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SUMMARY 

An a n a l y t i c a l  s tudy  and l a b o r a t o r y  t e s t s  were conducted t o  a s s i s t  NASA i n  
d e t e r m i n i n g  t h e  s a f e t y  and m i s s i o n  s u i t a b i l i t y  o f  t h e  m o d i f i e d  f u e l  system and 
f l i g h t  t e s t s  for  t h e  F u l l - s c a l e  T ranspor t  C o n t r o l l e d  Impact Demostrat ion ( C I D )  
Program. T h i s  12 month s tudy  reviewed and analyzed b o t h  the  use of  a n t i m i s t i n g  
kerosene (AMK) f u e l  and t h e  i n c o r p o r a t i o n  o f  a " f u e l  degrader" on t h e  opera- 
t i o n a l  and performance c h a r a c t e r i s t i c s  o f  the engines t e s t e d .  P o t e n t i a l  
d e f i c i e n c i e s  and /o r  f a i l u r e s  were i d e n t i f i e d  and approaches to  accommodate 
these d e f i c i e n c i e s  w e r e  recommended t o  NASA Ames-Dryden F l i g h t  Research 
Faci  1 i ty .  

The r e s u l t s  o f  f low c h a r a c t e r i z a t i o n  t e s t s  on degraded AMK f u e l  samples 
i n d i c a t e d  l e v e l s  o f  deg rada t ion  s a t i s f a c t o r y  for  t h e  planned m iss ions  o f  t h e  
6-720 a i r c r a f t .  The o p e r a b i l i t y  and performance w i t h  t h e  AMK i n  a ground t e s t  
engine and i n  t h e  a i r c r a f t  engines d u r i n g  the t e s t  f l i g h t s  were comparable t o  
those w i t h  unmod i f i ed  J e t  A .  For t h e  f i n a l  C I D  t e s t ,  t he  JT3C-7 engines 
performed s a t i s f a c t o r i l y  w h i l e  o p e r a t i n g  on AMK r i g h t  up t o  impact .  

INTRODUCTION 

I n  a t y p i c a l  a i r c r a f t  crash, f u e l  s p i l l e d  from r u p t u r e d  f u e l  tanks forms a 
f i n e  m i s t  which can be i g n i t e d  by a number o f  sources a t  t h e  crash s i t e .  I f  
f o r m a t i o n  o f  t h i s  m i s t  can be suppressed, f i r e  hazards can be reduced and 
l i v e s  can be saved. FM-9, a h i g h  molecular -weight ,  l o n g  cha in  polymer,  when 
blended w i t h  Jet-A f u e l  i n  c o n c e n t r a t i o n s  i n  t h e  range o f  0.3 pe rcen t  by 
weight ,  has demonstrated t h e  a b i l i t y  t o  i n h i b i t  i g n i t i o n  and flame p ropaga t ion  
o f  t h e  r e l e a s e d  f u e l  i n  s imu la ted  crash t e s t s .  

Th i s  a n t i m i s t i n g  kerosene (AMK), when subjected t o  t h e  shear l e v e l s  expected 
i n  a i r c r a f t  engine systems, can have undes i rab le  f low c h a r a c t e r i s t i c s  such as 
poor f u e l  a t o m i z a t i o n  and f i l t e r a b i l i t y .  This p rec ludes  i t s  d i r e c t  use i n  a 
gas t u r b i n e  engine because o f  p o s s i b l e  c l o g g i n g  o f  f i l t e r s ,  unacceptable spray 
q u a l i t y  o f  f u e l  n o z z l e s / i n j e c t o r s  and reduced h e a t  t r a n s f e r  c o e f f i c i e n t s  i n  
f u e l  heat  exchangers (Ref .  1) .  Therefore,  the AMK f u e l  must be a l t e r e d  t o  
r e s t o r e  i t s  p a r e n t  Jet-A p r o p e r t i e s  for proper o p e r a t i o n  i n  t h e  engine f u e l  
system. 

Fuel  a l t e r a t i o n  can be accomplished by t h e  a p p l i c a t i o n  o f  s u f f i c i e n t  mo lecu la r  
s t r e s s  t o  r u p t u r e  t h e  po lymer i c  a d d i t i v e  conta ined i n  the  AMK. Th i s  process or 
a l t e r a t i o n  of t h e  AMK f u e l  i s  r e f e r r e d  t o  as "deg rada t ion " .  The t e c h n i c a l  
f e a s i  b i  1 i t y  o f  dev ices des ignated "degraders" which u t i  1 i z e  e i t h e r  mechan 
or c a v i t a t i o n  p r i n c i p l e s  has been demonstrated (Refs.  1 ,  2, 3 ) .  

T h i s  r e p o r t  documents a twelve-month AMK Engine System I n t e g r a t i o n  s tudy  
eva lua ted  t h e  use o f  a n t i m i s t i n a  kerosene and the  i n c o r p o r a t i o n  o f  a "fue 

c a l  

h a t  

degrader" on t h e  be r fo rmance ,  re1 i a b i  1 i t y  and s a f e t y  o f '  t h e  P r a t t  & Whi t n e y  
JT3C-7 engines for  s h o r t  d u r a t i o n  f l i g h t s  o f  a B-720 t e s t  a i r p l a n e  d u r i n g  t h e  
F u l l - S c a l e  T ranspor t  C o n t r o l l e d  Impact Demonstrat ion ( C I D )  Program h e l d  a t  t h e  
Dryden F l i g h t  Research F a c i l i t y  o f  t h e  NASA Ames Research Center .  T h i s  s tudy  
was conducted under c o n t r a c t s  NAS3-24217 and NAS3-24353 and focused on two 
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major  areas of  a c t i v i t y :  Task I- System I n t e g r a t i o n  Study and Task I 1  - Design 
Reviews and F l i g h t  Test  P lann ing .  

I n  Task I of  t h e  program, a r e v i e w  and a n a l y s i s  were made o f  t h e  JT3C-7 AMK 
engine f u e l  system which i n c l u d e d  t h e  degrader system, hea t  exchangers, engine 
f u e l  pump and f i l t e r s ,  f u e l  c o n t r o l s  and t h e  r e s u l t i n g  o p e r a t i o n a l  and 
performance c h a r a c t e r i s t i c s  o f  t he  engines.  The 8-720 i n s t r u m e n t a t i o n  was 
rev iewed and recommendations were made for  a d d i t i o n a l  degrader and engine 
i n s t r u m e n t a t i o n  t o  i d e n t i f y  problems t h a t  may occu r .  

As p a r t  of  t h e  Task I ef fo r t ,  l a b o r a t o r y  f u e l  c h a r a c t e r i z a t i o n  t e s t s  were 
conducted t o  determine whether t h e  AMK f u e l  was s u f f i c i e n t l y  processed or 
degraded be fo re  i n t r o d u c t i o n  to  t h e  engine f u e l  system. These f u e l  c h a r a c t e r i -  
z a t i o n  t e s t s  c o n s i s t e d  o f  f i l t e r  r a t i o  and t r a n s i t i o n  v e l o c i t y  measurements 
which p rov ided  a c o r r e l a t i o n  w i t h  t h e  f i l t e r s ,  f u e l  n o z z l e s / i n j e c t o r s ,  
combustor performance, e t c . ,  p r e v i o u s l y  eva lua ted  under NASA C o n t r a c t  
NAS3-22045 ( R e f .  1 ) . 

I n  Task 11, P r a t t  & Whitney p a r t i c i p a t e d  i n  des ign  rev iews and t e s t  p l a n n i n g .  
A major  but  necessary genera l  e f f o r t  was t h e  a s s i s t a n c e  rendered t o  NASA 
Ames-Dryden F l i g h t  Research F a c i l i t y  i n  t h e  p l a n n i n g  and i n s t a l l a t i o n  o f  b o t h  
i n s t r u m e n t a t i o n  and m o d i f i c a t i o n s  t o  t h e  engine f u e l  system f o r  s t r u c t u r a l  and 
o p e r a t i o n a l  c o n s i d e r a t i o n s .  Th is  a c t i v i t y  i n v o l v e d  c o n s u l t a t i o n  w i t h  vendors,  
procurement of p r i n t s ,  schematics and p a r t s ,  seve ra l  v i s i t s  t o  NASA Ames-Dryden 
F l i g h t  Research F a c i l i t y  and d i a l o g u e  w i t h  NASA Ames-Dryden F l i g h t  Research 
F a c i l i t y  on a lmost  a d a i l y  b a s i s .  

T h i s  r e p o r t  desc r ibes  t h e  b a s e l i n e  JT3C-7 engine and i t s  m o d i f i c a t i o n s  f o r  t h e  
use o f  AMK. The l e v e l s  o f  degrada t ion  adequate f o r  o p e r a b i l i t y  i n  t h e  t e s t  
a i r p l a n e  are i d e n t i f i e d  from f u e l  c h a r a c t e r i z a t i o n  t e s t s .  F i n a l l y ,  engine 
performance w i t h  AMK d u r i n g  these ground and f l i g h t  t e s t s  i s  compared t o  t h e  
b a s e l i n e  sea l e v e l  performance expected w i t h  Je t  A .  

EQUIPMENT AND PROCEDURES 

Th is  s e c t i o n  desc r ibes  t h e  JT3C-7 engine and i t s  components which would be 
a f f e c t e d  by t h e  use o f  a n t i m i s t i n g  kerosene f u e l .  I n  a d d i t i o n ,  m o d i f i c a t i o n s  
t o  t h e  b i l l - o f - m a t e r i a l  engine f u e l  system and s p e c i a l  t e s t  equipment used t o  
analyze the a n t i m i s t i n g  kerosene w i l l  be d iscussed.  

ENGINE DESCRIPTION 

Four P r a t t  and Whitney JT3C-7 engines powered t h e  C I D  B-720-027(S/N 18066) 
t e s t  a i r p l a n e .  The JT3C-7 engine d e p i c t e d  s c h e m a t i c a l l y  i n  F i g u r e  1 and 
i l l u s t r a t e d  i n  d e t a i l  i n  Appendix A r e p r e s e n t s  f i r s t - g e n e r a t i o n  commercial 
t r a n s p o r t  technology.  Th is  engine i s  a dual -spool ,  a x i a l - f l o w  t u r b o j e t ,  w i t h  a 
16-stage compressor, a co-annular combust ion s e c t i o n  and a 3-stage t u r b i n e .  I n  
t h e  Boeing 720 a i r f rame i n s t a l l a t i o n ,  t h e  engine i s  11.4 f t  long ,  38.9 inches 
i n  diameter and weighs 3495 pounds. Key s p e c i f i c a t i o n s  for t h i s  engine a r e  
shown i n  Table I. 
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TABLE I 
SPECIFICATIONS OF THE JT3C-7 ENGINE 

Take-off Rat ing ( a t  sea l e v e l )  
Maximum Continuous Ra t ing  ( a t  sea l e v e l )  
Maximum S p e c i f i c  Fuel Consumption 
T o t a l  A i r  f low 
Pressure Ra t io  
Dry Weight 
Engi ne Diameter 
Engine Length 

12,000 l b .  t h r u s t  
10,000 l b .  t h r u s t  
.785 p p h l l b .  t h r u s t  
182 pps 
13.0 
3495 l b s .  
38.9 inches 
11.4 f t  

