


NASA CR 152239 
COPY N 0 . L  REPORT MDC A5704 JUNE 1979 

THRUST AND MASS FLOW CHARACTERISTICS 
OF FOUR 36 INCH DIAMETER TIP TURBINE FAN 

THRUST VECTORING SYSTEMS IN AND OUT 
OF GROUND EFFECT 

Contract No NAS 2-9690 

PREPAREDBY 

D W  Esker 
n A Roddiger 

MCDONNELL &IRCPAFT COMPANY 

Box 516, Saint LOUIS, Missouri 63166 - Tcf. (314)232-0232 

MCDONNPLL 



REPORT MDC A5704 

TABLE OF CONTENTS 

Section Title 

S U M M A R Y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  iii 

LISTOFFIGURES.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iv 

NOMLNCLATURE.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v i i  

SYMBOLS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ix 

EQUATIONS.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x 

1. INTRODUCTION. . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1 

2. TEST APPARATUS. . . . . . . . . . . . . . . . . . . . . . . . . . 2-1 

2.1 LF336/J85 Turbotip Lift Fan System . . . . . . . . . . . . - 2-1 
2.2 X376B/T58 Turbotip Lift Fan System . . . . . . . . . . . . . 2-1 
2.3 Test Nozzles. . . . . . . . . . . . . . . . . . . . . . . 2-1 
2.4 Thrust Stand Rig . . . . . . . . . . . . . . . . . . . . . . 2-5 
2 . 5  Instrumentation. . . . . . . . . . . . . . . . . . . . . . . 2-11 
2.6 Data Acquisition . . . . . . . . . . . . . . . . . . . . . . 2-18 

3. RESULTS AND DISCUSSION. . . . . . . . . . . . . . . . . . . . . . 3-1 

3.1 X376B/T58 Nose Lift Unit . .'. . . . . . . . . . . . . . . . 3-1 
3.2 X376B/T58 Left LiftICruise Unit. . . . . . . . . . . . . . . 3-4 
3.3 X376B/T58 Right Lift/Cruise Unit . . . . . . . . . . . . . . 3-5 
3.4 LF336/J85 Nose Lift Unit . . . . . . . . . . . . . . . . . . 3-5 

4. CONCLUSIONS. - - - - - 4-1 

5. REFERENCES. . . . . . . . . . . . . . . . . 5-1 

APPENDIX A -  TEST RUN SCHEDULE . * - - A-1 

APPENDIX B - TEST DATA TABULATION. . - - * - B-1 

AF'PENDIX C - THRUST, FAN MASSFLOW AND TURBINE MASSFLOW COEFFICIENT DATA . . C-1 

LIST OF PAGES 

Title Page 
ii through x i i  
1-1 through 1-3 
2-1 through 2-23 
3-1 through 3-51 

4-1 
5-1 

A - l  through A-3 
B-1 through B-7 
C-1 through C-4 



REPORT MDCA5704 

SUMMARY 

Operation of V/STOL a i r c r a f t  i n  c l o s e  ground proximity can induce s i g n i f i c a n t  
changes i n  both aerodynamic l i f t  and the  performance l e v e l  of t he  a i r c r a f t  propuls ion 
system. 
monly used experimental  method, however c a l i b r a t i o n  of t h e  model propuls ion u n i t s  
both i n  and out  of ground e f f e c t  must be included so t h a t  propuls ion fo rces  can be 
separated from the  measured forces .  

Determination of induced l i f t  e f f e c t s  by means of powered models is a com- 

This r epor t  descr ibes  t h e  c a l i b r a t i o n  tests c a r r i e d  out  on t h e  propuls ion sys- 
t e m  components of a 70 percent  s c a l e ,  powered model of a NASA 3-fan V/STOL a i r c r a f t  
configurat ion.  
powered model were t e s t e d  on an i s o l a t e d  b a s i s  over a range of ground he ights  from 
H/J: of 1.02 t o  03. 

range of ground he ights  from 1.55 t o  co. 
t ha t :  (1) t h e  t h r u s t  and mass flow performance of the  X376B/T58 nose l i f t  u n i t  is 
e s s e n t i a l l y  constant  f o r  H/D v a r i a t i o n s  down t o  1.55. 
pres su r i za t ion  of t h e  f an  e x i t  occurs  and is accompanied by an inc rease  i n  t h r u s t  
of f i v e  percent ,  (2) a change i n  nose f an  exit hub shape from f l a t  p l a t e  t o  hemis- 
p h e r i c a l  produces no s i g n i f i c a n t  d i f f e rence  i n  louvered l i f t  nozz le  performance f o r  
height  v a r i a t i o n s  from H/D = 1.02 t o  -=, (3) operat ion of the  nose l i f t  nozzle  
a t  the  higher  fan  pressure  r a t i o  generated by t h e  LF336/J85 f an  system causes no 
s i g n i f i c a n t  change i n  ground proximity performance down t o  an H/D of 1.55, t h e  low- 
est height  t e s t e d  wi th  t h i s  u n i t ,  and (4) t h e  performance of t he  l e f t  and r i g h t  
X376B/T58 l i f t / c r u i s e  u n i t s  i n  the  v e r t i c a l  l i f t  mode remains unchanged, wi th in  5 
two percent  f o r  t he  range of ground he igh t s  from H/D 1.02 t o  OD. 

The th ree  X3,6B/T58 t u rbo t ip  f an  u n i t s  used i n  t h e  l a r g e  scale 

A higher  pressure  r a t i o  LF336/J85 f an  u n i t  w a s  t e s t e d  over a 
The r e s u l t s  of t h e  test program demonstrated 

A t  H/D equal  t o  1.02 back 
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*BG 

%ANE 

AN 
%E 

%G 

CAF 

CAT 

CF 

cp  
cV 
D 

d 

Fc, 

'GFI 

'GTI 

FG/6 

Fhub/G 

H 

Mp 

yr 

NOMENCLATURE 

- Load Cell (i) Axial Load; i = 1 through 3 

- Gas Generator Bellmouth Area 
- Annulus Area @ Fan Exit Rake 

- Calibration Nozzle Exit Area 
- Tip Turbine Exit Area 
- Gas Generator Bellmouth Discharge Coefficient 
- Fan Massflow Coefficient 

- Turbine Massflow Coefficient 
- Thrust Coefficient 
- Specific Heat @ Constant Pressure 

- Specific Heat @ Constant Volume 

- Nozzle Exit Diameter = .99 m (3.25 ft) 

- Thrust Moment Arm (About R.C.) 
- Gross Thmst 
- Fan Ideal Gross Thrust 

- Tip Turbine Ideal Gross Thrus, 
- Corrected Gross Thrust 
- Corrected Hub Force 
- Gravitational Constant 
- Height Above Ground Plane 
- Height of Nozzle Exit Above Ground Plane Ratioed to Nozzle Exit 
Diameter 

- Pitching Moment 
- Yawing Moment 
- Load Cell (i) Normal Loa * i - 1 through 3 
- Fan Speed 
- Corrected Fan Speed 
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'TFEI'O 

'TTE/'O 
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R. C. 
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wF 

wT 

'TOT 

w6 l s  
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NOMENCLATURE (Cont ' d) 

- S t a t i c  Pressure 

- Gas Generator Bellmourh S t a t i c  Pressure 

- Freestream Ambient Pressure  

- Static Pressure @ Fan Exit (Arithmetic Avg.) 

- Sta t i c  Pressure @ Tip Turbine Exit (Arithmetic Avg.) 

- Standard Pressure 

- Freestream Tota l  Pressure 

- T o t a l  Pressure @ Fan Exit (Area Weighted Avg.) 

- Tota l  Pressure @ Tip Turbine Exit (Arithmetic Avg.) 

- Fan Pressure Rat io  

- Turbine Discharge Pressure Rat io  

- Gas Constant 

- Reference Center 

- Load C e l l  (i) Side Load; i = 1 through 3 

- Temperature 

- Fan Bellmouth Airflow Temperature 

- Gas Generator Bellmouth Airflow Temperature 

- Standard Temperature 

- Tota l  Temperature @ Fan Exit (Area Weighted Avg,) 

- Tota l  Temperature @ Tip Turbine Exi t  (Arithmetic Avg,) 

- Airflow 

- Fan A f r f l m  

- T i p  Turbine Airflow 
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- Corrected Airflow 

- c I C  P V  
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NOMENCLATURE (Cont 'd)- 

6 - Standard Pressure  Correction Fac tor ,  Po/PsTD 

- Li f t /Cru i se  Nozzle Geometric Def lec t ion  Angle 

- Nose Nozzle Louver Angle 

- Yaw Vane Vector Angle 

- Standard Temperature Correction Factor,  T/TsTD 

6Lc 

6~~ 

6Y 
9 

t - Thrust Vector Angle 

SYMBOLS 
2 

2 

2 

2 

- T e s t  Data f o r  5485 cm Ca l ib ra t ion  Nozzle 

- Test Data f o r  5935 an Cal ib ra t ion  Nozzle 

- T e s t  Data f o r  6285 cm Cal ib ra t ion  Nozzle 

- Test Data f o r  6730 cm Cal ib ra t ion  Nozzle 

- Test D r i t a  Lor H/D = 

- Test Data f o r  H/D = 6.45 

- T e s t  Data f o r  H/D = 2.55 

- Test Data f o r  H/D = 2.0  

- Test Data f o r  H/D = 1.55 

- T e s t  Data f o r  H/D = 1.02 

(No Ground Plane) 

NOTE: Open Symbols Represent Data Taken During Increas ing  Fan Speed; Closed 
Symbols During Decreasing Fan Speed 
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o MEASURED 

o RAKE COMPUTED 

o CORRECTED -- 
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EQUATIONS (continued) 
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TIP TURBINE 

o RAKE COMPUTED IDEAL 
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COEFFICIENTS 

THRUST 

CF = 
Measured Thrust 

Tota l  Rake Computed I d e a l  Thrust  
- 

FAN MASS FLOW 

Measured Flow Via Fan Bellmouth 
Rake Computed Fan Flow CAF = 

TURRLNE MASS FLOW 

Measured Flow Via Gas Generator Bellmouth 
Rake Computed Turbine Flow CAT = 

CORRECTED FAN SPEED 

PERCENTAGE CORRECTED FAN SPEED 

X3 76B 

LF336 -- 
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1. INTRODUCTION 

Evaluation of exhaust j e t  induced aerodynamics for Vert ical /Short  Talceof f acd 
Landing (V/STOL) a i r c r a f t  i n  gromd e f f e c t  is most o f t e n  es tab l i shed  experimentally.  
This is a r e s u l t  of t h e  s e n s i t i v i t y  of induced l i f t  e f f e c t s  t o  a i r c r a f t  geometry, 
the  propulsion system arrangement, and the d i f f i c u l t y  i n  analyzi- t h e  complex 
impingement flow f i e l d  formed beneath t h e  a i r c r a f t .  

Induced e f f e c t s  are those forces  and m o m e n t s  imposed on t h e  a i r f r a n e  exc lus ive  
of t h e  direct propulsion system thrust forces ,  and, chus, a means t o  s e p a r a t e  t h e  
d i r e c t  and induced forces  must be included in t h e  experimental technique. 
of piwered test models is one approach used commonly €or d e t e d a a t i o n  of ground 
e f f a c t  c h a r a c t e r i s t i c s ,  (References 1-4). Powered models o f f e r  an advantage over 
o ther  techniques i n  t h a t  both i n l e t  and nozzle exit flows are simulated,  however, 
c a l i b r a t i o n  of t h e  propulsive u n i t s  on an i s o l a t e d  b a s i s  both in and out  of ground 
e f f e c t  is required. 
separa te  the  d i r e c t  propulsion forces  from t h e  t o t a l  model f o r c e s  and thereby 
e s t a b l i s h  t h e  je t  induced e f f e c t s .  

Operation 

Thrust c a l i b r a t i o n  of t h e  power units prcvides  tt- means t o  

Large s c a l e  pcuered model (LSPH) invest igat ionsof  a three  fan V/STOL a i r c r a f t  
were i n i t i a t e d  a t  NASA-Ames i n  1976. Figure 1-1 is a schematic of t h e  70 prrcent  
s c a l e  a i r c r a f t  model which is a subsonic,  low wing, multimission design. The mo-  
pulsion system arrangement c o n s i s t s  of a nose mounted l i f t  fan and t w o  l i f t / c r u + s e  
firas located over the  wing. 
with the  McDonnell Ai rcraf t  Company (MCAIR) and underwent low speed tests i n  the  
40 x 80 f t  wind tunnel and s ta t ic  ground e f f e c t s  tests on t h e  s t a t i c  test f a c i l i t y  a t  
NASA-Ames. 
not included i n  the  i n i t i a l  1975 t e s t  phase due t o  program scope l i m i t a t i o n s .  

This model w a s  b u i l t  by NASA under a contracted prokram 

Ground proximity c a l i b r a t i o n s  of t h e  powered model propulsion ua i t s  w e r e  

The r e s u l t s  of the  i n i t i a l  s t a t i c  tests i n  ground e f f e c t  ind ica ted  crnly a s l i g h t  
v a r i a t i o n  of t o t a l  l i f t  with ground heights ,  (Reference 4). This c h a r a c t e r i s t i c  was 
a t  variance with subsequent test d a t a  obtained on a similar s m a l l  s c a l e ,  f l a t  p l a t e ,  
j e t  e & f e c t s  model a t  MCAIR, (Reference 5 ) .  
improvement i n  t h r u s t  performance on the  nose mounted fan  i n  ground proximity, and 
t h i s  was a t t r i b u t e d  t o  base pressur iza t ion  of t h e  l a r g e  hub a r e a  on t h e  nose fan  
uni t .  

