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ABSTRACT 

A presentat ion of t he  ove ra l l  t e s t  objectives of t he  Nuclear Rocket 
Simulator T e s t s  along with a b r i e f  descr ipt ion of t he  research f a c i l i t y  
and data system is  given. The primary object ive of t he  first l iquid-  
hydrogen run was t o  check out the operational procedure, t h e  test setup, 
t he  instrumentation, and the  data acquis i t ion system. Same usefu l  data 
were obtained. 
liquid-hydrogen run are presented as a function of time for se lec ted  loca- 

Temperature and pressure measurements taken f o r  t h e  f irst  

t i o n s  and components i n  the  system. 
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NUCLEAR ROCKET SIMULATOR TESTS: 

FLOW INITIATION W I T H  NO TURBINE GAS; 

TANK PRESSURE, 35 PSIA; RUN 1 

OBJECTIVES 

Analytical  attempts t o  pred ic t  system dynamics and component per- 
formance are being made. Di f f icu l ty  i n  pred ic t ing  accurate conditions 
a t  component in te r faces  and at the i n i t i a t i o n  of flow through the sys- 
tem leads t o  uncertain results. Currently, analog s t u d i e s  on the  nuc- 
l e a r  rocket systems begin with about 10 percent of r a t e d  flow and 1 
percent of r a t ed  reac tor  power and as a consequence, an important phase 
of s t a r t u p  is not included. 
during t h i s  i n i t i a l  period, t he  experimental study of system dynamics 
and component phenomena i n  cold flow tests conducted i n  the  B-1 nuclear 
rocket simulator ( see  reference 1) was i n i t i a t e d .  

I n  order t o  obtain adequate information 

O v e r a l l  Test Objectives 

The u l t i m a t e  object ive i s  t o  be a b l e  t o  specify control  system 
parameters which w i l l  i n s u r e  sa fe  programmed start-up. 
c r i p t i o n  of the  B-1 test  engine and f a c i l i t y  i s  given i n  reference 1. 
The experimental program planned f o r  B-1  w i l l  include inves t iga t ion  of 
t he  following major problem areas: 

A de ta i l ed  des- 

Dynamics and cont ro l  during s t a r tup .  
Heat t r ans fe r  and flow during s t a r tup .  
Mechanical phenomena. 
Turbopump cha rac t e r i s t i c s .  

Spec i f ica l ly ,  t he  experimental objectives of the program are: 

1. 

2. 

3. 
4. 

Determine seve r i ty  of two-phase flow o s c i l l a t i o n s  i n  the  
system. 
Determine time of chilldown required t o  smooth out flow 
i n s t a b i l i t i e s  before bootstrapping can begin. 
Determine turb ine  flow required t o  boots t rap.  
Determine temperature-time var ia t ions  of a l l  components 
of t he  system: turbopump, piping, nozzle, r e f l e c t o r ,  
and core. 
D e t e r m i n e  i f  choking (sonic ve loc i ty)  occurs i n  the nozzle 
coolant passages. 

5. 
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6. Determine the s t a t e  of the hydrogen throughout the system 
during the start  t rans ien t ,  and i n  pa r t i cu la r  determine 
i f  l i q u i d  hydrogen enters  the core. 

flowrate, speed, pressure drop, e t c .  during s t a r tup ,  and 
whether s t a l l  o r  cav i ta t ion  occurs. 

density maldistributions i n  the nozzle, r e f l e c t o r ,  and 
core. 

9 .  Determine amplitude, Prequency, and d i rec t ion  of v ibra-  
t ions i n  the turbopump, nozzle, and reac tor .  

10. Obtain t rans ien t  heat t r ans fe r  and flow data i n  a la rge  
diameter pipe (between pump discharge and nozzle i n l e t ) .  

11. Obtain data t o  ver i fy  o r  improve ca lcu la t ion  methods for 
predict ing pressure drop, f l u i d  temperatures, and mater ia l  
temperatures. 