Engine Fuel S y s t e m  

The p r i n c i p a l  f u n c t i o n  o f  t h e  a i r c r a f t  f u e l  system i s  to supp ly  c l e a n  l i q u i d  
f u e l ,  f r e e  from vapor, a t  t h e  r e q u i r e d  p ressu res  and r a t e s  o f  f low, t o  t h e  
engine under a l l  o p e r a t i n g  c o n d i t i o n s .  F i g u r e  2 shows t h e  b a s i c  JT3C-7 f u e l  
system for a commercial i n s t a l l a t i o n .  Fuel  i s  s u p p l i e d  from t h e  a i r c r a f t  tanks 
through the necessary f i l t e r s  and va l ves  t o  t h e  eng ine -d r i ven  f u e l  pump which 
i s  a two-stage, by-pass equipped u n i t  t h a t  d ischarges f u e l  a t  predetermined 
pressures and q u a n t i t i e s  th rough  a f u e l  d e - i c i n g  system (customer o p t i o n a l )  t o  
t h e  f u e l  c o n t r o l .  The fue l  d e - i c i n g  f i l t e r  assembly c o n s i s t s  o f  a 40 m ic ron  
paper f i l ter element enclosed i n  a c y l i n d r i c a l  housing. A f t e r  p r e s s u r i z a t i o n ,  
t h e  f u e l  passes t o  t h e  f u e l  c o n t r o l  t h rough  a coarse mesh i n l e t  f i l t e r .  The 
f u e l  c o n t r o l  i s  a hydromechanical f u e l  m e t e r i n g  dev ice designed t o  schedule 
t h e  proper f low o f  f u e l  t o  m a i n t a i n  t h e  engine speed s e l e c t e d .  The metered 
f u e l  flows through t h e  a i r c r a f t  f u e l - o i l  c o o l e r  t o  t h e  p r e s s u r i z i n g  and dump 
v a l v e  which schedules f l ow  t o  t h e  f u e l  n o z z l e  secondary m a n i f o l d  as a f u n c t i o n  
o f  p r imary  f u e l  nozz le  p ressu re  drop.  Th is  ensures t h e  p roper  f u e l  spray 
q u a l i t y  and d i s t r i b u t i o n  f o r  e f f i c i e n t  combustion. The f u e l  m a n i f o l d  c o n s i s t s  
o f  e i g h t  c i r c u l a r  c l u s t e r s ,  each c l u s t e r  h a v i n g  s i x  dual  o r i f i c e  n o z z l e s ,  
l o c a t e d  i n  t h e  d i f f u s e r  case annulus.  The f u e l  i s  i n j e c t e d  th rough  each 
c l u s t e r  i n t o  each o f  e i g h t  combustion chambers where i t  m i x e s  w i t h  a i r  and 
burns.  

Fuel Pump - The main f u e l  pump ( F i g u r e  3) c o n s i s t s  o f  two p o s i t i v e  d isp lacement  
gear- type pumping elements (boos t  stage and main s tage)  o p e r a t i n g  i n  s e r i e s  t o  
supply  f u e l  t o  t h e  engine f u e l  c o n t r o l .  Power t o  d r i v e  t h e  pump i s  suppled 
d i r e c t l y  by t h e  main d r i v e  s h a f t .  Under normal o p e r a t i n g  c o n d i t i o n s ,  f u e l  f lows 
through t h e  pump from the  f u e l  i n  p o r t  t o  t h e  i n l e t  f u e l  f i l t e r  element 
c o n t a i n i n g  a s e l f - r e l i e v i n g  v a l v e  to  t h e  boos t  stage. Between t h e  boost  and 
main stage i s  t he  i n t e r s t a g e  40 m ic ron  p l e a t e d  paper f i l t e r  and o p t i o n a l  
de- icer  system. The boost s tage p ressu re  r e g u l a t i n g  v a l v e  c o n t r o l s  t h e  p ressu re  
o f  the  f u e l  d e l i v e r e d  to  t h e  main s tage i n l e t  a t  between 45 and 65 p s i  above 
pump i n l e t  pressure.  The r a t e d  c a p a c i t y  of t h e  pump i s  41.6 gpm a t  3260 rpm 
and a discharge pressure o f  1000 p s i g .  

Fuel Control  - The Hami l ton Standard JFC25-10 f u e l  c o n t r o l  ( F i g u r e  4) i s  a 
hydromechanical h i g h  c a p a c i t y  f u e l  flow m e t e r i n g  u n i t  designed to  p e r m i t  
s e l e c t i o n  o f  the d e s i r e d  engine t h r u s t  l e v e l  throughout  t h e  f l i g h t  envelope o f  
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Figure 2 B a s i c  JT3C-7 Fuel System 

5 



PUMP INLET PRESSURE 

I 1  PUMP BOOST PRESSURE - PUMP OUTLET PRESSURE 

MAIN DRAIN 

F i g u r e  3 Two-Stage Main Fue l  Pump 
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the JT3C-7 engine equipped aircraft. Two manually operated levers are provided 
on each control: a power lever for regulating engine thrust in the range from 
full reverse through idle t o  takeoff; the other, a shutoff lever to regulate 
fuel for engine starting and shutdown. The variables sensed by the fuel control 
are power lever angle, burner pressure and engine N Z  rotor speed. By utiliz- 
ing these variables, the fuel control accurately governs the engine steady 
state selected speed and limits fuel flow for acceleration and deceleration 
through a speed-governing system of the proportional or droop type. 

. 
f T 

The fuel control may be considered as consisting of a fuel-metering system and 
a computing system. The metering system regulates the fuel supplied to the 
fuel control by the engine driven fuel pump to provide the engine thrust 
output demanded by the pilot, but subject to engine operating limitations as 
sensed and scheduled by the fuel control computing system. The computing system 
senses and combines various operational parameters to govern the output of the 
metering system of the fuel control during all engine operating regimes. 
Figure 5 indicates the fuel control parameters and scheduling accuracy 
requirements for these parameters. 

'2.5% 

SPEED GOVERNOR 

DECELERATION SCHEDULE I' T 
~~ ~ ~ 

ENGINE HIGH ROTOR SPEED, N2 RPM 

Figure 5 JT3C-7 Fuel Control Scheduling Accuracy Requirements 
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The JT3C-7 combustor section consists of eight separate tubular combustion 
chambers in a co-annular arrangement. The chambers, as viewed from the rear of 
the engine, are numbered clockwise starting with the uppermost chamber as No. 
1 .  These chambers are interconnected by cross-over tubes for flame propagation 
during starting. Lighting or starting is initiated from spark igniters located 
in the No. 4 and No. 5 combustion chambers. Each combustion chamber comprises 
a series o f  formed sheet-metal, air cooled cylindrical liners. 

The forty-eight fuel nozzle assemblies are supported in the fuel manifold and 
are arranged in eight clusters of six nozzles each. Each cluster projects into 
accommodating apertures in the upstream end or dome of each combustion 
chamber. The JT3C-7 combustor employs a dual-orifice pressure atomizing fuel 

I 

1 Filter Systems - The JT3C-7 engine fuel system incorporates several fuel 
ters differing in construction, filter area and filtration quality depend- 
on the subsystem component protection requirements. Table I1 provides a 

1 system filter tabulation for the JT3C-7 engine. It should be noted the 
interstage 40 micron pleated paper filter provides the primary protection for 
all subsystem components. It also acts as a collector of fuel borne ice 
crystals. An optional fuel deicing system can be added to the engine to 
increase fuel filter inlet temperatures, clearing the filter of collected ice 

TABLE I1 
JT3C-7 FUEL SYSTEM FILTER SURVEY 

Component Locat ion Material Pore Size Area (in') 

Fuel Pump Inlet Stainless Steel 400 microns 5.15 

Fuel Control Inlet Stainless Steel 200 microns 18.8 

Fuel Control Servo Stainless Steel 40 microns 7.1 

Pressure and Inlet Stainless Steel 74 microns 8.5 
Dump Valve 

Fuel Nozzle Pr i mary Stainless Steel .007 - .009 Dia. 0.39 

Fuel Nozzle Secondary Stainless Steel .007 - .009 Dia. 0.47 
openi ng 

openi ng 

*Replaced for CID Test - See "Engine Modifications for AMK" Section 

Combustor Description 
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n o z z l e  (F igure 6) to  o b t a i n  t h e  r e q u i r e d  turndown r a t i o  ( r a t i o  o f  maximum to  
minimum f u e l  f low).  The nozz les a r e  designed t o  d i scha rge  a predetermined 
amount o f  f u e l  when s p e c i f i e d  p ressu re  drops a re  ma in ta ined  across t h e  p r imary  
and secondary stages, a c t i n g  b o t h  as an a t o m i z i n g  and m e t e r i n g  dev i ce .  The 
r e l a t i o n s h i p  between f u e l  flow and nozz le  pressure drop for a t y p i c a l  JT3C-7 
engine i s  shown i n  F i g u r e  7 .  The p r e s s u r i z i n g  and dump v a l v e  i s  used t o  
channel f l o w  t o  t h e  p r imary  or  secondary system. When t h e  secondary c r a c k i n g  
or s t a g i n g  p o i n t  i s  reached, t h e  secondary v a l v e  opens and f low i s  a d m i t t e d  t o  
t h e  secondary system. U n t i l  t hen  t h e  system f low i s  t o  t h e  p r i m a r y  o n l y .  Th i s  
s t a g i n g  p o i n t  i s  c o n t r o l l e d  by a s p r i n g  loaded v a l v e ,  which i s  s e n s i t i v e  t o  
t h e  d i f f e rence  between f u e l  p ressu re  and combustor pressure.  

1. SPRING 6. PRIMARY STRAINER 11. NOZZLE BODY INSERT 
2. 1OWERPR)MARY FERRULE 7. SPRING SEAT S N A P R I N G  12. PRIMARY PLUG 
3. UPPER PRIMARY FERRULE 8. I N N E R  SECONDARY STRAINER S N A P R I N G  13. NOZZLE BODY 
4. SPRING SEAT 9. OUTER SECONDARY STRAINER S N A P R I N G  14. INSERT S N A P R I N G  
5. PRIMARY STRAINER S N A P R I N G  10. SECONDARY STRAINER 15. R E T A I N I N G  N U T  

F i g u r e  6 Fuel Nozzle 

ENGINE MODIFICATIONS FOR AMK 

8-720 F l i g h t  T e s t  Engines 

The approach fohlowed by t h e  FAA has been t o  b l e n d  J e t  A and FM-9 a d d i t i v e  
i n - l i n e  a t  the a i r c r a f t  f u e l i n g  p o i n t  t o  produce an AMK f u e l  w i t h  acceptable 
f i r e  supression p r o p e r t i e s  i n  t h e  a i r c r a f t ' s  f u e l  tanks.  Th is  approach r e q u i r e s  
t h a t  t h e  AMK be accep tab le  and useable w i t h i n  the  a i r c r a f t ' s  f u e l  and engine 
systems. Compatab i l i t y  s t u d i e s  ( R e f s .  1,4,5,6> e v a l u a t i n g  t h e  e f f e c t s  of  u s i n g  
AMK on the performance o f  a i r f r a m e  f u e l  systems and engine components showed 

10 



t 11.000 

1o.ooo 

NOZZLE PRESSURE DROP, PSlD 
(FUEL PRESSURE-BURNER PRESSURE) 

F i g u r e  7 JT3C-7 Fuel Flow Schedule 

t h a t  t h e  AMK needed t o  be processed or degraded t o  a f u e l  s u i t a b l e  t o  meet t h e  
requi rements o f  t h e  JT3C-7 engines f o r  the 8-720 a i r c r a f t  for t h e  planned 
F u l l - s c a l e  T r a n s p o r t  C o n t r o l l e d  Impact Demonstrat ion ( C I D )  t e s t .  S p e c i f i c a l l y ,  
these requi rements i n v o l v e d  engine o p e r a b i l i t y  ( s t a r t i n g ,  a c c e l e r a t i o n /  
d e c e l e r a t i o n ,  r e l i g h t )  and performance ( e f f i c i e n c i e s ,  e x i t  temperature 
d i s t r i b u t i o n ,  f i l t e r a b i l i t y ) .  