The la rge  s c a l e  tests a l s o  ind*-cated an 

Questions concerning the  LSPM induced l i f t  c h a r a c t e r i s t i c s  provided t h e  impetus 

The second ground e f f e c t s  test program was c a r r i e d  out  a t  
f o r  f u r t h e r  inves t iga t ions  of the  model, including Cal ibra t ions  of each of t h e  turbo- 
t i p  fan  propulsion uni t s .  
NASA-Ames between 4 June and 28 J u l y  1978; the  r e s u l t s  of which a r e  reported i n  
Reference 6 .  Foliowing completion of the  70 percent model tests, t h e  ind iv idua l  
X376B/T58 turbot ip  fan and exhaust nozzle systems were removed from t h e  LSPM, 
i n s t a l l e d  and tested on an i s o l a t e d  thrrust stand. 

The objec t ives  of the i s o l a t e d  fan c a l i b r a t i o n  test program were: 

o Establ ish t h r u s t  and mass flow performance of each LSPM propulsion 
u n i t  i n  and out of ground e f f e c t s  

o Establ ish fan performance maps 

o Evaluate the  e f f e c t  of higher €an pressure r a t i o  on the  LSPM nose 
nozzle i n s t a l l a t i o n  



REPORT MDC A57W 

FIGURE 1-1 
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o Determine t h e  e f f e c t  of an a l t e r n a t e  nose f an  exit hub shape on 
nose u n i t  performance. 

The experimental approach used t o  meet t h e s e  ob jec t ives  involved i n s t a l l a t i o n  of 
each f an  and gas gene ra t c r  combination on a t h r u s t  meisurement r i g  wi th  bellmouth 
i n l e t s ,  a s soc ia t ed  f a n  exit instrumentation, and exhaust nozzle hardware. Tests 
of t h e  propulsion u n i t  with a l a r g e  p l a t e  l oca t ed  a t  var ious  d i s t ances  from the  
nozzle e x i t  provided performance i n  ground proximity. 
flow measurements wi th  f an  e x i t  rake computed values e s t ab l i shed  c a l i b r a t i o n  coef- 
f i c i e n t s  f o r  t h e  f an  exit  instrumentation. The rake c o e f f i c i e n t  d a t a  w a s  then 
u t i l i z e d  i n  t h e  reduction of t he  70 percent  scale, powered model test da ta  t o  
e s t a b l i s h  i n s t a l l e d  t h r u s t  performanc-. 

Comparison of t h r u s t  and mass 

The o v e r a l l  program w a s  conducted under Contract NAS 2-9690. M r .  L. Stewart  
Rolls and M r .  Bruno Gambucci of NASA-Ames Research Cater  served success ive ly  as 
Technical Monitor. 
a ted  test apparatus.  
a t  NASA-Ames. 
MCAIR support  during t h e  per iod  18 August t o  29 September 1978. 
a n a l y s i s  were performed by MCAIR and are documented i n  t h i s  repor t .  

MCAIR e s t ab l i shed  t h e  design of t he  t h r u s t  s t and  r i g  and assoc i -  
Fabr ica t ion  and assembly of the test hardware w a s  performed 

The experimental tests w e r e  c a r r i e d  out  by NASA-Ames personnel  with 
Data reduction and 

A desc r ip t ion  of t he  test hardware used i n  t h i s  program is given i n  Sec t ion  2. 
The test r e s u l t s  and d iscuss ion  a r e  presented i n  Section 3 and t h e  conclusions i n  
Section 4. The schedule of test runs c a r r i e d  out a t  NASA-Ames is given i n  Appendix 
A. 
used t o  cons t ruc t  t h e  t h r u s t  and massflow c o e f f i c i e n t  curves presented i n  Sec t ion  3. 

Appendix B is a l i s t i n g  of t h e  primary test data.  Appendix C lists t h e  d a t a  
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2. TEST APPARATUS 

The apparatus used during t h i s  test program cons is ted  of t h e  t h r e e  X376B/T58 
t u r b o t i p  f an  propulsion u n i t s  used i n  t h e  LSPM, t h e  LF336/J85 t u r b o t i p  f an  system, 
fan  c a l i b r a t i o n  hardware inc luding  bellmouth i n l e t s  and c a l i b r a t i o n  nozz les ,  and 
the  t h r u s t  s t and  r i g  used t o  support  t h e  bellmouth, f an ,  gas  genera tor ,  and nozz le  
assemblies. A desc r ip t ion  of t h e  test conf igura t ions  is given below. 

2.1 LF336/J85 TURBOTIP LIFT FAN SYSTEM 

The LF336/J85 l i f t  f a n  system used in t h e  test program w a s  designed and b u i l t  
by General Electric f o r  NASA under Contract U S  2-4130. 
schematically i n  Figure 2-1, is a s i n g l e  stage, t u r b o t i p ,  fan-in-wing design wi th  a 
f an  diameter of 91.44 cm (36 in.) and an aerodynanic design p res su re  ratio cf  1.3. 
The LF336 fr-i flow is 98.88 kg/sec (218 l b j s e c )  when opera t ing  at a 100 percent 
design speed of 6047 rpm. The LF336 t i p  tu rb ine  is sn axial flow, impulse tu rb ine  
fed by a 360-degree double e n t r y  s c r o l l .  
exhaust flow of a J85-GE-5 General Electric t u r b o j e t  engine a t  m i l i t a r y  power s e t t i n g .  
Figure 2-2 summarizes the  LF336/JW system performance. 

The LF336 f an ,  shown 

The tu rb ine  is designed to  accept t h e  f u l l  

2.2 X376B/T58 TURBOTIP LIFT FAN SYSTEM 

The X376B/T58 l i f t  f a n  systems used i n  t h e  test program were suppl ied  by t h e  
Large Scale Aerodynamics Branch of NASA-Ames. 
is a s i n g l e  stage, t u r b o t i p  fan-in-wing design wi th  a f a n  diameter  of 91.44 cm 
(36 in.)  and an aerodynamic design pressure  r a t i o  of 1.08. The X376B f a n  =low is 
69.4 kg/sec (153 lb /sec)  when opera t ing  a t  100 percent design speed of 4074 rpm. 
The X376B t i p  tu rb ine  is an axial flow, impulse tu rb ine  f ed  by a 1.80-degree e n t r y  
s c r o l l .  The tu rb ine  accepts  t he  f u l l  exhaust flow of a T58-GE-8 ’* .era1 Electric 
t u r b o j e t  engine a t  m i l i t a r y  power s e t t i n g .  .e 3csign char- 
a c t e r i s t i c s  of t h e  gas genera tor  and fan. 

The X376B fan ,  shown i n  Figure 2-3, 

Figure 2-3 summarizes 

2.3 TEST NOZZLES 

2.3.1 
i d e a l  t h r u s t  performance nozzle was performed wi th  four  d i f f e r e n t  nozz le  e x i t  areas 
t o  e s t a b l i s h  cor rec ted  flow c h a r a c t e r i s t i c s  of t he  test propuls ion system and t o  
e s t a b l i s h  base l ine  t h r u s t  performance l e v e l s .  The t h r u s t  c a l i b r a t i o n  nozz le  w a s  
designed by MCAIR and f a b r i c a t e d  at NASA-Ames. 

CALIBRATION NOZZLES - Cal ib ra t ion  of t he  l i f t  f a n  systems wi th  a near  

Figure 2-4 p re sen t s  a schematic of the t h r u s t  c a l i b r a t i o n  nozzle which c o n s i s t s  
of a c y l i n d r i c a l  ou te r  duct and s inuso ida l  shaped ( tapered  cone) hub centerbody 
which t r a n s i t i o n s  t h e  exhaust flow from an annular c ros s  s e c t i o n  a t  the  nozzle 
en t rance  s t a t i o n  t o  a c i r c u l a r  c ros s  s e c t i o n  a t  the  nozzle ex i t  s t a t i o n .  A t  t h e  
nozzle entrance s t a t f o n ,  t he  ou te r  w a l l  diameter is 107.2 cm (42.2 i n . ) .  
s epa ra t e  tapered r m e  hub centerbodies were used f o r  t he  LF336 and X376B fans ,  
respec t ive ly .  
may be found on Figure 2-4. 
is supported off t h e  ou te r  w a l l  by means of two s t r u t s  which span t h e  annular flow 
passage. 
t o  chord r a t i o  of 0.10, and a double c i r c u l a r  a*:c c ros s  sec t ion .  

Two 

The c h a r a c t e r i s t i c  dimension of diameter and length  f o r  t hese  hubs 
The hub centerbody is a l igned  wi th  the  fan  a f t  hub and 

The s t r u t s  incorpora te  a chord length  0’ 12,55 cm (4.94 i n . ) ,  a th ickness  

The nozzle e x i t  a r ea  was var ied  by means of removable nozzle a f t  cones. A t o t a l  
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FIGURE 2-1 
GENERAL ELECTRIC LF336 TURBOTIP FAN 

.SCROLL 
ENTRY 

FAN EXIT STATOR 

SECTION A-A 

FIGURE 2-2 
LF336/J85 DESIGN PERFORMANCE SUMMARY 

FAN r .CW. KG/SEC. (LB/SEC) ................................ 98.88 (218) 

FAN PRESSURE RATIO ............................................. 1.3 

BYPASS RATIO ..................................................... 5.0 

RPM .......................................................... 6. 047 

FAN TIP SPEED. M/SEC (FT/SEC) .............................. 29.56 (970) 

FAN DIAMETER. CM. (IN.) ..................................... 91.44 (36) 

RADIUS'-IATIO .................................................... 0.475 

TI I t  ANE INLET FLOW. KG/SEC (LB/SEC) ..................... 20.01 (44.12) 

TURBINE INLET PRESSURE. N/CM2 (PSIA) ..................... 21.95 (31.84) 

TURBINE INLET TEMPERATURE. OK. (Ro) ..................... ,950.6 (1. 711) 

TURBINE DISCHARGE PRESSURE RATIO ............................ 1.1 18 

TURBINE ITSCHARGE TEMPERATURE. OK (Ro) . . . . . . . . . . . . . . . . . . .  833 (1. 500) 

FAN THRUST. N. (LB) ..................................... 19. 658 (4. 426) 

TUHBINE THRUST. N. (LB) .................................. 4. 982 (1. 120) 

TOTAL THRUST. N. (LB) .................................... 24. 670 (5. 546) 
GO76 0867 30 
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FIGURE 2-3 
GAS GENERATOR AND TURBOTIP FAN DESIGN CHARACTERISTICS 

T58GE88 Gas Generator 

Length = 91.44 cm (36.0 in.) 

Design point perfomurnce (Intermediate Power) 
AirFlow .............................. 
Compressor Pressure Ratio. .................. 
Turbine Inlet Temperature. .................. 
Exhaust Gas Temperature ................... 
Engine Speed ........................... 

5-62 kdwc 
8.0: 1 
932% 
677% 
19.500 m 

GE-X376B Turbotip Fan 

1-.91.44 an (36.0 in.) fan Dia 

Design Point Performance (100% Speed) 
Air Flow. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .69.4 k&ec 
Fan Pressure Ratio ........................ 1.08 
Admission Arc ........................... 180' 
Fan Speed (100%) . . . . . . . . . . . . . . . . . . . . . . .  .4074 rpm 

AmCRAFT COMPANY 

2- 3 
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FIGURE 2-4 
THRUST CALIBRATION TEST N O U E  

HUB SUPPORT STRUTS 
HUB 
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of four  a f t  cane s e c t i o n s  were f a b r i c a t e d  t o  provide nozzle  exit areas of 6730, 
6285, 5935, and 5485 cm2 (1043, 974, 920, and 850 i d ) .  

The e n t i r e  t h r u s t  c a l i b r a t i o n  assembly w a s  mounted t o  a support ing framework by 
means of a series of s t r u t s  and bracke ts  which prevented t r a n s f e r  of nozzle  loads  t o  
the  fan.  A series of nichrome l e a f  seals w a s  a t tached  t o  t h e  outer  duct  element a t  
t h e  entrance s t a t i o n  t o  minimize gas  leakage a t  t h e  fan/nozzle i n t e r f a c e .  

2.3.2 
u t i l i z e d  a remotely a c t i v a t e d  louver and d r i v e  system. 
each with a thickness  r a t i o  of 10 percent ,  provide t h r u s t  vec tor ing  over  a range 
from 105 t o  30 degrees ( ~ N L ) .  TWO 10 percent  th:ck, manually pos i t ioned ,  a r t i c u l a t e d  
yaw vanes loca ted  beneath t h e  louvers  provide yaw Vectoring of 0, 26,  and +12 degrees 
(6~). 
were detachable from the model. Details of t h e  nose l i f t  u n i t  vec tor ing  system, as 
i n s t a l l e d  i n  t h e  LSPM, are presented i n  t h e  sketch of Figure 2-5. 
t e s t e d  with two fan exit  hubs: 

NOSE NOZZLE AW HUB - The nose l i f t  u n i t  t h r u s t  vec tor ing  nozzle system 
Fourteen l o w  camber louvers ,  

The yaw vanes were of t h e  same design as those  on t h e  l i f t / c r u i s e  u n i t s  and 

The nose u n i t  w a s  
hemispherical  and f l a t  p l a t e .  

