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ERRATA 1’OII 

(71-736) APPLICATION OF IIICN 1)FNSITY NITRIC ACID 
oxinizm AND UDMII  WITH S I L I ~ ~ I W  FLUID 

ADJIITJVE IWEL’J O TfIJz AGENA ROCKET ENGINE 

Page 4:Figiirc 5 shown below was omitted. 

@ A .  NOZZLE HEAT FLUX. DIU/in.’ . SK 

0 1 .o 
%SILICONE FLUID IN UDMH 

Fiauto 5. Effocl ut Silimno Addi!ive Conmncation on Nozrlo Host Flux Rate 
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TABLE 11. PROPELLANT CHARACTERISTICS 

*Geneial Electric CompsnySF96 S~limne Flu86 

'Iheoscticiil spccific impiilsc comparisonf arc presented in 
1:igorc 3 .  It can  bc scen that 111)A Ipmvider higher pcrfoormancc 
wit11 Ul lh l l l  tli i in tlic stanil~rd IRFNA oxidizer. A potenlid 
C a i n  of 6 Ib-scc/lb is shown a t   ons st ant volunietric flowrate 
mixtuw ratio conditions. I l n i s  r ; i tu l  tliru*t ch:mbcr mixturc 
ratio of 2.80 w i t h  lllFNA/LlDbtll corresponds to  2.94 with 
l ~ l ~ A / l J 1 l ~ l l l  b y  suh~ti tut ion of llDA for IRFNA oxidizer 
without Imnlweic changc. 

MIXTURE RATIO O/F 

Figure 3. Compariron of Theorctiral Specific Impulse Performance 

Thearctical gas generator cornbustion gar properties for 
the propelhnt comhinalions otili7.cd are presented i n  Table 111. 
I t  i s  shown tliat  f l i e  combinations IRFNA/UI)MH and 
IlDA/UDMlI src ne:,rly iden1ic;d while MDA/UDMII + IS% JP4 

Combustion 

Gas Molecular 
Weiglit IbIMol 

Characteristic 
3946 

Calcul;itions wcrc conductcil to assess t l w  i i ia io i i i  ol' t l lc  
rcgenerativelp coolvd tlirilst c h m b ~ r .  A com)XNisnn of 111111sI 

chamber tl ierinal <margin prescnted in I'igurc 4 shows that  l i t t l c  
margin exists with l i l l A / U l ) h l I l .  This is due  to increased 
combustion side lmaling and a ruduclion in coolant cnpability 
of tlie I iDA. The margin with H I I A / U I ~ M I l  + I% Si is grcatly 
improved due to the t l ic rmal  cffcctivencss of tlie silira film 
deposited a n  t h c  combustion gas side. Thcrmnl  trancpor: 
properties 01 HDA arc not we l l  defined a n d  ultim:ite heat f l ux  
value shown was exfrapolatcd from IRI'NA lleafctl t u h ~  da ta .  
Rcference I. 

WA HEAT FLUX RATE TO COOLANT. DTUfin.' . sec 

Figure 4. Comparison of Thrust Chamber Thermal Margin 

TEST PROGRAM 

Fire tests conducted during the l iDA program may be 
groiiped, cbrnnologically, into three phases ( I )  feasibility, (2) 
dcfinition and (3)  flight woitliiness. 

F e a s i b i l i t y  tests were eanductcd initially, titilizing 
HDAIUDMH + 15% 1P4 and l lDA/UDMII  proprll;ints, a t  the 
engine assembly level. 

Definition test included gas generator, t l ~ u s f  clianiber 
injector and engine assembly levc l  fire tests. Tlicsc tests 
encompassed a wide range of operating conditions and provided 
the data base for defining the subsequent flight worthiness 
program. 
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Test I 
0. I211 OnirlirerlFusl 

H D A l U D M H  + 
15% JP4 

167A HDAlUDMH + 
1.8% Si 

1678 HDAlUDMH .b 
1 .8% Si 

167C HDAltJDMl~l + 
1.8% Si 

Typical ~ I R F N A ~ U D M H  

& Gas Generator 

- 

p v  
psia 

431 
- 

420 

450 

433 

465 - 

Test Assembly Turbine hlanifold 

~ ~~~~~~ 

The test asscmhly was rCmo~~etl from thr feasillility test 
engine SIN TO-I. 

