tor  or a 
potent ia l ly  more rapid heat-up period. The power density require- 
ments fo r  steady-state operation with the  m o d e l  and tunnel operat- 
ing are much less. 

Three steady-state cases, two f o r  t he  simulator m o d e  and one 
for  the flow-through mode, w e r e  analyzed t o  ensure t h a t  the tern- 
perature gradient requirements w e r e  at tained. The t w o  simulator 
test cases correspond to  the range of CMAPS turbine bleed a i r  
temperature (50 to 165.F) from recent CMAPS t es t ing .  A maximum 
axial temperature gradient of about 2.F is predicted for  t he  
three test cases, as shown i n  Figures 4-12 and 4-13. This 'is 
within acceptable limits. The angular and r ad ia l  temperature 
d is t r ibu t ions  fo r  these same th ree  conditions are within about 
4'F, as shown in Figure 4-14. 

Detailed 
t r o l l e r s  w i l l  
ac t iv i ty .  

design and procurement of the  heaters  and con- 
be accomplished in  the Phase 2 detai led design 
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4.6 INLET DESIGNS - Two different  i n l e t s  have been designed for  
the baseline and u l t r a  close-coupled configurations. 

4.6.1 Baseline I n l e t  - The basel ine i n l e t  i s  a rectangular, 
normal shock design with a 15' scarf angle. The i n l e t  concept is 
shown in c"igure 4-15. I t  w a s  s ized fo r  operation a t  95 percent 
of c r i t i c a l  mass flow ratio w i t h  t he  maximum simulator airflow 
(1.65 lbs/sec). A rotat ing cowl l i p  is  incorporated in to  the  
design to  reduce l i p  separation a t  s t a t i c  conditions and a t  high 
angles of attack. Lip rotat ion angles of 45' and 70' w e r e  
selected for  t h i s  design. It is expected t h a t  t h e  45' configu- 
ra t ion  w i l l  be used f o r  low speed a t  moderate t o  high angles of 
attack. The 70' cowl deflection would be used  for  s t a t i c  opera- 
t i on  and a t  low speed, high angles of a t tack (approaching 90'). 
Sideplates w i l l  be incorporated when the  cowl is deflected. In 
addition, the c o w l  rotat ion point has been selected t o  provide a 
Parge f l ap  knee radius t o  prevent separation. The ro ta t ing  c o w l  
l i p  design f o r  t h i s  i n l e t  is based on a similar design which w a s  
recently tes ted a t  MCAIR. 

The need f o r  specialized i n l e t  devices, such a s  the  rotat ing 
cowl l i p ,  is i l l u s t r a t e d  by the t e s t  r e s u l t s  on t h e  8 . 5 %  Simula- 
tor Demonstration Model, Reference 6. I n  t h i s  tes t ing ,  there  
w e r e  numerous instances of simulator compressor stalls a t  s t a t i c  
operation which w e r e  a t t r ibu ted  to high flow i n l e t  d i s to r t ion  
levels.  This d i s to r t ion  was due to separation off  of the rela- 
t i v e l y  sharp (F-15 type) l i p  a t  s t a t i c  conditions. The problems 
w e r e  resolved by subsequently using a bellmouth adapter as shown 
i n  Figure 4-16. 

For t h i s  program, the  rotating c o w l  l i p  w a s  selected because 
of i t s  demonstrated performance i n  the Reference 9 investigation 
and also i n  a recent MCAIR Independent Research and Development 
(1-1 tes t  program. me rotating c o w l  l i p  configuration tes ted  
i n  the  recent McAIR program i s  shown i n  F igure  4-17. The i n l e t  
performance improvement w i t h  the rotating cowl l i p  configurations 
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FIGURE 4-17 
MCAIR ROTATING COWL LIP CONFIGURATION 
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was determined s t a t i c a l l y  and a t  Mach 0 .25  over an angle of 
a t tack range Of 0' t o  90'. As shown i n  Figure 4-18, the  rotat ing 
cowl lips provide a s ignif icant  performance improvement. 

A capa r i son  w a s  made of i n l e t  recovery, steady state dis tor-  
t i on ,  and turbulence a t  s t a t i c  conditions for the following 
configurations: 

o 8 . 5 %  S i m .  Dev. Baseline Inlet (F-15) 
o 8 .5% S h .  Dev. Bellmouth Adapter 
0 MCAIR 40' and 70' Rotating Lip Configurations 

The performance differences a re  tabulated i n  Figure 4-19. N o t e  
t h a t  the  MCAIR 70. rotat ing l i p  i n l e t  has l o w e r  d i s to r t ion  than 
the bellmouth i n l e t  and only s l igh t ly  lower pressure recovery. 

Shcc tkt V/STGL isEating COW1 l i p  design a re  geometrically 
similar t o  those recently tested a t  MCAIR, the V/STOL i n l e t  
should have comparable performance and therefore r e s u l t  i n  
sa t i s fac tory  CMAPS operation. 

An evaluation w a s  a l so  conducted t o  determine the need for 
an i n l e t  bypass system t o  maintain s tab le  i n l e t  operation when 
the  simulator is windmilling a t  supersonic tes t  conditions. The 
operating charac te r i s t ics  a t  Mach 1.4 of a noma1 shock i n l e t  
s imilar  t o  t h a t  on the  baseline V/STOL configuration a re  shown in 
Figure 4-20. The start of in l e t  flow i n s t a b i l i t y  or '*buzz'* 
occurs b e l o w  the  mass flow r a t i o  associated with the  simulator 
windmilling airflow for a l l  p o s i t i v e  angles-of-attack tested. A 

bypass system is therefore  not necessary providing the model is 
positioned a t  posi t ive angle of a t tack during windmilling 
operation. 