2.3.3 
nood segments and a nozzle  e x i t  cone, 8 s  shown, i n s t a l l e d  i n  t h e  LSPY, on Figure 2-6. 
Thrust vec tor ing  was achieved with t h e  f i x e d  diameter,  detachable angular  hood seg- 
ments, so arranged as t o  provide geometric d e f l e c t i o n  angles  ( 6 ~ c )  of 0, 22, 38, 56, 
71 and 95 degrees. The t h r u s t  vec tor ing  hood segments were constant  diameter with a 
turning rad ius  r a t i o  of 0.54 R/D. The nozzle e x i t  cone was detachable  and w a s  equip- 
ped with two 10 percent t h i c k ,  manually pos i t ioned ,  a r t i c u l a t e d  yaw vanes. These 
vanes provide lateral vector ing of 0, 26,  and 212 degrees (6y) t o  produce yawing 
moments. 

LIFT/CRUISE NOZZLE - The l i f t / c r u i s e  nozzle  cons is ted  of t h r u s t  vec tor ing  

The nozzle  cone had a f ixed  nozzle exit  area of 0.7677 m2 (1190 in.2) with 
an e x i t  cont rac t ion  r a t i o  ( qlooD/%oz) of 1-16. 

2.4 THRUST STAND R I G  

The t h r u s t  s tand r i g  consis ted of a steel framework designed t o  support  t h e  fan  
assembly cons is t ing  of fan  and gas  generator ,  bellmouth i n l e t s  and exhaust nozzle  
system. The entire assembly was supported by means of t h r e e  load cel ls  loca ted  under 
t h e  r i g .  
proximity. 
of simulated ground area.  

For ground e f f e c t  t e s t i n g  a l a r g e  steel  p l a t e  w a s  used t o  s imula te  ground 
This ground plane was 3.67 m (12.0 f t )  square providing 13.38 m2 (144 f t 2 )  

Several  configurat ions of t h r u s t  s tand  r i g  and ground plane were required t o  

Each of these  test arrangements are descr ibed 
car ry  out  t h e  f a n  tests with t h e  c a l i b r a t i o n  nozzles ,  nose louvered l i f t  nozzle  and 
t h e  l i f t / c r u i s e  d e f l e c t o r  nozzles.  
be low. 

2.4.1 
(nose and l e f t  l i f t / c r u i s e )  and the LF336/J85 system was c a r r i e d  out  with t h e  c a l i -  
b r a t i o n  nozzles i n s t a l l e d .  Figure 2-7 is a schematic of t h e  t h r u s t  s tand  assembly 
f o r  the mapping t e s t s  of the  LF336/J85 fan. 
fan  flow was a CE-4 u n i t  suppl ied by NASA and had a t h r o a t  diameter of 152.4 cm. 
Bellmoiiths were also i n s t a l l e d  on the  585 and T58 gas  generators  f o r  determination 
of gas generator I n l e t  flow. Three load c e l l s  were p o s i t i o n d  under the  t h r u s t  
s tand rig and were or ien ted  with t h e  normal force  elements p a r a l l e l  with the v e r t i c a l  
d i r e c t i o n  and t h e  a x i a l  force  elements p a r a l l e l  with the  hor izonta l  d i r e c t i o n .  The 
load c e l l  arrangement f o r  both t h e  LF336/J85 and X376B/T58 tests is shown i n  Figure 
2-8. 

CALIBRATION NOZZLE TEST ARRANGEMENT - Mapping of two X376B/T58 fan u n i t s ,  

The fan  bellmouth i n l e t  used t o  measure 

Photographs of t h e  fan  c a l i b r a t i o n  test se tup  a r e  shown i n  Figure 2-9. 
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FlGUnE 2-6 
NOSE LIFT UNIT VECTORING SYSTEM GEOMETRY 

ouver Actuator 
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:m (4.065 in.) Chord 
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FIOURE 2-6 
LIFT/CRUISE UNIT VECTORING SYSTEM GEOMETRY 
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FIGURE 2-7 
LF336/J85 FAN CALIBRATION 

Thrust Stand Assembly 

FAN BELLMOUTH 

INLET ADAPTER SECTION GAS GENERATO! 

585 GAS GENERATOR 
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FIGURE 2-8 
LOAD CELL LOCATIONS 
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2.4.2 
of the  nose l i f t  nozz le  u n i t s  is shown schematical ly  i n  Figure 2-10. 
flow of the  nozzle  was d i r ec t ed  i n  the  hor izonta l  p l - l e  f o r  these  t e s t a .  G:*ound 
e f f e c t  t e s t i n g  was accomplished by pos i t ion ing  t h e  
nozzie  exit  plane and normal t o  the  t h r u s t  kec tor .  A d e f l e c t o r  was a t tached  t o  
one s i d e  of t h e  ground plane such t h a t  t h e  impingement f1.m could be  d i i c c t e d  away 
from t h e  bellmouth i n l e t s  and thereby eliminate inges t ion  of t h e  exhaust flow. 
Figures 2-11 and 2-12 show a series of phot9graphs of t h e  nose l i f t  nozzle  t e R t  
apparatus  f o r  both the  LF336/J85 anu X376B/T58 un i t s .  

NOSE LIFT NOZZLE TEST ARRANGEMENT - The experimental  apparatus  t s e d  f o r  tests 
The l?xh811st 

ound p lane  d m s t r e a m  o i  the  

2.4.3 
tests is shown schematical ly  i n  Figure 2-13 and i n  t h e  photographs of Figure 2-14. 

LIFT/CRUISE NOZZLE TEST ARRANGEMENT - The se tup  f o r  t he  l i f t / c r u i s e  nozzle  
-~ 

The de f l ec t ed  exhaust flow was d i r ec t ed  upwards, again t o  prevent i nges t i cn  of t he  
exhaust flow. 

2.5 INSTRL'MENTATIE 

The bellmouths, t u rbo t ip  fans ,  gas  genera tors ,  test nozzles  and t h r u s t  s t and  
r i g  were i strumented f o r  the  determination of fan  and nozzle  performance. 
primary experimental  measurements were fan  speed, t o t a l  g ros s  t h r u s t  and d i r e c t i o n ,  
and f an  and t i p  tu rb ine  i n l e t  and exit presF9res and temperatures.  
t i o n  u t i l i z e d  is descr ibed below. 

The 

The instrumenta- 

2.5.1 BELLMOUTH INLETS - Each bellmouth i n l e t  ( fan and gas generator)  incorporated 
s t a t i c  pressure  p o r t s  t o  provide a s ta t ic  d i f f e r e n t i a l  p ressure  read-out. The gas  
generator  used a s i n g l e  po r t  €or  t he  d i f f e r e n t i a l  predsure read-out, while  t h e  fan 
bellmouth incorporated fou r  s ta t ic  p o r t s  mznifolded t o  provide a s i n g l e  read-out. 

rl 

(0.3 psid)  t ransducer  f o r  recording on the  d i g i t a l  d a t a  acqu i s i t i on  s y s t e m  and 
a water manometer f o r  hand recording. 
determining fan  bellmouth a i r f lows .  
ranged frcm Z..'. t o  10.8 cm.H20 (.030 t o  . i54 p d  .:I f o r  the  LF336 fan and from 1.1 tcr 
5.9 cm.820 (.016 t o  .084 p s i )  f o r  t he  X376B fan. The water manometer was inhe ren t ly  
more accura te  than the  2.069 X 103:2 t ransducer  a t  these  low d i f f e r e n t i a l  p ressures .  
Accordingly, a l l  f a n  be l immth a i r  f lowra tes  presented i n  '-&is r epor t  were ca lcu la tzd  
using the  hand recorded wb rr manometer data.  

The f an  bellmouth s t a t i c  d i f f e r e n t i a l  p ressure  w a s  t eed  20 a 2.069 x l O 3 i z  
t o  

The manoneter became the  primary means f o r  
D i f f e r e n t i a l  p ressures  i n  t h e  fan  bellmouth 

The gas  generator  bellmouth s t a t i c  d i f f e r e n t i a l  p ressure  was measured using a 
1.724 X lo2 z z  (2.5 ps id)  t ransducer .  

apa r t  c,n t h e  l i p  of the  bellmouth inlet :  
mined by means of a s i n g l e  thermocouple located on the  l i p  of t h e  bellmouth i n l e t .  

Fan a i r f low temperature was measured using four  thermocoupl . loca tcd  90 degrees 
Gas kenerator  a i r f low temperature Mas deter -  

2.5.2 
t a t i o n  cons is ted  of f ixed  rakes  comprising 38 t o t a l  p ressure  and 1 7  t o t a l  tempera- 
t u r e  probes. Figure 2-15 presents  ' \e geometry of t h i s  rake,  showing a+ the  fan  
e x i t  a 6 leg ,  30 probe t o t a l  p ressure  rake,  a 3 l e g ,  9 probe t o t a l  t enpera ture  rake,  
and a t  t h e  t i p  tu rb ine  exi t ,  8 t o t a l  p ressure  probes and 8 t o t a l  temperature probes. 
Fan ex i t  s t a t i c  pressure  was measured by four  t a p s  on the  hub during fan  c a l i b r a t i o n  
test runs and . qix t aps  on the  spacer  between the  fan exit  f ace  and hemispherical  
hub during g." e f f e c t s  test runs. Tip tu rb ine  e x i t  s t a t i c  pressure  w a s  measureu 

LF336/J85 FAN AND TIP TURBINE EXIT - The fan  and t i p  tu rb ine  e x i t  instrumen- 
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FIGURE 2-10 
LF33WJ86 NOSE FAN IN GROUND EFFECT 

Thrust Calibration Stand Assembly 











FIGURE 2-16 
LF336 NOSE 

FAN AND np TURBINE EXK INSTRUMENTATION 

Rhub = n 8 8 c m  19.4 in.) 
Rfan = 45.72cm (ta0 in.) 
Rtu& = 54.61 cm (21.5 in.) 

Thermocouple Locations 

42.77 (16.84) 
36.32 (14.30) 
28.35 (11.16) 

Rear View 

Pressum Tube Locations 

43.99 (1  7.32) 
40.39 f 15.9) 
36.42 (14.34) 
31.95 (12.58) 
26.72 ( 1  0.52) 

OF78 1989 137 

2-17 



bq. twelve t aps  on the  c a l i b r a t i o n  nozzle  ou te r  w a l l  dur ing fan  c a l i b r a t i o n  tes t  runs 
and by e igh t  t a p s  on the  noz-le ou te r  w a l l  dur ing ground e f f e c t s  t e s t i n g .  

2.5.3 1376B/T58 F.4N AV3 T I P  TLRBIRE EXIT - Each of t h e  th ree  X376B fans  was in s t ru -  
mented 3t the  s t a t o r  e x i t  ( fan and t i p  tu rb ine)  with the  pressure  and temperature 
rakes used i n  t h e  LSYM. Figure 2-16 dep ic t s  the  tube and p o r t  l oca t ions ,  showing 
30 t o t a l  p ressure  and 4 t o t a l  temperature probes a t  t h e  f an  e x i t  and 4 t o t a l  pres- 
s u r e  and 4 t o t a l  temperature probes a t  the  t i p  tu rb ine  exit .  During ground e f f e c t s  
t e s t i n g ,  fan and t i p  tu rb ine  e x i t  s t a t i c  pressures  were obtained from t a p s  3s shown 
on the  f igu re .  

2 . 5 . 4  NOSE FAK EXIT HUB - The hemispherical  hubs used during the  ground e f f e c t s  
t e s t i n g  of the  LF336 and X376B nose fan conf igura t ions  were instrumented wi th  21 
s t a t i c  pressure t aps  as shown on Figure 2-17. The f l a t  p l a t e  hub a l s o  used on t h e  
X376B nose fan  during ground e f f e c t s  t e s t i n g  was instrumented i n  a l i k e  manner. 

2.5.5 
d i rec t ion .  
No. 1 (See Figure 2-8) is a u n i t  wi th 26,690 n (6000 l b )  normal force ,  17,793 n 
(4000 l b )  a x i a l  fo rce  and 13,345 n (3000 l b )  s i d e  fo rce  capab i l i t y .  Load cel ls  
Nos. 2 and 3 had normal, axial and s i d e  fo rce  c a p a b i l i t y  of 13,345 n (3000 J.b), 
S,S96 n (2,000 l b )  and 4,448 n (1000 lb )  respec t ive ly .  

- LOAD CELLS - Three load cel ls  were used t o  determine gross  t h r u s t  and t h r u s t  
Each load c e l l  w a s  a t h r e e  componnnt s t r a i n  gauge balance.  Load ce l l  

2.5.6 
The nozzle  exit included 10 total  pressure  probes a t tached  t o  t h e  leading edge of 
the  two f ixed  yaw vane s t r u t s  and four  ex te rna l  nozzle  ex i t  base pressure  s t a t i c  
po r t s .  A schematic of the  nozzle e x i t  instrumentaion is presented i n  Figure 2-18. 

2.5.7 
generator  and provide d i agnos t i c  capab i l i t y  included: 

NOZZLE EXIT - The l e f t  l i f t / c r u i s e  u n i t  w a s  instrumented a t  the  nozzle  ex i t .  

ADDITIONAL - Instrumentat ion t o  monitor t h e  "health" of t h e  tes t  f an  and gas  

Fans - Speed 
Vibrat ion - Hub Horizontal  

IIub Axial 

Gas Generator - Speed 
Fuel Flow 
Vibrat ion - Conpressor Ver t i ca l  
O i l  Pressure and Temperature 
Exhaust Cas Temperature 

Ambient condi t ions nionitored were pressure ,  temptrnturc ,  wind ve loc i ty ,  and 
wind d i r ec t ion .  

2 . 5 . 5  
Figure  7-19. 