Several  s t u d i e s  n t h e  U n i t e d  S ta tes  and Un i ted  Kingdom i n d i c a t e d  t h a t  t h e  
FM-9 polymer can be h i g h l y  degraded and t h e  AMK r e s t o r e d  to  near J e t  A 
p r o p e r t i e s  (Refs 1,2,3). A p r o t o t y p e  AMK f u e l  degrader for t h e  C I D  a i r c r a f t  
was developed by t h e  General E l e c t r i c  Company based on a h i g h  speed, a i r  
d r i v e n  c e n t r i f u g  1 pump. Four degraders o f  t h i s  t ype ,  necessary for  t h e  8720, 
were to  be engine n a c e l l e  mounted and capable o f  r u n n i n g  on J e t  A and/or 
degraded AMK for t h e  r e q u i r e d  ground and f l i g h t  t e s t  m iss ions .  NASA 
Ames-Dryden F l i g h t  Research F a c i l i t y  was respons ib le  f o r  t h e  i n s t a l l a t i o n  o f  
t h e  f o u r  degrader systems on t h e  8720 a i r c r a f t  as w e l l  as necessary 
m o d i f i c a t i o n s  t o  t h e  a i r c r a f t .  

F i g u r e  8 i s  a schematic of  the  AMK degrader system i n s t a l l e d  
f o u r  engines o f  t h e  8-720 C I D  a i r c r a f t .  The p r i m a r y  degrader 
c o n s i s t e d  of t h e  F l O l  engine augmentor c e n t r i f u g a l  pump, t h e  
a u x i l i a r y  power a i r  t u r b i n e  motor ,  and f u e l  p ressu re  t h r o t t l  

11 
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8 7 2 0  AMK I N S T A L L A T I O N  PARTS L I S 1  

I T E M  

40 
4 1  
4 2  
4 3  
4 4  
4 5  
50 
5 1  
5 2  
53 
54 
5 5  
5 7  
58 
5 9  
6 2  
6 3  
6 4  
65 
66 
6 7  
68 
69 
7 0  
7 1  
7 2  
7 3  
7 4  
7 5  
7 6  
7 7  
7 8  
7 9  
8 2  
8 3  
8 4  
85 
86 
0 7  
88 
89 
90 
9 1  
9 2  
9 3  
94 
9 5  
96 
9 7  
98 
99 
1 0 0  
1 0 1  
1 0 2  
1 0 3  
1 0 4  
105 
1 0 6  
1 0 7  
1 0 8  
1 0 9  
1 1 0  
1 1 1  
1 1 2  
1 1 3  
1 1 4  

DESCRIPTION 

DEGRADER SPEED CONTROL FUEL FLOW SENSOR 
DEGRADER ASSEMBLY. PUMP AND A I R  TURBINE MOTOR ( A T M )  
DEGRADER MOUNTING BRACKET 
FUEL L I N E  ADAPTER ( INCLUDES TWO - 4  N I P P L E S )  
FUEL HOSE. 3 0 0 0  P S I  OPERATING ( 0 . 7 5 - I N C H  NOM) 
FUEL TUBE, 1 0 0 0  P S I  OPERATING ( 0 . 7 5 - I N C H  NOM) 
FLOW O R I F I C E  ( 0 . 7 5  - 0 . 5 0  I N C H  MS REDUCER) 
FUEL RECIRCULATION HOSE, 1 0 0 0  P S I  OPERATING ( 0 . 7 5 - I N C H  NOM) 
F U E L / A I R  HEAT EXCHANGER 
HEAT EXCHANGER MOUNTING BRACKET 
HEAT EXCHANGER A I R  FLANGE CLAMPS 
HEAT EXCHANGER A I R  DUCT 
BELLMOUTH A I R  SCOOP 
FAN AND RELAY ( 1 1 5  VAC, 3 PH, 4 0 0  HZ ,  1 1  A, INRUSH 90 A/PH 
FAN MOUNTING BRACKET 

QTY/ 
ENGINE 

1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
2 
1 
1 

FOR 1 SEC) 1 
1 

FAN W I R I N G  AN0 C I R C U I T  BREAKER 
ATM O I L  COOLER 
ATM O I L  COOLER MOUNTING BRACKET 
ATM O I L  HOSE, 1 0 0 0  P S I  OPERATING ( 0 . 5 0 - I N C H  NOM) 
ATM O I L  F I L T E R  
ATM O I L  F I L T E R  MOUNTING BRACKET 
ATM O I L  PUMP ( 2 8  VOC. 22 A ,  INRUSH 1 3 5  A FOR 0 .5  SEC) 
ATM O I L  PUMP BYPASS FLOW O R I F I C E  ( 0 . 5 0 - I N C H  NOM) 
ATM O I L  PUMP MOUNTING BRACKET WIRING AN0 RELAY 
ATM O I L  PRESSURIZATION HOSE ( 0 . 2 5 - I N C H  NOM) 
ATM SEAL D R A I N  HOSE ( 0 . 3 7 5 - I N C H  NOM) 
FUEL THROTTLING VALVE 
FUEL THROTTLING VALVE MOUNTING BRACKET 
COP A I R  BLEED REG CHK AND S/O VALVE WITH CLAMPS ( C V 8 8 0 )  
ENGINE FUEL SUPPLY HOSE, 1 0 0 0  P S I  OPERATING ( 1 . 5 - I N C H  NOM) 
FUEL BYPASS VALVE ( 1 . 5 - I N C H ,  1 4 / 2 8  VDC. 1 A )  
FUEL BYPASS VA VE MOUNTING BRACKET 

ATM SPEED S IGNAL CABLE AN0 CONNECTORS 
ATM A I R  SUPPLY DUCT ( 3 . 5 - I N C H  NOM, 0 . 0 4 0  WALL STAINLESS STEEL)  
ATM A I R  REGULATOR AND SHUTOFF VALVE CLAMPS 
ATM A I R  REGULATOR AN0 SHUTOFF VALVE ( 2 8  VDC. 1 A !  
ATM A I R  SHUTOFF VALVE AND ATM A I R  I N L E T  CLAMPS 

CDP A I R  BLEED t A L V E  SWITCH (COCKPIT)  

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
I 
2 
1 
3 

ATM A I R  SHUTOFF VALVE ( 2 8  VOC. 1 A )  1 
ATM A I R  EXHAUST OUCT CLAMP 1 
ATM A I R  EXHAUST OUCT ( 4 . 0 - I N C H  NOM, 0 . 0 2 0  WALL STAINLESS STEEL)  1 
FUEL THROTTLING VALVE SERVO PRESS. TUBE. 3 0 0 0  P S I  OPERATING ( 0 . 2 5 - I N . )  1 
FUEL HEATER JUMPER TUBE 1 
SIGNAL CONVERTER ( F U E L  SENSOR SIGNAL TO VDC) 1 
ATM O I L  PRESSURE ( 0 - 2 0 0  P S I G )  1 
DEGRADER FUEL DISCHARGE PRESSURE ( 0 - 2 0 0 0  P S I G )  1 
DEGRADER FUEL DISCHARGE TEMPERATURE ( O o - 2 5 O 0 F )  1 
THROTTLING VALVE INTERSTAGE PRESSURE ( 0 - ? 5 0  PSIG) 1 
FAULT CONVERTER (SENSOR SIGNAL TO VOC) 6 
ENGINE FUEL PUMP I N L E T  PRESSURE ( 0 - 1 5 0  PSIG) 1 
PRIMARY FUEL NOZZLE PRESSURE ( 0 - 1 0 0 0  P S I G )  1 
SECONDARY FUEL NOZZLE PRESSURE ( 0 - 1 0 0 0  PSIG) 1 
ENGINE FUEL F I L T E R  D I F F E R E N T I A L  PRESSURE ( 0 - 5 0  P S I O )  1 
DEGRADER FUEL I N L E T  TEMPERATURE ( 0 " - 1 7 5 " F )  1 
DEGRADER FUEL I N L E T  PRESSURE ( 0 - 5 0  P S I G )  1 
ENGINE FUEL PUMP I N L E T  TEMPERATURE (0"-200"F)  1 
ENGINE SCAVENGE O I L  TEMPERATURE (O0-35O"F)  1 
ATM O I L  TEMPERATURE ( 0 ° - 3 0 0 " F )  1 
FUEL CONTROL WASH SCREEN D I F F E R E N T I A L  PRESSURE ( 0 - 5 0  P S I O )  1 
THROTTLING VALVE LEAKAGE CHECK VALVE 1 
THROTTLING VALVE LEAKAGE HOSE, 1000 P S I  OPERATING ( 0 . 5 0 - I N C H )  1 
CHECK VALVE 1 
PRESSURE TRANSDUCER. 5 0  P S I 0  MFP INLET-MFP I N L E T  SCREEN ENG 2 E 3 
D I F F E R E N T I A L  PRESSURE TRANSDUCER 
RESTRAINED BELLOWS 
ATM A I R  SUPPLY DUCT ( 3 . 5  NOM, 0.040 WALL SS WITH 2 - .  3 - INCH BELLOWS) 

SUPPLIED 
BY 

NASA 
NASA 
NASA 
NASA 
GE 
GE 
NASA 
GE 
NASA 
GE 
NASA 
GE 
GE 
NASA 
GE 
GE 
NASA 
GE 
GE 
NASA 
GE 
NASA 
NASA 
GE 
GE 
GE 
NASA 
GE 
GE 
GE 
GE 
GE 
NASA 
NASA 
GE 
NASA 
NASA 
NASA 
NASA 
NASA 
GE 
GE 
GE 
GE 
GE 
GE 
GE 
GE 
GE 
GE 
GE 
GE 
GE 
GE 
GE 
GE 
GE 
GE 
GE 
NASA 
GE 
GE 

COCKFIT 

( A >  DEGRADER PARTS 

Figure 8 8720 Anti-Misting Kerosene Degrader Installation Schematic 
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( B >  DEGRADER SCHEMATIC 

F igu re  8 8720 A n t i - M i s t i n g  Kerosene Degrader I n s t a l l a t i o n  Schematic (Con t ' d )  
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t u r b i n e  was d r i v e n  by compressor b leed  a i r  d u r i n g  engine o p e r a t i o n  and was 
capable o f  p r o v i d i n g  degraded AMK for engine s t a r t  t h rough  t h e  use o f  h i g h  
p ressu re  a i r  from ground c a r t s  or engine cross b leed .  The F l O l  engine pump 
u t i l i z e d  by G.E.  as t h e  degrader had a design flow c a p a c i t y  much h i g h e r  than  
t h a t  r e q u i r e d  by t h e  JT3C-7 engine. Therefore,  i t  was necessary t o  i n c l u d e  a 
r e c i r c u l a t i o n  l oop  through an a i r - f u e l  heat exchanger, mounted i n  an e x t e r n a l  
wing mounted pod, to  d i s s i p a t e  excess heat generated by t h e  degrader  t o  t h e  
f u e l .  A t h r o t t l i n g  v a l v e  l o c a t e d  a t  t h e  degrader e x i t  reduces t h e  f u e l  
p ressu re  b e f o r e  t h e  main f u e l  engine pump to accep tab le  l e v e l s  (<55 p s i g )  
d u r i n g  engine o p e r a t i o n .  I n  case of a degrader shutdown, the  m o d i f i e d  f u e l  
system p r o v i d e d  f o r  an automat ic  q u i c k  a c t i n g  bypass l o o p  a l l o w i n g  AMK f u e l  t o  
flow d i r e c t l y  t o  t h e  engine f u e l  pump. The 8-720 a i r c r a f t  was m o d i f i e d  and 
ins t rumen ted  t o  opera te  a l l  f o u r  engines on AMK w i t h  p r o v i s i o n s  f o r  s w i t c h i n g  
from J e t  A t o  AMK f u e l .  F igu re  9 i s  a photograph showing the  r i g h t  s i d e  v iew 
of t h e  8-720 degrader-engine n a c e l l e  i n s t a l l a t i o n .  