O p e r a t i n g  c o n d i t i o n s  f o r  t h e  in i t ia l  tes t ,  with 
IIDA/UUMH + 1P4, were planned to provide the iilaximum 
mixturc ratio (0.26 O/F) available i n  t h e  exiqting turbo~)unip,  
based on pump discharge pressure capability. Prcvious engine 
tests with these propellants showed that  the cncrgy content o f  
the gas gcneralor was too low a1 0.15 nlixture ratio, O/F; to 
sust:!in turbine spccd. Test res\IIts indicated tl!;it niixtiirc int io 
of about 0.25 would provide satisfactory comljustioq 6:iien'ergy 
content and temperature. ,,? 1.. .. . ... 

A test series was then condiictcd with HDA/UDMII -f 1.8% 
Si. Test conditions were planned .to include varktions in 
mixture ratio and total piopelliinl gow ratc. Tcst results showed 
t h a t  c o m b u s t i o n  g a s  propcr t ies  (cncrgy content and 
t e m p e r a t u r e )  w e r e  s l i g h t l y  h i g h e r  t h a n  for typical 
Il<r:NA/UDMll conditions and operation was within :dlow;lble 
tnatcrial n,arpins. 

THIZIIST CII,~~II~I~:K i x J i r r o i z  i'iisr 

A sunimaiy of iiijcctor t r \ t  r c w l t ~  a r c  shown i n  T:!ldc V 
wliicl i includes a *ketch of t l i c  tc\t  iissemlily. I / I C Y C I I  t c \ t  lirings, 
eiich of 5 s c ~ ~ i i t l s  ilur;ition wcrc ~ o n d ~ ~ c t c ~ l .  Xinr of thc t c s t s  
were p c ~ f k n c ~ l  % s , i t h  injector S I N  76') wli ic l i  w a s  rcn ioved fmni 
thc  tc;iribility t cs t  cngiis SIN TO-I. Two ;tcceptmice tests \ v c n  
iniiitlc w i t h  i n j c c t w  SIN 81 I which w a s  : ISCC~I I I~YI  i n  t h c  
t lef ini t ioi i  test ciiginr thriict cliiiiulicr. T h c  princip:Ll c h j c c t i w  of 
thwe tests w a s  tu  estab l i~ l i  injector Ihe:it triinsfcr ullaraclcii\tic\ 
o v u  is range of operating miitlitions b y  dctcrmining t h e  averagc 
heat  Ih is rate to t h c  w t e r  coolctl rnonle. 

A n  i n i t i a l  b a s e l i n e  f i r i n g  w i i s  perfo in ic i l  wi th  
II<FNA/~!DhIlI w h i c l ~  yicli lcd tnowlc :ivcragc lhcil l  fl i ix,  Q/A. o f  
5.15 l3TU/i1i'-scc. 

Then a series of I lDA/Ul lMl l  test firings wcrc cnnductcd 
over a rangc of mixture ratio conditions. Resu l ts  from these 
tests show~t l  t h a t  inozzle QIA incrc;iscd iilmut 7% with 111)A 
oxitlizcr opcrating at minfure ratio, O/F, corresponding to 
constillit volunictric flowi:!te conditions, as indic;itcd comparing 
test No. 1?3 a n d  124. Furthcr, tlic Q I A  appears to be rather 
inscnsitiw to niixtiire ratio, coinparing test Nos. 124, 125,  126 
and 127. 

O p e r a t i o n  w i t h  I IDA/UI )MII+  15% J1'4 showcd a 
rctluction i n  Q/A to a level about 10% Iowcr t h a n  thnt  obtained 
wilh l ~ D A / l J l I M l l .  

The  iiiost significant test results \VCE obtained from test 
Nos. 131 a n d  133 with IIDA/UI>MII + Si. The effcct of silicone 
fluid additive concentration on n o v l c  h a t  flux is presented i n  
Figure 5 ,  which sliows the insulating charactcristic of the silica 
film formed on the combustion gas side surfaces. Post-test 
inspcction of the injector tcst asreinhly showcd no evidcncc of 
silica ileposits. I t  was postulated t h a t  thc oxidizcr post flow at  
shutdown removed the silica deposit. 

Thc  silica film was observed on the thrust chamber 
combustion side surfaces during a latcr enginc fire tcst. 

ENGINE TEST 

Eleven sea level engine fire tests were conducted with IIDA 
o x i d i z e r  i n  performing feasibility, definition and flight 
worthiness phases, utilizing fliree engine assemblies as presented 
in Table VI. All of the tests were performed in a facility 
equipped with a parallel tank arrangement to provide iti:rori 
propellant sequencing and extended duration (640-second) test 
capabilities The thrust chamber nor216 extension was not 
included in the test engine assembly. 