7. Determine turbopump operating cha rac t e r i s t i c s  such as 

8. Determine loca l  and gross overa l l  hydrogen flow and 

Run 1 Objectives 

One of the  primary object ives  of the first l i qu id  hydrogen run was 
t o  check o u t  the  operational procedure, the t e s t  setup, the instrumenta- 
t ion ,  and the data acquis i t ion  system. 
although previously operated wi th  gaseous helium and l i q u i d  nitrogen, 
experience i n  operation wi th  l i qu id  hydrogen is  e s sen t i a l ;  the  f irst  sev- 
e r a l  runs furnished t h i s  experience. I n  addi t ion t o  the  checkout, some 
useful  data were obtained. 

In  a f a c i l i t y  the s i z e  of B-l, 

RESEARCH APPARATUS 

A detai led descr ipt ion of the B-1 f a c i l i t y ,  the  t e s t  apparatus, the 
instrumentation, the data acquis i t ion  system, and the data processing 
procedure is given i n  reference 1. A photograph showing some d e t a i l s  
of the  in s t a l l a t ion  of the Mark M turbopump apparatus is  presented i n  
f igure  l ( a )  herein,  and the  second photograph showing the propel lant  feed 
l i n e ,  nozzle, and reactor  i s  presented i n  f igure  l ( b ) .  
the several  motion p i c tu re  and te lev is ion  cameras a r e  a l s o  shown i n  
f igure  l ( b ) .  
experiment . 

The locat ions of 

Figure 2 shows a schematic diagram of the complete cold flow 
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Instrumentation 

Pr ior  t o  in s t a l l a t ion ,  the complete research apparatus including k%:t:-, 
turbopump, piping, n-1 e and reactor were instrumented at approximately 
900 points .  A complete tabulation of a l l  measurement item numbers and 
i n s t a l l a t i o n  d e t a i l s  is given i n  reference 1. 

The first l i q u i d  hydrogen run  i n  t h e  B-1 c i l i t y  included the 
measurement of 290 items; data f rom near ly  half of these a r e  reported herein.  
Table I lists and describes each measurement and f igures  2, 3, and 4 show 
the  locat ion of the s t a t ions  used. 

Data Acquisition 

The various data recording instruments used a r e  shown i n  Table I. A 
4000 cycle sampling rate d i g i t a l  system with 192 inputs and a 10,00O_cycle 
sampling rate with 100 inputs were used f o r  these tests. For recording 
higher frequency information that may be present ,  some of the data were 
recorded on FM tape and on oscillographs. An estimated overa l l  accuracy 
f o r  each measurement is a l s o  included i n  Table I, as well  as  remarks re -  
garding problems that may have occurred during the t e s t .  
mates include possible  e r rors  i n  the  transducer ca l ibra t ions ,  data acquis i t ion  
system, and data processing. Details of the various signal conditioning 
and data acquis i t ion  systems a r e  given i n  reference 1. 

The accuracy e s t i -  

Data Processing 

The data recorded on the FM magnetic tape was r e t r i eved  through appropri- 
a t e  e lec t ronic  equipment and recorded on a recording oscil lograph. Di f f icu l ty  
w a s  encountered with some channels which had 400 cycles per second noise, from 
an  unknown source, superimposed on the  data,  This noise w a s  eliminated i n  the 
data records presented herein by f i l t e r i n g  the signals with 120 cycles per 
second f i l t e r s .  

The 10 KC d i g i t a l  data was processed through an 1103 computer program 
(see reference 1) which converted the signals t o  engineering uni t s  and 
applied the individual  ca l ibra t ion  of  each t ransducer .  The output from the 
computer is a tabulat ion of the value of each var iable  a t  each l / lOth of 
a second during the complete run. 
se lec ted  var iables  a r e  p l o t t e d  against time on the output typewriter.  
ductions of some of these p lo t s  are presented i n  t h i s  repor t .  

In addi t ion t o  the tabulated values, 
Repro- 
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The processing of the  4 KC d i g i t a l  data includes not only the 
ca l ibra t ion  and conversion t o  engineering uni t s ,  b u t  a l s o  calculat ions 
of in te res t  for  heat t ransfer  and flow phenomena i n  the system. 

The data which were recorded on d i r ec t  wri t ing oscil lographs were 
converted to  engineering uni t s  and ca l ibra t ions  were appl ied manually. 