An e x t e n s i v e  amount of i n s t r u m e n t a t i o n  was added t o  t h e  engine f u e l  system t o  
mon i to r  i m p o r t a n t  e n g i n e l f u e l  system parameters for t h e  CID program. T h i s  
i n s t r u m e n t a t i o n  measured and determined t h e  e f f e c t  o f  AMK f u e l  on a i r c r a f t ,  
engine and f u e l  system performance and conversely,  t h e  e f f e c t  o f  t h e  a i r c r a f t  
f l i g h t  environment and f u e l  system on AMK f u e l  c h a r a c t e r i s t i c s .  C r i t i c a l  f u e l  
s y s t e m  components w e r e  moni tored for signs o f  c l o g g i n g  tendency w h i l e  f l o w i n g  
AMK f u e l .  I n  p a r t i c u l a r ,  engine f i l t e r s l s c r e e n s  w e r e  i ns t rumen ted  and 
moni tored for  p ressu re  d i f f e r e n t i a l  throughout t h e  course o f  t h e  program. 

Besides t h e  a d d i t i o n a l  i n s t r u m e n t a t i o n ,  t h e  o n l y  o t h e r  m o d i f i c a t i o n  made t o  
t h e  8-720 engine f u e l  system was t h e  removal o f  t h e  f u e l  pump i n t e r s t a g e  
h e a t e r i f  i 1 t e r  (de- i  c e r ) ,  downstream o f  the degrader ,  t o  make room for  degrader 
components. I n  p l a c e  o f  t h e  s tandard JT3C-7 f u e l  f i l t e r ,  a G.E .  5-79 meta l  
f i l t e r  o f  s m a l l e r  f i l t e r  area (200 i n 2  versus 625 i n 2 )  was i n s t a l l e d .  

FAA Techn ica l  Center Ground T e s t  Engine 

A s  p a r t  o f  t h e  o v e r a l l  e v a l u a t i o n  o f  AMK and i n  suppor t  o f  t h e  C I D  program, 
t h e  FAA Technica l  Center u t i l i z e d  an a v a i l a b l e  JT3C-6 ground t e s t  engine 
i n s t e a d  o f  a JT3C-7 engine t o  eva lua te  the e f f e c t s  o f  degradedlundegraded AMK 
on engine performance and c o n t r o l .  The pr imary d i f f e rences  between t h e  two 
engine models a re  t h a t  t h e  JT3C-7 engine i s  a l i g h t e r  engine w i t h o u t  water  
i n g e s t i o n  c a p a b i l i t y  ( f o r  t a k e o f f  t h r u s t  augmentation) and c o n t a i n s  a 
s i g n i f i c a n t l y  d i f f e r e n t  f u e l  c o n t r o l .  A s  a r e s u l t  o f  t h e  planned AMK ground 
t e s t i n g ,  an e v a l u a t i o n  was made o f  the  d i f f e r e n c e s  between t h e  Hami l t on  
Standard JFC12-11 and JFC25-10 c o n t r o l s  used on t h e  JT3C-6 and JT3C-7 engines,  
r e s p e c t i v e l y .  The JFC25-10 f u e l  c o n t r o l  conta ins a se rvo  f i l t e r  (44 m ic rons )  
w i t h  no p r o v i s i o n  f o r  bypass, whereas the  JFC12-11 f u e l  c o n t r o l  u t i l i z e s  t h e  
same f i l t e r  b u t  i s  bypassed when the  pressure d i f f e r e n t i a l  exceeds 25 p s i .  I n  
a d d i t i o n ,  t h e  mesh s i z e  of the  f u e l  c o n t r o l  i n l e t  f i l t e r  i s  200 microns on t h e  
JFC12-11 versus 74 microns on t h e  JFC25-10. Whi le  b o t h  models e x e r c i s e  c o n t r o l  
i n  a s i m i l a r  manner, t h e i r  mechanical designs d i f f e r  as can be seen i n  F i g u r e s  
10 and 11. The JFC12 s e r i e s  i s  t he  f i r s t  genera t i on  c o n t r o l s  f o r  t h e  JT3 
t u r b o j e t s  w h i l e  t h e  JFC25 s e r i e s  i s  t h e  second g e n e r a t i o n  c o n t r o l s  f o r  t h e  JT3 
and JT4 model s .  
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I n  p r e p a r a t i o n  for  one s e r i e s  of t e s t s  conducted a t  t h e  FAA Technica l  Center ,  
t h e  JT3C-6 f u e l  c o n t r o l  was mod i f i ed  by b l o c k i n g  shu t  t h e  se rvo  f i l t e r  bypass 
and r e p l a c i n g  t h e  74 m ic ron  i n l e t  f i l t e r  screen w i t h  a newly f a b r i c a t e d  200 
m ic ron  s ize f i l t e r .  A t  t h e  r e q u e s t  of NASAIFAA, another  s e r i e s  o f  t e s t s  were 
scheduled to e v a l u a t e  the  o p e r a b i l i t y  of t h e  JT3C-7 c o n t r o l  o f  t h e  B-720 t e s t  
a i r p l a n e  when o p e r a t i n g  on AMK f u e l .  P r a t t  & Whitney a s s i s t e d  i n  t h e  
p r e p a r a t i o n  and i n s t a l l a t i o n  of a JT3C-7 f u e l  c o n t r o l  on t h e  JT3C-6 engine.  
The JT3C-7 f u e l  c o n t r o l  was i nspec ted ,  r e p a i r e d  and m o d i f i e d  w i t h  a down 
change a c c e l e r a t i o n  cam i n  o r d e r  to  make t h e  c o n t r o l  compat ib le  w i t h  t h e  
JT3C-6 t e s t  engine.  I n s t a l l a t i o n  o f  t h e  cam and checkout was accompl ished by 
Hami l ton Standard. A mockup of t h e  JT3C-7 c o n t r o l  and seve ra l  s p e c i a l  f i t t i n g s  
were prov ided to  a s s i s t  i n  plumbing t h e  mod i f i ed  JT3C-7 f u e l  c o n t r o l  to t h e  
JT3C-6 engine. The r e s u l t i n g  schedule i s  shown i n  F i g u r e  12 w i t h  t h e  B i l l - o f -  
M a t e r i a l  JT3C-6 and JT3C-7 schedules.  

I 

CONTROL SPEED - Nc, RPM x lo-’  

F i g u r e  12 Fuel C o n t r o l  A c c e l e r a t i o n  Schedules 
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LABORATORY FLOW CHARACTERIZATION EQUIPMENT 

Under NASA/FAA sponsorship,  P r a t t  & Whitney i n v e s t i g a t e d  t h e  e x t e n t  o f  AMK 
pre-shear ing or degrada t ion  r e q u i r e d  t o  enable s a t i s f a c t o r y  o p e r a t i o n  o f  t h e  
engine components a t  v a r i o u s  f u e l  temperatures.  Fuel  c h a r a c t e r i z a t i o n  t e s t s ,  
developed by P r a t t  & Whitney and o t h e r  i n v e s t i g a t o r s ,  were used to  determine a 
c o r r e l a t i o n  w i t h  the  performance r e q u i r e d  o f  t h e  f i l t e r s ,  f u e l  nozz les  and 
combustor o f  t h e  JT3C-7 engine for t h e  C I D  m iss ion .  Because t h e  a n t i m i s t i n g  
a d d i t i v e  increases t h e  e f f e c t i v e  v i s c o s i t y  o f  t h e  blended AMK f u e l ,  techniques 
t h a t  measured v i s c o s i t y  and f i l t e r a b i l i t y  were used t o  q u a n t i f y  t h e  e x t e n t  t o  
which AMK was degraded f rom i t s  i n i t i a l  o r i g i n  o r  unsheared s t a t e .  For low 
l e v e l s  o f  polymer deg rada t ion ,  t h e  degrada t ion  l e v e l  was eva lua ted  by a f i l t e r  
r a t i o  ob ta ined  from a s i n g l e  f low f i l t r a t i o n  t e s t .  T h i s  t e s t  i s  a r a t i o  o f  t h e  
t i m e s  r e q u i r e d  f o r  a known q u a n t i t y  of t e s t  f u e l  and t h e  same q u a n t i t y  o f  Je t  
A f u e l  t o  f l o w  through a s p e c i f i e d  f i l t e r  (17 m ic ron  screen) ( s e e  Appendix 6-1 
f o r  a d e t a i l e d  procedure) .  

I n  an e a r l i e r  program ( R e f .  1 > ,  AMK was degraded by i n c r e a s i n g  number o f  
passes through a JT8D f u e l  pump. The s e n s i t i v i t y  o f  f i l t e r  r a t i o  t o  t h e  number 
o f  passes through t h e  pump i s  shown i n  F i g u r e  13. Th is  p l o t  and subsequent 
t e s t s  showed t h a t  a l t hough  f i l t e r  r a t i o  i s  an adequate measurement techn ique  
fo r  degradat ion l e v e l s  e q u i v a l e n t  t o  f i l t e r  r a t i o s  down t o  approx ima te l y  two, 
i t  d i d  n o t  p r o v i d e  s u f f i c i e n t  r e s o l u t i o n  t o  d e s c r i b e  l e v e l s  below t h a t  p o i n t .  
F i l t e r a b i l i t y ,  f u e l  spray q u a l i t y ,  and combustion t e s t s  recorded i n  Ref .  1 
i n d i c a t e d  t h a t  t h e r e  w e r e  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 h e  way AMK degraded 
between the 3 and 16 passes performed a l though  f i l t e r  r a t i o s  showed a lmos t  no 
d i s t i n c t i o n .  I n  f i l t r a t i o n  exper iments,  when AMK v o l u m e t r i c  f low r a t e  p e r  u n i t  
area or v e l o c i t y  i s  p l o t t e d  a g a i n s t  i n c r e a s i n g  d i f f e r e n t i a l  p ressu re  across a 
ve ry  f i n e  f i l t e r ,  t h e r e  i s  a n o t i c e a b l e  i nc rease  i n  f low r e s i s t a n c e  a t  a 
p a r t i c u l a r  v e l o c i t y  as shown i n  F i g u r e  14. The s h i f t  p o i n t  i s  a f u n c t i o n  o f  
f u e l  t y p e  o r  l e v e l  o f  AMK degrada t ion  and has been l a b e l e d  t r a n s i t i o n  v e l o c i  
(V, ) .  I t  has been hypothes ized t h a t  these s h i f t s  or  t r a n s i t i o n  v e l o c i t i e s  
a re  analogous t o  t r a n s i t i o n  from lamina r  t o  t u r b u l e n t  f low w i t h i n  t h e  f i l t e r  
P r a t t  & Whitney has found t h i s  measurement technique t o  be a v a l u a b l e  and 
r e p r o d u c i b l e  means o f  c a t e g o r i z i n g  h i g h l y  degraded AMK f u e l s .  A d e t a i l e d  
l a b o r a t o r y  procedure f o r  measur ing t r a n s i t i o n  v e l o c i t y  i s  i n c l u d e d  i n  Append 
6-2. 