4.6.2 Ultra Close-Coupled In l e t  Definit ion - The conversion 
of the  baseline i n l e t  configuration to  a modified ultra-close- 
coupled configuration is accomplished with a minimum of hardware 
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changes. As i l l u s t r a t e d  i n  Figure 4-21, t h i s  modification 
involves ' (1) remoGal of the canard, (2) removal of the basic 
i n l e t  d u c t ,  ( 3 )  inser t ion of a modified i n l e t  duct,  and ( 4 )  mod- 
i f ica t ion  of the inner  wing. All other aspects of the model 
hardware remain undisturbed a s  t h i s  modification is  made. The 

balance and seal  t a r e  cal ibrat ions thus  remain the same. 

The short  nacelle necessi ta tes  changes t o  the basic i n l e t  
design concept. I n  keeping w i t h  the  optional design guidelines 
established by NASA, a subsonic i n l e t  design has been selected, 
as detailed in Figure 4-22. Due t o  the  short  d u c t  length, a cir- 
cular  i n l e t  shape w a s  chosen t o  avoid r e l a t ive ly  la rge  d i f f u s e r  
w a l l  angles which would r e s u l t  when t ransi t ioning from a square 
t o  a c i rcu lar  duc t  over a very short  distance.  Based on similar 
designs, the i n l e t  was sized t o  an i n l e t  th roa t  Mach number of 
0 . 5 5  at the simulator design airflow. 

The ar t icu la t ing  lower cowl f l ap  used i n  the  baseline i n l e t  
design for  improved performance a t  s t a t i c  and high angle of 
attack conditions is not being used in  the short  nacelle i n l e t .  
I t  was f e l t  t h a t  the ar t icu la t ing  f l a p  w a s  not compatible with 
the  circular  subsonic i n l e t  concept. Therefore, three other 
design features a re  being used t o  "replace" the a r t i cu la t ing  f l ap  
function (good s ta t ic /high angle of a t tack Performance) . F i r s t ,  

i n  accordance with the  r e s u l t s  from Reference 10, a reverse scarf 
(lower l i p  extending past  the upper l i p )  i s  incorporated. Tne 

. increase i n  angle of a t tack capabi l i ty  obtained w i t h  a reverse 
scarf i n l e t  design is shown in  Figure 4-23. Second, generous 
i n l e t  contraction r a t i o s  (capture area divided by throat  area)  
have been selected for  t h i s  i n l e t  design. Based on the YC-15 
design, contraction r a t i o s  of 1.78 and 1.34 have been chosen f o r  
the  lower and upper i n l e t  l i p s ,  respectively.  The angle of 
attack performance improvement with increased i n l e t  contraction 
r a t i o  is shown in Figure 4-24. Finally,  a leading edge s l a t  has 

been provided over the  lower 120" of the i n l e t  t o  help prevent 
separation on the lower l i p .  AS presently ,lanned, the  s l a t  will 
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be used only a t  very high angle of a t tack.  Performance improve- 
ment w i t h  a geometrically s i m i l a r  s l o t  design is  i l l u s t r a t ed  i n  
Figure 4-25. 

It  is f e l t  t h a t  t h i s  u l t r a  close-coupled i n l e t  design will 
provide the necessary performance levels  a t  s t a t i c  and high angle 
of attack conditions t o  ensure safe simulator operation. 

4.7 NOZZLE DESIGNS - The basic nozzle design for  the program i s  
the  GE ALBEN concept. The ALBEN meets the  program requirements 
and w a s  selected fo r  cost  considerations s ince  it i s  exis t ing 
hardware fran the  ANC program. I t  can be tes ted i n  any of the 
three m o d e s ,  although it will be used  primarily i n  simulator and 
je t -effects  tes t ing.  Nozzle extensions a re  used for  the refer- 
ence nozzle condition and in the  flow-through m o d e .  The aero- 
dynamic design of the  nozzle extensions is discussed Lc Sectis: 
3: t h e i r  use i n  the flow-through m o d e  is  discussed i n  Section 5 .  

The ALBEN nozzle assembly simulates a f u l l  scale  GE design 
with internal /external  expansion, an aspect r a t i o  of 3.8, f u l l y  
variable throat  area control,  and th rus t  vectoring capabili ty.  
This i s  a specialized type of s ingle  expansion ramp nozzle 
designed par t icu lar ly  for  low weight. I t  u t i l i z e s  an e l l i p t i -  
c a l l y  shaped canis te r  or shroud t o  vary throa t  area,  w i t h  the  
b o t t m  section forming the lower nozzle l i p .  The upper portion 
of the  shroud surrounds the  upper ramp assembly creating a cavity 
t h a t  is pressurized with fan air. The pressure loading on the 
upper section of the shroud essent ia l ly  balances the  load on the 
lower section. 

The ALBEN m o d e l  can be vectored both a t  dry p o w e r  and af te r -  
burning t o  20' and 30° deflectim. T3e x&ei representation of 
the  ALBEN is  shown i n  Figure 4-26. 
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5.0 DESCRIPTION O F  TEST MODE CONCEPTS 

Turbine i n l e t  flow (W4) = 5 . 5  lbs/sec/CMAPS uni t  
Turbine i n l e t  pressure (PT4) = 1300 psia  
Turbine i n l e t  temperature (TT4) = 200°F 
Compressor i n l e t  pressure (PT2) = 16  psia  

Successful completion Of program objectives depends upon 
a t ten t ion  t o  d e t a i l  i n  the design of a l l  three test modes. 
Zonceptual layouts and associated analyses have Seen accomplished 
fo r  t h e  key design aspects of the simulator, flow-through, and 
je t -effects  tes t ing  modes. 

5.1 SIMJLATOR TEST MODE CONCEPT - The simulator mode is  the most 
complicated of the designs, and requires extensive analysis t o  
ensure the  m o d e l  and simulator a re  compatible. The only hardware 
components unique t o  t h i s  mode are the actual  CMAPS u n i t s .  The 
layout of the simulator test  mode concept is shown i n  Figure 5-1. 
Extensive analyses of the pressure loss charac te r i s t ics  of the 
drive and bleed air system were conducted based on t h i s  design, 
and a " f l ex ib i l i t y"  analysls was &r,e to ~ s s e s s  C i S j m o d e i  com- 
p a t i b i l i t y .  The term f l e x i b i l i t y  re fers  t o  the CMAPS capabi l i ty ,  
i n  the model, to provide independent var ia t ion of airflow or 
engine pressure r a t i o  while holding the other parameter fixed. 

