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FOREWORD 

The work r e p o r t e d  he re in  was sponso red  by the Nat ional  A e r o n a u t i c s  
and Space Admin i s t r a t i on  (NASA), M a r s h a l l  Space Fl ight  C e n t e r  (MSFC) 
( P M - E P - J ) ,  under  P r o g r a m  Area  921E, P r o j e c t  9194. 

The r e su l t s  of the t e s t s  p r e s e n t e d  were  obtained by ARC), I n c . ,  
(a subs id i a ry  of Sverdrup  & P a r c e l  and Assoc i a t e s ,  Inc.  ), con t r ac t  
ope ra to r  of the Arnold  Eng inee r ing  Deve lopment  C e n t e r  (AEDC), Ai r  
F o r c e  Sys tems  Command (AFSC), Arnold  Air  F o r c e  Stat ion,  T e n n e s s e e ,  
under  Cont rac t  F40600-69-C-0001.  P r o g r a m  d i r ec t i on  was p rov ided  by 
NASA/MSFC; t echn ica l  and ~ngineer ing  l i a i son  was p rov ided  by Nor th  
A m e r i c a n  Rockwell  Corpora t ion ,  Rocketdyne Division,  m a n u f a c t u r e r  of 
the J-~.S rocke t  engine, and McDonnel l  Douglas A s t r o n a u t i c s  Company,  
m a n u f a c t u r e r  of the S-IVB stage.  The  t es t ing  r e p o r t e d  h e r e i n  was con-  
ducted on Apr i l  17 and 24, 1969, in P r o p u l s i o n  Engine  Tes t  Cel l  (J-4) 
of the La rge  Rocket  Fac i l i ty  (LRF) under  ARO P r o j e c t  No. KA1902. The 
m a n u s c r i p t  was submi t ted  for publ ica t ion  on August 25, 1969. 
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State In t e rna t iona l  T ra f f i c  in A r m s  Regula t ions .  This  r e p o r t  may  be 
r e l e a s e d  to fore ign  government s  by d e p a r t m e n t s  or  agenc ies  of the U. S. 
Gove rnmen t  subject  to approva l  of NASA, M a r s h a l l  Space Fl ight  C e n t e r  
(PNI-EP-J ) ,  o r  h ighe r  au thor i ty .  P r i v a t e  ind iv iduals  o r  f i r m s  r e q u i r e  
a Depar tmen t  of State export  l i cense .  
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Edga r  D. Smith 
Major,  USAF 
AF Represen ta t ive ,  LRF 
D i r e c t o r a t e  of Tes t  

Roy R. Croy,  J r .  
Colonel ,  USAF 
D i r e c t o r  of Tes t  
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ABSTRACT 

Five id l e -mode  f i r ings  of the Rocketdyne J-2S rocke t  engine 
(S/N J-112-1A)  were  conducted in Tes t  Cel l  J - 4  of the  L a r g e  Rocket  
Fac i l i ty  on Apr i l  17 and 24, 1969. These  f i r ings  we re  a c c o m p l i s h e d  
dur ing tes t  per iods  J4-1902-09  and J4 -1902-10  at p r e s s u r e  a l t i tudes  of 
app rox ima te ly  100, 000 ft at engine s t a r t .  The ob jec t ives  were :  (1) to 
inves t iga te  engine id l e -mode  opera t ing  c h a r a c t e r i s t i c s  with a r e d e s i g n e d  
in jec tor  (ox id izer  i d l e -mode  c o m p a r t m e n t  cons i s t ed  of the in j ec to r  pos ts  
in the tenth  row f rom the cen t e r  of the in jec tor ) ,  (2) to d e t e r m i n e  fuel 

• in jec t ion  dens i ty  for va ry ing  pump inlet  p r e s s u r e s ,  and (3) to d e t e r m i n e  
engine id l e -mode  p e r f o r m a n c e .  The lowest  in jec t ion  dens i ty  was 
0. 055 l b m / f t  3 with the t h ru s t  c h a m b e r  bypass  va lve  c losed.  Engine  
ave rage  c h a r a c t e r i s t i c  ve loc i ty  for th i s  i n j ec to r  conf igura t ion  was about 
2.6 pe rcen t  g r e a t e r  than that  r e c o r d e d  dur ing t e s t s  with the p rev ious  in-  
j ec to r .  

I~A, MSFC~~ Huntsville, Al~Ima 35812. 

" f ' rAs  c , 

. ^ . ,  , ; .  :,v ~::~," 7 ' ~ i 5 ~ . ~ ' ~  - ~ /  
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SECTION I 
INTRODUCT.ION 

Tes t ing  of the Rocketdyne J -2S  rocke t  engine us ing an S-IVB b a t t l e -  
ship s tage has been in p r o g r e s s  s ince  December ,  1968, at AEDC. The  
five f i r ings  r epo r t ed  h e r e i n  were  conducted dur ing t e s t  pe r iods  
J4-1902-09 and J4-1902-10  in P r o p u l s i o n  Engine Tes t  Cel l  (J-4)  (F igs .  1 
and 2, Appendix I) of the L a r g e  Rocket  Fac i l i t y  (LRF).  These  f i r i ngs  
were  to inves t iga te  engine i d l e - m o d e  opera t ing  c h a r a c t e r i s t i c s  with a 
r edes igned  ox id ize r  i d l e -mode  c o m p a r t m e n t e d  in j ec to r ,  to d e t e r m i n e  
fuel i n j ec to r  dens i ty  for  va r i ous  pump inlet  p r e s s u r e s ,  and to d e t e r m i n e  
engine id l e -mode  p e r f o r m a n c e  with the r edes igned  i n j ec to r .  The f i r ings  
were  accompl i shed  at p r e s s u r e  a l t i tudes  ranging f rom 74, 000 to 103, 000 ft 

( g e o m e t r i c  p r e s s u r e  a l t i tude,  Z, Ref. 1) at engine s t a r t .  Data co l l ec t ed  
to accompl i sh  the t e s t  ob jec t ives  a r e  p re sen ted  he re in .  The r e s u l t s  of 
e a r l i e r  t e s t ing  of the p rev ious  i n j e c t o r  design a r e  p r e s e n t e d  in Ref. 2. 

SECTION II 
APPARATUS 

2.1 TEST ARTICLE 

The tes t  a r t i c l e  was a J -2S rocke t  engine (Fig.  3) des igned and de- 
veloped by Rocketdyne Div is ion  of Nor th  A m e r i c a n  Rockwel l  C o r p o r a t i o n .  
The engine uses l iquid c~xygen and l iquid hydrogen as p rope l l an t s  and is 
des igned to opera te  e i t he r  in idle  mode at a nomina l  t h ru s t  of 5000 lbf  
and mix tu re  ra t io  of 2.5 or  at ma in  s tage  at any p r e c a l i b r a t e d  t h r u s t  
l eve l  between 230, 000 and 265, 000 lbf at a mix tu re  r a t i o  of 5 .5 .  The  
engine design is capabl'e of t r a n s i t i o n  f rom i d l e - m o d e  to m a i n - s t a g e  
ope ra t ion  a f te r  a m i n i m u m  of 1-sec  idle  mode; f r om ma in  s tage  the  
engine can e i the r  be shut  down o r  make  a t r a n s i t i o n  back to i d l e - m o d e  
opera t ion  before  shutdown. An S-IVB ba t t l esh ip  s tage  was used to sup-  
ply p rope l l an t s  to the engine.  A s chema t i c  of the ba t t l e sh ip  s tage  is  
p r e sen t ed  in Fig. 4. 

L i s t ings  of m a j o r  engine components  and engine o r i f i c e s  for  th i s  
t e s t  pe r iod  a re  p r e sen t ed  in TaMes  I and II, r e s p e c t i v e l y  (Appendix II). 
All  engine modi f ica t ions  and component  r e p l a c e m e n t s  p e r f o r m e d  dur ing  
th is  r epo r t  per iod  are  p r e s e n t e d  in Tables  HI and IV, r e s p e c t i v e l y .  



2.1,.1 J.2S Rocket Engine 

The 3-2s rocket engine (Figs. 3 and 5 and Ref. 3) features the follow- 
ing major components: 

1. Thrust Chamber - The tubular -walled, bell-shaped thrust 
chamber consists of an 18..6-in. -diam combustion cham- 

e r  with a throat diameter of 12.192 - in. --- , a characteristic 
n . length (L*) of 35.4 in., and a divergent nozzle with an ex- 

pansion ratio of 39. 62. Thrust chamber length (frbm the 
injector flange to the nozzle exit) is 108. 6 in. Cooling is 
accomplished by the circulation of engine fuel flow down- 
ward from the fuel manifold through 180 tubes and then 
upward through 360 tubes to  the injector and by film cool- 
ing inside the combustion chamber. 

Thrust Chamber Injector - The injector is a concentric- 
orificed (concentric fuel orifices around the oxidizer post 
orifices), porous-faced injector. Fuel and oxidizer in- 
jector orifice areas a re  19. 2 and 5.9 in.2, respectively. 
There a r e  614 oxid i~er  post orifices in the injector. The 
porous material, forming the injector face, allows approxi- 
mately 3.5 percent of main-stage £uel flow to transpiration 
cool the face of the injector. The oxidizer idle-mode com- 
partment consists of a radial line of injector posts 
connecting the center of the injector with the posts in thg 
tenth row from the center I76 oxidizer post orifices). 
This injector design is commonly referred to as the "row 
ten1' injector. The oxidizer idle-mode compartment in the 
previously used injector consisted of the inner four rows of 
oxidizer injector posts (72 oxidizer post orifices). This 
injector design is commonly referred to as the "inner 
4 rows" injector. 

3. Augmented Spark Igniter - The augmented spark igniter unit 
is  mounted on the thrust chamber injector and supplies the 
initial energy source to ignite propellants in' the main com- 
bustion chamber. The augmented spark igniter chamber is 
an integral part of the thrust chamber injector, Fuel and 
oxidizer are ignited in the combustion area by two spark 
plugs. 

4. Fuel Turbopump - The fuel turbopump is a one and one-half . ' 

stage, centrifugal-flow unit, powered by a direct-drive, 
two-stage turbine. The pump is self -lubricated and 
nominally produces., at the 265,000-'ibf-thrust rated condi- 
tion, a head rise of 60, 300 f t  of liquid hydrogen a t  a flow I 

ra.te of 9750 gpm for a rotor speed of 29, 800 rpm. , 
I 

2 



5, Oxidizer Turbopump - The oxidizer turbopump is a 
single-stage, centrifugal-flow unit, powered by a direct- 
drive, two-stage turbine, The pump is self-lubricated 
and nominally produces, at the 265, 000-lbf-thrust rated 
condition, a head r i se  of 3250 f t  of liquid oxygen at a 
flow rate of 3310 gpm for  a rotor speed of 10,500 rpm. . 