The l e v e l s  o f  AMK degrada t ion  recommended by P r a t t  & Whitney t o  s a t i s f y  t h e  
f i l t e r a b i l i t y  and combustor performance r e q u i r e d  for  t h e  C I D  program w i l l  be 
assessed i n  t h e  n e x t  s e c t i o n  of t h i s  r e p o r t .  

RESULTS AND DISCUSSION 

FUEL SYSTEM AND ENGINE OPERABILITY 

P r a t t  & Whitney a s s i s t e d  NASA i n  d e t e r m i n i n g  t h e  s a f e t y  and m i s s i o n  s u i t -  
a b i l i t y  o f  t he  m o d i f i e d  f u e l  s y s t e m  f o r  t h e  proposed engine t e s t s  and 
subsequent f l i g h t s .  Th is  s tudy rev iewed and analyzed i n f o r m a t i o n  and t e s t  d a t a  
r e c e i v e d  from NASA/FAA r e g a r d i n g  t h e  degrader system, h e a t  exchangers, engine 
f u e l  system and subsequent e f f e c t s  t o  engine o i l  and f u e l  as they  p e r t a i n e d  t o  
o p e r a b i l i t y .  Recommended l i m i t s  fo r  f u e l  deg rada t ion  and engine c o n d i t i o n  ( 5 )  
were determined and presented t o  NASA/FAA. 
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The f i  1 t e r a b i  1 i t y  c h a r a c t e r i s t i c s  of a l l  the f u e l  system components were 
surveyed t o  assess c l o g g i n g  for subsequent engine t e s t s .  A summary o f  t h e  
JT3C-7 b i l l - o f - m a t e r i a l  f u e l  system f i l t e r s  and screens i s  t a b u l a t e d  i n  Table 
11. These f i l t e r s  were i n c l u d e d  i n  t h e  assessment excep t  for  t h e  f u e l  pump 
i n t e r s t a g e  which was r e p l a c e d  by a GE 5-79 metal f i l t e r  o f  s m a l l e r  a r e a  b u t  
s l i g h t l y  coarser  mesh s i z e  (44  m ic rons ) .  Based on known f i l t e r  c h a r a c t e r i s t i c s  
(area,  mesh s i z e ,  f u e l  flow requi rements)  and t h e  f i l t e r a b i l i t y  exper iments 
performed under NASA c o n t r a c t  NAS3-22045 and documented i n  R e f .  1, t h e  
pressure and dump (P&D) ,  and f u e l  c o n t r o l  servo f i l t e r s  were judged t o  be most 
s u s c e p t i b l e  t o  c l o g g i n g .  The c l o g g i n g  phenomena due t o  g e l  f o r m a t i o n  was found 
t o  be a f u n c t i o n  o f  i nc reased  f u e l  flow or v e l o c i t y ,  decreased f u e l  temperature 
and cumu la t i ve  t i m e  (Ref. 1 ) .  Therefore,  i t  was p r o j e c t e d  t h a t  f o r  s h o r t  
d u r a t i o n s ,  low a l t i t u d e  f l i g h t s  and environmental  c o n d i t i o n s  f o r  t h e  C I D  
program, AMK degraded t o  f i l t e r  r a t i o s  o f  approx ima te l y  1.2 or t r a n s i t i o n  
v e l o c i t i e s  a t  l e a s t  2-3 cm/sec., would prec lude c l o g g i n g  i n  t h e  engine f u e l  
system. Based on f u e l  n o z z l e  spray q u a l i t y  and subsequent combust ion t e s t s  
(Ref .  1 > ,  t h i s  l e v e l  o f  deg rada t ion  was judged t o  be accep tab le  for  engine 
combustor requi rements as w e l l .  I n  a d d i t i o n ,  t h e  engine two stage gear pump 
cou ld  p r o v i d e  f u r t h e r  deg rada t ion  margin t o  t h e  AMK f u e l  d e l i v e r e d  from t h e  
degrader system. I n  t h e  event  t h a t  s i g n i f i c a n t  c l o g g i n g  o f  t h e  se rvo  f i l t e r  
takes p l a c e ,  t h e  f u e l  c o n t r o l  cou ld  beg in  t o  r e a c t  s l u g g i s h l y ,  e s p e c i a l l y  a t  
low power. Complete b l o c k i n g  o f  the  servo f i l t e r  would cause loss o f  se rvo  
p ressu re  w i t h  subsequent f u e l  flow r e d u c t i o n  t o  a minimum s e t t i n g .  The minimum 
flow l e v e l  for t h e  JT3C-7 engine i s  640 pph which i s  below i d l e .  Removal o f  
t h e  se rvo  f i l t e r  was n o t  p r a c t i c a l  because contaminants c o u l d  a f f e c t  t h e  
v a r i o u s  servos r e s u l t i n g  i n  u n p r e d i c t a b l e  me te r ing  and gove rn ing  e f f e c t s .  For 
reasons o f  s a f e t y ,  i t  was s t r o n g l y  recommended t h a t  f i l t e r s l s c r e e n s  w i t h o u t  
p r o v i s i o n s  for  automat ic  bypass, ( f u e l  c o n t r o l  se rvo  and f u e l  n o z z l e s )  be 
mon i to red  on a l l  f o u r  engines for pressure r i s e .  I t  was a l s o  recommended t h a t  
a p p r o p r i a t e  f u e l  samples be analyzed f o r  degradat ion l e v e l  by f i l t e r  r a t i o  and 
t r a n s i t i o n  v e l o c i t y  t e s t s .  

I n f o r m a t i o n  was submi t ted  to  NASA Ames-Dryden F l i g h t  Research F a c i l i t y  i n  the  
areas o f  engine and component o p e r a b i l i t y  and d u r a b i l i t y ,  a i r  b leed ,  plumbing, 
i n s t r u m e n t a t i o n ,  e t c .  T h i s  s e c t i o n  summarizes o n l y  t h e  more c r i t i c a l  areas 
t h a t  r e q u i r e d  s i g n i f i c a n t  s tudy or a n a l y s i s .  One o f  t h e  f i r s t  areas o f  
i n v e s t i g a t i o n  concerned t h e  a v a i l a b i l i t y  and e f f e c t s  o f  engine b l e e d  a i r  
r e q u i r e d  t o  d r i v e  t h e  a i r  t u r b i n e  motor d r i v e  f o r  t h e  degrader.  A i r  b l e e d  
f l o w s  and p ressu re  l e v e l s  p r e d i c t e d  for degrader o p e r a t i o n  (G.E. computer 
model) were compared t o  those a v a i l a b l e  from t h e  JT3C-7 engine.  Table I11 
shows t h e  r e s u l t s  o f  t h i s  comparison which i n d i c a t e s  t h a t  t h e  a i r  b l e e d  
requi rements were o n l y  s l i g h t l y  h i g h e r  than those a v a i l a b l e  from a t y p i c a l  
i n - s e r v i c e  JT3C-7 engine.  

I n  r e g a r d  t o  t h e  p o s s i b i l i t y  o f  l o c k i n g  engine b leed  open or c losed ,  i t  was 
conveyed t h a t  t h i s  c o u l d  be d e t r i m e n t a l  t o  engine t r a n s i e n t  o p e r a t i o n .  I n  
p a r t i c u l a r ,  t h e  JT3C-7 engine t h r u s t  l o s s  when t h e  au tomat i c  surge b leeds a re  
opened on a low power approach c o n d i t i o n  a t  3000 f e e t  and 150 k n o t s  t r u e  a i r  
speed was es t ima ted  t o  be approx ima te l y  327 pounds or 10%. 
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TABLE I11 

AND TEMPERATURES VS. PREDICTED QUANTITIES 
AVAILABLE JT3C-7 BLEED FLOWS, PRESSURES 

PREDICTED - G.E.  MODEL 
CASE (1 )  CASE ( 2 )  

( i d l e )  (max) 
6 3% 98% 

( T a m b  ( O R )  550 565 565 550 

(Bleed Pressure 

((Bleed Temp ( O R )  ) 725 725 1181 1181 

) 44.9 44.9 174.9 174.9 
0 

(7;;;; Flow) 1 .o 1 .o 1.9 1.9 

(Bleed Ratio) 0.027 0.027 0.012* 0.012* 

p s i a )  

A v a i l a b l e  HPC Bleed Pressures and Temperatures (from JT3C-7 engine a t  t h e  
above bleed flows) 

PTX 30.5 30.5 168.3 171.9 
a t  Bleed Port 

Bleed Temp. a t  ) 737 737 1243 1228 
Bleed Port ( O R )  

TTX 

* = S l i g h t l y  exceeds JT3C-7 s p e c i f i c a t i o n  l i m i t  o f  0.012 f o r  HPC b l e e d  a i r  
f o r  maximum cont inuous to t a k e o f f  power 

Several  recommendations were made by P r a t t  & Whitney r e l a t i n g  t o  fue l  
pressure,  f u e l  temperature and o i l  temperature l i m i t s  for  t h e  JT3C-7 engine.  
Dur ing  engine opera t i ons ,  f u e l  pressure a t  t he  engine f u e l  pump i n l e t  should 
be mainta ined a t  n o t  l e s s  than 7.5 p s i  above the  t r u e  vapor p ressu re  of  t h e  
f u e l  to  prevent  vapor l o c k  and/or pump c a v i t a t i o n  from o c c u r r i n g  a t  e l e v a t e d  
f u e l  temperatures. Fuel pressure should be k e p t  below 55 p s i g  d u r i n g  engine 
o p e r a t i o n  and should n o t  be a l l owed  t o  exceed 85 p s i g  a f t e r  shutdown when t h e  
f u e l  pressure may inc rease  due t o  thermal expansion o f  t h e  f u e l .  The engine 
f u e l  system can.tolerate s h o r t  d u r a t i o n  ( m i l l i s e c o n d s )  p ressu re  excu rs ions  or 
sp ikes o f  100 p s i  above the  pump i n l e t  p ressu re .  The l i m i t i n g  a rea  i s  a 
s e c t i o n  of t h e  f u e l  c o n t r o l  which sees pump i n l e t  p ressu re  and i s  capable o f  
sus ta ined  o p e r a t i o n  o n l y  up t o  115 p s i a .  
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Fuel temperature l i m i t s  were e s t a b l i s h e d  w i t h  t h e  assumption t h a t  l o n g  
descents from h i g h  a l t i t u d e s  were beyond the s lope  o f  t h e  f l i g h t  t e s t s  p lanned 
so t h a t  ex t reme ly  h i g h  temperature r i s e s  through t h e  f u e l  pumps c o u l d  be 
avoided. I t  was recommended t h a t  pump i n l e t  temperature be l i m i t e d  t o  160°F 
w i t h  ove rshoo ts  t o  170°F for s h o r t  pe r iods  o f  t i m e  o n l y .  Th i s  l i m i t  was s e t  
because o f  t h e  unknown c o n d i t i o n  of t h e  low temperature e lastomer s e a l s  t h a t  
were p r e s e n t  i n  t h e  engine fue l  pumps and f u e l  c o n t r o l .  P r a t t  & Whitney 
recommends mai n t a i  n i  ng engine o i  1 i n l e t  temperatures between 176 and 21 2°F for  
extended s e r v i c e  l i f e .  However, o i l  temperatures were p e r m i s s i b l e  to  270°F 
w i t h  ove rshoo ts  t o  290°F for 10 minutes f o r  b o t h  ground and i n - f l i g h t  
o p e r a t i o n s .  