~ INSTRUFIENTATION SUMNARY - A l i s t  of t he  tes t  instrumentat ion is  presented i n  

2.6 DATA AC~UiSiTION - 
The experimental  t e s t  p a r m e t e r s  of p ressure ,  temperature,  fan and gas  Genera- 

t o r  speccl, cind load c e l l  fo rces  were measured, d i g i t i z e d ,  and recorded on paper 
punch tape  u t i l i z i n g  a V I D A R  Corporation d i g i t a l  da t a  system. This system is cnm- 
p r i s e d  of analog s i g n a l  condi t ioning,  ;in i n t eg ra t ing  d i g i t a l  vol tmeter ,  and a 
T e l e t y p e  Paper-Tape punch. A t o t a l  of 9r da ta  recording channels are ava i l ab le  w i t h  
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TIC No. 

1 
2 
3 

FIGURE 2-16 
X376B FAN AND TIP TURBINE EXIT INSTRUMENTATION 

Radius - cm (in.) 

LIC Fwd 

40.64 (16.00) 41.73 (16.43) 
33.07 (13.02) 34.1 1 (13.43) 
27.18 (10.70) 28.32 (11.15) 

9 Total Temperature 
Probes at 120' Spacing 

5 Turbine Exit 

6 Wall Statics 

ure 
pacing 

Rhub = 20.32 cm (8.0 in.) 
Rfan = 45.72 cm (18.0 in.) Rear View 
Rturb 53.34 em (21.0 in.) Left Side 

Tube No. 

1 
2 
3 
4 
5 

Thermocouple Locations Pressure Tube Locations 

Radius - cm (in.) 

LIC Fwd 

43.61 (17.17) 44.81 (17.64) 
37.54 (14.781 38.71 (15.24) 
32.41 (12.76) 33.93 (13.36) 
28.12 (11.07) 29.49 (11.61) 
24.28 (9.56) 25.65 (10.10) 

~ 

QP78.1188.138 
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FIGURE 2-17 
X376B HEMISPHERICAL HUB STATIC PRESSURE TAPS, HPIi). 

i = 1 THROUGH 21 

R * 10.57 cm Datum --+--- 

LF336 HEMISPHERICAL HUB S T A k  PRESSURES TAPS, HP(i), 
i = 1 THROUGH 21 

R - 23 88- Datum 



REPORT MDCA5704 

FIGURE 2- 18 
LIFT/ C RU I S E NOZZLE EXIT INSTRUMENTATION 

(40.3 in.) 

GP79 0064 8 

10 Total Pressure Probes 
(5 Per Yaw Vane Strut) 
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FIGURE 2-19 
1 E.ST INSTRUMENTATION SUMMARY 
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this system. 
and the remaining channels are single scan. 
20 channels were recorded a total of 48 times, and the remaining channels were 
recorded once. 
90 seconds. 

The first 20 channels of the VIDAR system are multiple scan channels, 
During a recording sequence, Lhe first 

The total time for one data recording sequence was approximately 

The paper tape data records were processed at NASA-Ames on the 40 x 80 wind 
tunnel data computer which converted the raw test data to engineering test para- 
meters. 

Ambient temperature, wind velocity, wind direction, and barometric pressure 
were visually monitored and hand recorded. 

The gas generatcr operating conditions were visually monitored and recorded by 

The turbotip fan vibration levels, together with fan rpm (as a backup), 
hand including speed, exhaust gas temperature, oil pressure and temperature, and 
vibration. 
were also monitored and hand recorded. 
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3. RESULTS AND DISCUSSION 

Four tu rbo t ip  fan  conf igura t ions  were inves t iga t ed  during t h i s  program: the  
t h r e t  LSPM X376B/T58 u n i t s  and ar, LF336fJ85 u n i t .  
l i shed  f o r  each of t h e  f an  u n i t s  except t h e  r i g h t  I . i f t / c r u i s e  u n i t  of t h e  LSPM. 
Mapping of t he  r i g h t  u n i t  was omitted because of program s v - -  l imi t a t ions .  The 
t h r e e  A:76B/T58 u n i t s  wi th  t h e i r  corresponding LSPM exhaust nozzle  systems and t h e  
LF336/J85 wi th  t h e  LSPM nose louver  nozzle  were each t e s t e d  in and out  of ground 
proximjty t o  e s t a b l i s h  performance t rends  wi th  ground height .  

Fan performance maps were estab- 

TF ?rimary experimental  data gathered during t h e  tests cons is ted  of g r o s s  
t h r u s t  Agnitude and d i r e c t i o n ,  f an  3nd gc?s genera tor  mass flows, and f a n  and t i p  
tu rb ine  s t a t o r  e x i t  p ressures  and temperatures. 
determine both fPn performance maps and a comparison of t h e  measured t h r u s t  and mass 
flow wi th  v a h e s  computed using the  fan  3nd t i p  tu rb ine  e x i t  p re s su re  and tempera- 
t u r e  da ta .  

t o  t h  . ca lcu la ted  from the  fan  e x i t  Fressure and temperature instrumentat ion,  
(FG)ILLAI,, and s i m i l a r l y ,  t he  comparison of mass flow information from the  bellinouths, 
(W)EELLMOUTH, t o  t h a t  obtained from the  far. e x i t  instrumentat ion,  ( W ) ~ ; E ,  were estab- 
l i shed  in c o e f f i c i e n t  form usiqg the  following expressions:  

'his information was s u f f i c i e n t  t o  

The comparison of t h r u s t  inforinaticn obtained from the  load cells,(FG)lEASURED, 

t h r u s t  c o e f f i c i e n t ,  CF = ( F ~ ) ~ ~ ~ ~ ~ ~ ~ D  -- 
\ F~ IDEAL 

fan mass flow coefficieqt, CAF = <WF)BELLMOUTH 

tu rb ine  mass flow c o e f f i c i e n t ,  CAT = "'T)BELL;.IOUTH 

( wT ) RkKE 

The c o e f f i c i e n t s  relate the  rake i d e a l  t h r u s t  and mass flow t o  t h e  a c t u a l  measured 
va lues  and provide t h e  means t o  e s t a b l i s h  i n s t a l l e d  t h I u s t  f o r  t h e  LSPM tests  where 
rake i d e a l  t h r u s t  i s  t h e  measured performance parameter. The present  tests estab-  
l i shed  the  t h r e e  c o e f f i c i e n t s  f o r  each f w / n o z z l e  conf igura t ion  and t h e  e f f e c t s  
thereon of ground he ight  va r i a t ions .  

A t o t a l  of 44 tests runs were ca r r i ed  out  with t h e  four  fan  u n i t s  according t o  
the  schedule i n  Appendix A. A test  run cons is ted  of opera t ion  of the  fan  u n i t  from 
i d l e  t o  near  100 percent  phys ica l  speed followed by a decrease t o  i d l e .  Test  d a t a  
were recorded during both up and downward speed v a r i a t i o n s  a t  nominal speeds of 50, 
60, 70, 80, 90 and 100 percent .  

3.1 X376B/T58 NOSE LIFT -- UNIT 

Tes t s  of t h e  X376B/T58 nose l i f t  u n i t  included mapping runs with the ca l ih ra -  
t i o n  nczz le  and ground e f f e c t  runs wi th  the  louvered l i € t  nozzle .  
and hemispherical f an  e x i t  hubs werc both eva lua ted  during t h e  ground tests t o  
jnves t iga t e  hub geometrv v a r i a t i o n s  on per fmnance .  In  add i t ion ,  tests with t h e  
two yaw vanes each splayed 12' were conducted. 
conf igura t ions  are  presented below. 

The f l a t  p l a t e  

The r e s u l t s  f o r  each of  these  test  
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3.1.1 
over test runs 19-22. Figure 3-1 pre,ents t h e  fan  ex i t  t o t a l  p ressure  r a t i o e d  t o  
ambient pressure,  PTFZ:/PO, veit'ua cor rec ted  fan  speed, N F / ~ ,  c h a r a c t e r i s t i c s  f o r  
the  four  c a l i b r a t i o n  nozzle ex j t  areas. Tha open symbols represent  d a t a  zbtained 
with increasing f a n  speed and closed symbols with decreasing speed. 
t o t a l  pressure r a t i o ,  PTTE/PO, versus  f a n  speed d a t a  shown i n  Figure 3-2 i n d i c a t e s  
no s i g n i f i c a n t  d i f f e r e n c e s  i n  t o t a l  p ressure  between t h e  fan  and t u r b i n e  streams. 
P l o t s  of t h e  far. and gas generator  bellmouth cor rec ted  a i r f low,  W6/6, v a r i a t i o n s  
with fan speed a r e  i l l u s t r a t e d  i n  Figure 3-3. 
X376B/T58 nose u n i t  with t h e  c a l i b r a t i o n  nozzles a r e  shown i n  Figure 3-4 as a func- 
t i o n  of fan speed. 

FAN PERFORMANCE MAP - Mapping Jf the  X376B/T58 nose l i f t  u n i t  was accomplished 

The t u r b i n e  

The t h r u s t  characterist ic: .  of the  

The fan  pressure  r a t i o  and corrected flow d a t a  descrihec! above were combined t o  
S imi la r ly ,  t h r u s t  performance def ine  t h e  fan  map f o r  t h i s  unit shown i n  Figure 3-5. 

maps were generated as a funct ion of both f a n  cor rec ted  mass flow and t o t a l  nozzle  
flow ( fan  plus  t i p  tu rb ine  flow) and a r e  depicted LF Figure 3-6. 

Inspect ion of t h e  fan map i n d i c a t e s  t h a t  t h e  nose u n i t  f a l l s  below t h e  design r o i c t  
The t h r u s t  c---';rmance map pressure  r a t i o  of 1.08 a t  the  design a i r f low of 69.4 kgfsec.  

shows, a t  a constant corrected fan  speed, a small v a r i a t i o n  of thrrtst  wi,.,i :retted 
ai r f low over the range tested with a maximum occurr ing a t  a nozzle e x i t  : -. .a of  6285 cm2. 

3.1.2 
t h e  louvered nozz le  k i t h  L e  f l a t  p l a t e  ex i t  hub i n s t a l l e d  were c a r r i e d  out  ;or 

LOWERED NOZZLE PERFORMANCE I N  GROUND ?ROXIMITY, FLAT PLATE HUE - Te. *- of 

ground he ights  corresponding t o  H/D values  of (groucd plane removed), 6.45, ? - e ,  

1.55 and 1.02. The nozzle louver angle,  ~ N L ,  and yaw vane angle ,  6y, were main .incd 
a t  95' and 0' respec t ive ly  f o r  t h i s  segueme of runs. 

Corrected fan  flow and turb ine  flow versus  f a n  speed are i l l u s t r a t e d  i n  Figures 
3-7 and 3-8, which a l s o  depic t  t h e  flow da ta  computed by means of t h e  fan e x i t  rake.  
Corrected measured t h r u s t  and i d e a l  i h r u s t  val.!es computed v i  I t h e  e x i t  i nke a r e  
presented i n  Figure 3-9. 

The e f f e c t  of ground height  on fan operat ing c h a r a c t e r i s t i c s  may be  i l l u s t r G t e d  
by superimposing t h e  .-zasured fan  operat ing l ine at each ground h e i s n t  on che pre-  
viously determined f a n  map described under Sect ion 3.1.1. FigLrs 3-10 provides t h i s  
i l l u s t r a t i o n  where it may be seen t h a t  t h e  opera t ing  l i n e  generateci with t h i s  nozzle 
is unchanged f o r  a l l  the  hcights  except t h e  lowest H/D value of 1.02. 
he ight ,  a d e f i n i t e  s h i f t  t o  t h e  l e f t  occurred i n d i c a t i n g  n reduct ion i n  e f f e c t i v e  
nozzle ex i t  area. This reduct ion i n  e f f e c t i v e  nozzle area is t y p i c a l  of nozzle 
performance i n  ground e f f e c t  and is a t t r i b u t e d  t o  an i n c r e a s e  i n  pressure  above 
ambient a t  the  nozzle e x i t  plane. 

A t  t h i s  

Canparison, a t  a constant corrected fan speed, of the  measured t h r u s t  da ta  f u r  the  
s e v e r a l  ground he ights  revea ls  no s i g n i f i c a n t  change except a t  t h e  lowest height .  A t  
the  lowest ground pos i t ion  a d e f i n i t e  increase i n  t h r u s t  magnitude was recorded. The 
improvement i n  t h r u s t  is  associated with a change i n  pressure  leve? on the  fan e x i t  hub  
which occurs a t  the  lowest height .  Figure 3-11 shows the  fan e x i t  hub presal;re da ta  re- 
corded on the  c e n t e r l i n e  tap  as a funct ion of fan speed f o r  the  two lowest he ights .  An 
increase i n  magnitude and n change i n  ,lope with fan speed is evident a t  t h e  lovest  he ight .  

Evaluation of t h e  t h r u s t  and mass flow c o e f f i c i e n t s  f o r  the  fan e x i t  rake was 
deterruined from t h e  d a t a  of Figures 3-7, 3-8 and 3-9, by forming t h e  r a t i o  of 
measured t o  rake computed d a t a  a t  a given f a n  speed. Figure 3-12 shows t h e  v a r i a t i o n  
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of the three rake c o e f f i c i e n t s  as a funct ion  of E/D. 
c o e i f i c i e n t s  a i  p s r t i c u l a r  cor rec ted  f an  speeds, while the  dark curve r ep resen t s  t h e  
average value over t he  test speed range. Since. i n  most ins tances ,  t he  d a t a  fo r  
ind iv idua l  ccr rec ted  fap speeds r e su l t ed  i n  c l o s e l y  bunched curves,  i t  w a s  no t  Frac- 
t i c a l  t o  l a b e l  these  curves with respcc t  t o  W.. 
f o r  the c o e f f i c i e n t  da t a  a t  a s p e c i f i c  cor rez ted  f an  speed.) The average va lues  f o r  
the  mass flow coe f f i c i en t s ,  CAE! and CAT, remain r e l a t i v e l y  cons tan t  over  t h e  range of 
ground he idhts  tes ted .  The th rus t  c o e f f k i e n t  is r e l a t i v e l y  constant  except f o r  t he  
lowzst height where an increase  of approximately 10 percent  is indica ted .  The t h r u s t  
c o e f f i c i e n t  improvement j s  a r e s u l t  of th?  measured t h r u s t  increase  previously d';- 
cussed. 