6 .  Propellant Utilization Valve - The motor-driven propel- 
lant utilization valve is a sleeve-type valve which is 
mounted on the oxidizer turbopump and bypasses liquid 
oxygen from the discharge to the inlet side of the pump 
to vary engine mixture ratio. 

7. Main Oxidizef Valve - The main oxidizer valve is a 
pneumatically actuated, two-stage, butterfly-type valve 
located in the oxidizer high pressure duct between the 
turbopump and the injector. t he first-stage actuator 
positions the inain oxidizer valve at the 12-deg position 
to obtain initial main-stage-phase operation; the second- 
stage actuator ramps the main oxidizer valve full open 
to accelerate the engine to the main-stage operating level, 

8. Main Fuel Valve - The main fuel valve is a pneumatically 
actuated butterfly-type valve located in the fuel high- 
pressure duct between the turbopump and the fuel mani- 
fold. 

9. Pneumatic Control Package - The pneumatic control 
package controls all pneumatically ope rated engine valves 
and purges. 

10, ~ l e c t r i c a i  Control Assembly - The electrical control 
.assembly provides the electrical logic required for proper 
s equencing of engine components during operation. The 
logic requires a minimum of 1-sec idle-mode operation 
before transition to  main stage. 

11. Flight Instrument ation Package - The instrumentation 
package contains sensors required to monitor crit ical  
engine parameters . The package provides environmental 
control for the sensors.  

12.  Helium Tank - The helium tank has a volume of 4000 in, 3 
and provides a helium pressure supply to  the engine 
pneumatic control system for three complete engine oper- 
ational cycles. 
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13. Thrust Chamber Bypass Valve - The thrust chamber 
bypass valve is a pneumatically operated, normally 
open, butterfly-type valve which normally allows fuel 
to bypass the thrust chamber body during idle-mode 
operation. 

14. Idle-Mode Valve - The idle-mode valve is a pneu- 
matically operated ball-type valve which supplies liquid 
oxygen to the idle-mode compartment of the thrust 
chamber injector during both idle-mode and main-stage 
operation. 

15. Hot Gas Tapoff Valve - The hot gas tapoff valve is a 
pneumatically operated butterfly-type valve which pro- 
vides on-off control, of combustion chamber gases to 
drive the propellant turbopumps. 

16. Solid-Propellant Turbine Starter - The solid-propellant 
turbine starter provides the initial driving energy 
(transition to main stage) for the propellant turbopumps 
to prime the propellant feed systems and accelerate the 
turbopumps to 75 percent of their main-stage operating 
level. A three-start capability is provided. 

2.1.2 S-IVB Battleship Stage 

The S-IVB battleship stage, which is mechanically configured to 
simulate the S-IVB flightweight vehicle, is approximately 22 ft in diam- 
eter and 49 ft long and has a maximum usable propellant capacity of 
43, 000 Ib of liquid hydrogen and 194, 000 Ib of liquid oxygen. The pro- 
pellant tanks, fuel above oxidizer, are separated by a common bulkhead. 
Propellant prevalves, in the low pressure ducts (external to the tanks) 
interfacing the stage and engine, ret.ain propellants in the stage until 
being admitted into the engine to the main propellant valves and serve 
as emergency engine shutoff valves. Vent and relief valve systems are 
provided for both propellant tanks. 

P r e s s u r i z a t i o n  of the fuel and oxid izer  tanks  was accompl i shed  by 
faci l i ty  s y s t e m s  using hydrogen  and hel ium, r e spec t ive ly ,  as the p r e s -  
su r i z ing  g a s e s .  The engine-suppl ied  gaseous  hydrogen  and gaseous  
oxygen for  fuel and oxid izer  tank p r e s s u r i z a t i o n  dur ing flight we re  
rou ted  to the r e spec t i ve  faci l i ty  venting s y s t e m s .  

2.2 TEST CELL 

Propulsion Engine Test Cell J-4, Fig. 2, is a vertically oriented 
test unit designed for static testing of liquid-propellant rocket engines 

4 
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and p ropu l s ion  s y s t e m s  at p r e s s u r e  a l t i tudes  of 100, 000 ft. The bas ic  
ce l l  cons t ruc t ion  provides  a 1 . 5 - m i l l i o n - l b f - t h r u s t  capaci ty .  The ce l l  
cons i s t s  of four m a j o r  components  (1) t es t  capsule ,  48 ft in d i a m e t e r  
and 82 ft in height,  s i tua ted  at grade  leve l  and conta ining the t e s t  a r t i c l e ;  
(2) sp ray  chamber ,  100 ft in d i a m e t e r  and 250 ft in depth, loca ted  
d i r ec t l y  benea th  the t es t  capsule  to provide  exhaust  gas cool ing and 
dehumidi f ica t ion ;  (3) coolant  water ,  s t eam,  n i t r ogen  (gaseous and l iquid),  
hydrogen  (gaseous and liquid),  and l iquid-oxygen and gaseous -he l ium 
s to rage  and de l i ve ry  sy s t ems  for opera t ion  of the ce l l  and tes t  a r t i c l e ;  
and (4) con t ro l  building, containing t e s t  a r t i c l e  con t ro l s ,  t e s t  ce l l  con-  
t r o l s ,  and data acquis i t ion  equipment .  Exhaus t  m a c h i n e r y  is connected  
with the s p r a y  c h a m b e r  and ma in ta ins  a m i n i m u m  tes t  ce l l  p r e s s u r e  
before  and a f t e r  the engine f i r ing  and exhausts  the products  of combus -  
t ion f rom the engine f i r ing.  Before  a f i r ing,  the fac i l i ty  s t e a m  e j ec to r ,  
in s e r i e s  with the exhaust  m a c h i n e r y ,  p rov ides  a p r e s s u r e  a l t i tude of 
100, 000 ft in the t e s t  capsule .  A deta i led  d e s c r i p t i o n  of the tes t  ce l l  is 
p r e s e n t e d  in Ref. 4. 

The ba t t l e sh ip  s tage and the J -2S engine were  o r i en ted  v e r t i c a l l y  
downward on the cen t e r l i ne  of the d i f f u s e r - s t e a m  e j ec to r  a s sembly .  
This  a s s e m b l y  cons i s ted  of a d i f fuse r  duct (20 ft in d i a m e t e r  by 150 ft 
in length),  a cen te rbody  s t eam e jec to r  within the d i f fuser  duct, a d i f -  
fuse r  i n se r t  (13.5 ft in d i a m e t e r  by 30 ft in length) at the inle t  to the 
d i f fuser  duct, and.a gaseous -n i t rogen  annula r  e j e c to r  above the d i f fuse r  
i n se r t .  The d i f fuser  i n s e r t  was p rov ided  for dynamic  p r e s s u r e  r e -  
cove ry  of the engine exhaust  gases  and to m a i n t a i n  engine ambient  p r e s -  
su re  a l t i tude (at ta ined by the s t e am ejector') dur ing the engine f i r ing .  
The annula r  e j ec to r  was provided to supp re s s  s t e a m  r e c i r c u l a t i o n  into 

I 

the t es t  capsu le  du r ing l s t e am e j ec to r  shutdown. The tes t  ce l l  was a l so  
equipped with (1) a gaseous -n i t rogen  purge s y s t e m  for cont inuous ly  
ine r t i ng  the n o r m a l  a i r  i n - l eakage  .of the cel l ;  (2) a gaseous -n i t rogen  
r e p r e s s u r i z a t i o n  s y s t e m  for r a i s i n g  tes t  ce l l  p r e s s u r e ,  a f t e r  engine 
cutoff, to a l eve l  equal  to sp ray  c h a m b e r  p r e s s u r e  and for rap id  
e m e r g e n c y  ine r t ing  of the capsule;  and (3) a s p r a y  c h a m b e r  l i qu id -  
n i t rogen  supply and d i s t r ibu t ion  mani fo ld  for  in i t i a l ly  ine r t ing  the s p r a y  
c h a m b e r  and exhaust  ducting and for  i n c r e a s i n g  the m o l e c u l a r  weight of 
the h y d r o g e n - r i c h  exhaust  products .  

2.3 INSTRUMENTATION 

I n s t r u m e n t a t i o n  s y s t e m s  were  provided  to m e a s u r e  engine,  s tage,  
and fac i l i ty  p a r a m e t e r s .  The engine i n s t r u m e n t a t i o n  was c o m p r i s e d  of 
(1) fl ight i n s t r u m e n t a t i o n  for the m e a s u r e m e n t  of c r i t i c a l  engine p a r a m -  
e t e r s  and (2) fac i l i ty  i n s t rumen ta t i on  which was provided  to ve r i fy  the 

5 
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flight i n s t rumen ta t i on  and to m e a s u r e  addi t iona l  engine p a r a m e t e r s .  
The flight i n s t rumen ta t i on  was p rov ided  and ca l ib ra t ed  by the engine  
manufac tu re r ;  fac i l i ty  i n s t r u m e n t a t i o n  was in i t i a l ly  ca l ib ra t ed  and 
periodica-lly r e c a l i b r a t e d  at AEDC. Appendix III conta ins  a l i s t  of al l  
m e a s u r e d  engine t e s t  p a r a m e t e r s  and the loca t ions  of s e l ec t ed  s ens ing  
points .  

P r e s s u r e  m e a s u r e m e n t s  were  made  using s t r a i n - g a g e  and 
capac i t ance - type  p r e s s u r e  t r a n s d u c e r s .  T e m p e r a t u r e  m e a s u r e m e n t s  
were  made  using r e s i s t a n c e  t e m p e r a t u r e  t r a n s d u c e r s  and t h e r m o c o u p l e s .  
Oxidizer  and fuel turbopump shaf t  speeds  were  sensed  by magne t i c  p ick-  
up. Fuel  and oxid izer  flow r a t e s  to the  engine were  m e a s u r e d  by 
tu rb ine - type  f lowmete rs  which a r e  an i n t eg ra l  par t  of the engine.  The 
th rus t  chamber  bypass flow was m e a s u r e d  by a t u rb ine - t ype  f lowmete r  
which was ins ta l l ed  in a spec ia l ly  f ab r i ca t ed  bypass duct. V ib ra t ions  
were  m e a s u r e d  by a c c e l e r o m e t e r s  mounted  on the ox id ize r  i n j e c t o r  
dome, t h e  th rus t  chamber  throa t ,  and the tu rbopumps .  P r i m a r y  engine 
and s tage valves  were  i n s t rumen ted  with l i n e a r  po t en t i ome te r s  and l imi t  
swi tches .  