The feasibility test series condiictcd with Engine TO-1 was 
performed prior to the componcnt level tcsting. The  initiiil test 
w a s  planned to include an in-run propellant switch to 
IIDA/UDMH + 15% JP4. However, ;I ground safety malflinction 
shutdown occurred during the propellant sequencing. Operation 
during sequencing was performed such that the fuel switch was 
accomplished I to 2 seconds prior to the oxidizcr switcll. 
Shutdown occurred during IRFNA/UDMIl+ 15% 1P4 opcration 
due  to low gas generator performance. Thc low performance 
indicated that higher mixture ratio conditions would be 
required to obtain satisfnctory operation. 
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TABLE V. INJECTOR TEST SUMMARY 

u 

___. 

In;. 
SIN 

769 

7G9 

769 

769 

769 

7 69 

81 1 

81 1 

769 

769 

7 69 

~~ 

Test 
No. 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

OxidizerIFucl 

IRFNAIUDMii 

HDAIUDMH 

HDAIUDMH 

HDAIUDMII 

HDAIUDMH 

HDAIUDMIi + 
15% JP4 

HDAIUDMH 

HDAIUDMH 

HDAIUDMH + 

~~~~ ~~ 

1.8% Si 

FNAl27% NO,)/ 
UDMH 

HDA!UDMH + 
0.8?4 Si 

W t  
Ihlsec 

53.2 

53.5 

54.3 

56.6 

47.42 

53.5 

53.3 

53.6 

53.8 

54.4 

53.8 

OIF 

2.83 

2.96 

2.77 

2.09 

2.81 

2.98 

2.88 

2.99 

2.98 

2.89 

2.92 

~____. 

p, 
pr,a 

50G 

517 

523 

553 

460 

51 1 

~~~ ~.~~~ 

515 

512 

515 

517 

517 

~ 

C" 
ftlsec 

5175 

5206 

5248 

5318 

5284 

5199 

5262 

5200 

5214 

5173 

5234 

.- 
QIA Nozzle 

8TUIin.'- sec 

5.20 

5.60 

5.64 

6.12 

5.03 

5.02 

5.61 

5.59 

3.50 

5.34 

3.96 

(1 )  VaIii;:s in parentheses corrected to 500 Pc 

TABLE VI. ENGINE TEST SUMMARY - .. - 
Engine 
SIN 

70.1 

TO 1 

ro-1 

376X 

376X 

376X 

376X 

37GX 
361 

561 

j61 

361 

___ 

Test 
H3 

570 
-. .- 

57 1 

572 

573 

574 

575 

576 

577 
578 

579 

580 

58 1 

Planned 
Duration 

SeC 

30 
30 

30 
30 
30 

240 

30 
30 
30 

240 
30 

120 
60 

160 

60 
60 

640 
240 

240 
40 

240 
40 

240 
120 

OxidizorlFuel 

I RFNAIUDMH 
HDAIUDMH t 

15% JP4 

IRFNAIUDMH 
HDAIUDMIi 
IRFNAIUDMH 

HDAIUDM1.l 

IRFNAIUDMH 
HDAIUDMH +Si  
I RFNAIUDMIi 

HDAIUDMtl I Si 
I R FNAIUDMI-1 
IRFNAIUDMH 
HDAIUDMH i~ Si 
HDAIUDMH i .Si  

HDAIUDMH + S i  
HDAIUDMH + S i  
HDAIUDMH . l ~  S i  
IRFNAIUDMH 

HDAIUDMH i- Si 
IRFNAIUDMH 

HDAIUDMH t Si 
IRFNAIUDMH 

HDAIUDMH 1~ Si 
IRFNAIUDMH 

Prop 
Temp 
O F  

40 
- 

10 
10 
10 

50 

GO 
60 
60 

GO 
60 
40 
40 
40 

30 
90 
60 
60 

60 
GO 

32 
32 

90 
90 

____ 
15.15)(11 

15.501 

15.441 

(5.651 

15 .3)  

14.971 

15.48) 

15.191 

(3.421 

(5.20) 

(3.86) 

ijector 

Nozzlc 

Injector Test Assembly 

Remarks 

Shutdown during sequence a t  34 seconds due 
to low gas generator performance. 

Throat burnout a t  -120 seconds. run 
duration comoleted. 

Shutdown due to test  cell component failure 
at 68 seconds. 

Pump inlet pressure dccay test .  

Engine checkout 

Shutdown during sequence a t  240 seconds. 
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Fiyure 8.  Past.Test 580,View of Injector and Combustor Wall 
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