(The l i g h t  curves  represent  t h e  

The reader  is d i r ec t ed  t o  Appendix C 

The t h r u s t  vec tor  angle  and l i n e  of t h r u s t  a c t i o n  generated by t h i s  arrangement 
of  t he  louvered exhaust nazz le  is  shown i n  Figure 3-13. 
angld,  T, of 23 degrees w a s  measured with an  average m o m e n t  arm from t h e  fan center-  
l i n e  of 3.3 em. 

A nominal t h r u s t  vec t c r  

3.1.3 LOWISED NOZZLE PERFORWCE IN GROUND PROXIMITY, HEMISPHERICAL HUb - The 
louvered nozzle with the  hemispherict f an  exit hub i c s t a l l e d  w a s  t e s t e d  i n  a similar 
fashion as the  above described f l a t  p l a t e  hub configurat ion.  

The fan  .?nd turbine a i r f low information recorded a t  the f i v e  graund ne igh t s  is  
given i n  Figures 3-14 and 3-15, and the  cor rec ted  t h r u s t  da t a  versus  f an  speed is 
presented i n  Figure 3-16. 

The loca t ion  of t h e  f an  opera t ing  l ines on the  fan  map f o r  t h e  f i v e  ground he igh t s  
is d e p x t e d  i n  Figure 3-17. 
w a s  the  case with the  f l a t  p l a t e  hub, however t h e  change is not q u i t e  as la rge .  

A reduct ion i n  e f f e c t i v e  nozzle  exit area is indica ted  as 

Figure 3-16 ipdicateu t h a t  t h r u s t  performance was  unchanged, a t  a constant  cor- 

Hub pressure  information is displayed 5.1 Figure 3-18 
rec ted  f an  speed, except a t  the  lowest height where an  iccrease i n  t h r u s t  of approxi- 
m t e l y  3 . e rcen t  w a s  measured. 
f o r  the  hemispherical huh test runs and is  similar to  t h e  f l a t  p l a t e  da t a  of  Figure 
3-11, however the  ckange i n  pressure  between H/D of  1.55 and 1.02 is s l i g h t l y  lower 
f o r  the hemispherical hub geometry. 

Fan e x i t  rake c o e f f i c i e n t s  f o r  t h i s  conf igura t ion  are shown i n  Figure 3-19 and 

a t  II/D = 1.02 is 5 percent  f m  the  hemispherical  hub, whereas 10 percent  w a s  
are similar t o  the  f l a t  p l a t e  '.ub rake cae f f i c i en t s .  The increase  i n  t h r u s t  coa f f i -  
c i e n t  
t he  iccrement ohtalned with the  f l a t  p l a t e  hub. 

The tb rus t  vec tor  angle  axid moment arm da ta  recorded for the  hemispherical  hub 
geometry is shown i n  Figurs  3-20 and again is similar tc  the  f l a t  p l a t e  hub informa- 
t ion .  

The e f f e c t  of  the fan  e x i t  hub shape oli the  t h r u s t  performance of the X376B/T58 
nose l i f t  u n i t  appzars t o  be amall over the  range of ground he igh t s  t e s t ed .  No t h r u s t  
change a t  and above an H/D of 1.55 was g r e a t e r  than 2 percent.  Pressur iza t ion  of t he  
fan e x i t  hub region was observed with both hub shapes and served t o  cause an inc rease  
i n  th rus t  at a ground height of H/D = 1.02. 
d i s t r i b u t i o n  on thz fan hub (21 pressure  t aps ) ,  obtainad from the  Xeference 6 tes t ,  
yielded hub fo rces  as shown i n  F'gure 3-21 and represents  confirmation of the hLb 
pressur iza t ion  e f f e c t  a t  t he  lowest g.round height .  

Pressure-area i n t e g r a t i o n  of pressure 
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3.1.4 
VANES SPLAYED - Splaying of t h e  nose ufiit exhaust flow by d e f l e c t i n g  t h e  two yaw 
vanes t o  each s i d e  w a s  a technique inves t iga ted  on the  LSPM t o  reduce gas  generator  
inges t ion  l e v e l s .  
f a n  c a l i b r a r i o n  test matrix. 

LOUVERED NOZZLE PERFORMANCE I N  GROUND PROXIMITY, FLAT PLATE HUB WITH YAW 

As a consequence, ch i s  nozzle conf igura t ion  w a s  included In t h e  

The a i r f low,  t h r u s t ,  f a n  operat ing l i ne ,  rake c o e f f i c i e n t ,  t h r u s t  v e c t o r  angle  

Review of  t h e  test r e s u l t s  shows no s i g n i f i c a n t  v a r i a t i o n s  from t h e  r e s u l t s  
and moment arm t-st d a t a  f o r  t h i s  conf igura t ion  is shown i n  Figilres 3-22 through 
3-27. 
obtained with e i t h e r  t h e  f l a t  p l a t e  or hemispherical  hub tests with t h e  yaw vanes 
uiideflected. It w a s  expected t h a t  a 12" sp lay  of t h e  nozzle e x i t  vanes would cause 
a decrease i n  gross t h r u s t  performance of t h e  nose u n i t ,  hcwever, i f  t h i s  is indeed 
t r u e ,  the  e f f e c t  is wi th in  t h e  urrcertainty Sand of t h e  present  t h r u s t  measurement 
technique. 

3.2 X376B/T56 LEFT LIFT/CRUISE UNIT 

The tests of t h e  l e f t  l i f t / c r u i s e  u n i t  encompassed mapping of t h e  f a n  with t h e  
c a l i b r a t i o n  nozzles and eva lua t ion  of t h e  vector ing nozzle performance f o r  hood 
d e f l e c t i o n  angles ,  ~ L C ,  of O", 5 6 O  and 9 5 O .  

3.2 .1  FAN PERFORMANCE MAP - Cal ibra t ion  of t h e  l e f t  l i f d c r u i s e  u n i t  w a s  accom- 
pl ished over test runs 15 through 18. Figures 3-28 and 3-29 present  the  fan  pres- 
s u r e  r a t i o  aild t u r b i n e  discharge pressure  r a t i o  charactzistics as a func t ion  of f a n  
spsed f o r  t h e  four  c a l i b r a t i o n  nozzle e x i t  areas. Fan a i r f l o w  d a t a  versus  f a n  speed 
is shown i n  Figure 3-30, whereas t h e  gross  t h r u s t  produced with t h e  c a l i b r a t i o n  nozzle 
is i l l u s t r a t e d  i n  FLgure 3-31. 

Coastruciion of  the  f a n  map was performed and is shown i n  Figure 3-22. The 
t h r u s t  perfozuarce m p s  are provided i n  Figure 3-33. C m p a r i s w  of these  maps with 
the  nose u n i t  maps shows, as expected, g o d  agreement i n  both pressure  rise and 
t h r u s t  performance. 

J.2.2 
proximity on the l e f t  l i f t / c r u i s e  nozzle i n  its 95' def lec ted  p o s i t i o n  w a s  evaluated 
a t  the  same f i v e  he ights  covered with t h e  nose l i f t  u n i t .  The perfcrmanre d a t a  set 

i s t i n g  of a i r f l o w  ar.d t h r u s t  as a funct ion of cor rec ted  fan  speed is p l o t t e d  i n  

LIFT/CRUISE NOZZLE PERFORMANCE Ih' GROUND PROXIMITY - The e f f e c t  of ground 

es 3-34 through 3-36. 

Superposit ion of t h e  fan  opera t ing  l i n e  f o r  each height  on t h e  f a n  map €or t h i s  
u r ' t  is shown i n  Figure 3-37. No r e l a t i v e  movement of the fan  opera t ing  l i n e  with 
t;round height  is indica tee  and is i n  c o n t r a s t  t o  t h e  nose u n i t  which exhib i ted  back 
pressure e f f e c t s  a t  H/D = 1.02. 

1 d i f f e r e n c e s  i n  nozzle configurat ion and ? x i t  flow d i s t r i b u t i o n  between t h e  l i f t /  
c r u i s e  and .mse u n i t s .  

It is hypothesized t h a t  t h i s  d i f f e r e n c e  is a r e s u l t  

The fan e x i t  rake c o e f f i c i e n t  v a r i a t i o n  w i t h  ground height is shown i n  Figure 
3-38. The d a t a  used tc  make-up t h i s  f i g u r e  may be found i n  Appendix C. 

3 . 2 . 3  
ance w i t h  l i f t / c r u i s e  nozzle d e f l e c t i o n  angle  was evaluated out of ground e f f e c t .  
Figures 3-39 through 3-41 depic t  the  fan  and gas  generator  mass flow and t h r u s t  
c h a r a c t e r i s t i c s  a s  a funct ion of fan  speed f o r  hood d e f l e c t i o n  angles  of 0' and 56". 

LIFT/CRUISE NOZZLE VECTOR PERFORMANCE - The change i n  fan and nozzle perform- 

3-4 
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Fan exit  rake c o e f f i c i e n t ,  t h r u s t  vccto. angle ,  and moment arm information is 
shown i n  Figures 3-42 and 3-43. 
angle  on g r o s s  t h r u s t  i s  s l i g h t .  
a t  3600 RPM f o r  eiach of the t h r e e  vec tor  pos i t ions .  

The genera l  e f f e c t  of increas ing  hood d e f l e c t i o n  
A nominal t h r u s t  l e v e l  of 5600 nevtons w a s  neasured 

3.3 X376B/T58 R I GHT LIFT/CRUISE UNIT 

Test ing of t h e  Yight l i f t / c r u i s e  unit was  confined t o  eva lua t ion  of t h e  u n i t  
i n  ground e f f e c t .  
a d d i t i o n a l  ground height  a t  H/D = 2.0 was included i n  the test runs on t h i s  u n i t .  

Mapping w a s  not, c a r r i e d  out  due t o  program scgpe l i m i t a t i o n s .  An 

The r e s u l t s  of t h e  ground e f f e c t s  t e s t i n g  of t h e  r i g h t  l i f t / c r u i s e  u n i t  are 
shown i n  Figures  3-44 tkrgugh 3-46. 

The fan e x i t  rake c o e f f i c i e n t s  f o r  t h e  r i g h t  l i f t l c r u i s e  u n i t  are provided i n  
Figure 3-47. 
although t h e  t h r u s t  c o e f f i c i e n t  
from E/D = 2.0 to 1.02. 

The average va lues  remain r e l a t i v e l y  constant with respec t  t o  H/D, 
shows a drop in value  of approximately 4 percent  

The t h r u s t  vec tor  angle  and niomerii arm characteristics f o r  the r i g h t  u n i t  are 
given i n  Figure 3-48. 

3.4 LF336/J85 NOSE LIFT UNIT 

Test ing of the  LF336jJ85 t u r b o t i p  f a n  u n i t  w a s  included i n  t h e  test program 
primari ly  t o  e s t a b l i s h  t h e  e f f e c t s  of higher  f a n  pressure  r a t i o  on t h e  ground height  
c h a r a c t e r i s t i c s  of t h e  LSPM louvered nozzle. It was expected t h a t  t h e  hub pressuri-  
za t ion  e f f e c t  would be a funct ion of €an t o t a l  pressure.  
has a design pressure  r a t i o  of 1.3 compared t o  1.08 f o r  the  X376B/T58 u n i t s  and 
possesses an  e x i t  Zeometry compatible with the  LSPM iouvered nozzle. 

The LF336lJ85 f a n  system 

The test of t h e  LF336/Je5 system included both f a n  mapping and ground e f f e c t s  
runs with t h e  louvered l i f t  nozzle a t  H/D values  of w ,  6.45, 2.55 and 1.55. 
a t  H/D equal t G  1.02 w z s  net  obtained so t h a t  t e s t i n g  could be focused on the  u n i t s  
of  primary importance: 

Data 

t h e  t h r e e  X3766/T58 LSPM uni.ts. 

3.4.1 
tes t  runs 1-3 using t h r e e  of t h e  four  c a l i b r a t i o n  nozzle areas. Fan pressure r a t i o  
and turb ine  discharge pressure r a t i o  as a funct ion of f a n  speed is  presented i n  
Figures 3-49 and 3-50. Unlike the  X376B/T58 f a n  u n i t s  J s i t e a h l e  d i f f e r e n c e  i n  f a n  
and turb ine  pressure r F t i o  e x i s t s  on t h i s  u n i t .  Fan and gas generator  a i r f l o w  
information is given i n  Figure 3-51 and t h e  measured t h r u s t  d a t a  i s  provided i n  
Figure 3-52. OFeration of c h i s  fan  u n i t  was r e s t r i c t e d  t o  spzeds of 90 percent and 
below due t o  minor t i p  tu rb ine  bucket damage, and as a consequence, tlx f u l l  design 
point  performance of t h i s  fan  could not  be u t i l i z e d .  

FAN PERFORMANCE ? I ?  - Cal ibra t ion  of t h e  LF336/JS5 u n i t  w a s  accoraplished over 

The f a n  map f o r  t h e  LF336 fan is shown i n  r'igure 3-53,whereas t h e  t h r u s t  maps 
as a funct ion of €an and t o t a l  corrected flow a r e  given i n  Figure 3-54. These 
performance maps compare c l o s e l y  with tes t  r a s u l t s  obtained duA.ng a previous noz- 
z l e  t e s t  program descr ibed i n  Reference 7. 