5.1.1 Drive A i r  System - The t u r b i n e  d r i v e  a i r  system.must 
provide the simulator the required flow a t  a given pressure 
level .  The design conditions for  the dr ive a i r  system a re  a t  
maximum flaw and pressure, as  determined from data of References 
( 6 )  and (11). 

The proposed drive a i r  system is  composed of three d i f f e ren t  
sections.  A schematic is shown in Figure 5-2. The system con- 
sists of a 1-inch I . D .  l i n e  from the NASA Flow Control Pa l l e t  t o  
the model strut. Once inside the s t ru t ,  the l i ne  size is reduced 
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t o  a .683 inch I . D .  l i n e  ( f l o w  area of .366 id) t o  minimize 
s t r u t  s ize .  The dr ive a i r  l i n e  area i s  increased t o  .70 in2  
inside the model as soon as  possible to reduce pressure loss .  
This .70 in2 area is maintained up to the u W S  drive manifold. 
I t  should be noted t h a t  t h i s  larger  flow area is about the same 
.as the area a t  the flange of the current W S  drive manifold 
shell. 

Assuming an avai lable  supply pressure of 2000 ps ia  a t  the 

e x i t  of the NASA Flow Control Pa l le t ,  su f f i c i en t  pressure should 
be available t o  the  CMAPS u n i t s .  With 2000 ps i a  supply pressure,  
the available pressure a t  the CMAPS turbine i n l e t  is  estimated to  
be 1575 psia (1300 ps ia  maximum required).  The complete loss 
analysis is contained i n  Appendix A. 

5.1.2 B l e e d  A i r  System - The capabi l i ty  of the CMAPS t o  
vary engine pressure ratio (EPR) a t  a fixed compressor airflow is 
provided by mixing in the nozzle a l l  or p a r t  of the turbine bleed 
airflow w i t h  the compressor airflow. For a given nozzle throa t  
area and mixer area,  t he  pressure drop or flow r e s t r i c t i o n  i n  the 
bleed system d i r ec t ly  a f f ec t s  the range of EPR available.  A s  

bleed system pressure losses  increase,  t he  amount of bleed flow 
t h a t  can be handled before choking occurs i s  correspondingly 
reduced. Consequently, the rest of the  bleed flow must be dumped 
through the mixer, which i n  e f f ec t  raises the minimum EPR at ta in-  
able  a t  a given compressor airflow. Larger reductions i n  bleed 
l i n e  area (or  increased pressure loss) eventually r e s u l t  i n  a 
condition where it is no longer possible t o  power the CMAPS a t  
maximum speed without s t a l l i n g  the compressor. Therefore, the 
design of the turSine bleed a i r  l i n e  system i s  c r i t i c a l  since it 
has a direct impact on the CMAPS performance. This is especial ly  
t r u e  for  small th roa t  area nozzles ( typ ica l  of engine dry power 
operation),  where the majority of the turbine bleed a i r  must  be 

routed back through the bleed a i r  l ine.  
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To provide the  grea tes t  CMAPS f l e x i b i l i t y ,  the bleed system 
w a s  designed with the l a rges t  l i ne  areas possible considering the  
model and support system constraints.  In  the design shown i n  
Figure 5-3, a bleed Line area of 1.05 in2 is inaintained inside 
the model between the CMAPS bleed manifold and support s t r u t .  
Once inside the forward section of the s t r u t ,  the bleed area is 
increased to 1.23 in2 t o  decrease pressure loss. T h e  bleed area 
i s  fur ther  increased to  1.62 in2 i n  t h e  a f t  section of the s t r u t .  
Aft of the  m o d e l  s t r u t ,  a 2.0 i n  I.D. f lex ib le  l i n e  d u c t s  the a i r  
t o  the  NASA Flow Control P a l l e t  located on the  tunnel t ravers ing 
s t r u t .  The bleed a i r  then passes through the  flow control/  
measuring hardware on the pa l l e t ,  and i s  exhausted i n t o  the  
tunnel. 

W i t h  t he  system t h u s  defined, t h e  pressure drop through each 
component w a s  calculated. A loss sumnary is shown i n  sumnary 
form i n  Figure 5-4. The bleed system losses are separated i n t o  
three  categories: (1) losses between the  bleed manifold and 
model s t r u t ,  ( 2 )  losses i n  the model s t r u t ,  and ( 3 )  losses 
through the Flow Control Pa l l e t  hardware. About 60% of the  t o t a l  
pressure loss occurs ins ide  the model, where l i n e  s i z e  i s  
restricted due to  space l imitations.  An addi t ional  20% is  lost  
i n  the  model s t r u t ,  -where s t r u t  s ize  i s  a control l ing considera- 
t ion.  Finally,  about 20% of the pressure is lo s t  within the  
pallet  i n s t a l l a t ion .  The pressure loss analysis  is described i n  
Appendix B. 

5.1.3 Flex ib i l i t y  Analysis - Extensive study has been 
conducted to  estimate the  f l e x i b i l i t y  envelope of the CMAPS un i t s  
i n  the  model. This work w a s  done i n  cooperation with General 
Electric. The key "independent variables" w h i c h  a f f e c t  f l ex ib i l -  
i t y  are: 

(a )  Turbine bleed system pressure loss 
(b) Bleed ventur i  area (Av) 

(c)  CMAPS mixer area ( ~ ~ 5 7 )  

(dl  Nozzle throat  area ( A g )  
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I n  the detai led i n i t i a l  analysis  presented i n  the March 1981 

progress report, each of the above parameters was varied indepen- 
d e n t l y  t o  assess t h e i r  a f f e c t s  on CMAPS f l e x i b i l i t y .  R e s u l t s  

indicated tha t  reduction of bleed system 9ressure Loss should 5e 
fur ther  evaluated, a s  w e l l  a s  a more optimum (smaller)  mixer  
area.. I t  was also determined tha t  the larger  of the two avail-  
able  venturis should be used. An increase i n  nozzle throa t  area 
was found to  be effect ive,  b u t  w a s  not considered due t o  the cos t  
of new hardware. 