FUEL CHARACTERIZATION TESTS AND ANALYSES 

The purpose of t h e  l a b o r a t o r y  fue l  c h a r a c t e r i z a t i o n  t e s t s  was t o  v e r i f y  AMK 
f u e l  b lended for t h e  C I D  program r e a c t e d  i n  t h e  same manner as t h e  p r e v i o u s l y  
eva lua ted  AMK (Ref. 1)  for f i l t e r a b i l i t y  and combustor performance, and t o  
assess t h e  d e g r a d a t i o n  l e v e l  achieved by the degrader system fo r  subsequent 
engine t e s t s .  Two s e t s  of f i l t e r  r a t i o  and t r a n s i t i o n  v e l o c i t y  measur ing 
equipment were f a b r i c a t e d  by P r a t t  & Whitney for  NASA Ames-Dryden F l i g h t  
Research F a c i l i t y  and t h e  FAA Technica l  Center.  A l i s t  o f  t h e  equipment 
compr i s ing  each o f  t h e  flow measuring devices i s  p r o v i d e d  i n  Table C-1 o f  
Appendix C. 

Degraded AMK was o b t a i n e d  from t h e  FAA f o r  use i n  c a l i b r a t i n g  t h e  newly 
f a b r i c a t e d  equipment a g a i n s t  equipment used i n  e a r l i e r  programs a t  P r a t t  & 
Whitney. The f u e l  was f u r t h e r  degraded using a G a u l i n  D ispe rse r  or homogenizer 
f o r  one pass a t  8000 p s i  (NASA CR -168081) b e f o r e  comparat ive exper iments were 
conducted. R e s u l t s  o f  t h e  c a l i b r a t i o n s  i n d i c a t e d  good agreement between t h e  
equipment for  t h e  h i g h l y  degraded AMK tested.  Table I V  i s  a t a b u l a t i o n  o f  t h e  
d a t a  reco rded  and subsequent c a l i b r a t e d  f i l t e r  r a t i o s .  The t r a n s i t i o n  
v e l o c i t i e s  fo r  t h e  t h r e e  u n i t s  o b t a i n e d  from the  p l o t s  shown i n  F i g u r e s  15, 16 
and 17 a r e  shown i n  Table V. 

Table I V  
FILTER RATIOS 

- U n i t  Jet  A T i m e  AMK Time F i  1 t e r  R a t i o  

#1 ( P r a t t  & Whitney) 5.33 sec 5.86 1 . 1  

#2 (NASA Ames-Dryden) 5.41 sec 5.93 1 . 1  

#3 (FAA Tech Center)  5.13 sec 5.68 1 . 1  
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TABLE V 
T R A N S I T I O N  VELOCITY 

T r a n s i t i o n  V e l o c i t y  

#1 ( P r a t t  & Whitney) 10.5 cm/sec 

#2 (NASA Ames-Dryden) 10.7 cm/sec 

#3 (FAA Tech Cen te r )  10.5 cm/sec 

The f i l t e r  r a t i o  and t r a n s i t i o n  v e l o c i t y  measurement equipment were d e l i v e r e d ,  
s e t  up and demonstrated for b o t h  NASA Ames-Dryden F l i g h t  Research F a c i l i t y  and 
FAA Technica l  Center personnel  for  t h e i r  subsequent use o n - s i t e .  

A sample o f  AMK f u e l ,  t y p i c a l  of t h a t  used i n  t h e  C I D  t e s t ,  was t e s t e d  t o  
e s t a b l i s h  t h e  f low c h a r a c t e r i s t i c s  and f i l t r a t i o n  p r o p e r t i e s  as a f u n c t i o n  o f  
degrada t ion  l e v e l  and t o  compare the  f i l t e r a b i l i t y  c h a r a c t e r i s t i c s  o f  t h e  
r e c e n t l y  blended f u e l  w i t h  f u e l  t e s t e d  d u r i n g  e a r l i e r  NASA/P&W programs. Two 
batches o f  f u e l  were t e s t e d  as a r e s u l t  of  abnorma l l y  h i g h  f i l t e r  r a t i o s  found  
i n  t h e  f i r s t  ba tch  o f  AMK f u e l .  I n i t i a l  t e s t i n g  o f  t h e  f u e l  t o  determine i t s  
f i l t e r  r a t i o  showed u n u s u a l l y  h i g h  l e v e l s  o f  f i l t e r  r a t i o  (ove r  500). A 
p o r t i o n  o f  t h i s  f u e l  was degraded t o  a t r a n s i t i o n  v e l o c i t y  o f  4.5 and then  
subjected t o  f i l t e r a b i l i t y  t e s t i n g .  Immediate f i l t e r  c l o g g i n g  occu r red ,  even 
a t  t h e  l owes t  f low r a t e s .  The u n u s u a l l y  high f i l t e r  r a t i o s  o b t a i n e d  p r i o r  t o  
t h e  f i l t e r a b i l i t y  t e s t i n g  was a s c r i b e d  t o  con tamina t ion  from a sample b e i n g  
drawn f rom t h e  bot tom o f  a s to raqe  tank .  E v a l u a t i o n  of t h e  i n i t i a l  b a t c h  o f  
AMK f u e l  was d i s c o n t i n u e d  and a 
e v a l u a t i o n  o f  t h e  AMK f u e l .  The 
I m p e r i a l  Chemical I n d u s t r i e s  (I 

A second b a t c h  o f  AMK f u e l  samp 
considered t o  be a normal l e v e l  
d i v i d e d  i n t o  two p o r t i o n s  which 
l e v e l s  o f  2 . 0  and 2.7 cm/sec. F 
t h e  pressure drop across a 16 m 

i e w  f u e l  sample was requested to  c o n t i n u e  t h e  
remainder o f  t h e  contaminated f u e l  was s e n t  t o  
1) fo r  a n a l y s i s .  

e recorded f i l t e r  r a t i o s  o f  57 which i s  
f o r  unsheared or v i r g i n  AMK. The sample was 
were degraded t o  t r a n s i t i o n  v e l o c i t y  ( V T )  
l t e r a b i l i t y  t e s t s  were conducted t o  measure 
c ron  s t a i n l e s s  s t e e l  screen as a f u n c t i o n  o f  .~ ~ 

AMK f u e l  flow a t  ambient temperature ( R e f .  1 ) .  The f i l t e r  t e s t  i s  d e s c r i b e d  i n  
NASA CR-168081. Table V I  p resen ts  t h e  r e s u l t s  o f  t h e  f i l t e r a b i l i t y  t e s t i n g  
conducted on t h e  AMK f u e l  d u r i n g  t h i s  program. Table V I 1  p resen ts  t h e  d a t a  
recorded under c o n t r a c t  NAS3-22045. I n  the t a b l e s ,  f i l t e r  c l o g g i n g  i s  
i n d i c a t e d  for  those v e l o c i t y  e n t r i e s  where t h e  p ressu re  drop i s  shown as a 
range, r a t h e r  than as a s i n g l e  va lue.  

Resu l t s  o f  t h e  f i l t e r a b i l i t y  t e s t i n g  conducted on t h e  second ba tch  o f  AMK f u e l  
i n d i c a t e d  t h a t  t h e  c l o g g i n g  c h a r a c t e r i s t i c s  o f  t h e  o n - l i n e  blended AMK made 
f o r  t he  C I D  program a r e  v e r y  s i m i l a r  to  t h e  b a t c h  blended f u e l  under NASA 
c o n t r a c t  NAS3-22045. This  t e s t i n g  e s t a b l i s h e d  t h e  c r i t e r i a  f o r  f i l t e r a b i l i t y  
and combustor requi rements d u r i n g  t h e  C I D  program. Fuel samples taken  
downstream o f  a degrader, w h i l e  t h e  engine opera ted  a t  i d l e ,  r e s u l t e d  i n  
t r a n s i t i o n  v e l o c i t y  l e v e l s  o f  2.9 and 3.2 cm/sec which was considered 
s a t i s f a c t o r y  for  t h e  planned m iss ions  o f  the 8-720 a i r c r a f t .  
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V T  = 2.0 

c logg ing  

V T  = 2 .1  

c logg i  ng 

TABLE V I  
FILTERABILITY TEST ( 1  6 /J m ABSOLUTE SCREEN) 1984 

AP 
psi 

0.20 
0 .40  
0 .60  
0.80 
0.90 

1.30-1.40 
1.60-1.80 
2.10-2.30 
3.00-3.40 
4.00-4.40 
5.80-9.40 

0.10 
0 .30  
0.50 
0.80 
1.10 

1.20-1.30 
1 .50-1.60 
1.90-1.20 
2.10-2.60 
3.60-4.60 

Flow Rate 
c c l s e c l  

1 . o  
2.0 
2.7 
3.6 
4 .1  

5 .4  
6.0 
6 .5  
8 .0  
8.8 

10.4 

1 .o 
2.0 
2.8 
4.0 
5.6 

6 .1  
1.7 
9.0 

10.0 
13.4 

S u p e r f i c i a l  ( ’  ) 
V e l o c i t y ,  cmlsec 

3.1 
6.3 
8.4 

11.3 
12.8 

16.9 
18.8 
20.3 
25.0 
21.5 
32.5 

3.5 
6.3 
8.8 

12.5 
11.5 

19.1 
24.1 
28.1 
31.3 
41.9 

True V e l o c i t y  ( ’ )  

cmlsec. 

141 
210 
241 
290 
312 

367 
392 
406 
463 
49 1 
551 

141 
210 
251 
31 3 
380 

398 
455 
502 
331 
665 

............................................................................. 
( I )  S u p e r f i c i a l  v e l o c i t y  i s  based on p i p e  c ross -sec t i ona l  a rea  i n  which t h e  

( ’ )  True v e l o c i t y  i s  based on flow c o e f f i c i e n t  co r rec ted  f l o w  area from a 
f i l t e r  i s  p laced.  

J e t  A c a l i b r a t i o n  for t h e  f i l t e r  be ing  tes ted .  

TABLE V I 1  
1981 FILTERABILITY TEST ( 1 6 p m  ABSOLUTE SCREEN) 1981 

TEST #45 

AP Flow Rate S u D e r f i c l a l  ( I ’  True V e l o c i t v  ( ’ )  

psi c c l s e c l  

V T  = 1.9 0.30 1.6 
0.52 2 . 1  
0.69 3.0 

c logg ing  0.94-1.10 3.8 
1.21-1.49 4.1 
2.43-3.80 5.8 

v e i o c i  ty, cmlsec 

5.0 
8.4 
9.4 

11.9 
12.8 
18.1 

Tes t  #34 

cmlsec 

179 
290 
303 

3 50 
366 
44 1 

V T  = 2.5 0.65 
1.03 

c logg ing  1.28-1.61 
1.62-2.48 
2.9-3.1 
4.2-5.5 
6.9-9.9 
12.2-15.6 
1 5.6-1 8.2 

3.5 
5.3 
4.2 
8.2 
9.4 

11.1 
13.6 
16.4 
18.0 

10.9 
16.6 
19.4 
25.6 
29.4 
34 .1  
42.5 
51.3 
56.3 

32 1 
41 5 
451 
533 
516 
643 
120 
802 
853 ............................................................................. 

S u p e r f i c i a l  v e l o c i t y  i s  based on p i p e  c ross -sec t i ona l  a rea  i n  wh ich  t h e  

( * )  True v e l o c i t y  i s  based on f low c o e f f i c i e n t  c o r r e c t e d  f low area from a 

( I  ) 

f i l t e r  i s  p laced.  