3 .4 .2  LOWERED NOZZLE PERFORMANCE IN GROUND PROXIMTIY - Testa of the  louvered noz- 
zle with t h e  LF336/J85 were conducted with a hemispherical  e x i t  hub i n s t a l l e d ,  with 
t h e  louvers  set a t  95", and with yaw vanes undeflected.  

McDoNNlu -PANV 

3- 5 
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Figures 3-55 through 3-58 show t h e  a i r f l o w  and t h r u s t  d a t a  recorded a t  t h e  
four  ground he ights .  
fan map f o r  each ground height.  
test, no change i n  t h e  opera t ing  l i n e  is ind ica t ed  f o r  H/D = 1.55 and above. 

Figure 3-59 i l l u s t r a t e s  t h e  l o c a t i o n  of opera t ing  l i n e s  on the  
As was observed wi th  the  X376B/T58 louvered nozzle 

The f an  e x i t  rake c o e f f i c i e n t s  were also ca l cu la t ed  f o r  t h i s  f a n  and are i l l u -  
s t r a t e d  i n  Figure 3-60 as a func t ion  of ground height.  
e i t h e r  t h r u s t  u r  flow c o e f f i c i e n t s  is indica ted .  This same result w a s  obtained with 
t h e  X376B/T58 u n i t  
e f f e c t  of f an  p res su re  r a t i o  changes on t h e  performance of t h e  nose nozzle in ground 
proximity is n e g l i g i b l e  f o r  t he  range of pressure  r a t i o  and ground he igh t s  covered 
here. It is  m t e d  t h a t  t u rb ine  mass flow c o e f f i c i e n t ,  CAT, f o r  t h i s  u n i t  is  greater 
than 1.0. 
t h e  annular t i p  tu rb ine  exhaust duct. 
t h e  fan  duct a t  the  gas  seal l o c a t i o n  ( see  Figure 2-2) is poss ib l e  on t h i s  u n i t  and 
is t h e  probable reason f o r  t h e  tu rb ine  flow c o e f f i c i e n t  t o  have a value  above 1.0. 

No s i g n i f i c a n t  change i n  

(down t o  an H/D = 1.55), consequently, it is concluded that t h e  

This r e s u l t  impl ies  t h a t  a l l  of t h e  gas genera tor  flow d i d  not  pass  through 
Flow leakage from t h e  t i p  tu rb ine  s e c t i o n  i n t o  



FIGURE 3-1 

X376B/T58 NOSE LIFT UNIT PRESSURE RATIO CHARACTERISTICS 
FAN PRESSURE RATIO vs FAN SPEED 

Calibration Nozzle 
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FIGURE 3-2 
X ~ B / T S ~  NOSE LIFT UNIT PRESSURE wino CHARACTERISTICS 

TURBINE PRESSURE RATIO yf FAN SPEED 
Calibration Nozzle 
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FIGURE 3-3 
X376B/ T58 NOSE LIFT UNIT AIRFLOW CHARACTERISTICS 

AIRFLOW vs FAN SPEED 
Cal I brat ion Nozzles 
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FIGURE 3-4 
X376B/T68 NOSE LIFT UNIT CALIBRATION NOZZLE PERFORMANCE 

THRUST vs FAN SPEED 
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FIGURE 3-5 
X376B/T58 NOSE LIFT UNIT FAN MAP CHARACTERISTICS 

Calibration Nozzles 
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FIGURE 3-6 
X376B/TS8 NOSE LIFT UNIT PERFORMANCE MAP 

Calibration Nozzles 
THRUST vs FAN FLOW, TOTAL FLOW 
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FIGURE 3-7 
X376BIT58 NOSE LfFT UNIT PERFORMANCE IN GROUND EFFECT 

FAN FLOW vs FAN SPEED 
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FlGURt 3-7 (Continued) 
X376BIT58 NOSE 1 IFT UNIT PERFORMANCE IN GROUND EFFECT 

FAN FLOW us FAN SPEED 
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FIGURE 3-8 
X376B/T58 NOSE LIFT UNIT PERFORMANCE IN GROUND EFFECT 

TURBINE FLOW us FAN SPEED 
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FiOURE 3-9 
X376WT58 NOSE LIFT UNIT PERFORMANCE IN GROUND EFFECT 

THRUST vs FAN SPEED 

Corrected Fan Speed, NF/&- rpm 
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FIGURE 3-10 
X376B/T58 NOSE LIFT UNIT FAN PERFORMANCE 

IN GROUND EFFECT 
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FIGURE 3-1 1 
.?376B/T68 NOSE LIFT UNIT 
EXIT HUB PRESSURE DATA 
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FIGURE 3-12 
X376B/TS8 NOSE LIFT UNIT EXIT RAKE COEFFICIENTS 
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FLSURE 3-13 
X376WT68 NOSE LIFT UNIT THRUST VECTOR ANGLE AND 

MOMENT ARM CHARACTERISTICS 
H/D = 00 

Zorrected Fan Speed, NF.!,,~ - :?m 
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FIGURE 3-14 
X376B/T58 NOSE LIFT UNIT PERFORMANCE IN GROUND EFFECT 

FAN FLOW vs FAN SPEED 
kl/D = 00 

Corrected Fan Speed, NF/\'&- rpm 
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FIGURE 3-14 (Continued) 
X376B/T58 NOSE LIFT UNIT PERFORMANCE IN GROUND EFFECT 

FAN FLOW vs FAN SPEED 
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FIGURE 3-15 
RQSF LIFT UNtT PERFORMANCE IN GROUND EFFECT 

IURBINE FLOW vs FAN SPEED 
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FIGURE 3-16 
T58 NOSE LIFT UNIT PERFORMANCE IN GROUND 

THRUST vo FAN SPEED 
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FIGURE 3-1 6 (Continued) 
X376WT68 NOSE LIFT UNIT PERFORMANCE IN GROUND EFFECT 

THRUST vs FAN SPEED 
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FIGURE 3-17 
X376B/fFP NOSE LIFT UNIT FAN PERFORMANCE 

IN GROUND EFFECT 
Louvered Lift Nozzle 
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FIGURE 3-19 
X376B/T68 NOSE LIFT UNIT EXIT RAKE COEFFICIENTS 

~ N L  = 9 5 O  6, = Oo Hemispherical Hub 
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FIGURE 3-20 
X376WT58 NOSE LIFT UNIT THRUST VECTOR ANGLE AND 

MOMENT ARM CHARACTERISTICS 
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FIGURE 3-21 
X376BIT68 NOSE LIFT UNIT 

FAN EXIT HUB FORCES 
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FIGURE 3-22 
X376BIT58 NOSE LIFT UNIT PERFORMANCE IN GROUND EFFECT 

FAN FLOW vs FAN SPEED 

Corrected Fan Speed, NF/ fi- rpm 
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FlGURE3-23 
X376BIT58 NOSE LIF i UNIT PERFORMANCE IN GROUND EFFECT 

TURBINE FLOW vs FAN SPEED 
SNL = 9 5 O  S, = * 1 2 O  Flat Plate Hub 
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FIGURE3-24 
X376WT58 NOSE LIFT UNIT PERFORMANCE IN GROUND EFFECT 

THRUST vs FAN SPEED 
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FIGURE 3-25 
X376B/T58 NQSk L l F l  UNIT FAN PERFORMANCE 

IN GROUND EFFECT 
Louvered Lift Nozzle 
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FIGURE 3-26 
X376B/T58 NOSE LIFT UNIT EXfT RAKE COEFFICIENTS 

6NL = 9 5 O  6 ,  = t 1 2 O  Flat Plate Hub 
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FIGURE 3-27 
X376WT58 NOSE LlfT UNIT THRUST VECTOR ANGLE AND 

MOMENT ARM CHARACTERISTICS 
H/D = 00 

Corrected Fan Speed. N F / ~ -  rPm 
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FICdRE 3-28 
X3766/T58 LEFT LIFT I CRUiSt  UhiT PRESSURE RATIO CHARACTERISTICS 

FAN PRESSURE RATIO vs FAN SPEED 
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FIGURE 3-30 
X376B/T58 LEFT LlFT/CRUISE AIRFLOW,' CHARACTERIS 

FAN AIRFLOW vs FAN S W E D  
Calibration - -- Nozzles_- - 

...L *~.-.*- 
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Corrected Fan Speed, N F / \ / ~ -  rprn 
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FlGURE3-31 
X376B/T58 LEFT LIFT/CRUISE UNIT CALIBRATION NOZZLE PERFORMANCE 

THRUST vs FAN SPEED 
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GP79 1188 118 

FIGURE 3-32 
X376WT58 LEFT LIFT/CRUISE UNIT FLIR MAP CHA 

Calibration Nozzles 
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X376B/T58 
FIGURE 3-34 

LEFT UFT/CRUISE UNIT PERFORMANCE IN GROUND EFFECT 
FAN FLOW us FAN SPEED 
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GVI8-1188-71 
H/D = 2.55 H I D  = 6.45 GP78 1 188- 70 

Measured Fan Flow 
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FIGURE 3-36 
X3766/ 758 LEFT LIFT; CRUISE UNIT PERFORMANCE IN GROUND EFFECT 

TURBINE FLOW vs FAN SPEED 
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FIGURE 3-36 
X376WT58 LEFT LIFT/CRUISE UNIT PERFORMANCE IN GROUND EFFECT 

THRUST vs FAN SPEED 
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FIGURE 3-36 (Continued) 
X37661 T58 LEFT LiFT/ CRUISE UNIT PERFORMANCE IN GROUND EFFECT 
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FlGURE3-37 
X376B/T58 LEFT LIFT/CRUISE UNIT FAN PERFORMANCE 

IN GROUND EFFECT 
Lift/Cruise Vectoring Nozzle 

Corrected Fan Flow, WF<Ol6 - kghec 
GP70 118826 

FIGURE 3-38 
X376B/T58 LEFT LIFT/CRUISE UNIT EXIT RAKE COEFFICIENTS 
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"IG L 3 E  3-39 
X37el.1 155 1 f t  1- ! It-1 CRUISE UNIT PFRFORMANCE 

FAN FLOW vs FAN SPEED 
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FlGURE3-40 
X376B.158 LEFT ' IFT CRUISE UNIT PERFORMANCE 

TURBINE FLOW vs FAN SPEED 
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FIGURE 3-41 
X376B/T58 LEFT LIFT/CRUISE UNIT PERFORMANCE 

THRUST vs FAN SPt iO 
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FIGURE 3-42 
X376B/T68 LEFT LIFT/CRUISE UNIT EXIT RAKE COEFFICIENTS 
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FIGURE 3-43 
X376WT58 LEFT LIFT/CRUISE UNIT THRUST VECTOR ANGLE AND 

MOMENT ARM CHARACTERISTICS 
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FIGURE 3-44 
X376BITS8 RIGHT LIFTXRUISE UNIT PERFORMANCE IN GROUND EFFECT 

FAN FLOW vs FAN SPEED 

Corrected Fan Speed, NFI  d g -  rPm 
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FlGURE 3-44 (Continued) 
X376B/TS8 RIGHT LIFT/CRUISE UNIT PERFORMANCE IN GROUND EFFECT 

FAN FLOW vs FAN SPEED 
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FIGURE 3-45 
X376B/T58 RIGHT LIFT/CRUISE UNIT PERFORMANCE IN GROUND EFFECT 

TURBINE FLOW vs FAN SPEED 
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FlqlJRE 3-46 
X376BIT58 RIGHT LIFT/CRUISE UNIT PERFORMANCE IN GROUND EFFECT 

THRUST vs FAN SPEED 
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FIGURE 3-46 (Continued] 

THRUST vs FAN SPEED 
X376B/T5a 1’1 GMT L” T ChcllSE UNIT PERFORMANCE IN GROUND EFFECT 
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FIGURE 3-47 
X376WT68 RIGHT LIFT/CRUISE UNIT EXIT RAKE COEFFICIENTS 

6LC = 950 6y = 00 

0.90 

0.80 

0.70 

U u 

0.60 



REPORT MOC A5704 

FIGURE 3-48 
X376WTS8 RIGHT LIFT/CRUISE UNIT 

THRUST VECTOR ANGLE AND MOMFNT ARM CHARACTERISTICS 
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FIGURE 3-SO 
LF336/J85 PRESSURE RATIO CHARACTERISTICS 

TURBINE PRESSURE RAT:O vs FAN SPEED 
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FIGURE 3-51 
LF336/J85 AIRFLOW CHARACTERISTICS 

AIRFLOW vs FAN SPEED 
Calibration Nozzles 

Corrected Fan speed, N&J - rpm 
GP78-1l(lb?7 

FIGURE 3-52 
LF33WJ86 CALIBRATION NOZZLE PERFORMANCE 

THRUST vs FAN SPEED 

.-t *A- L 

2600 3000 34UO 3800 4200 4600 5000 5400 

CorreLted Fa Speed, N~h/g-  rpm 
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FIGURE 3-53 
LF336, .!S5 FAN MAP CHARACTERISTICS 

Calibration Nozzles 
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FIGURE 3-54 
LF3361 J85 PERFORMANCE MAP 

THRUST vs FAN FLOW, TOTAL FLOW 
Calibration Nozzles 

Ccrrocted Fan Flow, W~vGlh - k g h c  
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FIGURE 346 
LF336;JSS NOSE LIFT UNIT PERFORMANCE IN GROUND EFFECT 

FAN FLOW vs FAN SPEED 
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Corrected Fan Speed, NF/ 0 - rpm 
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FIGURE 3-56 
LF3361JS5 NOSE LIFT UNIT PERFORMANCE IN GROUND EFFECT 