Subsequent analyses has led to  t h e  f i n a l  recommended system 
to  achieve good CMAPS/model compatibil i ty i n  terms of the  flex- 
i b i l i t y  envelope. The basis fo r  comparison is  the  CMAPS f lex ib i l -  
i t y  obtained during the  recent simulator development tes t  a t  
AEDC, Reference 1. A comparison of the  key f l e x i b i l i t y  
parameters for  the CMAPS development system and the recommended 
NASA system, a t  the  cr i t ical  dry power condition, is  given below: 

Parameter 

Turbine Bleed System Total  
Pressure Loss 

C W S  
Development Recommended 

system NASA System 

- 20% (Bleed 42% (Bleed 
Manifold Manif old 
to Venturi) t o  Venturi)* 

Bleed Venturi Area, A, ( in2 )  0.65 0.85 

D r y  Power Nozzle Throat Area, 3.098 2.83 
Ag ( in2 )  

C W S  Mixer Area, AE57 ( in2 ) .lo73 0.062 

*Bleed a i r  system defined in  paragraph 5.1.2 
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The recommended parameter values above represent ( 1) an 
increased model bleed line area, compared to the earlier design, 
of about lo%, ( 2 )  the use of the larger of the two available NASA 
venturis, ( 3 )  reduced area mixer and (4 )  the use of the currently 
available ALBEN nozzle from the ANC program. The minimum CMAPS 
operating line for the recommended NASA system is shown in Figure 
5-5, compared to the CMAPS development system. This prediction 
has been made using the GE CMAPS cycle analysis and the noted 
inputs. The recommended system is considered well within accept- 
able limits, with capability to achieve maximum CMAPS airflow 
(1.65 lb/sec) with adequate stall margin. 

5.2 FLOW-THROUGH TEST MIDE CONCEPT - The testing in the conven- 
tional flow-through mode is designed to measure the basic vehicle 
aerodynamics, including canard trim and inlet drag characteris- 
tics and any associated interactions. Conceptual design of the 
flow-through mode is shown in Figure 5-6. 

The only model change required to convert from the simulator 
to the flow-through mode is to remove the CMAPS units and install 
the flowthrough duct. The duct includes a dummy hub to simulate 
the simulator compressor hub. The nozzle extensions are normally 
installed in the flow-through d e ,  although the ALBEN can be 
tested if desired. The flow-through duct is mounted using the 
same attachment as the CMAPS to ensure identical positioning of 
the inlet duct seal. The nozzle extensions are cantilevered from 
the common transition duct/nozzle support. 

Inlet mass flow ratio is controlled with chokes at the 
nozzle extension exit. A set of four chokes is sufficient to 
cover the range of inlet mass flow ratios available with the 
CMAPS units. The choke exit areas will range from approximately 
2.5 to 5.2 in2. Chokes of similar areas were utilized in the 
8.5% Simulator Development Program and effectively covered the 
airflow range of interest. At Mach 0.6 and below, an ejector 
will be required to obtain the full range of inlet mass flow 
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ra t ios .  I t  w i l l  be mounted on the t u n n e l  support, a s  shown i n  
Figure 5-7. . Flexible l i n e s  w i l l  connect the ejector  t o  the 

model. The CMAPS a i r  supply w i l l  be adequate to  power the 
P j ector . 

The recommended ejector  for  the lower speed tes t ing  is X A I R  

owned and was previously used at NASA/Ames i n  an i n l e t  develop- 
ment program, Reference (12). I n  t h i s  program, the  e jec tor  was 
used t o  pump up t o  7 . 0  lbm/sec corrected airflow. The e jec tor  
flow/pressure requirements a re  presented i n  Figure 5-8. 

5 .3  JET-EFFECTS TEST MODE CONCEPT - Testing i n  the conventional 
je t -effects  mode is designed t o  measure the incremental aerodyna- 
m i c s  e f f ec t s  due t o  nozzle geometry (dry and afterburning),  
nozzle pressure r a t io ,  and vectoring. Conceptual design of the 

je t -effects  mode i s  shown i n  Figure 5-9. 

The only model change required t o  convert f r m  the simulator 
t o  the je t -effects  mode i s  t o  remove the  CMAPS uni t s  and i n s t a l l  
the  high pressure a i r  supply plenum assembly. I n l e t  fa i r ings  a re  
a l so  added. 

I n  t h i s  mode, the non-metric plenum assembly i s  attached 
using the ident ical  attachments as  for  the other two modes. The 
d u c t  metric break sea l  and instrumentation ring forward of the 

plenum are retained, even though they do not serve a function. 
This is t o  ensure consistency i n  the  d u c t  metric break sea l  t a r e  
among the  test  m o d e s .  The bellows and t r ans i t i on  d u c t  a f t  of the 

plenum are a l so  retained. The &BEN nozzles mount t o  the t ransi-  
t i on  duct/nozzle support, thus vectoring loads a re  transmitted 
d i rec t ly  t o  the  balance housing. 