The data acquis i t ion  sy s t ems  were  ca l ib ra t ed  by (1) p r e c i s i o n  e lec -  
t r i c a l  shunt r e s i s t a n c e  subs t i tu t ion  for the  p r e s s u r e  t r a n s d u c e r s  and 
r e s i s t a n c e  t e m p e r a t u r e  t r a n s d u c e r  units ;  (2) vol tage subs t i tu t ion  for  
the the rmocoup les ;  (3) f requency subs t i tu t ion  for shaft  speeds  and flow 
m e t e r s ;  and (4) f requency-vo l tage  subs t i tu t ion  for a c c e l e r o m e t e r s  and 
the capac i t ance - type  p r e s s u r e  t r a n s d u c e r .  

The types of data acquis i t ion  and r e c o r d i n g  s y s t e m s  used dur ing  
th is  t es t  pe r iod  were  (1) a mul t ip l e - inpu t  digi ta l  data acqu is i t ion  s y s -  
t e m  scanning each p a r a m e t e r  at 50 s amp le s  pe r  second and r e c o r d i n g  
on magnet ic  tape;  (2) s ing le- input ,  c o n t i n u o u s - r e c o r d i n g  FM s y s t e m s  
r eco rd ing  on magnet ic  tape;  (3) pho tograph ica l ly  r e co rd ing  g a l v a n o m e t e r  
o sc i l l og raphs ;  (4) d i rec t - ink ing ,  nu l l -ba lance ,  p o t e n t i o m e t e r - t y p e  X-Y 
p lo t t e r s  and s t r i p  cha r t s ;  and (5) opt ica l  data r e c o r d e r s .  Appl icable  
s y s t e m s  were  ca l ib ra ted  before  each tes t  ( a tmosphe r i c  and a l t i tude ca l i -  
b ra t ions ) .  Te l ev i s ion  c a m e r a s ,  in conjunct ion  with video tape r e c o r d e r s ,  
were  used to provide  v isua l  coverage  dur ing an engine f i r ing,  as wel l  as 
for  r ep lay  capabi l i ty  for immed ia t e  examina t ion  of unexpected events .  

2.4 CONTROLS 

Contro l  of the J-2S engine, ba t t lesh ip  stage,  and tes t  ce l l  s y s t e m s  
dur ing  the t e r m i n a l  countdown was provided f rom the tes t  ce l l  con t ro l  
room.  A fac i l i ty  cont ro l  logic ne twork  was provided to in te rconnec t  
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the engine con t ro l  s y s t e m ,  m a j o r  s tage  s y s t e m s ,  the  engine  s a f e ty  cut -  
off s y s t e m ,  the o b s e r v e r  cutoff c i r c u i t s ,  and the  countdown s e q u e n c e r .  
A s c h e m a t i c  of the engine s t a r t  con t ro l  logic  is  p r e s e n t e d  in Fig .  6. 
The sequence  of engine events  for s t a r t  and shutdown is  p r e s e n t e d  in 
F igs .  7a and b. 

SECTIOtl III 
PROCEDURE 

P r e o p e r a t i o n a l  p r o c e d u r e s  were  begun s e v e r a l  hours  before  the 
tes t  per iod .  All  consumab le  s t o r a g e  s y s t e m s  w e r e  r e p l e n i s h e d ,  and 
engine inspec t ions ,  l eak  checks ,  and d ry ing  p r o c e d u r e s  we re  conducted.  
P r o p e l l a n t  tank p r e s s u r a n t s  and engine pneuma t i c  and purge  gas s a m p l e s  
were  taken  to e n s u r e  that  spec i f fck t ion  r e q u i r e m e n t s  we re  met .  C h e m -  
ica l  a n a l y s i s  of p rope l l an t s  was provided by the  p rope l l an t  s u p p l i e r s .  

' F a c i l i t y  sequence ,  engine sequence ,  and engine abor t  checks  were  con-  
ducted within a 24-hr  t i m e  per iod  before  an engine  f i r i n g  to v e r i f y  the  
p r o p e r  s equence  of events .  F a c i l i t y  and engine s equence  checks  con-  
s i s t e d  of v e r i f y i n g  the t i m i n g  of va lves  And events  to be within spec i f i ed  
l i m i t s ;  the abor t  checks  c o n s i s t e d  of e l e c t r i c a l l y  s i m u l a t i n g  engine m a l -  
funct ions to v e r i f y  the o c c u r r e n c e  of an au tomat ic  engine cutoff s igna l .  
A final  engine sequence  check was conducted i m m e d i a t e l y  p r e c e d i n g  the 
t e s t  per iod .  

Ox id ize r  i n j ec to r  and t h r u s t  c h a m b e r  j acke t  pu rges  were  in i t i a t ed  
before  evacuat ing  the t e s t  ce l l .  Af te r  comple t ion  of i n s t r u m e n t a t i o n  
c a l i b r a t i o n s  at a t m o s p h e r i c  condi t ions ,  the t e s t  ce l l  was evacua ted  to 
a p p r o x i m a t e l y  0.5 ps i a  with the exhaust  m a c h i n e r y ,  and i n s t r u m e n t a t i o n  
c a l i b r a t i o n s  at a l t i tude condi t ions  were  conducted.  I m m e d i a t e l y  before  
loading p rope l l an t s  on board  the veh ic le ,  the  ce l l  and exhaus t -duc t ing  
a t m o s p h e r e  was i ne r t ed .  At th is  s a m e  t ime ,  the  ce l l  n i t r ogen  purge  
was in i t i a ted  for the dura t ion  of the t e s t  per iod .  The veh ic l e  p rope l l an t  
tanks  we re  then loaded,  and the r e m a i n d e r  of the t e r m i n a l  countdown 
was conducted.  Table  V p r e s e n t s  the engine pu rges  du r ing  the t e r m i n a l  
countdown and i m m e d i a t e l y  fol lowing the engine f i r ing .  

SECTION IV 
RESULTS AND DISCUSSION 

4.1 GENERAL 

Five  i d l e - m o d e  f i r ings  of the Rocketdyne  J -2S rocke t  engine 
(S/N J -112-1A)  were  accompl i shed  dur ing t e s t  pe r iods  J4 -1902-09  and 
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J 4 - 1 9 0 2 - 1 0  on Apr i l  17 and 24, 1969, r e s p e c t i v e l y .  P r e s s u r e  a l t i tude  at 
eng ine  s t a r t  r a n g e d  f r o m  74, 000 to 103, 000 f~. 

The  ob j ec t i ve s  of the  two t e s t s  r e p o r t e d  h e r e i n  w e r e  to d e t e r m i n e  
i d l e - m o d e  p e r f o r m a n c e  and fuel  i n j e c t i o n  d e n s i t y  wi th  the  r e d e s i g n e d  in'- 
j e c t o r  which u t i l i zed  the t en th  row only o x i d i z e r  i n j e c t i o n  d u r i n g  id le  
m o d e .  A s e c o n d a r y  o b j e c t i v e  of al l  f i r i ngs  was to d e t e r m i n e  t h r u s t  
c h a m b e r  ch i l ldown r a t e s .  The  fo l lowing m a t r i x  p r o v i d e s  s i g n i f i c a n t  
t e s t  to t e s t  v a r i a b l e s  and c o r r e s p o n d i n g  r e s u l t s . ,  

Flow l~atee 
Pump T/C Fuel Fuel 

Inlet Pressures  Total Total Bypass InJection 
Duration, Oxidizer. Fuel. Oxldlzer. Y L e : ,  Flow, Density, C~. 

F t r i ~  sec psLa psia lbrn/Sec lbm/Sec Ibm/See O/F lbm/fl3 f l /sec 

09A 76.3 38. V 33.0 1E.3 8.80 8. IS 1.74 O. 145 3056 

09B 75.8 44.8 30.0 16.6 9.55 6.45 1.74 0.286. 2454 

~0A 125.1 38.8 32.9 15.1 5.29 O 2.86 0.055 2955 

10B lO0.? 44.6 30.1 le .4  ?.30 3.89 2.24 0.108 2814 

10C 60.6 30.0 40.4 11.9 11.1 4.63 1.07 0.262 2954 

Inner 4 Rows 
Injector Performance 

Fuel 
InJection 

OI F Density. C ~' Test 

1.71 0.31 2880 0?A 

G e n e r a l l y ,  the  p e r f o r m a n c e  of t he  row  10 i n j e c t o r  was  c o m p a r a b l e  
to that  of the  i n n e r  4 r ow  i n j e c t o r .  F o r  the  s ing le  i n s t a n c e  w h e r e  d i r e c t  
c o m p a r i s o n  is p o s s i b l e ,  the  t ab le  shows  p e r f o r m a n c e  of t he  row  10 was 
only s l igh t ly  i m p r o v e d  o v e r  the  i n n e r  4 r o w s  (2 .6  p e r c e n t  for  C $) as op-  
posed  to the  d e s i r e d  20- to 3 0 - p e r c e n t  i m p r o v e m e n t .  The  row 10 in-  
j e c t o r  does  not t h e r e f o r e  p r o v i d e  a s i g n i f i c a n t  i m p r o v e m e n t  in e i t h e r  
p e r f o r m a n c e  or  d e n s i t y  r e l a t i v e  to that  d e s i r e d  o r  c o m p a r a b l e  to s e a -  
l e v e l  t e s t  r e s u l t s .  

The  re su l t s ' . o f  each  f i r i ng  a r e  p r e s e n t e d  in s u b s e q u e n t  s e c t i o n s .  The  
da ta  p r e s e n t e d  v~ere ob ta ined  us ing  the  d ig i t a l  da ta  a c q u i s i t i o n  s y s t e m ,  
excep t  w h e r e  i n d i c a t e d  o t h e r w i s e .  The  a c c u m u l a t e d  i d l e - m o d e  f i r ing  
d u r a t i o n  for  {hese  f i r i ngs  was 438.5  sec .  

l 

T e s t  r e q u i r e m e n t s  and spec i f i c  t e s t  r e s u l t s  a r e  s u m m a r i z e d  in 
Tab le  VI. S t a r t  and shutdown t r a n s i e n t  o p e r a t i n g  t i m e s  for  s e l e c t e d  
eng ine  va lve s  a r e  p r e s e n t e d  in Table  VII. Eng ine  i d l e - m o d e  p e r f o r m -  
ance ,  as c a l c u l a t e d  in Appendix  IV, is p r e s e n t e d  in  Tab le  VIII. Eng ine  
s t a r t  cond i t ions  for  p r o p e l l a n t  pump in le t s  and h e l i u m  tank  a r e  shown in 
Fig .  8. F i g u r e s  9 t h r o u g h  33 p r e s e n t  the  r e s u l t s  of the  f i r i n g s .  