TURBINE FLOW vs FAN SPEED 
~ N L  = 95' jY = Oo Hemispherical Hub 
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FIGURE 3-57 
LF336/JS5 NOSE LIFT UNIT PERFORMANCE IN GROUND EFFECT 

THRUST vs FAN SPEED 
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FIGURE 3-67 (Continued) 
LF336lJ85 NOSE LIFT UNIT PERFORMANCE IN GROUND EFFECT 

THRUST vs FAN SPEED 
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FIGURE 3-68 
LF336/J85 NOSE LIFT UNIT 

THRUST VECTOR ANGLE AND MOMENT ARM CHARACTERISTICS 
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FIGURE 3-59 
LF336 J85 FAN PERFORMANCE 1N GROUND EFFECT 

Louvered Lift Nozzle 
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FIGURE 3-60 
LF336/J85 NOSE LIFT UNIT EXIT RAKE COEFFICIENTS 
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4. CONCLUSIONS 

The i s o l a t e d  fan  c a l i b r a t i o n  tests were conducted t o  e s t a b l i s h  t h r u s t  and mass 
fXow performance "in" and "out" of ground e f f e c t  f o r  t he  t h r e e  X376B/T58 tu rbo t ip  fan 
t h r u s t  vec tor ing  u n i t s  used i? the  70 percent s c a l e ,  three fan V/STOL model. 
. i f e c t s  of a higher f an  pressure  r a t i o  

nozzle were inves t iga t ed  wi th  t e s t s  of t he  LF336/J85 tu rbo t ip  f a n  system. 
s ions  derived as a r e s u l t  of these  t e s t s  a r e  presented below: 

The 
on the  70 percent model nose louvered l i f t  

The conclu- 

o The t h r u s t  and mass flow performance of t h e  X376B/T58 nose l i f t  u n i t  wi th  a 
f l a t  p l a t e  e x i t  hub i n s t a l l e d  is e s s e n t i a l l y  cons tan t  f o r  H/D v a r i a t i o n s  
down t o  1.55. 
exit occurs and is accompanied by an inc rease  i n  t h r u s t  of 5 percent.  
Corresponding inc reases  i n  fan e x i t  hub p res su re  l e v e l  were found t o  produce 
a change i n  hub fo rces  which c o r r e l a t e d  w e l l  wi th  measured t h r u s t  changes. 

A t  H/D equal t o  1.02, back p r e s s u r i z a t i o n  of t h e  fan nozzle 

o A change i n  f an  exit  hub shape from f l a t  p l a t e  t o  hemispherical produces 
no s i g n i f i c a n t  change i n  louvered l i f t  nozzle performance f o r  he ight  
v a r i a t i o n s  from H/D = 1.02 t o  00. 

o Operation of t he  nose l i f t  nozzle a t  t h e  h igher  f a n  pressure  r a t i o s  
generated by t h e  LF336/J85 f a n  system causes no s i g n i f i c a n t  change i n  ground 
proximity performance down t o  an H/D of 1.55, t h e  lowest he ight  t e s t e d .  

The t h r u s t  and mass flow performance of t h e  l e f t  and r i g h t  X376B/T58 l i f t /  
c r u i s e  u n i t s  with 95 degree c i r c u l a r  hood d e f l e c t o r  nozzles remains un- 
changed, wi th in  5 2  Percent ,  f o r  t he  range of ground he igh t s  from H/D = 1.02 
t o  -=. 

o 
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APPENDIX A 

TEST R W  SCHEDULE 

The schedule of runs accomplished during the isolated fan tests is shorn on 
The key t o  the various parameters found i n  the TU-* schedule is pre- Figure A-1. 

sented on Figure A-2. 
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FIGURE A-1 
TEST RUN SCHEDULE 
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FIGURE A-2 
RUN SCHEDULE KEY 

H I D :  
diameter: D = .99 m (3.25 ft) 

Height cf l i f t / c r u i s e  nozzle e x i t  above ground plane r a t i o e d  t o  nozzle e x i t  

H/D = QD H = Ground plane removed 

= 6.45  = 6 . 4  m (21 f t )  

= 2.55 = 2.53 ( 8 . 3 )  

= 1.55 

= 1.02 

= 1.52 (5.0) 

= 1.01 ( 3 . 3 )  

Yaw Angle: Pos i t i on  of yaw vanes wi th  r e spec t  t o  v e r t i c a l  

Louver Angle: Pos i t i on  of louvers w i t h  r e spec t  t o  v e r t i c a l  

Cal ibra t ion  Nozzle: AN-1 = 5485 cm2 (850 i n 2 )  

-2 = 5935 (920)  

-3 = 6285 (974)  

-4 = 6730 (1043)  

Vector Nozzle Angle: Geometric nozzle angle wi th  r e spec t  t o  v e r t i c a l  



FC C 

FGLC 

NFC 

PTFE/PO 

PTTE/PO 

WCBF 

WCBG 

WC3F 

W C ~ T  

APPENDIX B 

TEST DATA TABULATION 

- Corrected Gross Thrust  

- Corrected I d e a l  Gross Thrust  

- Corrected Fan Speed 

- Fan Pressure Rat io  

- Turbine Discharge Pressure Rat io  

- Corrected Measured Fan Flow Via Belimouth 

- Corrected Measured Gas Generator Flow Via Bellmouth 

- Corrected Rake Couiputed Fan Flow 

- Corrected Rake Computed Turbine Flow 

NOTE: Speed (NFC) i n  Wly 
Flowrates (WCGF, WCBG, WC3F, WC4T) i n  BG/SEC 
Thrusts  (FGC, FGIC) i n  Newtons 

IWCDQNNELL AIRCUACT COMlryNy 

B- L 
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TEST DATA TABUUTlOh 
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TEST DATA TABULATION (Cont'd) 
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TEST DATA TABU'LATION (Cont'd) 
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8 3752. 59.811 5.14 66.99 S.64 6191 76J9 I .M 
0 3321. W . b 3  b.71 59.% 5. I 9  4981 60% I .wm 

1: t 5 P J .  bl .73 3. m b5.71 4.1) zxm %I6 
I2 2054. 33.11 2.99 36.69 3.Q 1841) 2237 1.01?4 

I . o m  
4604 1.ozm 2516. b7 63 *.?o 57.45 b.59 3740 

25 2 2m. 
3 7576. 
b 2905. 
5 y32. 
6 3692. 
7 **? 
8 3712 
9 3308. 

10 m1. 
I 1  2522. 
li 2020. 

33.11 
(1.73 
(8.31 
5 4 . b )  
61 01 
65 Y 
60 33 
54.U 
b7.43 
(0.1b 
ZQ.9b 

~~ 

36.70 
47.06 

61.57 
M.?3 

69.12 
61.89 
54.63 

36.90 

u . m  

n x  

a. n 

3.20 1620 
4.10 2657 
b.69 3607 
5 12 6 7 5  
5.66 5847 

5.62 -0 
5.20 I% 
4.65 3540 
4.m 2629 
3.35 1611 

5.8s nb 

MCWNNELL AIRCRAFT - !  

B-4 



TEST DATA TAELJUTION (Cont ‘ d )  



REPORT MDCA5704 

TEST DATA TABULATION (Cont'd) 

Y 2 
3 
b 
5 
6 
7 
a 
9 

10 
11 
12 

2032. M.b7 
so9. b3.09 
2925. ba.31 
331b. 55.57 
36Y. 60.3.3 
b101. 66.23 
3713. (4.33 
32Bt. 55. Y 
2926. ba. 31 
2532. U.bl 
2032. 33.79 

2 9 9  
3.65 
b.22 
b.69 
5.11 
S.34 
5.11 
b.67 
b.18 
3.65 
2.97 

36.97 
b5.W 
53.32 
cO.?b 
67.33 
7b. 10 
6?.b9 
63.3) 
53.76 
W . l  
36.89 

3. an 
b.09 
b.66 
5. 13 
5.65 

5.55 
5.56 
b.69 
b.17 
3.u 

5.n 

21b3 
32% 
6 7 1  
5 9 N  
73aB 
896? 
7u1 
5873 
4616 
1396 
2 1 8  

1 .OlU 
1.- 
1.0153 
1 .oY7 
1.050 
1 .om 
1 .a93 
1.- 
1.0360 
1 .os1 
I .01s 

3s 2 M l b .  31.98 2.90 35.94 
3 2b79. 39.69 3.62 b5.79 
4 m. b7.17 b. I2 53.19 
5 3181. 53.07 b.55 59.66 
6 3618. 56.n 5.01 66.97 
7 W 9 .  w.m 5.b3 7b. 39 
8 MZ. 59.19 5.65 67.26 
9 3237. 52.39 b.60 )o. m 

10 m6Z. (5.72 b . lb  53.23 
11 2b68. 39.69 3.62 b s . 9  
1: 20:a. 30.w 2.97 36.1 

3.17 1597 
3.911 2380 

5.46 5295 
5.7b 6?56 
5.56 5302 
5.011 (171 
b.58 3182 
3.89 2309. 
3.36 1511 

b.55 3176 
5.m blU3 

1959 1.01a m? 1.0zy 
w3 1 .oyD 
5606 1.- 
7111 1 .as63 
(189(1 1 . m  
Roo I .QcI 
5654 1 .mu 
U61 1.0- 
3207 1.- 
101) 1 . O B  

38 2 
3 
b 
5 
6 
7 
8 
9 

10 
11 
12 

2Ml. 
2564. 
2891. 
3344. 
3772. 
bl66. 
3774. 
3327. 
29u. 
2557. 
2033. 

-- 
z9.Y 
38. 10 
U . b 5  
52.- 
57.38 
62.M 
5 7 . 8  
51.26 
b5.36 

29.91 
m. m 

3.01 
3.72 
b.21 
b. 7s 
5.17 
5.55 
5.13 
4.M 
1.17 
3.63 
2.92 

3%- 
44.17 
51.09 
55. m 
m. Y) 
61.10 

63. b2 
34.33 
ba.60 
b1.U 
31.91 

3.99 
b.61 
5.25 
5.60 
5.91 
6 . a  
5.76 
5.55 
b.99 
b.@ 
3.61 

1537 
2633 
3U1 
UQ1 
#M 
6m 
%w 
(556 
Y 7 b  
26s 
1692 

39 2 1WW. z8.m 2.95 32.62 3.67 1 (91 zom 
3 2b%. 38.10 3.67 bl.79 b.b9 a m  3m7 
b t e l l .  44.u b.20 b8.a 4.89 3443 b M  
5 32%. 51.26 b.71 55. I 2  5.59 u66 601 7 
6 m91. 56.93 5.19 61.26 5.89 5(40 73% 
7 om. 61.01 5 5 6  65.m 6.37 6694 8697 
8 we. %.b7 5.16 60.62 5.87 :512 72P 
9 3260. 51.26 b .  72 55.12 5.58 1559 5941 

' 0  tsBs. U . b 5  b.21 ba.28 4.83 3537 b553 
11 2512. 1 . 1 0  3,07 42.03 b.ba 2- y11 
12 1987. 20.80 2.93 33.18 3.67 1531 2113 - 

W 2 2053. 
3 2515. 
4 2897. 
5 326 7 
6 3669 
7 boo:. 
8 366 7 

10 -903. 
11  2505. 
12 N I b .  

9 y o .  

___- 
b l  2 

1 
4 
5 
6 
7 
8 
9 

10 
11 
12 

- 
1%. 
2557. 
29Y. 
3 3 6 .  
3Rb. 
( 0 s  
3 729. 
32% 
2922 
2528. 
zoo(. 

~~ ~~ 

m.w 3.08 35.17 
38.10 3.66 (1.69 
U.45 4.22 0 . 3 1  

56.)) 5.18 61.58 
61.21 5.5b W.2b 
56.21 5 1b 61.69 
50.12 b.65 56.m 
U . b 5  b.20 48.99 
38.10 3.u 42 M 
29.M 2.98 24.63 

m.w 2.93 

46.w b 23 

5 7 . 1  5.2s 
61.2b 5.55 
57.38 5 I8 
51 26 b .72  
43.77 b . 3  
1 78 3.67 
3l.M 2.94 

som 4.69 56.06 

W.Ib  3. m 
52.39 4. m 

--- 
33.22 
0.81 
50.22 
56.s 
63.7b 
6 7 . 0  
63.87 
%.b2 
5030 
b2.61 
33.93 

~~ 

3.69 1462 ztm 
( 8 2  2 x 6  3418 
s.26 3310 b721 
5.61 b S l  6m 
5.98 5367 7- 
6.39 M41 8792 
5.96 w(8 7 1 8  
5.W b3b@ MIS 
b.95 3500 b a  
b.50 2620 ybl 

2ZCM 3.67 17dE 

3.73 1 IU ?oba 
4.69 2 mo YBZ 
5.20 35:9 byII 
5.33 44s 57b5 
5.90 5347 7290 
6.08 6215 lvm 
5.M 5u7 77w 
5 b 6  (391 5?57 
b.99 346a b569 
b.61 2bM 3375 
3.53 1616 21M 

--. 



REPORT blDCA57W 

TEST DATA TABULATION (Cont'd) 

Inn PT. 