J e t  A c a l i b r a t i o n  for  t h e  f i l t e r  b e i n g  tes ted .  
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ENGINE PERFORMANCE 

The B-720/JT3C-7 s i m u l a t i o n  for t h e  C I D  f l i g h t  p l a n  s u p p l i e d  by  NASA 
Ames-Dryden F l i g h t  Research F a c i l i t y  was reviewed and assessed t o  be 
s a t i s f a c t o r y  from an engine operab i  1 i t y  s tandpo in t .  Engine s imu la ted  p a r t  
power and t a k e o f f  power parameters were  compared w i t h  s i m i l a r  power c o n d i t i o n  
d a t a  from in-house and FAA Tech Center generated ground t e s t  d a t a  and t h e  
agreement was good. I t  was noted t h a t  there was some engine o p e r a t i o n  i n  t h e  
compressor "b leeds open'' power r e g i o n  du r ing  a i r c r a f t  approach. 

F igu re  18 shows t y p i c a l  JT3C-7 engine performance d a t a  used as a b a s e l i n e  
r e f e r e n c e  taken f o r  s tandard day a t  sea l e v e l  s t a t i c  c o n d i t i o n s .  I n  F i g u r e  18, 
N, r ep resen ts  t h e  low rotor speed, and N 2  the h i g h  rotor speed, i n  RPM, 
c o r r e c t e d  t o  sea l e v e l  s t a t i c  s tandard day c o n d i t i o n s  as a f u n c t i o n  of  eng ine  
pressure r a t i o ,  P T 7 / P T Z .  F i g u r e  18 presents t h e  engine exhaust  gas 
temperature i n  degrees Rankine, and W F  rep resen ts  engine f u e l  f low, i n  
l b s / h r ,  w i t h  bo th  parameters c o r r e c t e d  t o  sea l e v e l  s t a t i c  s tandard  day 
c o n d i t i o n s .  

h 
pc SLTO - 97% N2 

EPR I 2.672 
N2 - 9670 

12,000- 

1o.ooO - 
a 
I, 
9 8000- 

2 

5 

v) 

B 
I- 

a a 
0 ImJO- 
V 

4000 - 

SLTO - 104.8% N1 

IDLE - 2350 
4000 A 1 I 1 1 

1 .o 1.5 2.0 2.5 3.c 

Y ENGINE PRESSURE RATIO, PT~/PT: 

F i g u r e  18 T y p i c a l  JT3C-7 Eng 

W ENGINE PRESSURE RATIO, PT7/PT2 

ne Performance (Standard Day Sea Level  S t a t i c )  
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The s i g n i f i c a n c e  o f  t h e  engine f u e l  flow, exhaust gas temperature,  and t h e  
ro tor  speeds i s  t h a t  these parameters d e f i n e  t h e  performance c h a r a c t e r i s t i c s  
o f  t h e  engine and a re  thus an i n d i c a t i o n  o f  engine " h e a l t h " .  For example, i f  
t h e  f u e l  flow and exhaust gas temperatures a re  h i g h e r  than normal a t  a g i v e n  
engine pressure r a t i o ,  i t  i n d i c a t e s  a loss i n  engine e f f i c i e n c y .  The behav io r  
o f  t h e  low and h i g h  p ressu re  compressor ro tor  speeds, N, and N Z ,  p r o v i d e s  
an i n d i c a t i o n  whether the  l o s s  o f  e f f i c i e n c y  i s  i n  t h e  low or i n  t h e  h i g h  
spoo l .  

The expected range o f  va lues above and below t h e  average o f  each o f  the  f o u r  
performance parameters for  a new p r o d u c t i o n  JT3C-7 engine has been es t ima ted  
t o  be as f o l l o w s  a t  a g i v e n  engine p ressu re  r a t i o :  

Low Rotor  Speed, N ,  - + 1.2% 

High Rotor Speed, N 2  - + 1.2% 

Exhaust Gas Temperature - + 30"R 

Fuel Flow, W F  - + 2.5% 

I t  ho I d  be noted t h a t  t h e  above v a r i a t i o n s  r e l a t i v e  t o  an average p r o d u c t i o n  
engine are f o r  an u n i n s t a l l e d  engine and do not r e f l e c t  a i r f r a m e  i n s t a l l a t i o n  
e f f e c t s ,  power e x t r a c t i o n ,  engine system a i r  b leed,  and engine d e t e r i o r a t i o n .  

The f o l l o w i n g  d i s c u s s i o n  covers t h r e e  groups o f  performance r e s u l t s :  
obse rva t i ons  f o r  ground engine t e s t s  a t  t he  FAA Technical  Center,  f l i g h t  t e s t  
made on September 18, 1984 w i t h  b o t h  Je t  A and AMK, and C I D  o f  December 1, 
1984 w i t h  AMK only. 

FAA Technical  Center T e s t s  

I n  o r d e r  t o  eva lua te  t h e  engine performance t h a t  c o u l d  occur  if t h e  fue l  
degrader shut  down d u r i n g  f l i g h t ,  a JT3C-6 engine t e s t  was conducted w i t h  J e t  
A and undegraded AMK f u e l s  a t  t h e  FAA Technica l  Center .  D u r i n g  t h e  t e s t ,  f u e l  
was supp l i ed  from a tank  u s i n g  s tandard 6-707 boost  pumps. A s  p r e v i o u s l y  
descr ibed, t he  JT3C-6 f u e l  c o n t r o l  was m o d i f i e d  to  i n c o r p o r a t e  f i l t r a t i o n  
f e a t u r e s  more  i n  l i n e  w i t h  t h e  JFC25-10 C-7 c o n t r o l  used i n  t h e  JT3C-7 engines 
i n  t h e  C I D  a i r c r a f t .  The engine appeared to  p e r f o r m  s u r p r i s i n g l y  w e l l  on AMK 
t h a t  was o n l y  s l i g h t l y  degraded (F.R.=30) by the  6-707 boost  pumps. Steady 
s t a t e  performance a t  EPRS o f  1.5 t o  2.5 and t r a n s i e n t  response c a l i b r a t i o n s ,  
w h i l e  burn ing AMK, i n d i c a t e d  no s i g n i f i c a n t  d i f f e r e n c e s  from b a s e l i n e  t e s t s  
conducted w i t h  Jet A f u e l .  The o n l y  o p e r a t i o n a l  abnorma l i t y  noted was t h e  
immediate pressure r i s e  i nc rease  across the  inst rumented f u e l  f i l t e r l s c r e e n s  
up t o  a steady, l i m i t e d  va lue ( 5 )  as t h e  f u e l  was switched from J e t  A to  
undegraded AMK. 

A second t e s t  was performed w i t h  the  JT3C-6 engine u s i n g  a JT3C-7 f u e l  c o n t r o l  
s i m i l a r  t o  t h a t  used on the  C I D  a i r c r a f t  to  e v a l u a t e  t h e  o p e r a b i l i t y  of t h e  
JT3C-7 c o n t r o l s  on t h e  the  6-720 t e s t  a i r p l a n e  when o p e r a t i n g  on undegraded 
AMK f u e l .  NASA Ames-Dryden F l i g h t  Research F a c i l i t y  r e p o r t e d  t h e  engine 
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opera ted  s a t i s f a c t o r i l y  for  41 minutes on undegraded AMK f u e l .  Pos t  t e s t  
i n s p e c t i o n  o f  t h e  f u e l  c o n t r o l  se rvo  f i l t e r  revea led  s i g n i f i c a n t  amounts o f  
so f t  ge l  on t h e  downstream s ide  o f  t h e  screen. F i l t e r  r a t i o  measurements o f  
t h e  f u e l  i n d i c a t e d  l e v e l s  o f  40 from t h e  f u e l  t ank  and 1 1  from l o c a t i o n s  
downstream of the  boos t  pumps. 

F l i g h t  Tests  

F l i g h t  t e s t  d a t a  was analyzed from t h e  6-720 a i r c r a f t  o p e r a t i n g  a l t e r n a t i v e l y  
w i t h  J e t  A and AMK d u r i n g  f l i g h t  9 on September 18,1984. F i g u r e  19 shows J e t  A 
and degraded AMK t e s t  p o i n t s  p l o t t e d  w i t h  a t y p i c a l  b a s e l i n e  JT3C-7 engine 
performance curve f o r  a s tandard day a t  sea l e v e l  s t a t i c  c o n d i t i o n s .  The 
performance o f  t h e  f o u r  f l i g h t  t e s t  p o i n t s  i n  terms of  N t  speed, f u e l  flow 
( W F ) ,  and exhaust gas temperature (E .G.T . )  i s  h i g h e r  then t h e  t y p i c a l  JT3C-7 
sea l e v e l  s t a t i c  (S.L.S.) performance. This d i f f e r e n c e  was expected because: 
1 )  t h e  f l i g h t  t e s t  d a t a  a re  a t  approx imate ly  0.3 Mn r a t h e r  than  a t  S . L . S . ,  2) 
t h e  f l i g h t  engines had undoubtedly d e t e r i o r a t e d  due t o  age and h igh-engine 
t imes and 3) t h e  f l i g h t  engines c o u l d  d i f f e r  due t o  i n s t a l l e d  e f f e c t s  ( a i r  
b leed,  power e x t r a c t i o n  e t c . ) .  However, the s lope o f  t h e  f l i g h t  t e s t  d a t a  
agrees c l o s e l y  w i t h  t h e  t y p i c a l  engine slope and t h e r e  i s  e s s e n t i a l l y  no 
d i f f e r e n c e  i n  performance between AMK and Jet  A f u e l .  

12,000 

10,000 

a 
I, 
5 8000 

2 

5 

2. 

8 6000- 
u 

4000 

2000 
0 

4 160:- 

M 
a 
u ; 1400- 
3 
Q: 
5 
2 1200- 

v) 

c1 
L 

1.5 2.0 2.5 3.0 

ENGINE PRESSURE RATIO, PT,/PT, 

1 .o 

- 
- 

- 

- 

- 

FLIGHT TEST DATA 9~18-84  

0 JET A MN=.3 

A AMK MNZ.3 

5 , 0 0 0 ~  2.5 3.0 
I 1 0  1 5  2.0 

ENGINE PRESSURE RATIO. PT,IP~, 5 

F i g u r e  19 F l i g h t  T e s t  Data Compared t o  Base l i ne  Performance 
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C I D  T e s t  

Data taken from t h e  8-720 t e s t  a 
t h e  C I D  t e s t  on December 1, 1984 
b e f o r e  qround impact .  Three d a t a  

r c r a f t  o p e r a t i n g  
were analyzed t o  
p o i n t s  rep resen t  

s e l e c t e d  for  each o f  t h e  f o u r  enqines.  The Do in ts  

w i t h  AMK d u r i n g  f l i g h t  15 o f  
e v a l u a t e  engine performance 
ng t h r e e  power l e v e l s  were 
ranged from Mn 0.15 t o  0.25 

a t  a l t i t u d e s  o f  2000 to  4500 f e e t .  The lowest power p o i n t  s e l e c t e d  was reco rded  
t h r e e  seconds b e f o r e  ground impact .  The r e s u l t s  a r e  p l o t t e d  i n  F i g u r e  20 and 
were compared t o  t h e  da ta  taken d u r i n g  f l i g h t  9 and t o  a t y p i c a l  u n i n s t a l l e d  
b a s e l i n e  for  a JT3C-7 engine. Th is  comparison showed no s i g n i f i c a n t  d i f f e r e n c e  
i n  engine performance f o r  C I D  f l i g h t s  9 and 15. The f o u r  f l i g h t  engines used 
d u r i n g  the C I D  performed as expected. 