4.2 TEST RESULTS 

4.2.1 Firing J4-1902-09A 

F i r i n g  09A was a 7 6 . 3 - s e c  du ra t i on  i d l e - m o d e  f i r ing .  C h a r a c t e r -  
i s t i c  v e l o c i t y  at s t e a d y - s t a t e  cond i t ions  was 3050 f t / s e c .  C a l c u l a t e d  fuel  
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i n j e c t i o n  d e n s i t y  was  0. 173 l b m / f t  3 at th i s  t i m e  ( s e e  Append ix  IV).  
S a t u r a t e d  cond i t i ons  (two phase )  at the  i n j e c t o r  w e r e  a t t a i n e d  at 
t o + 20 s e c .  T h e s e  r e s u l t s  a r e  c o m p a r a b l e  to t h o s e  ob t a ined  wi th  t h e  
i n n e r  4 rows  i n j e c t o r  r e p o r t e d  in Ref .  2. / 

The  t h r u s t  c h a m b e r  c h i l l d o w n  r a t e  was  a f f e c t e d  b e g i n n i n g  at  a p -  
p r o x i m a t e l y  t o + 17 s e c  by an i n c r e a s e  in t e s t  c e l l  a m b i e n t  p r e s s u r e  and 
t e m p e r a t u r e .  Data  beyond th i s  point  a r e  not c o n s i d e r e d  r e p r e s e n t a t i v e  
of n o r m a l  i d l e - m o d e  s t e a d y - s t a t e  o p e r a t i o n  s i n c e  fue l  i n j e c t i o n  d e n s i t y  
was  l o w e r  
flow r a t e .  
in the  t e s t  
T r a n s i e n t  

on 09A than  on 10A even  though  09A u t i l i z e d  a g r e a t e r  b y p a s s  
High c e l l  p r e s s u r e  (7 .05  ps ia )  and w a r m  g a s e s  r e c i r c u l a t i n g  

ce l l  p r o d u c e d  s i g n i f i c a n t  hea t  t r a n s f e r  to the  t h r u s t  c h a m b e r .  
s i d e  l o a d s  m e a s u r e d  w e r e  l e s s  t han  +500 lbf.  

4.2.2 Firing J4.1902-09B 

F i r i n g  09B was  c o n d u c t e d  fo r  75 .8  s e c  of id le  m o d e .  T h e  fuel  at 
the  i n j e c t o r  b e c a m e  s a t u r a t e d  ( two phase )  at t o + 55 s e c .  C a l c u l a t e d  
fuel  i n j e c t i o n  d e n s i t y  was  0 .286  l b m / f t 3  at t O + 74 .5  s e c .  T h e  c h a r -  

a c t e r i s t i c  v e l o c i t y  at t h i s  t i m e  was  2464 f t / s e c .  T h e s e  r e s u l t s  a r e  a l so  
c o m p a r a b l e  to t h o s e  ob t a ined  wi th  the  i n n e r  4 r o w s  i n j e c t o r  of Ref .  2. 

T e s t  c e l l  p r e s s u r e  and t e m p e r a t u r e  w e r e  i n c r e a s i n g  g r a d u a l l y  un t i l  
to  + 18 s e c  at  w h i c h  t i m e  both s t a b i l i z e d .  T e s t  c e l l  c o n d i t i o n s  fo r  t h i s '  
f i r i n g  w e r e  c o m p a r a b l e  to t h o s e  of f i r i n g  09A and thus  a f f e c t e d  t h r u s t  
c h a m b e r  ch iUdown r a t e s  and e n g i n e  o p e r a t i o n  as fo r  09A. T r a n s i e n t  
s i de  l oads  w e r e  aga in  l e s s  than  +500 lbf.  

4.2.3 Firing J4-1902-10A 

F i r i n g  10A c o n s i s t e d  of 125 s e c  of id le  m o d e .  T e s t  p e r i o d  10 w a s  
c o n d u c t e d  wi th  a 1 . 5 - i n .  - d i a m  o r i f i c e  i n s t a l l e d  in t he  t h r u s t  c h a m b e r  
fuel  bypas s  l i ne  as  opposed  to the  1 . 7 5 1 - i n .  - d i a m  o r i f i c e  u s e d  on t e s t  
p e r i o d  09. F u e l  b y p a s s  flow was  r e d u c e d  to z e r o  by c l o s i n g  the  b y p a s s  
v a l v e  at  t o + 100 s e c  on th i s  f i r i ng .  The  e f fec t  of the  b y p a s s  v a l v e  

c l o s i n g  is s e e n  in F i g s .  19 and 20, by i n c r e a s e d  o s c i l l a t i o n s  in c h a m b e r  
p r e s s u r e  and by a r e d u c t i o n  in to t a l  p r o p e l l a n t  f low r a t e  and an i n c r e a s e  
in m i x t u r e  r a t i o .  

The  fuel  at the  i n j e c t o r  r e a c h e d  s a t u r a t i o n  ( two p h a s e  cond i t ions}  
at t o + 30 s e c ,  and fuel  i n j e c t i o n  d e n s i t y  r e a c h e d  0. 141 l b m / f t 3  at  

t o + 100 s e c  and 0 .055  l b m / f t  3 at t O + 125 s e c  wi th  the  b y p a s s  v a l v e  

c l o s e d .  C h a r a c t e r i s t i c  v e l o c i t y  was  2824 and 2955 f t / s e c  at t h e s e  t i m e s .  
T h e  i n c r e a s e  in c h a r a c t e r i s t i c  v e l o c i t y  was  about  2 .6  p e r c e n t  above  tha t  
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on f i r i ng  07A which  is  the  only d i r e c t l y  c o m p a r a b l e  da ta  f r o m  t h e  i n n e r  
4 rows  i n j e c t o r  t e s t s  of Ref.  2. T r a n s i e n t  s i d e  loads  w e r e  l e s s  t h a n  
+5O0 lbf. 

4.2.4 Firing J4-19(12-10B 

F i r i n g  10B c o n s i s t e d  of 100 s e c  of i d l e - m o d e  o p e r a t i o n .  T h e  r e -  
duc t ion  in to ta l  fuel flow on th is  f i r i n g  r e s u l t e d  in 2 0 - s e c  a d d i t i o n a l  
t i m e  r e q u i r e d  to a t ta in  s a t u r a t e d  fuel  cond i t i ons  at t he  i n j e c t o r .  To t a l  
p r o p e l l a n t  flow r a t e  and m i x t u r e  r a t i o  va lue s  w e r e  c o m p a r a b l e  to  t h o s e  
of f i r ing  10A. C h a m b e r  p r e s s u r e  exh ib i t ed  the  s a m e  type  of o s c i l l a t i o n s  
s e e n  on f i r ing  10A with the  bypass  c l o s e d .  

The  fuel  i n j e c t i o n  d e n s i t y  a t t a ined  on th i s  f i r i ng  was 0. 108 l b m / f t  3 
at 100 sec ,  and c h a r a c t e r i s t i c  v e l o c i t y  was  2814 f t / s e c .  

The  t h r u s t  c h a m b e r  ch i l ldown  r a t e  was a f fec ted  b e g i n n i n g  at about 
t O + 23 s e c  by an i n c r e a s e  in t e s t  c e l l  a m b i e n t  p r e s s u r e  and t e m p e r a t u r e  
as for  f i r ings  09A and 09B. T r a n s i e n t  s i d e  loads  w e r e  l e s s  than  +500 lbf.  

4.2.5 Firing J4-1902.10C 

F i r i n g  10C was of 6 0 - s e c  d u r a t i o n  wi th  fuel  and o x i d i z e r  in le t  p r e s -  
s u r e s  of 40 and 30 ps ia ,  r e s p e c t i v e l y .  Th i s  f i r i ng  exh ib i t ed  s a t u r a t e d  
cond i t ions  at the  fuel  i n j e c t o r  by t O + 15 s e c  and a fuel  i n j e c t i o n  d e n s i t y  
of 0. 262 l b m / f t  at to + 60 sec .  C h a r a c t e r i s t i c  v e l o c i t y  was  2954 f t / s e c  

at t O + 60 s e c .  T h e s e  r e s u l t s  a r e  a l so  c o m p a r a b l e  to t h o s e  of Ref.  2. 

T r a n s i e n t  s i d e  loads  w e r e  l e s s  than  +500 lbf. 

4.3 CHAMBER PRESSURE OSCILLATIONS 

Eng ine  c h a m b e r  p r e s s u r e  o s c i l l a t i o n s  a r e  g e n e r a l l y  e x p e r i e n c e d  
d u r i n g  the  i d l e - m o d e  s t a r t i n g  t r a n s i e n t .  O s c i l l a t i o n s  a l so  o c c u r  at 
v a r i o u s  o t h e r  t i m e s  du r ing  i d l e - m o d e  ope ra t i on ;  a l though fo r  s o m e  
f i r i ngs  a f t e r  the  s t a r t i n g  t r a n s i e n t ,  no o s c i l l a t i o n s  of the  type  d i s c u s s e d  
h e r e  occu r .  The  o s c i l l a t i o n s  e x p e r i e n c e d  du r ing  bui ldup to s t e a d y  s t a t e  
a r e  a p p r o x i m a t e l y  ±2 to  +4 p s i  at f r e q u e n c i e s  of 1 to 2 Hz. O s c i l l a t i o n s  
of t h e s e  s a m e  m a g n i t u d e s  at v a r y i n g  f r e q u e n c i e s  up to  about 14 Hz a l so  
o c c u r  w h e n e v e r  fuel  i n j ec t ion  dens i t y  is low (0 .15  l b m / f t 3 ) .  F r e q u e n -  
c i e s  of 10 to 14 Hz o c c u r r e d  on f i r ing  10A when the  bypass  v a l v e  was 
c l o s e d .  F i g u r e  34 shows t h e s e  o s c i l l a t i o n  c h a r a c t e r i s t i c s  on f i r i n g  10~. 