The high pressure je t -effects  plenum (Figure 5-9) is  
designed t o  provide the same t o t a l  pressure leve ls  and d i s t r ibu -  
t i on  a t  the nozzle charging s ta t ion  a s  the CMAPS. To accomplish 
t h i s ,  the actual W S  mixers  w i l l  b e  ut i l ized  as  p a r t  of zhe a i r  
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supply plenum. Two separate high pressure air supplies are pro- 
vided to the plenum. One supply Comes in through the same line 
that provides the drive air to the CMAPS, and thus represents the 
compressor airflow. This flow passes through a choke plate and 
in between the mixer lobes. The other supply, simulating the 
CMAPS turbine exit flow, comes through the CMAPS bleed air lines 
directly into the mixer. After passing through the mixer chokes, 
this air combines with the "compressor" air. By independent 
control of the pressure of each supply, it should be possible to 
match both the nozzle flow pressure level and distribution pro- 
file of the actual CMAPS at a variety of conditions. 

This plenum design should also match the actual CMAPS nozzle 
temperature distribution, since the actual CMAPS mixers are used. 
The current CMAPS design has demonstrated less than 6% nozzle 
temperature distortion, Figure 5-10. These data were measured at 
dry power operation during the simulator development program. 

A n  analysis was conducted to assess the feasibility of also 
matching the actual temperature levels of the CMAPS compressor 
exit and turbine exit flows. To match the CMAPS compressor exit 
properties, air heated as high as 400'F must be supplied through 
the model. Under this condition, the temperature of the force 
balance would be near the 180'F limit of the balance. In addi- 
tion, the thermal analysis indicated a large axial temperature 
gradient (=SO'F) would occur along the balance. Therefore, to 
provide a more uniform temperature environment for the balance 
and thereby reduce bias errors between test modes, it was decided 
to. supply the jet-effects air at the same temperature levels as 
in the simulator mode, or about 200'F. Jet-effects operation at 
slightly lower nozzle temperatures than in the CMAPS m o d e  should 
not greatly affect the data comparison between test modes, based 
on the Reference 13 test data. These data indicate only a 1 drag 
count difference due to nozzle jet temperature variations between 
500 and 8OO'R, as shown in Figure 5-11. 
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6 . 0  INSTRUMENTATION 

The model and C W S  instrumentation for this program are 
extensive. Model force balance instrumentation is provided, as 
well as extensive internal flow measurements and external pres- 
sure instrumentation. CMAPS instrumentation is required to 
monitor/control operation and health. All instrumentation defini- 
tion was thoroughly reviewed with NASA in Phase 1 to arrive at a 
preliminary set of requirements. In addition, the instrumenta- 
tion routing in the model received considerable attention. 

6.1 MODEL INSTRUMENTATION - The majority of the model instru- 
mentation is common to all test modes. Some is test mode pecu- 
liar, relating to control/measurement of unique propulsion system 
simulation parameters, such as airflow and nozzle pressure ratio. 
A summary of the instrumentation and function is presented in 
Figure 6-1 for all test modes. 

The model surface pressure instrumentation is used to diag- 
nose the localized effects of flowfield coupling. Locations for 
these pressure orifices is defined in Figure 6-2. Since the 
nozzle boattail is non-metric in this installation, extensive 
boattail pressure measurement is provided for integration and 
assessment of boattail drag, as detailed in Figure 6-3. 

6.2 CMAPS INSTRUMENTATION - The NASA furnished instrumentation 
for the CMAPS is used to monitor the units health and operation 
and to provide control variables. A list of this instrumentation 
is presented in Figure 6-4. 

6.3 INSTRUMENTATION ROUTING - Routing of the large amount of the 
instrumentation in this model is critical, especially i n  the 
simulator mode. A full size .layout of the overall model instru- 
mentation routing is provided as Enclosure (2) to this repkt 
transmittal. The model static pressures will be routed to 
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Scanivalves inside the  m o d e l .  There are s i x  48-port, Type S 
Scanivalves i n  the m o d e l ,  t w o  i n  the a f t  fuselage and fou r  i n  the 

forward fuselage. The nozzle b o a t t a i l  instrumentation w i l l  be 

routed from t h e  nozzle, through the inner wing, and to the  a f t  
Scanivalves, as shown i n  Figure 6 - 5 .  Due t o  space l imi ta t ions ,  
the p res su res  w i l l  be s p l i t  between l e f t  and r i g h t  hand nozzles. 
The remaining model s ta t ic  pressures w i l l  be routed to  the for- 
ward Scanivalves. The t o t a l  precsures for nozzle pressure ra t io  
and CMAPS/jet e f f e c t s  high pressure a i r  measurement w i l l  be 
routed to a NASA-supplied transducer pod located on the  tunnel 
support system. The CMAPS instrumentation required for heal th  
monitoring and control w i l l  also be routed t o  t h i s  transducer 

Pod* 
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7.0 ERROR ANALYSIS 

A n  er ror  analysis w a s  i n i t i a t e d  i n  Phase 1 to assess the ran- 
d o m  e r ror  i n  key aerodynamic performance parameters (CD, CL, CM) 

as  neasured by the model system. P u r p o s e  of t h i s  a c t i v i t y  is t o  
ident i fy  the  major contributing error sources, and any necessary 
changes to  the  data acquisit ion/reduction procedures, instrumenta- 

t ion ,  ca l ibra t ion  procedures, and possibly the  m o d e l  design. In  
Phase 1 ac t iv i ty ,  the  error analysis  methodology w a s  established, 
the necessary data reduction equations w e r e  formulated, and 
errors w e r e  predicted for  a sample case. This analysis  w i l l  be 

f inal ized i n  Phase I1 a f t e r  tests of t he  m o d e l  under t he  ANC 

program are completed. This w i l l  p e r m i t  a c t u a l  model data ( i .e .  
measurand values and ca l ibra t ion  accuracies) t o  be used,  thus 
ensuring maximum benefi t  from the analysis.  