NPICAL JT3C-7 ENGINE 
PERFORMANCE (STANDARD 
DAY SEA LEVEL STATIC) 

10.000 

U 

FLIGHT TEST DATA 9-18-84 

0 JET A M N  I O  3 

A AMK M N =  0 3 
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0 
6000 
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2 0  2 5  3 0  1 5  
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10 

ENGINE PRESSURE RATIO, P T ~ / P T ~  
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Figure 20 F l i g h t  and C I D  T e s t  Data Compared to  B a s e l i n e  Performance 
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CONCLUDING REMARKS 

f u e l  c h a r a c t e r i z a t i o n s  and a rev iew  o f  JT3C-7 eng,ne performance a r e  
documented for  a B-720 t e s t  a i r p l a n e  operated on an a n t i m i s t i n g  kerosene (AMK)  
f u e l .  The f o u r  engines w e r e  m o d i f i e d  by  adding a f u e l  degrading system t o  
improve t h e  f low q u a l i t i e s  of t h e  f u e l  i n  the engine. These e v a l u a t i o n s  w e r e  
made for  a ground t e s t  engine and for t h e  f l i g h t  engines, c u l m i n a t i n g  i n  t h e  
C o n t r o l l e d  Impact  Demonstrat ion ( C I D )  December 1, 1984. The f o l l o w i n g  r e s u l t s  
were o b t a i n e d :  

o Flow c h a r a c t e r i z a t i o n  t e s t s  on degraded AMK f u e l  samples i n d i c a t e d  l e v e l s  
o f  degrada t ion  s a t i s f a c t o r y  for t h e  planned sea l e v e l  engine t e s t s  and 
s h o r t  f l i g h t  t ime, low a l t i t u d e  missions of  t h e  8-720 a i r c r a f t .  

o The o p e r a b i l i t y  and performance of the JT3C-7 engines o p e r a t i n g  on 
degraded AMK were comparable to  r e s u l t s  w i t h  J e t  A f o r  t h e  f l i g h t  
c o n d i t i o n s  assessed d u r i n g  t h i s  program. 

o The performance of t h e  f o u r  f l i g h t  engines d u r i n g  f l i g h t  and t o  ground 
impact was s a t i s f a c t o r y  f o r  t h e  C I D  mission. 
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JT3C-7 ENGINE 
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APPENDIX B-1 

d r a i n  ou t  o f  t h e  tube.  The t ime  r e q u i r e d  for  t h e  meniscus o f  t h e  f u e l  t o  pass 
between the two re fe rence  marks on t h e  tube was recorded.  Th is  procedure was 

PROCEDURE FOR DETERMINING FILTER R A T I O  
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APPENDIX  8-2 

1 .  

2. 

3. 

4. 

5. 

6. 

7. 

PROCEDURE FOR DETERMINING THE T R A N S I T I O N  VELOCITY 
( A  Measure o f  AMK Degradat ion L e v e l ) *  

Assemble t h e  apparatus shown i n  F i g u r e  8-2. The dev ice i s  b a s i c a l l y  a 
m i l l i p o r e  f i l t r a t i o n  apparatus w i t h  a b a l l  v a l v e  added between t h e  vacuum 
f l a s k  and t h e  f i l t e r  suppor t .  I n  a d d i t i o n ,  t h e  f i n e  w i r e  mesh f i l t e r  
support  i s  r ep laced  w i t h  a 16 mesh w i r e  screen. 

Place a 47 mm d iameter ,  8 micron po re  s i z e  Nuclepore f i l t e r  ( ”  on t h e  
support  and c l o s e  t h e  v a l v e  t o  t h e  f l a s k .  

Add 300 m l  o f  the  t e s t  f u e l  t o  t h e  r e s e r v o i r .  Turn t h e  vacuum pump on and 
a d j u s t  t h e  vacuum l e v e l  t o  2 inches mercury w i t h  the  v a l v e  c losed.  

S imul taneously  open t h e  v a l v e  and s t a r t  t h e  t i m e r .  R a p i d l y  make any f i n e  
adjustment necessary t o  keep the  vacuum a t  t h e  d e s i r e d  l e v e l .  Record t h e  
t i m e  to  t h e  neares t  t e n t h  o f  a second fo r  a l l  t h e  f u e l  t o  pass th rough  
t h e  f i l t e r .  

Using t h e  same f i l t e r ,  r e p e a t  s teps 3 and 4 a t  vacuum l e v e l s  o f  
approx imate ly  4, 10, 17.5, and 20 i n  Hg vacuum. 

Prepare a p l o t  o f  f low r a t e  i n  cc/sec-cm2 versus vacuum l e v e l .  P lo t  a 
s t r a i g h t  l i n e  through t h e  f i r s t  t h r e e  p o i n t s  and another  s t r a i g h t  l i n e  
through t h e  t i p  t h r e e  p o i n t s c 2 ’ .  The f low r a t e  where t h e  two l i n e s  
i n t e r s e c t  should be r e p o r t e d  as t h e  t r a n s i t i o n  v e l o c i t y  i n  cc/sec-cm2. 

Replace t h e  f i l t e r  f o r  each a d d i t i o n a l  f u e l  t e s t e d .  

Notes : 

( * >  T h i s  t e s t  i s  n o t  s u i t a b l e  for  f u e l s  w i t h  f i l t e r  r a t i o s  g r e a t e r  t han  
two. For those f u e l s ,  t h e  f i l t e r  r a t i o  i s  an adequate measure of 
degrada t ion .  S o l i d  d e b r i s  i n  t h e  f u e l  w i l l  g i v e  a b iased  r e s u l t .  

(1)  Nuclepore polycarbonate membrane f i l t e r s  manufactured by Nuclepore 
Corpo ra t i on ,  7035 Commerce C i r c l e ,  Pleasanton, Ca. 94566, a r e  
a v a i l a b l e  from most s c i e n t i f i c  supp ly  sources. 

( 2 )  The t r a n s i t i o n  p o i n t  should occu r  a t  a vacuum l e v e l  o f  5 2 i n .  
Hg. J e t  A f u e l  should g i v e  a t r a n s i t i o n  v e l o c i t y  of 9 2 
cc/sec-cm2. 
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F igu re  8-2 T r a n s i t i o n  Ve oci t y  Apparatus 
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TABLE C-I 
TRANSITION VELOCITY AND FILTER RATIO APPARATUS 

1 )  Screen Filter: Custom produced at Pratt & Whitney 
Millipore screen filter was machined out and a circular section of U.S.A 
No. 18 screen secured in place. 

U.S.A Standard Sieve ASTM E-11 
U.S.A No. 18 - Tyler equivalent 16 mesh 
Van Waters and Rogers 
Catalog #57322-186 

2) 2-Liter Vacuum Flask 

3) Gast Vacuum/Pressure Pump 

Gast Mfg. Corp., Benton Harbor, Michigan 
Motor: 1/6 hp 1750 rpm 
Pump: Eccentric rotor type 
115V, 60 hz AC 

Macalaster Bicknell Co., Catalog #35230-000 

4) Vacuum Pump Oil: Gast PIN AD220 SAE 10 

5) Nuclepore Polycarbonate Filter Membrane 

47mm 8.0 micron Stock #111114 Lot #51B8B35 
Nucl epore Corp. 
7035 Commerce Circle 
Pleaston, CA 94566 

6) Millipore Filtration Apparatus 
Top filter holder, Part #4 
Bottom filter holder, part #2 
Pyrex brand glass 
Mi 1 1  ipore Corporation 
Bedford, Mass. 01730 

7) Ball Valve/Pipe Assembly 
A 1/2" ball valve with 1/2" heavy walled pipe is coupled to a copper 
coupling which accepts a #10 cork with the millipore filtration apparatus. 
Filter Ratio Apparatus: Custom produced at Pratt & Whitney 
a) 
b) Cork 
c) Screen 

Glassware - Custom produced at Pratt & Whitney 

304 L stainless steel wire cloth 
165 x 1400 / 0.0028 x 0.0016 
Tetko, Inc. 
525 Monterey Pass Road 
Monterey Park, CA 91754 

d) 0-Rings 
Width 0.070" 
Approx Dia. 1 3/8" 

42 



REFERENCES 

1.  

2. 

3. 

4. 

5. 

6. 

F i o r e n t i n o ,  A. J . ,  and 3.  R. P l a n e l l ,  An Assessment o f  t h e  Use o f  
A n t i m i s t i n g  Fuel i n  Turbofan Engines, P r a t t  & Whitney A i r c r a f t  Group, 
Repor t  No. NASA CR-168081, October 1983. 

Mannheimer, R. J . ,  Degradat ion and C h a r a c t e r i z a t i o n  of A n t i m i s t i n g  
Kerosene, DOT/FAA/CT-82/93, December 1982. 

C o f f i n b e r r y ,  George A. ,  A n t i m i s t i n g  Fuel Degrader I n v e s t i g a t i o n ,  
DOT/FAA/CT-82/72, June 1982. 

Yavrouian, A.  H., M. S a r b o l u k i ,  and V .  Sarohia,  I n f l u e n c e  of  L i q u i d  Water 
and Water Vapor on A n t i m i s t i n g  Kerosene (AMK),  DOT/FAA/CT-82/18, February 
1983. 

Ching, F.  Y., and A .  T. Peacock, C o m p a t i b i l i t y  Study o f  A n t i m i s t i n g  
Kerosene and t h e  DC- lO/KC- lO Fuel System, DOT/FAA/CT-821116, March 1983. 

McConnell ,  P. M., F.  F. T o l l e ,  and H .  K .  Mehta, A i r c r a f t  Wing Fuel Tank 
Environmental  S imu la to r  Tests for Eva lua t i on  o f  A n t i m i s t i n g  Fuels ,  
DOT/FAA/CT-84/15, October 1984. 

43 



1. Report No. 
NASA CR-4033 

4. Title and Subtitle 

A n t i m i s t i n g  Kerosene JT3 Engine Fuel  System 
I n t e g r a t i o n  S t u d y  r 

2. Government Accession No. 3. Recipient's Catalog No. 

5. Report Date 
January  1987 

7. Author(s) 

A. F i o r e n t i n o  

9. Performing Organization Name and Address 
UNITED TECHNOLOGIES CORPORATION 

8. Performing Organization Report No. 

10. Work Unit No. 
RTOP 505-45-11 and 
RTOP 505-40-2A 

m a t t  E, Whitney 
400 Main S t r e e t  
E a s t  Har t ford ,  C o n n e c t i c u t  06108 

12. Sponsoring Agency Name and Address 

11. Contra t r Gr nt No 
NAS %?421?, N e  3-24353 
and DTFA 03-81 -A-001 54 

13. Type of Report and Period Covered 

C o n t r a c t o r  R e p o r t  - F i n a l  

I 

17. Key Words (Suggested by Author(s) ) 

A n t i m i s t i n g  kerosene  . 
F i l t e r  r a t i o  
T r a n s i t i o n  v e l o c i t y  
F i l t e r a b i l i t y  

18. Distribution Statement 

u n c l a s s i f i e d  - Unl imi ted  

STAR c a t e g o r y  28 

Na t iona l  Aeronaut ics  and Space A d m i n i s t r a t i o n  
Lewis  Research Center  
2100 Brookpark Road, Cleve land ,  Ohio 44135 

19. Security Classif. (of this report) 

U n c l a s s i f i e d  U n c l a s s i f i e d  

20. Security Classif. (of this page) 

14. Sponsoring Agency Code 

21. No. of Pages 22. Price" 

45 A03 

15. Supplementary Notes 
NASA Technica l  Monitors: R o b e r t  J. Freedman, Lewis Research  C e n t e r ,  Cleve land ,  Ohio 44135, 
and Lannie  D. Webb, Ames Research  C e n t e r ,  Dryden F l i g h t  Research  F a c i l i t y ,  Edwards, C a l i f o r n i a  
93523-5000 

*For  sale by t h e  National Technica l  Information Service, Springfield,  Virginia 221 61. 
NASA-Langley, 19871 

16. Abstract 