10 
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SECTION V 
SUMMARY OF RESULTS 

The  r e s u l t s  of f ive i d l e - m o d e  f i r i n g s  of the  J - 2 S  r o c k e t  eng ine  c o n -  
ducted  d u r i n g  t e s t s  J 4 - 1 9 0 2 - 0 9  and 10 on A p r i l  17 and 24, 1969, a r e  
s u m m a r i z e d  as fol lows:  

1. P e r f o r m a n c e  of the row 10 i d l e - m o d e  c o m p a r t m e n t e d  
i n j e c t o r  was  not s i g n i f i c a n t l y  i m p r o v e d  o v e r  the  i n n e r  
4 r o w s  i n j e c t o r .  The  c h a r a c t e r i s t i c  v e l o c i t y  i n c r e a s e  
was  2 .6  p e r c e n t  for  the  only  d i r e c t l y  c o m p a r a b l e  t e s t .  

2. C a l c u l a t e d  fuel  i n j e c t i o n  d e n s i t y  for  the  row 10 i n j e c t o r  
was  l owes t  for  f i r i n g  10A at 0. 055 l b m / f t 3  wi th  the  fuel  
b y p a s s  va lve  c lo s ed  and 0. 141 l b m / f t 3  wi th  the  fuel  by-  
p a s s  va lve  open.  

3. C h a m b e r  p r e s s u r e  o s c i l l a t i o n s  w e r e  p r e s e n t  d u r i n g  
s t e a d y - s t a t e ,  i d l e - m o d e  o p e r a t i o n  when  fuel  i n j e c t i o n  
d e n s i t y  was l e s s  t han  0. 15 l b m / f t 3  ( f i r i n g s  10A and 10B). 

4. S a t u r a t e d  fuel  (two p h a s e  cond i t ions )  was a t t a i n e d  at 
t i m e s  r a n g i n g  f r o m  15 to 55 s e c  a f t e r  eng ine  s t a r t  c o m -  
mand .  

5. E n g i n e  s ide  loads  m e a s u r e d  d u r i n g  t h e s e  f i r i n g s  did not 
exceed  +500 lbf.  
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Fig. 2 Test Cell J-4, Artist*s Conception 
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TABLE I 
MAJOR ENGINE COMPONENTS 
(EFFECTIVE TEST J4.1902.09) 

P a r t  Name 

Thrus t  Cham ber  Body Assembly  

Th rus t  C h a m b e r  In jec to r  A s s e m b l y  

Augmented Spark Igni te r  Assem b l y  

Ignition De tec to r  P r obe  1 

Ignition De tec to r  P r o b e  2 

Fuel  Turbopump Assembly  

Oxid izer  Turbopump Assembly  

Main Fuel  Valve 

Main Oxid ize r  Valve 

" Id le -Mode Valve 

Th rus t  Cham ber  Bypass  Valve 

Hot Gas Tapoff  Valve 

P rope l l an t  Uti l izat ion Valve 

E l e c t r i c a l  Cont ro l  Package  

Engine Ins t rumen ta t ion  Package  

Pneuma t i c  Control  Package 

R e s t a r t  Cont ro l  Assembly  

Hel ium Tank A'ssembly 

Oxid ize r  F l owmet e r  

Fuel  F1owmeter  

Fue l  In le t  Duct Assembly  

Oxid ize r  Inlet  Duct Assembly  

Fuel  Pump Discharge  Duct 

Oxid ize r  Pump Discharge  Duct 

Th rus t  Chamber  Bypass  Duct 

Fuel  Turb ine  Exhaust  Bypass  Duct 

Hot Gas Tapoff  Duct 

So l i d -P rope l l an t  Turb ine  S t a r t e r s  Manifold 

Heat Exchange r  and Oxid izer  Turb ine  Exhaust  Duct 

C r o s s o v e r  Duct 

T h r u s t  Chamber  Bypass  F l o w m e t e r  

P/N 

99-210620 

XEOR-937400 

EWR 113811-21 

3243-2 

3243-1 

99-461500-31 

99-460430-21 

99-411320x3 

99-411225x4 

99-411385 

[99-411180-xl,  

99-557824x2 

99-251455x5 

99-503670 

99-704641 

99-558330 

99-503680 

NA5-260212-1 

251216 

251225 

409900-11 

409899 

99-411082-7 

99-411082-5 

XEOR 934887-3 
XEOR 934887-5 

307879-11 

99-411080-51 

99-210921-11 

307887 

307879 

40SCRF2 

S/___N 
4094439 

4087380 

4901310 

016 

003X 

R004-1A 

S003-0A 

8900881 

8900929 

8900867 

8900954 

8900847 

8900911 

4098176 

4097437 

8900817 

4097867 

0002 

4096874 

4O96875 

6631788 

4052289 

439 

439 

J l 1 2 - 1  

2143580 

7239768 

7216433 

2142922 

2143592 

1074 
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TABLE II 
SUMMARY OF ENGINE ORIFICES 

m 

.d 

O 

O r i f i c e  
N a m e  

O x i d i z e r  T u r b i n e  
B y p a s s  N o z z l e  

F i l m  Coolan t  V e n t u r i  

A u g m e n t e d  Spa rk  I g n i t e r  
O x i d i z e r  Supply  L i n e  

Augmented Spark Igniter 
Fuel Supply Line 

F i l m  Coolan t  

T h r u s t  C h a m b e r  
B y p a s s  L i n e  

P a r t  
N u m b e r  

99-210924 

652050 

EWR 1138 

EWR 113813 

Diameter, 
Inches Unless 

O t h e r w i s e  Noted  

1.996 

1 .027 In le t  
0 .744  T h r o a t  

O. 0 9 9 9  " 

0 .581  

I.  751 

T e s t  
E f f e c t i v e  

J 4 - 1 9 0 2 - 0 5  

J 4 - 1 9 0 2 - 0 5  

J 4 - 1 9 0 2 - 0 5  

J 4 - 1 9 0 2 - 0 5  

J 4 - 1 9 0 2 - 0 8  

J 4 - 1 9 0 2 - 0 8  

C o m m e n t s  

C D = 0.97 

No O r i f i c e  
I n s t a l l e d  

EWR 121099 

EWR 121871 
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TABLE ill 
ENGINE MODIFICATIONS 

(BETWEEN TESTS J4-1902-09 AND J4-1902-10) 

Modif icat ion Comple t ion  D e s c r i p t i o n  of 
Numb e r Date M o dif ic at ion 

Tes t  J4-1902-08 ,  4 /2 /69  

121886 4 /13 /69  Ins t a l l a t ion  of I n j e c t o r  with 
10th-Row Oxid ize r  Id le -Mode  
C o m p a r t m e n t  

121893 4 /14 /69  Ins t a l l a t ion  of T h r u s t  C h a m b e r  
Bypass  Duct with F l o w m e t e r  

121898 4 /12 /69  Repa i r  of T h r u s t  C h a m b e r  
Combus t ion  Zone Tube Damage 

121899 4 /13 /69  In s t a l l a t i on  of a 1. 417-in.  
Tapoff  Valve Stop 

Tes t  J4-1902-09° 4 /17 /69  

121661 4 /21 /69  Ins t a l l a t ion  of 1. 500-in.  T h r u s t  
Chamber  Bypass  Or i f i ce  

Tes t  J4-1902-10,  4 /24 /69  

I 
TABLEIV 

ENGINE COMPONENT REPLACEMENTS 
(BETWEEN TESTSJ~1902.09 ANDJ4.1~2-10) 

Rep lacemen t  Comple t ion  Component  
Date Rep laced  

Tes t  34-1902-08 

121651 4/13/69 Oxidizer  F l o w m e t e r  Coil  

T e s t / 4 - 1 9 0 2 - 0 9 ,  4 /17 /69  

None 

T e s t / 4 - 1 9 0 2 - 1 0 ,  4 /24 /69  
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TABLE Y 
EHGIHE PURGE SEQUEHCE 

) .  
m 

~P 

~ 0  

. . J  

0 

d~ 

P u r g e  

x i d i z e r  Dome and 
Idle-Mode 
C o m p a r t m e n t  

T h r u s t  C h a m b e r  
J a c k e t .  F i l m  Coolan t  
and  T u r b o p u m p  P u r g e s  

R e q u i r e m e n t  

N i t r o g e n .  
600 + 35 psia; 
100 to 1500F 
C C P  150 ec f ln  

 1111111 

Hel ium,  (b) (c) I 150 + 25 ps/a; .V "7. T/'07"~, 
leo to 
at ccP  , ~ g ~ l / / ~  
( 125 s c t m )  

C ~  ° ~ / /  ~ ° a S t  U / g 
v • v | 15 ra in  

(a) 

(a} EnRine-SuppUed O x i d i z e r  T u r b o p u m p  I n t e r m e d i a t e  Seal  Cavi ty  P u r g e  
(b) Any T i m e  F a c i l i t y  W a t e r  On  
(c)  30 m l n  be fo re  P r o p e l l a n t  Drop  

15 
m l n  , (1~) I(©) 

(a} 
~!5 rain NN 
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TABLE VI 
SUMMARY OF TEST REQUIREMENTS AND RESULTS 

Fir ing Number 

FirlnlJ l ) e t e l q ' ! ~  or Day 

F ~ g . ~ . - e  A!*_':~--'-- st  t 0, h (ReL I} 

l d l e - u , ~  Duvo*'~ Pre -U~ ~" StaBe, aec*  

Fuel  Pump s_.t~ Preusure  at t 0. I ~ i e  

Fuel Pump Inlet Tempcr~.ture at t 0, "F 

Fuel  Tank l:lulk T ~ - : -  .~:ure nt t 0. "F 

J4-1902-09A J4-1902-096 J4-1902-10A J4-1902-10B 
Target Actual Taraet  T Actu81 _ T a r g e t  ~ ]L I . . . . .  Target  I Actual ] 

74. 000 100, 000 77, 000 100. 000 00. 500 100. 000 103.100 I00,000 

75 76.3 76 

334. i . 0  33 .0  304. 1.0 

• 422.4 4.0.4 

-417.6 

-422.5 -422.4  4. 0.41 

C,~:~::-_r ~-. , , l ,  t , l ~  Pressurn  st t 0. pain 39 • 1 .0  38. ? 