- -  - 

7.1 METHODOLOGY - The e r ro r  ana lys i s  procedure being used is  a 
comprehensive method developed under the Exhaust System Inter- 
action Program, Reference 14. I t  has  been implemented a t  MCAIR 

i n  a generalized error analysis  computer program. This program 
w a s  wri t ten according to  the  standard technique of propagation of 
errors as described in Reference 15. The procedure can be des- 
cribed b r i e f l y  by l e t t i n g  x1# X 2 r  x3 ... represent random values 
whose t r u e  values are Xl, X2, X3 ... and l e t t i n g  u represent a 
derived quantity whose t r u e  value is given by# 

- 

and also l e t t i n g  e l ,  e2, e3 .. . represent the s t a t i s t i c a l l y  
independent errors (standard deviations) of X i 0  X 2 ,  x3 ... 
respectively. Then the error induced i n  u# which w i l l  be denoted 
by 6, as a r e s u l t  of t he  errors e l ,  e2, e3 ... has a variance 
equal t o  
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w h e r e  ;f/axi is the sensitivity of u wit3 respect to the variable 
xi. These partial derivatives are computed by means of either a 
three point or a five point differentiation scheme at values 
equal to the measured values of XI, X20 X3 ... From equation 
(a) 8 the percent contributions to a2 (6) by x2, x3 can be 
computed by 

2 % Contribution = C a (s) /a2 (6) 1 loo. 
ei 

The basic structure of the program is outlined in Figure 7-1. 
The aerodynamic coefficients of interest are calculated in 
several user provided function subroutines. These subroutines 
contain the data reduction equations which are included herein as 
Appendix C. User numerical input consists of the measurands and 
their associated one sigma (standard deviation, a) uncertainties. 
A description of the measurands is also given in Appendix C. 

7.2 SAMPLE CASE RESULTS - A sample test case has been run for  
the simulator test mode to demonstrate the content and fonnat of 
the forthcoming error analysis. The sample case incorporates 
input data fraa tests in Phase 1 of the ANC program, and esti- 
mates for the CMAPS related quantities not measured in the ANC 

program. The ANC data, although not expected to accurately repre- 
sent the current model, does provide a reasonably good data base 
from which the operation and usefulness of the procedure may be 
verified. The numerical results presented here should be inter- 
preted accordingly. 
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The operating p o i n t  selected fo r  the  savple case i s  a t  Mach / 

0.9, 4' angle of attack, and dry power. This corresponds t o  a 
typ ica l  subsonic cruise  condition. The output of the XCAIR er ror  
analysis program for  the sample test case i s  shown in r'igure 7-2. 

Presented for  each calculated quantity ( i .e.  CL, CD and Cy) are 
i ts  value, variance and standard deviation (sigma). Also listed 
a re  the percent contributions t o  the t o t a l  e r ro r  of the major 
contributors.  Only those measurands contributing more than .1% 
of the t o t a l  variance a re  l isted i n  the  output. Taking the drag 
coeff ic ient  (CD) a s  an example, the standard deviation i s  0.0011, 

or  11 counts, w i t h  the balance normal force contributing 68% of 
the t o t a l  variance and axial  force contributing 24%. 

7.3 PLANNED ERROR ANALYSIS CASES - Plans a r e  t o  complete the 

e r ro r  analysis  i n  Phase 11, using data from the ANC model t o  be 
used i n  the NASA program. Each of t he  three t e s t  modes w i l l  be 

analyzed a t  three Amirks* 9.ese pcfnts havz Seen soiecteci to be 

near important conditions on the DLI  mission, as follows: 

DLI MISSION SEGMENT CONDITION 

Supersonic Dash Out Mach 1.4, a = O ' ,  A/B Power 
Subsonic C r u i s e  Back Mach 0.9, a = 4', D r y  Power 
Subsonic Maneuver Mach 0.6, a = 2 O ' ,  A/B Power 
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SAMPLE CASE OUTPUT 

.CbLC'JLATEr' OU&N'ITIES.o.. JET f FFECTS TEST CASE PT o OAOE in.... 

I PARAMETER 

CL 
co 
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VAR 
SIGMA 
SAMPLE ST OEV 
CONTRlBUTl ON 
PERCENT OF VARIANCE 
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ALPHAM 
A2 

I CPCAV 
FAGA 
FNGA 
M 
MMGA 
PO 
l T R  

EXPLA NATlO N OF TERMS 

0 ESCRl FTlO N 

LIFTCOEFFICIENT, CALCULATED QUANTITY 
DRAG COEFFICIENT, CALCULATED QUANTITY 
PITCHING MOMENT COEFFICIENT, CALCULATED QUANTITY 
VALUEOF CALCULATED OR MEASURED QUANTITY 
VARIANCE OF CALCULATED IlUANTlTY 
STANDARD DEVIATION OF CALCULATED QUANTITY 
STANDARD DEVIATION OF MEASURED QUANTITY 
CONTRIBUTION OF MEASURED QUANTITY TO TOTAL VARIANCE 
PERCENT CONTRIBUTION TO TOTAL VARIANCE 
MEASURANOS 

COMPRESSOR FACE AREA 
AVERAGE CAVITY PRESSURE 
BALANCE AXIAL FORCE READING 
BALANCE NORMAL FORCE READING 
TUNNEL MACH NUMBER 
BALANCE PITCHING MOMENT READING 
TUNNEL STATIC PRESSURE 
TUNNEL TOTAL TEMPERATURE 

MOOEL ANGLE-OF-ATTACK 

Note: Balance errors are taken to  be 0.5% of the full scale reading 
O P l ~ 1 5  

FIGURE 7-2 
ERROR ANALYSIS OUTPUT FOR SAMPLE CASE 
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APPENDIX A 

TURBINE DRIVE AIR SYSTEM PRESSURE LOSS ANALYSIS 

A detailed pressure loss analysis for the t u r b i n e  dr ive  sys- 

t e m  was conducted during Phase I of this program. The de ta i led  
r e s u l t s  of t h i s  analysis  are contained i n  t h i s  Appendix. The 
drive system was divided in to  the individual components shown i n  
Figure A-1. A detai led geometric description of each component 
is contained i n  Figure A-2, along w i t h  the loss factors  used and 
flow properties ( t o t a l  pressure, Mach number, and dynamic 
pressure) a t  each component. 
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APPEXDIX B . _  