RESULTS AND DISCUSSION 

System Performance 

Immediately p r io r  t o  s t a r t i n g  flow i n  the nuclear rocket simulator, 
the following conditions exis ted i n  the system: The tank pressure was 
constant a t  approximately 35 psia;  the e jec tor  exhaust pressure w a s  
approximately 0.7 psia .  The system w a s  precooled down t o  l i q u i d  hydrogen 
temperature from the tank t o  the main v a l v e .  The pump w a s  f r e e  t o  r o t a t e  
b u t  w i t h  no turbine flow. The t e s t  run began when the tank shutoff valve 
s t a r t e d  opening at 10 percent of f u l l  open per second. No attempt w a s  
made t o  control the flow r a t e  during the chilldown. The time h i s to ry  of 
the  flow rate and the pressures i n  various p a r t s  of the system w a s  there-  
fo re  a r e su l t  of the change i n  main valve a rea  and the res i s tance  t o  flow 
i n  the various components of the systems and the change i n  density of the 
f l u i d  due t o  heat t ransfer .  

The var ia t ion of flow r a t e  with time during the run a t  two s t a t i o m  
i n  the system is  presented i n  f igure  5 .  The upper curve i s  the flow r a t e  
measured by the turbine flowmeter which i s  located a t  the bottom of the 
supply tank. The lower curve is  the flow r a t e  calculated from pressure 
measurements a t  the exhaust nozzle which discharges in to  the  e j ec to r  ex- 
h a u s t  system. The difference between the two curves can be explained i n  
p a r t  by storage of hydrogen i n  t h e  system during the run. Other uncer- 
t a i n t i e s  in ca l ib ra t ion  of both flow measurements a l s o  ex i s t .  Figures 6 
through 21 show p l o t s  of s t a t i c  pressure o r  f l u i d  temperature a t  various 
interfaces  i n  the system. The remainder of the p l o t s  deal  w i t h  components 
only. 

Component Performance 

The system s t a r tup  h is tory  of the Mark IX turbopump i s  shown i n  
f igure  22. The p l o t  was constructed from d i g i t a l  data using one second 
time intervals  t o  determine var ia t ions i n  speed, f lowrate,  and s t a t i c  
pressure drop. A t  s t a r tup  the speed indicator  shows the  shape of the 
gear tooth r a the r  than speed indicat ion,  and a t rue  p i c tu re  of events i s  
not given. Figure 23 shows the var ia t ion  of f l u i d  b u l k  density w i t h  time 
a t  several  s t a t i o n s  i n  the feed l i ne .  The ca lcu la t ion  which r e su l t ed  i n  
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i t h i s  f igure  made use of unverified methods of estimation of mass flow and 
heat removal because of the presence of two-phase flow. 
the "g" load a t  the nozzle i n l e t  manifold and f igure  33 shows a sketch of 
the r e f l e c t o r  o u t l e t  f l u i d  temperature sensors. The remaining f igures  1 

show pressure, f l u i d  temperatures, material w a l l  temperatures, or average 
mater ia l  temperatures in the v a r i o u s  components of the system. Figure 37 
indica tes  that l i q u i d  hydrogen temperature e x i s t s  near the run end; in 
r e a l i t y ,  fog was  observed during the t e s t .  

Figure 25 shows 

CONCLUDING REMARKS 

A hasty review has been made of the data presented herein. From 
this review it  appears t ha t  

1. The turbopump accelerated approximately as expected and 
showed no evidence of s t icking at s ta r tup .  

* 
2. Pressure f luctuat ions i n  the r e f l e c t o r  and nozzle passages 

during the i n i t i a t i o n  of flow occurred as expected. 
amplitudes of these f luctuat ions were not, however, as 
severe as has been observed i n  other hydrogen evaporation 1 
systems . I 

The 

3 .  A la rge  amplitude nozzle vibrat ion w a s  observed during a 
port ion of the t e s t .  
a t i o n  of flow from the  surface of the  nozzle. 

This vibrat ion is at t r ibuted t o  separ- 

REFERENCE 
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