~ : ~ : ; e r  ]E~Lmp |n le t  T-----:~=~-a~ure at t 0. "F  . . . .  291.7 

_O,~',41am~ 'JL'ank _~,,! k_ Te--- : - - - - ' - , ,  ; at t 0. "F  -298 .0  4. 0 .4  - 295 .4  

Pressure .  poia 
Ne|lum Tank Conditions at t o 

+0 
3450 -200 

. .o  

50 4. 25 

Null 

J 

Fuel IP./eutor T -_ - :=~  ~ 'v re  at to. *F 

An~nented Spark IRnlter Ignition Detected, aec 
(Ref.  to)U 

~,,t ;-- I1=nt f)t i la-oH~ Valve  P~-~-::~.... at t 0 

Thrust  Chamber Bypass Valve, Posl t lon/Time 

4 5 *  1 .0  

75.8 128 

30 .0  

-418. "4 

-422. 3 

44.8 

-291. I 

33:1: I 

-422.0 * 0.4 

3 9 *  1.0 

125.147 100 100.7 

3 2 . 9  30 4. 1 $ 0 . 1  

-417.8 

-422,4 

30.8  

-291.4 

-422 4.0.4 

454. 1.0 

-298.0  4- 0 .4  -894. 3 -208 .0  * 0. 4 -294 .4  - 285 .0  4. 0 .4  

Remains 
Remiirua 8073 3450 + 3 ! 26 

3102 from A - 00 from A 

78 . . -  72 - - -  93 - - -  

58, 2 24.5 

0,450 

50 4. 25 

0 .508 

Null 

6 9 . 7  

0. 670 

50 * 26 50 4. 25 

Null Null Null Null Null 

/ t n  +100 t o +101.2 

-418. 3 

- 4 H . §  

44.6  

-292. 3 

-296 .1  

2924 

72 

13.8  

0. 440 

Null 

J 

J4-1908-IOC 

Target  ~ Actual 

100, 000 101. 700 

80 80.0 

404. 1,0 40.4 

. . . .  416.6 

-428 £0.~  -482.8 

30~: 1 .0  30 .0  

. . . .  280. 7 

-28~. i -  0 .4  - 2 9 5 . 0  

~ r ~ = ~ " A  2816 
from D 

. - -  70 

60 £ 28 18.8 

- - -  0. '739 

N-If Null 
J 

;:)pen / Open / 

• Data Red,seed from Oscfllogram 

)~  
m 
[ 7  
.n 
- 4  
;O 

;o 
..d 
O 



TABLE VII 
ENGINE VALVE TIMINGS 

m 

,n 
-4 
~0 
& 
~D 

O 

¢L 

T e s t  
J4-1902- 

F i r i n g  

Main Fue l  Valve 

T i m e  
of 

Opening  
Signa l  

09  A 0 . 0  

B 0 . 0  

Final 
Sequence 

A 

B 

C 

10 

0 . 0  

0 . 0  

0 .0  

0 .0  

0 . 0  

Va| ve 
Dclay 
Time, 
sec 

O. 050 

O. 050 

0.045 

O. 047 

0 . 0 4 9  

0 .053  

O. 045 

S t a r t  

V~lve T i m e  
Opening of 

T i m e ,  Opening  
sec  Signal  

0. 055 0 .0  

0 .052 0 .0  

O. 060 O. 0 

0. 056 0 .0  

0. 055 0 .0  

0. 056 0. 0 

0 .070 0 . 0  
Final 

Sequence  

Notes :  1. All  va lve  s i gna l  t i m e s  a r e  r e f e r e n c e d  to t O. 

I d l e - M o d e  
Oxidizer Valve 

Valve Valve  
Delay Opening  
T i m e ,  T i m e ,  

see sec 

0.118 0 .055 

0 .120  0 .056 

0.111 0.045 

0.115 0.056 

0.122 0.052 

0 .120  0 .044 

0 .120  0.045 

Shutdown 

Main Fuel  Valve 

T i m e  Valve 
of Delay 

Clos ing  T i m e ,  
Signal  s e c  

t 

76.  312 0. 070 

75. 773 0. 070 

- - -  0 .  070 

125. 147 0 .072 

100.72 0. 070 

60.58 0.075 

- - -  0 .070  

Valve  
Clos ing  
T i m e ,  
eec' 

0. 255 

0. 253 

0. 254 

0. 257 

O. 288 

0. 255 

0. 257 

I d l e - M o d e  
O x i d i z e r  Valve 

T i m e  
of 

C lo s in g  
Signal  

75. 312 

75. 773- 

125.147 

100.72 

60 .58  

Valve 
Delay  
T i m e ,  

s e c  

0.065 

"0. 065 

0. 062 

0 .066  

0. 066 

0 .070  

0 .  065 

Valve  
C los ing  
T i m e ,  

s e e  

0. 150 

0. 147 

0. 104 

0. 143 

0. 150 

0. 148 

O. 108 

2. Valve delay t i m e  is  the  t i m e  r e q u i r e d  for  in i t ia l  va lve  m o v e m e n t  a f t e r  the  va lve  open  o r  c l o sed  so leno id  has  been  e n e r g i z e d .  
3. Final  s e q u e n c e  check  i s  conduc ted  without  p r o p e l l a n t s  and within 12 h r  bc f o r c  t e s t ing .  
4. Data a r e  r educed  f r o m  o s c f l l o g r a m .  
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TABLE VIII 
ENGINE IDLE-MODE PERFORMANCE 

m 

T e n t  ~u,..~.;;. J 4 - 1 V O 2 -  i OeA ~ R  ]oA 

• i , i  ° ° "  ' °  oo . . . . .  o.o-  . . . .  TIIIIP .IJllce. 80C a 10 50  8 0  ~'0 94 8 6 0  
YuaL ~ 'mp Inlet PrPxmusa. osia 12 D 33 8 35 9 i 18 8 35.6 30 3 30 3 30 4 30.4 30 3 32 0 ~ 32 5 32 4 35 3 38 4 33,4 38 8 33.8 32.6 12 9 10. l 30 O 

C ) f l d l x e r  P u m p  I n l e t  38  • 38  9 38 7 3 8 . •  39  3 4 4 . 4  44 8 14 4 4 5 . 0  44 R 36  9 39 0 3 6 . 6  38  0 38  8 38 9 38 8 38  9 38 U i |R, 6 1 3 . 4  43  4 
P ; ~ r e .  p n t a  

~rap.-I lxnl Mixture Ratio. 11/I 7 

( . ~ a ! a ~ t e r l a t l c  V e l o c i t y ,  C a .  
R / R e  

C111rlp. |e* l i l l e  V e l o r i t ¥  
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AEDC-TR-69-210 

APPENDIX III 
INSTRUMENTATION 

The i n s t r u m e n t a t i o n  for AEDC t e s t s  J4 -1902-09  and J4 -1902 -10  
is tabhla ted  in Tab le  I I I -1 .  The loca t ion  of s e l ec t ed  m a j o r  engine 
i n s t rumen ta t i on  is shown in Fig .  I I I -1 .  
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AEDC 
Code 

ICC 

IIC 

EAS]S - I 

EASIS-2 

EECL 

RECO 

EER 

EES 

E E S C O  

E FEVO 

E FPVC 

E FPVO 

EHCS 

RID 

EZDA - l 

EIDA-2 

EIMCS 

ELMVC 

EIM VO 

EMFVC 

EMFVO 

EMOVC 

EMOVO 

EOBVO 

EOCO 

EOPVC 

EOPVO 

ERASIS-I  

ERASIS-2 

ESTCO 

ETCBC 

ETCBO 

EVSC-I  

EVSC-2 

EVSC-3 

TABLE II1.1 
INSTRUMENTATION LIST FOR IDLE-MODE OPERATION 

P a r a m e t e r  

Current 

Control 

l in i t lon 

Event 

Augmented Spark I sn i t e r  
Spark 1 

Augmented Spark I sn i : e r  
Spark  2 

EnBlne Cutoff Lockh~ 

Eng/ne Cutoff Signal 

Engine Ready Signal 

Engine Star t  Command 

P r o g r a m m e d  Duration Cutoff 
J 

Fuel Bleed Valve Open L imi t  

Fuel P r e v a l v e  Closed L imi t  

Fuel P r e v a i v e  Open Luni t  

Hehum Control Solenoid 
Energized  

IEnltson Detected 

ll~titlon Detect A m p h f l e r  I 

Ignit ion De~ect Ampl i f i e r  2 

Idle-Mode Control Solenoid 
Energ ized  

Idle-Mode Valve Closed LlmLt 

Idle-Mode Valve Open Llmtt  

Main Fuel Valve CLosed L i m i t  

Main Fuel Valve Open L imi t  

Main Oxid izer  Valve Closed 
LLmzt 

Main Oxid izer  Valve Open 
L imi t  

Oxid ize r  Bleed Valve Open 
L imi t  

O b s e r v e r  Cutoff Signal 

Oxid izer  P reva ive  CLosed 
L imi t  

Oxid izer  P reva ive  Open 
LimLt 

Augmented Spark Igni ter  
Spark Rate l 

Augmented Spark  Ign i te r  
Spark  Rate 2 

Star t  OK Tamer  Cutoff 
S ignai 

Thrus t  Chamber  Bypass 
Valve Closed 

Thrus t  Chamber  Bypass  
Valve Open 

V~bration Safety Counts l 

V:brat ion SaFety Counts 2 

Vibrat :on Safety Coun;a 3 

Dtgztai 
Tap Data M a p e t i e  OsctUo-  S t r ip  Event X - Y  
No...._~. Range Sys t em Tape graph  Chart Recorde r  P lo t t e r  

amp  

0 t o  3 0  x 

0 to 30 x 

On/Off 

X 

n 

X a 

' 4 9  
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AEDC 
Cod__~e 

Q F - I  

QF-2 

QF-3 

QFBD 

QO-I 

QO-3 

QO-3 

F S P - I  

F S Y - I  

L F B T  

L F V T  

LIMT 

LOVT 

LPUTOP 

L T V T  

P A - I  

PA-2  

PA-3  

PC-1P 

PC-2P 

PC-2PL 

PCASI -L, 

P C W - I  

PCW-2 

PCW- 3 

PCW-4 

PCW-5 

PFBM 

P F C O - L  

PFCVI 

P F C V I - L  

P F C V T  

P F C V T - L  

P F J - 1  

P F J -  iL  

PFMI 

P F M ] - L  

P F P B C  

P F P B S  

TABLE II1-1 (Continued) 

P a r a m e t e r  

Flow__._~s 

Engine Fuel  P F F  

Engine Fuel  P F F a  

Engine Fuel P F F  

Fuel Bypass Duet 

Engine Oxidizer  POF 

Engice  Oxidizer  POFa 

End.he ox~d2uer POF 

Forces 

Side Loud (Pitch) 

Side Load (Yaw) 