TURBINE BLEED A I R  SYSTM D,RESSURE LOSS ANALYSIS 

A detailed pressure loss analysis for the  turbine bleed sys- 
I 
I 

tan was conducted during Phase I of this program. The detailed 
results of this analysis are contained in this Appendix. The 
bleed system was divided into the individual components shown in 
Figure B-1. A detailed geometric description of each component 
is contained in Figure B-2, along with the loss factors used and 
flow properties (total pressure, Mach number, and dynamic 
pressure) at each component. 
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APPENDIX C 

ERROR ANALYSIS DATA REDUCTION EQUATIONS 

Presented i n  t h i s  appendix a re  the preliminary data reduc- 
t i o n  equations used t o  calculate CL, CD and CM i n  the  e r ror  
analysis program for  the simulator mode. The equations however 
a re  ident ica l  for  a l l  three t e s t  m o d e s  except for  the duct 
related parameters. These differences a re  noted. Also presented 
i s  a description of the  measurands used i n  the data  reduction 
equations. 

The f i n a l  data reduction equations w i l l  be derived a s  pa r t  
of Phase I1 ac t iv i ty .  
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Measurand 

MFSLT 

ACAVN 

-4FASC 

-ASP 

AFB 

AFBU 

AFBL 

A F S W  

AFSWIB 

AFSWOB 

ALPEiAM 
ALP" 

ANFSLT 

APMSLT 

ACAVA 

AWET1 

AWET2 

Description 

Aircraft balance axial force installation 
c~rrec t ion ,  LB. 

Projected normal cavity area 

Aircraft balance axial force s t ru t  cavity 
pressure correction, LB. 

Aircraft balance axial force seal pressure 
correction, LE 

Total pressure-area integrated boattail  axial 
force, LB. 

Upper surface pressure-area integrated nozzle 
boattail axial force, LB. 

Lower surface pressure-area integrated nozzle 
boattail axial force, LB. 

Total pressure-area integrated sidewall axial 
force, LB. 

Inboard pressure-area integrated sidewall axial 
force, LB. 

outboard pressure-area integrated sidewall axial 
force, LB. 

Nozzle area assigned to  pressure tap I i n  the 
axial direction. 

Nozzle area assigned to  pressure tap I i n  the 
normal direction. 

Model angle of attack. 
Nozzle angle of attack, DEG. 

Aircraft balance normal force installation 
correction, IN-LB. 

Aircraft balance pitching moment installation 
correction, IN-LB. 

Projected axial cavity area. 

Nacelle wetted area, I N 2 .  

Nacelle p l u s  nozzle wetted area, I N 2  
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Measurand 

A2 

CAE 

CABL 

CAFA 

CASW 
I 

I 

CASWIB 

CASWOB 

I 
I CBAR 

CDA 

I CDARON 

CDARONF 

CDAROT 

CDAROTF 

CDB 
I 

CDBL 

CDBU 

CDNSF 

Description 

Compressor face duct area,  IN2. 

Total pressure-area integrated boa t t a i l  ax ia l  
force coefficient.  

Upper surface pressure-area integrated nozzle 
b o a t t a i l  ax ia l  force coeff ic ient .  

Lower surface pressure-area integrated nozzle 
b o a t t a i l  axial  2orce coeff ic ient .  

Aircraf t  balance corrected ax ia l  force 
coeff ic ient  . 
Pressure-area integrated sidewall ax ia l  force 
coeff ic ient .  

Inboard pressure-area integrated sidewall ax ia l  
force coeff ic ient .  

Outboard pressure-area integrated sidewall axial 
force coefficient.  

Mean aerodynamic chord. 

Aircraf t  balance corrected drag coeff ic ient .  

Total nozzle pressure-area integrated drag 
coeff ic ient .  

Total  nozzle pressure-area integrated drag 
coeff ic ient  plus nozzle skin f r i c t i o n  
coeff ic ient  . 
Total m o d e l  drag coeff ic ient  using pressure-area 
integrated nozzle drag. 

Total model drag coeff ic ient  using pressure-area 
integrated nozzle drag plus nozzle skin f r i c t ion .  

Total  pressure-area integrated b o a t t a i l  drag 
coefficient.  

Lower surface pressure-area integrated b o a t t a i l  
drag coeff ic ient .  

Upper surface pressure-area integrated b o a t t a i l  
drag coefficient.  

Xozzle skin f r ic t ion  coeff ic ient .  
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Measurand 

CDSW 

CDSWIB 

CDSWOB 

CLAROT 

CLB 

CLBU 

CLBL 

CLSW 

CLSWIB 

CLSWOB 

CMARON 

CMAROT 

CMLA 

Description 

Total pressure-araa integrated sidewall drag 
coefficient. 

Inboard pressure-area integrated sidewall drag 
coefficient. 

Outboard pressure-area integrated sidewall drag 
coefficient. 

Nacelle skin friction coefficient. 

Nacelle plus nozzle skin friction coefficient. 

Aircraft balance corrected lift coefficient . 
(CLAP 

Total nozzle pressure-area integrated lift 
coefficient. 

Total model lift coefficient using pressure-area 
integrated nozzle lift. 

Total pressure-area integrated boattail lift 
coefficient. 

Upper surface pressure-area integrated boattail 
lift coefficient. 

Lower surface pressure-area integrated boattail 
lift coefficient . 
Total pressure-area integrated sidewall lift 
coefficient. 

Inboard pressure-area integrated sidewall lift 
coefficient. 

Outboard pressure-area integrated sidewall lift 
Coefficient. 

Total nozzle pressure-area integrated pitching 
moment. 

Total model pitching moment coefficient using 
pressure-area integrated nozzle pitching moment. 

Aircraft balance rolling moment coefficient 
transferred to Model Reference. 
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Measurand 

CMMA 

CMNA 

CMMAS 

CNB 

CNBU 

. CNBL 

CNFA 

msw 

CNSWIB 

CXSWOB 

CP(1) 

CPCAV 

CPMB 

OCFA 

DDELC 

D E W  

DELCL 

DELCR 

DELNOZ 

FAA 

Description 

Aircraf t  Salance pitching noment coeff ic ient  
transferred to Model Reference. 