42 2 2023. m.m 2.98 3.09 3.80 1610 2168 
3 4.52 2628 3505 
4 50.34 )58) 1603 

4 6 1  sm '3'88 5.03 
2539. 30.78 3.77 
zpaz. 4 . 3 6  4.23 

5 9 8 5 .  50.m 4.71 56.99 5.52 
6 3720. 56.47 5.17 63.84 5.91 5m4 7 m  
7 0 1 2 .  60.33 5.Q 69. I) 6.23 6742 *I7 
8 3617. 56.25 5.12 63.29 5.90 571) nm 
9 3278. 50.12 4.67 56.62 5.59 4698 5am 

10 2918. 44.45 4.22 5 0 . 9  5.08 3214 4547 
1: 2527. 31). 10 3.69 43.05 4.59 2730 3m 
12 1988. zB.m 2.94 33.59 3. Is i n 5  mpB 

NG. Io. I C  UBF K86 K3f Y U T  FSC FGIC Pmim pnypo 

43 2 
3 
4 
5 
6 
7 
8 
9 

10 
11  1: 

1 1 4 .  
2522. 
2871. 
3273. 
3691. 
3909. 
3651. 
3246. 
2834. 
2516. 
mp. 

28.80 
37.42 

50.12 
56.47 
59.88 
55.34 
50.12 
43.77 
30.10 

43.77 

2n.m 

34.08 
43.20 
50.54 
57.49 
63.76 
67 .m 
62.55 
56.29 
49.50 
43.90 w.n 

3.69 
4.66 
4 . m  
5.42 
5 . 1  
6 .03  
5.8) 
5.52 
5..% 
4.55 
3.71 

U 2 
3 
4 
5 
6 
7 
8 
9 

10 
11  
12 

1916. 
2535. 
2tW3. 

3641. 
3954. 
3542. 
m. 
2 a .  
2481. 
2050. 

3277. 

28.80 
37.42 
u . 4 5  
50.12 
56.47 
59.19 
55.34 
50.12 
43.77 
36.29 
29.91 

2.93 
3.71 
4.21 
4 . t9  
5.14 
5.38 
5.03 
4.67 
4.18 
3.59 
2.99 

33.18 
43.63 
50.24 
511.78 

67.60 
61.55 
57.09 
51.25 
42.13 
35.23 

63.86 

3.52 
4.49 
5.22 
5.50 
5.95 
6.13 
5.n 
5.49 
4.% 
4.23 
3 . E  

i 6 m  aw) 
3463 
45% 
5 y B  
6485 
5353 
4553 
%?9 
2617 
1745 

1 3 3  
336: 
4- 
6033 
7239 
6220 
6792 
5798 
4663 
3147 
2243 

MCDONNELL ALIRCRAFT COMPAW 

0-7 



REPORT MDC A5704 

APPENDIX C 
THRUST, FAN MASSFLOW AND TURBINE MASSFLOW COEFFICIENT DATA 

DATA FOR: 

NF/ "S 
(RW 

2000 

2400 

2800 

3200 

3600 

4000 

HID 

m 

6.45 
2.55 
1.55 
1.02 

QJ 

6.45 
2.55 
1.55 
1.02 

W 

6.45 
2 .55  
1.55 
1 . 0 2  

Q) 

6.45 
2.55 
1.55 
1.02 

ol 

6.45 
2.55 
1.55 
1.02 

m 

6.45 
2.55 
1.55 
1.02 

0) 

6.45 
2.55 
1.55 
1.02 

FIGURE 3-12 

CF 

.!305 

.789 

.744 

.776 

.827 

.803 

.772 

.762 

.745 

.826 

.782 
,765 
.748 
.744 
.826 

.771 

.769 

.751 

.747 

.826 

.77a 

.773 
,755 
.748 
.820 

.782 

.774 

.757 

.753 

. a17 

CAF 

.851 

.912 

.855 

.878 

.853 

.862 
-896 
.867 
.891 
.863 

.871 

.892 

.875 
,895 
.856 

.873 

.887 

.883 

.896 

.872 

.872 
,886 

,895 
.870 

.86L 

.882 

.889 

.e62 

. a82 

.8a5 

AVERAGES 

.7a7 .a06 

.774 .a93 

.753 .874 

.752 .891 

.824 .864 

CAT 

.857 

.875 

.848 

.875 

.875 

.857 

.897 

.872 

.872 

.875 

.872 

.889 

.867 

.889 

.870 

,868 
.882 
.goo 
.918 
.882 

.895 
,927 
.926 
.926 
.873 

.915 
,931 
,931 
.947 
.914 

.a77 

.900 

.891 
,905 
.882 

N F / 6  
(WM) 

2000 

2400 

28OC 

3200 

3600 

4000 

H/D 

m 

6.45 
2.55 
1.55 
1.02 

W 

6.45 
2.55 
1 .55  
1.02 

m 

6.45 
2.55 
1 . 5 5  
1.02 

m 

6.45 
2.55 
1.55 
1.02 

0) 

6.45 
2.55 
1 .55  
1.02 

m 

6.45 
2.55 
1.55 
1.02 

(9 

6.45 
2.55 
1.55 
1.02  

FIGURE 3-19 

CF 

,782 
.783 
.770 
773 

.807 

,762 
,775 
.746 
.763 
.799 

.758 

.772 

.747 
,765 
,804 

,762 
.776 
.762 
.770 
.806 

.770 

.782 

.773 

.771 

.811 

.778 

.786 
,776 
.775 
.813 

CAF 

.961 

.851 

.898 

.818 

.904 

.939 

.871 

.898 

.855 

.go9 

.907 

.831 

.898 

.879 

.912 

.918 
,884 
.894 
.888 
,906 

,913 
.877 
.892 
.885 
.899 

.919 

.a86 

.874 

.a64 

.a92 

AVERAGES 

. J69  .926 
,779 ,871 
.762 .894 
,770 .a67 
.807 .904 

CAT 

-853 
,909 
.848 
.848 
.824 

.854 

.923 

.846 

.875 

.a54 

.870 

.911 

.889 

.891 

.870 

.882 

.520 
,920 
.902 
.882 

,909 
.944 
.944 
.g09 
.891 

.914 
,931 
.931 
931 

.914 

.880 

.923 

.896 

.893 

.873 

MCDQIYNULL AIRCRAFT CWPANV 

c-1 



REPORT MDC A5704 

APPENDIX C 
THRUST, FAT MASSFLOW AND TURBINE PLYIlFLOW COEFFICIENT DATA (Cont ' d )  

DATA FOR: 

NF/ i5 
(RPPI) 

2000 

2400 

2803 

3200 

3600 

4 C O O  

H/D 

W 

2.55 
1.55 
1.02 

a, 

2.55 
1.55 
1.02 

m 

2.55 
1.55 
1.02 

.II 

2.55 
1.55 
1.02 

m 

2.55 
1.55 
1.02 

50 

2.55 
1.55 
1.02 

00 

2.55 
1.55 
1 .02  

FIGURE 3-26 

CF 

.851 

. 7 7 7  

.757 

.841 

.804 

.729 

.752 

.839 

.793 

.722 

.756 
,837 

.795 

.732 

.761 
,837 

.808 

.751 

.769 

.839 

.809 

.755 

. 7 7 7  

.826 

CAF 

.889 

.869 

.937 

.948 

-890 
,876 
.928 
.945 

.884 
- 8 7 7  
.919 
,935 

.883 

.878 

.go9 

.922 

.8a2 

.877  

.903 

.918 

.881 

.870 

.907 

. a97 

AVERAGES 

.810 .885 
, 7 4 4  .875 
, 7 6 2  ,916  
.837 .929 

CAT 

.879 

.906 
,848 
.848 

.875 

.89? 

.875 

.850 

.870 

.932 

.889 

.870 

.902 

.goo 

.goo  

.822 

.927  

.926 

.926 
,891 

.915 

.914 

.931 

.915 

.895 

.913 

.8S5 . a76 

x y / 6  
(WM) 

2000 

2400 

2800 

3200 

3600 

4000 

H/D 

m 

6.45 
2.55 
1.55 
1.02 

m 

6.45 
2.55 
1.55 
1.02 

m 

6.45 
2.55 
1.55 
1.02 

m 

6.45 
2.55 
1.55 
1.02 

a, 

6.45 
2.55 
1.55 
1.02 

03 

6.45 
2.55 
1.55 
1 .02  

;P 

6.45 
2.55 
1.55 
1.02 

FIGURE 3-35 

CF 

.880 

.759 

.751 
,779 
.817 

.857 

. 7 7 1  

.777  

.777  
,813 

.833 

.780 

.775 

. 7 7 8  
,806 

.825 

.801 

.774 

. 7 9 1  

.808 

.829 

.820 

. 7 7 2  

.I97 

.811 

.832 

.837 

. 7 7 2  
9,J2 
d! 3 

CAF 

.964 

.898 

.887 

.906 
,929 

.957 

.918 

.908 

.922 

.951 

.953 

.929 

.917 
,930 
.960 

.946 

.931 

.931 

.935 

.951 

.942  

.931 

. 9 2 1  

.932 

.950 

.940 

.930 

.919 

.931 

.944  

1' ERAGES 

.843 .950 

.795 .923 
,770 .912  
.787 .926 
.811 ,951 

CAT 

.838 

.816 

.833 

.833 

.827 

.815 

.815 

.818 

.852 
,852 

.811 
,819 
.817 
.863 
.833 

.814 

.828 

.826 

.842 
,835 

.&20 

.833 

.833 

.841 

.841 

.844 

.844 

.844 

.844 

.853 

.8?4 
,826 
.829 
.846 
,840 

MCDONNELL AI-APT C M M  
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REPORT MDC A5704 

APPENDIX c 
THRUST, FAN MAaSFLOW AND TURBINE MASSFLOW COEFFICIENT DATA (Cont'd) 

DATA FOR: 

N F / ~  
<,p> 

2000 

2400 

2800 

3200 

3600 

4009 

6LC 

0" 
56 
95 

0 
56 
95 

0 
56 
95 

0 
56 
95 

0 
56 
95 

0 
56 
95 

0 
56 
90 

FIGURE 3-42 

CF CAF 

.a37 .a97 

.850 .901 

.880 .964 

.853 .913 

.Y39 .903 

.a57 .957 

.858 .921 

.826 .907 

.a33 .953 

.853 .926 
,821 .910 
,825 .946 

.852 .931 

.819 .909 

.829 .942 

.857 .932 

.814 .910 

.832 .940 

AVERAGES 

.852 ,920 

.828 .go7 

.843 .950 

CAT 

.833 

.a11 

.838 

.a37 

.841 

.815 

.804 

.a27 

.a11 

.625 

.814 

.a25 

.a41 . E20 

,828 

. a36 . a38 

.a44 

.927 

.831 
824 

N F I 6  

2000 

2400 

2800 

3200 

3603 

4000 

HID 

W 

6.45 
2.55 
2.0 
1.55 
1.02 

W 

6.45 
2.55 
2.0 
1.55 
1.02 

W 

6.45 
2.55 
2.0 
1.55 
1.02 

m 

6.45 
2.55 
2.0 
1.55 
1.02 

OD 

6..'*5 
2.55 
2.0 
1.55 
1.02 

m 

6.45 
2.55 
2.0 
1.55 
1.02 

W 

6.45 
2.55 
2.0 
1.55 
1.02 

FIGURE 3-47 

C F  CAF 

.780 .a69 

.793 .8?9 

.794 .842 

.756 .852 

.695 .879 

.718 .836 

,740 .875 
.755 .850 
.768 ,861 
.775 .876 
.728 .a90 
.736 .865 

.74i .ado 

.751 .867 

.770 ,875 

.787 .a88 

.?SO .a90 

.754 .a79 

.757 .a79 
,761 .873 
.783 .882 

.758 .896 

.763 .887 

.793 . a m  

.774 ,880 

.775 .883 
,790 .886 
,798 .889 
.759 .a94 
.772 .890 

.790 .880 

.800 ,888 

.800 ,876 

.757 .691 

.777 .884 

AVERAGES 

,764 ,877 
-771 .865 

,785 .878 
, 7 4 1  .a90 
.753 .a74  

.792 .a87 

,784 .a77 

CAT 

.763 

.829 

.784 

.784 

.778 

.757 

.a14 

.837 

.795 

.818 

.795 

.a37 

.a33 

.a20 

.a20 

.a37 

.a37 
,854 

.a49 

.a36 
,852 
.852 
.836 
.852 

.a77 
,864 
.a95 
.a79 
.864 
.864 

.871 

.a57 

.902 
,887 
.887 
.859 

,835 
,841 
,841 
, 8 4 3  
.833 
.a37 



REPORT MDC A5704 

APPENDIX C 
THRUST, FAN MASSFLOW .4ND TURBINE MASSFLOW COEFFICIENT DATA (Cont ' d )  

DITA FOK: 

FIGURE 3-60 

3000 Lo 

6.45 
2.55 
1.55 

3800 

4400 

5000 

5400 

m 

6.45 
2.55 
1.55 

ip 

6.45 
2.55 
1.55 

m 

6.45 
2.55 
1.55 

W 

6.45 
2.55 
1.55 

9 

6.45 
2.55 
1.55 

CF 

.67 9 
.696 
.654 
.636 

.705 

.667 

.646 

.636 

.692 

.667 

.647 

.630 

.676 

.665 

.644 

.644 

.671 

.665 

.655 

.657 

CAF 

.889 

.835 

.844 

. 829  

.823 

.809 

.814 . a ~ 2  

.796 

.795 

.795 

.792 

.783 

.786 

.7ao 

.7a6 

.7a2 

.771 

.783 

.784 

AVERAGES 

.685 .815 

.650 .804 

.641 .799 

.672 ,798 

CAT 

1.138 
l . l I r 7  
1.11'5 
1.136 

1.041 
1.034 
1.026 
1.033 

1.006 
1,000 

.9y5 
, 994  

.999 

.0d3 

.967 

.98$ 

.971 

. 9 7 9  

.9d4  
,969 

1.030 
1.029 
1.014 
1.023 

MCDONNRLL AOIUCRAFT CBMPIINY 

c-4 