PusLtson 

Thrus t  Chamber  Bypass Valve 

Main Fuel  Valve 

Idle-Mode/Augmented Spark 
Igniter Oxtdlzer Valve 

Main Oxxdizer Valve 

P~opellant Utf l lzat icn Valve 

Hot Gas Tnpoff Valve 

Pressure 

Tes t  Cel l  

Tes t  Cel l  

Tes t  Cel l  

Thrus t  Chamber  CGI 

Thrus t  Chamber  CG In- I 

Thrus t  Chamber  CG l a -  1 

Augmented Spark IBnlter IG 1 
Chamber  

Thrust Chamber  Wall 

Thrus t  Chamber  Wall 

Thrus t  Chamber WaLt 

Th rus t  t_-~amber Wall 

Thrus t  Chamber  Wall 

Thrus t  Chamber  Bypass CF2 
Mimiinld 

F i lm Coolan: Or i f i ce  CF4 

Fi lm Coolam Venturs Inlet CF7 

Fi lm Coolant Ventur i  Inlet CF7 

F i lm Coolant Ven~uri Throat  CF6 

Fz!m Coolant Vantur i  Throat  CF6 

Fuel  lnlection CF2 

Fuel Injection CF2 

Fuel  Jacket  Manifold Inlet CFI  

Fuel  Jacket  Manifold Inlet C F I  

Fuel  Pump Balance Pis ton PF5 
Cavity 

Fuel  Pum.p Balance Piston 
Sump 

Digi ta l  
Tap  Date Magnetic Osc t l to -  S t r ip  • 
No___~. System Tape ~ Chart 

m:,m 

0 to 11, 0 0 0  

0 t o  i 1 , 0 0 0  

0 to  l l ,  O00 

0 to  5 0 0  

0 to  2600  

0 to  3600  

0 t o  3 6 0 0  

lb~ 

d:2O, 0 0 0  

.30, 0 0 0  

P e r c e n t  

0 t o  l O 0  

0 to 100 

0 to 100 

0 t o  1 0 0  

5 v  

0 to 100 

p s ~  

Oto 0.5 

0 t o  1.0 

0 t o B .  0 

0 to 1 5 0 0  

0 t o  1 5 0 0  

0 1 0 5 0  

0 to 5 0  

0 to  1 

0 t o  1 

0 t o  1 

0 t o  t 

Oto 1 

0 to  1500 

0 t o  5 0  

0 to 2000  

0 to 5 0  

0 to  2 0 0 0  

0 to 50 

0 to  500  

0 t o  5 0  

0 t o  2 0 0 0  

0 t o  5 0  

0 t o  2 0 0 0  

X 

X S 

X X 

S 

X X 

PF4  0 to 1000  

X S 

S X 

S 

• S 

Z Z 

- °  

Event 
Reco rde r  

X-Y 
P i m t  e__._.~r 
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TABLE 111-1 (Continued) 

AEDC 
Cod.__._~e 

• .PFPD- IL. 

P F P D - I P  

PFPD-2 

P F P I - I  

PFPI-2  

PFPI-3  

PFPRB 

PFPS 

PFPSI 

PFTI-1P 

PFTO 

PFTSC 

PFUT 

PHEA 

PHES 

P H E T - I P  

PHET-2P 

PHRO-IP 

PNODP 

POASLI 

POASIJ-L 

POIML 

POIML.-L 

POJ- I  

POJ-2 

' POPBC 

POPD- 1 L 

POPD- IP 

POPD- 2 

POPI- 1 

POPI-2 

POPI-3 

POPSC 

POTI- IP 

POTO-IP 

POUT 

PPTD 

PPTU 

PPUVI 

PPUVO 

Paramete r  

• P r e s su re  

Fuel Pump Dzseharge 

Fuel Pump Dzscherge 

Fuel Pump Dzseharge 

Fuel Pump Inlet 

Fuel Pump Inlet 

Fuel Pump Inlet 

Fuel Pump Rear Benrsng 
Coolant 

Fuel Pump Interntage 

Fuel Pump Shroud Inidt 

Fuel Turbine Inlet 

Fuel Turbine Outlet 

Fuel Turbine Seal Cavity 

Fuel Utlaffe Tank 

Hehum Accumulator 

Helium Supply 

Hehum Tank 

Hetimn Tank 

Helium Regulator Outlet 

Oxidizer  Dome Purge at 
Customer  Connect Panel 

Augmented Spark lgn/ ter  
Oxidszer InJectmn 

Augmented Spark Igniter  
Oxidizer In3ectton 

Ou~dlzer Idle-Mode Line 

Oxidzzer Idla-Mode Line 

Oxidizer  Injection 

Oxidizer  InJentzon 

Oxldtzer Pump Bearing 
Coolant 

Oxidizer  Pump Discharge 

Oxldlaer  Pump D~seharge 

Oxidizer  Pump Discharge 

Oxidizer  Pump Inlet 

Oxidizer  Pump Inlet 

Oxidizer  Pump Inlet" 

Oxidizer  Pump P r ima ry  Seat 
Cavity 

Oxidizer  Turbine Inlet 

Oxidizer  Turbine Outlet 

Oxidizer  Ullage Tank 

Photocon Coohng Water 
(Downstream) 

Phntoeon Cooling Water 
(Upstream) 

Propellant Utfllzation Valve 
Inlet  

Propellant  Utfllaatinn Valve 
Outlet 

Tap 
No.._.:.. Ranze 

PF3 0 to 50 

PF3 0 to 2500 

PF2 0 to 500 

PF1 0 to 100 

0 to 100 

PFIA 0 to 100 

PF7 0 to I000 

PF5 0 to 200 

0 to 2500 

TG ] 0 to I000 

TG2 0 to 200 

TGI0  0 to 500 

0 to 100 

NN3 0 to ?50 

0 to 5000 

NNI-1 0 to 5000 

NNI-3 0 to 5000 

NK2 0 to ?50 

0 to 750 

I03 0 to 1500 

IO3 @ to 50 

P010 0 to 2000 

POt0 0 to 50 

C03 0 to 500 

C03a 0 to 1500 

P0? 0 to 500 

P03 0 to 50 

P03 0 to 2500 

P02 0 to 500 

P01 O to t00 

0 to 100 

P01a 0 to 100 

P05 0 to 50 

TO3 0 to 200 

TG4 0 to 100 

0 to lO0 

0 to 100 

0 to I00 

P08 0 to 2000 

P09 0 to 1000 

Dig/tal 
Data Magnetic Osc lno -  S t r ip  Event X-Y 

System Tape IroPh Chart  Recorder P lo t t e r  

X 

X 
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TABLE II1-1 (Continued) 

AEDC 
Code 

P T C F J P  

PTEM 

P T M - 3  

P T M - L  

N F P - I  

N F P - 2  

NIrP-3 

NOP- I 

NOP - 2 

NOP - 3 

TA-1  

TA-2  

TA - 3 

TA-4  

T E C P - I P  

TFASIJ 

TFBM 

TFCO 

TFD-Avg 

TFDFTA 

TFDMFVA 

T FDMOVA 

TFDODA 
i 

TFDTDA 

T F J - 1 P  

T F J - 2 P  

TFPBS 

T F P D - 1 P  

TFPD-2P 

T l rP I -  1 

T F P I - 2  

T F P P ~ -  I 

T F P P ~ -  2 

T F P R S - 3  

T F R T - I  

T F R T - $  

T F T I - 3  

THET - 1P 

TMFVS- I  

Tap  
P a r a m e t e r  No_.~. Range 

P r e s s u r e  psin 

Thrus t  Chamber  Fuel  Jacke t  0 to 200 
Purge  

Turbine  Exhaust Mamfold TG5 0 to 50 

Tapoff Manifold GGT2 0 to 1500 

Tapoff Mum[old GG2 0 to 200 

Fuel Pump , PFV O to 33, 000 

Fuel Pump PFV 0 to 33°000 

Fuel Pump PFV 0 to 33,000 

Oxidizer Pump POV 0 to 12, 00O 

Oxldtzer Pump POV 0 to 12. 000 

Oxinzzer Pump POV 0 to 12, 000 

Temperatures "..FF 

Tes t  Cel l  North -50 to 800 

Tes t  Cell  East  -50 to 800 

Tes t  Cell  South -50 to 800 

Tes t  Cell  West -50 to R00 

E l e c t r i c a l  Control Assembly  NSTla  -300 to 200 

Augmented Spark Igni te r  Fuel IFT2  -425 to 100 
lnlectLon 

Fuel Bypass Manifold GG~o -425 to 100 

Fi lm Coolant Or i f i ce  IFT1  -425 to -375 

F i r e  Detection Average  0 to 1000 

F i r e  Detect Fuel Turb ine  0 ~o 500 
Manlfoln Area  

Fare  Detect Main Fuel  0 ~o 500 
Valve A r e a  

F i r e  Detect Main Oxid3zer 0 ~o 500 
Valve Area  

Fare Detect Oxid izer  Dome 0 to 500 
Area  

F i r e  Detect Tapoff Duct Area  0 to 500 

Fuel Injection CFT2 -425 to - 3 9 0  

Fuel Injection CFT2a -425 to 100 

Fuel  Pump Balance Piston P F T 4  -425 to 100 
Sump 

Fuel  Pump DiaehLrge P F T 1  -425 to --q90 

Fuel  Pump Discharge P F T I  -425 to 100 

Fuel  Pump Inlet KF' r2  -425 to -400 

Fuel  Pump Inlet KFT2a  -425 to 100 

Fuel  Pump Rear  Support -400 to t800 

Fuel  Pump Rear  Support -400 to 1800 

Fuel  Pump Rear  Support -400 to 1800 

Fuel  Run Tank -425 to -400 

Fuel Run Tank -425 to -400 

Fuel Turbine  Inlet T G T I  -300 to 2400 

Helium Tank NNTI -200 to 300 

Main Fuel  Valve Skin -425 to 100 
(Outer  Wall) 

D~l tn l  
Data Magnetic Osef l lo -  S t r ip  Event X-Y 

Sys tem Tape  Rraph Char t  Reco rde r  P l o t t e r  

X 

31 

X 

X 

X 

X 
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TABLE lit-1 (Concluded) 

AEDC 
Cod_....~e 

T.MFVS- 3 

TNODP 

TOIML, 

TO~ 

TOPBC 

"rOPD-IP 

T O P D - | P  

TOPI-1 

TOPI-3  

TORT-1 

TORT - 3 

T O T I - I P  

TOTM-I  

TOTM-3 ' 

TOTO-1P 

TPIP  - 1P 

T P T U  

TTC~S- 1 

TT(3S-3  

T T C ~ - 3  

T T C P  

TTCT -E 1 

T T C T - E 3  

T T C T - T 1  

TTCT -T3 

TTM 

UFPR 

ITFTR 

UOPR 

UTCD- ! 