Aircraf t  balance yawing moment coeff ic ient  
transferred to %ode1 Reference. 

Same as CMMA 

Total pressure-area integrated b o a t t a i l  normal 
force coefficient.  

Upper surface pressure-area integrated nozzle 
boattail normal force coef f ic ien t  . 
Lower surface pressure-area integrated nozzle 
boattail normal force coeff ic ient .  

Aircraf t  balance corrected normal force 
coefficient.  

Pressure-area integrated sidewall normal force 
ccsfffzfent. 

Inboard pressure-area integrated sidewall normal 
force coeff ic ient .  

Outboard pressure-area integrated sidewall 
normal force coeff ic ient  . 
P r e s s u r e  coefficient a t  t a p  I. 

Average cavity pressure coeff ic ient .  

Boat ta i l  pitching moment coeff ic ient .  

Aircraf t  balance corrected side force coeff ic ient .  

Lef t  hand minus right hand canard deflection 
angle, DEG. 

Nozzle deflection due t o  applied loads, DEG. 

L e f t  hand canard deflection angle. 

Right hand canard deflection angle. 

Nozzle geometric deflection angle, DEG. 

Aircraf t  balance corrected ax ia l  force,  LB. 
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Mea s u r  and 

F.AA2P 

FSA 

ETJAZP 

FRAM 

FSEALA 

FSEALN 

FYA 

NA2P 

F2SEAL 

~ ~ ~ 1 ~ 2 ~ 3  

KST28-35 

M 

. M2 

t4LA2P 

I MLAPP 

MLAe 

MMAP 

MMA2P 

MMAPP 

MNA2P 

MNAP 

Description 

Aircraft balance axial force corrected for weight 
tare, LB. 

Aircraft balance corrected normal force, LB. 

Aircraft balance normal force corrected for 
weight tare, LB. 

Ram drag, LB. 

In le t  duct seal axial force tare. 

In l e t  duct seal n o m 1  force tare. 

Same as FYGA, LB. 

Same as FYGA, LB. 

Compressor face stream thrust. 

Loads induced model deflection constants. 

Installation effects matr ix .  

Tunnel Mach Bumber. 

Compressore face Mach Number. 

Aircraft balance rolling moment corrected for 
weight tare,  IB-LB. 

Aircraft balance rolling moment transferred t o  
Model Reference. 

Same as MLA2P, IN-LB. 

Aircraft balance corrected pitching moment, 
IN-LB 

Aircraft balance pitching moment corrected for 
weight tare,  IN-LB. 

Aircraft balance pitching moment transferred to 
Model Reference. 

Aircraft balance yawing moment correct for weight 
tare, IN-LB. 

Same as MNUP, IN-LB. 
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Measurand 

.%VAPID 

MSEAL 

xmsc 

NFB 

NFBU 

NFBL 

NFSW 

NFSWIB 

NFSWOB 

N S F  

P 

PMASC 

PMASCA 

PMASP 

PMB 

PMSW 

PO 

PT 

PT3 

Description 

Aircraft  balance yawing moment transferred to 
Model Reference. 

I n l e t  duct seal  pitching moment t a r e .  

Aircraft  balance normal force s t r u t  cavity 
pressure correction, LB. 

Total pressure-area integrated b o a t t a i l  normal 
force,  LB. 

Upper surface pressure-area integrated nozzle 
boa t t a i l  normal force, LB. 

Lower surface pressure-area integrated nozzle 
boa t t a i l  normal force, LB. 

Total  pressure-area integrated sidewall  normal 
force, LB. 

Inboard pressure-area integrated sidewall normal 
force, LB. 

Outboard pressure-area integrated sidewall 
normal 'force, LB. 

Nozzle skin f r ic t ion ,  LB. 

S t a t i c  pressure, PSFA 

Aircraf t  balance normal force contribution t o  
pitching moment, s t r u t  cavity pressure 
correction, IN-LB . 
Aircraft  balance axial  force contribution t o  
pitching moment, s t r u t  cavity pressure 
correction, IN-LB. 

Aircraf t  balance axial  force contribution t o  
pitching moment, seal pressure correction, 
IX-LB . 
Nozzle boa t t a i l  pitching moment, IN-LB. 

Sidewall pitching moment, IN-LB. 

S t a t i c  pressure, PSIA. 

Total pressure, PSFA. 

Total pressure, PSIA. 
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Measurand 

PTJLF 

PTJLFI (I 

PT2I  (I 1 

P2C 

Q 

QO 

RE 

RPM 

SPAN 

sw 
TARE7 

TARE8 

TT 

TTR 

vo 
WAF 

x(1) 

x(2 1 
XCAV 

XMTA 

XNTA 

ZCAV 

ZTA 

Description 

Average nozzle total pressure, PSIA.  

Nozzle total pressure at probe I. 

Compressor face total pressure at probe I. 

Compressor face static pressure, PSIA. 

Tunnel dynamic pressure, PSF. 

Dynamic pressure, PSI. 

Tunnel Reynolds Number. 

Water line of model reference. 

Water line of pressure tap I. 

Fuselage station of pressure tap I. 

Fuselage station of model reference. 

Wing span. 

Wing reference area. 

Internal duct drag correction, LB. 

Body axis ram drag, LB. 

Tunnel total temperature, OF. 

'Tunnel total temperature, OR. 

Freestream velocity, FT/SEC. 

Nozzle mass flow, LB/SEC. 

Nacelle length, IN. 

Nacelle plus nozzle length, IN. 

Moment arm for normal cavity force. 

Axial distance from balance center to model 
reference. 

Lateral distance from balance center to model 
reference. 

Moment arm for axial cavity force. 

Vertical distance from balance center to model 
reference . 
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