UTCD-3 

TJTCD-3 

U T C T - I  

U T C T - 3  

VCB 

r I B  

V I D A - I  

V1DA - 2 

VPUVEP 

P e r a m e t e r  Raz~e 

Tempera tu res  "F 

Main Fuel Valve Skin 0426 to 106 
(lrmer Wall] 

Ozidizer  Dcmne Pur se  st -250 to gee 
Customer Connect Panel  

Or4dizer  I n l e -Mode  L ine POT6 -BOO to 100 

Oxidizer  Injection COTI -300 to 1200 

Oxidizer  Pump Beurio 8 Coolant POT4 -300 to 100 

Oxidizer Pump Discberae POTS -300 to -260 

Oxidizer  Pump D l a e b n r p  POT3 -300 to 160 

Oxidizer  Pump Inlet KOer2 -310 to -260 

Ox id i ze r  Pump Inlet  KOT3a -310 to leo 

Oxidizer  Ran Tank -300 to  -285 

ox id ize r  Run Tank -500 to - U S  

Oxidizer  Turbine  Inlet TOTaA 0 to 1300 

OrJdizer  Turbine  Manifold -SO. to 1000 

Ox id i ze r  Tu rb ine  Man~nld -300 to  10OO 

Oxidizer  Turbine  Outlet TOT4 0 to |0OO 

lustrumenlat tus  Package -3OO to  200 

Ph~ocus  Cooling Water 0 to 200 
(Upstream) 

Thrus t  Chamber Internal Skin -300 to 1500 

Thrus t  Chamber Internal  Sk i .  -300 to 1600 

Thrus t  Chamber Internal  Skin -300 to 1500 

Thrus t  Chamber P u r p  -250 to  200 

Thrus t  Cbamber Tube (Ex i t )  -435 to 600 

Tlu-ust Chamber Tube (Ex i t )  -426 to 600 

Thrus t  Chamber Tube (Throat) -430 to 600 

Thrus t  Chamber Tube (Throat) -430 to 600 

Hcti lus Tapoff Msnffold [ 0 to 2000 

Vibrations 

Fuel  Pump Radial  P Z A - I  460 

Fuel  Turbine Radial TZA 460 

Oxidizer  Pump Radial  PZ, A - 3  300 

Thrus t  Chamber Dome F Z A - I  100 

Thrus t  Chamber Dome FZA-3 IOO 

Thrus t  Chamber Dome FZA-3 IOO 

Thrus t  Chamber Throat  300 

Thrus t  Chamber Throat $OO 

v n l t ~  

Centra l  Bus 0 to 26 

IL, nition Bus 0 to 36 

Iguition Detect Amplif ier  9 to 16 

Ignition Detect Ampi t f~r  9 to 16 

Propel lant  U t lUza t i o .  Valve 0 to 6 
Telemet ry  Pctent iometer  
Excxtatioo 

mzt t~  
Tap Deta Magnetic 
No...~. sye~m T ~ e  

] 

" s o f t i e -  S t r ip  Event X - Y  
f r aph  Chart  Recorder  P lo t t e r  
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CONTROL 
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CONTROL 
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VALVE 
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a. General Arrangement 

Fig. II1-1 Selected Sensor Locations 
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Fig. II1-1 Continued 
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..IF PR 
(PZAI } 

QF-1&3 
(PFF| 

PFPD-IP 
PFPD-IL 

(PF3) 

PFCO-L ~F4|  

QF-2 
(PFFA) 

TFPD-IP . /  
TFPD- 2P 

(PFTt) 

D 

JFTR 
(TZA) 

QFBD 

FMFVS-2 
FMFV$-I 
LFVT 

LFBT 

¢. Fuel System Sensor/~cations 

Fig. II1-1 Continued 
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e. Oxidizer SyLtem Sensor Locations 
Fig. II1-1 Continued 
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g. Thrust Chamber Injector Sensor Locations 
Fig. II1-1 Continued 
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(CF'rZo) 

POJ-I 
(CO3) 
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PFJ-I 
PFJ-IL 
' (cez) 

PC-2P 
PC-2PL 
(CGIA-I) 

P T M - L  
~SGZ) 

P T M - 3  

UTCT-2 

PFBM 
(CF3) 

- (CFT2) 

TTM 

O TFBM 
~G2b) 

UT¢~ 

h. Thrust Chamber Sensor Locations 
Fig. II1-1 Continued 
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i. Pneumatic Control Package Sensor Locations 
Fig. II1-1 Continued 
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CNNTI) 

PHET- 
(NN¶-I) 

PHET-2P 
(NNI-3) 

j .  Helium Tank Sensor locations 
Fig. II1-| Continued 
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I ' 

n. Oxidizer Turbine Sensor Locations 

Fig. II1-1 Continued 

67 



A EDC-TR-69-210 

Note: Compression Forces Are Positive 
Tension Forces Are Negative 

View Looking 
Downstream 

Thrust Chamber Exit 

'-1 

Oxidizer Pump 
Inlet 

Fuel Pump Inlet 

:SP-] 

o. Side Load Forces Sensor Locations 
Fig. II1-1 Continued 
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TA4 ~" ' 

VIEW 
LOOKING NORTH 

TAI 

CALLED 
NORTH 

t 

CABLE TRAY 

q. Test Cell Ambient Temperature Sensor Locations 
Pig. II1-1 Continued 
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I~m. ~ flClUm 

~ F U E L  

H 

'VL'I/ ~ TANK- LH2 

,q 

, ' I ~  T F RT-3 
, w , : ~  . . - -  . . . . . .  . ¢ ' p ~ - .  

~c._, ,. "% .,;, -%  
"~  "/ ":,', ,.'i ":: 
ilfd~'-~n~-' "~'::':,OKI~,~ TANK- L.O( 
: ".',... ;. 

m0m.- - - -~ , /  .:,, 
J -.% 

/ "" 

)RT-3  r -~c I  ~"~::~ 

r. S.IVB Battleship Sensor Locations 
Fig. II1.1 Concluded 
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APPENDIX IV 
METHOD OF CALCULATIONS 

NOMENCLATURE 

A Area, in. 2 

CF Coefficient of tl~rust 

C* Characteristic velocity, ft/sec 

F T h r u s t ,  lbf  

I I m p u l s e ,  s e c  

O O x i d i z e r  

P P r e s s u r e .  p s i a  

W Flow rate, Ibm/sec 

p Density, ibm/ft 3 

SUBSCRIPTS 

a Ambient 

c Chamber 

e Exit 

eff E f f i c i e n c y  
I f F u e l  

fc F i l m  coolan t  

i m c  I d l e - m o d e  c o m p a r t m e n t  

inj  I n j e c t o r  

ns  Nozz l e  s t a t i c  

o Oxidizer 

sp Specific 

t T o t a l  

vac  V a c u u m  

SUPERSCRIPTS 

* T h r o a t  
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CALCULATIONS 

I. IDLE.MODE PERFORMANCE 

A. Theoretical (Ideal) 

Calcu l a t i ons  of t h e o r e t i c a l  r o c k e t  p e r f o r m a n c e  for  c h e m -  
ica l  c o m p o s i t i o n  d u r i n g  an i s e n t r o p i c  e x p a n s i o n  w e r e  m a d e  by 
i t e r a t i v e  c o m p u t a t i o n s  u s i n g  the  m e t h o d  of c a l c u l a t i o n s  p r e -  
s e n t e d  in Refs .  5 and 6. C o m p u t a t i o n s  w e r e  b a s e d  on an 
e n t h a l p y - e n t r o p y  a n a l y s i s ,  and p r o g r a m  inputs  w e r e  (1) r e -  
ac t an t s ,  (2) en tha lpy  of r e a c t a n t s ,  (3) s t a g n a t i o n  p r e s s u r e ,  
(4) s t a g n a t i o n - t o - s t a t i c  p r e s s u r e  r a t i o ,  and (5) n o z z l e  exi t  
a r e a  ra t io .  En tha lpy  of r e a c t a n t s  was  ob ta ined  f r o m  Refs .  7 
and 8 for h y d r o g e n  and oxygen ,  r e s p e c t i v e l y .  

B. Actual 

F l o w  Rates  

1. To ta l  P r o p e l l a n t  F low Ra te  

Wt = WI + Wo 

. I d l e - M o d e  C o m p a r t m e n t  F u e l  F low Bate  

(Af)ime 
(Wf)imc = ~ Wf 

(Af)inj 

. I n j e c t o r  F low Ra te  

(Wf)inj  ffi W| - Wfc 

Mixture  Ratio 

1. Tota l  P r o p e l l a n t  M i x t u r e  Ra t io  

0 I F -  Wo 
~f 

. I d l e - M o d e  C o m p a r t m e n t  M i x t u r e  Rat io  

O/Fimc  = Wo 
(Wf) imc 
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A E D C - T R 4 9 - 2 1 0  

Vacuum Thrus t  

Fvae = Pc A* (CFvae) ideal 

where 

(CFvac) ideal = (CF) ideal  + 

and 

CFideal = F A(.~., Pe,~--) 

A® P" ideal 
A* Pc 

(from Refs. 5 and 5) 

Vacuum Specific Impulse  
F¥&c 

(Isp)vac - Wt 

C h a r a c t e r i s t i c  Veloci ty  

PcA*s 
C ~  ~ W, 

C h a r a c t e r i s t i c  Veloci ty  Ef f ic iency  
C • 

C'elf = C* ideal 

!1. PROPELLANT FLOW RATES 

Propellant Row rates are based on engine flowmeter constants 
supplied by the engine manufacturer: 5.50, 2.00, and 31.74 Hz per 
gal for the oxidizer, fuelland thrust chamber bypass flowmeters, 
respectively. Propellant properties for conversion of volumetric 
to weight flow were obtained from Igefs. 8 and 9 for hydrogen and 
oxygen, respectively. : 

III. FUEL INJECTION DENSITY 

Fuel  injection densi ty  was e s t ima ted  using the following equa-  
tion supplied by the engine m a n u f a c t u r e r :  

where  

[(w~)~oj] 2 p = 
(Pinj-  Pc) 

K = 0 .01106 
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IV. FUEL FILM COOLANT FLOW 

F u e l  f i l m  c o o l a n t  f l o w  w a s  e s t i m a t e d  by  u s i n g  t h e  s t a n d a r d  
V e n t u r i  f l o w  e q u a t i o n  

a n d  

thus, 

w h e r e  

W = CD A~/2g(144) APp 

CD = 0.97 

J A 5.75 x I0  - s  ft 2 

W = 0.311~p-"~-~- lbm/sec 

AP = PFCVI - PFCVT 

p = p (PFJ ,  T F J )  

supplied by 

engine manufacturer 
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