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PREFACE

This document contains detailed data pertinent to the S-IC FLOX feasibility
study authorized by TAC=22: - .Propulsion Divisicn, RP&VE-P provided technical
supervision. The study pericd was May through September 1964 and averaged
approxizmately 9 men, A reproduction of the technical work statement is contained
in the sppendix.
DS-I.IIJE&'-?.' relessed in Novexber 196k, 18 = general swmary of the progran
and also shows the potential impact of FLUX onSaturn -V growth.
Pollowing §# & 1ist of pérsonnel who have contributed to.the support of TAO-22.
Georg. E. C'lﬂffm m Fohn W. D. Rebinson
L. F. 0016 J. Fs Pontenot M. E. 3Chlﬂ.pba°h
Georgs Craig Denton R, ‘Hanford W, H. Schulta
Robert Gulp - €. W, Mastin L, Ry Scott
0. 7. Dickersim €, L. Norris V. B. Smith
Ray C. Dillon %, B, 0'Fallon L. €. Spece
Je F. 'Dallard H, I. Paul D. Y. Torkelion
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ABSTRACT

9647
The payload of the Saturn V vehicle can be increased up to 65 percent
by using 70 percent Liquid Flourine and 30 percent Liquid Oxygen (FLOX)
as the oxidizer on the S§-IC. This would require moderate changes o
the engine and stage. By using essentially the existing engines and
stage, the payload can bs increased approximately 38 percent. Imple-
mentation of FLOX on the S-IC will require minor stage material changes
and redesign of some items to minimize contaminant traps since flourine
reacts with most contaminants., A passivation procedure may be used to
minimize contaminant reaction. Toxic exhaust cloud problems exist, -
however, investigation indicates general feasibility. A fairly sophis-
ticated launch or test area weather sampling network fed into an appro-
priate computer system for continuous cloud behavior predictions would
probably be required before-large scale use of FLOX on the S-IC could
be implemented. Launch time restrictions can be expected under certain
wéather conditions, Storing and handling of FLOX would require modifi-
cations and additions to the Ground Support Equipment. .

FLIOX Specific Impulse
Thrust Mixture Ratio
Payload Materials
Contamination Pasgivation

Spills Alr Pollution
Costs Physlcal Properties
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1.0
1.2

101‘1

FFASIBILITY STUDY PROGRAM SUMMARY

GENERAL SUMMARY

Payload of the Saturn ¥ vehicle can be increased up to 65 percent,in
LOR capability, by using FLOX in the 8-IC. The changes to the stage
and engine to make them suitable for the maximum case (703 FLOK)

are considered moderate; however, significant. vehicle structural
Ybeef up" is to.be expected when the.effects of:the large payloads

{mass and volumes} are included, Payload inersase of 15% to 20%

can be achieved at approximately 38% FLOX with essentiallv ths
existing engine and 8-IC gtape.

Implementation of FIOX on the S~IC will require minor stage material
changes and redesign of some items to minimize contaminant traps.
Results from initial evaluation sirongly suggest that an allernats
oridizer-tank nrassnrizatisn avatem 94 deeirohls

New items, such as fluorine and :FLOX storage tanks, a' gas recondenser,
and handling and passivation equipment will be required .at the test
and launch-asite. Production test operational problems.at MIF may

be eliminated by using LOX as 2 substibute oxidizer, thereby elim-
inating the hazard and equipment cost. - This approach. reguires
evaluation., Relative to the toxic cloud problem,.'specific prediction
of sultable launch or stabtic test time periods was not reguired by the
conbract, however, investigation indicates general feasibility.

Iaunch time restrictions can be expecied under certain weather
conditions, A fairly sophisticated launch or test area weather samplw
ing network fed into.an appropriate computer system for continuous
toxic cloud behavior predictions.will probably be reguired befors
large scale use of FLOX on the S-IC could he implemented,

The following paragraphs.summarize the major findinzs from the study.

Porformance Summary

Performance increase with FLOX has been defined by a ssries of step
limitations Yo the engine and stage. , Two definitive engine Aimits
exist. The first F-l engine step or “s‘uopp:mg point® is'a cooling
limit defined by the heat rejection capacity of the existing F~l
chambear. This problem, as defined by-Rocketdyne, can:be eliminated
with a revision to the cooling tube network in the chamber {i.e.,
change in diasmeter wall thickness, etc.). The second limitation is
the power capacity from the existing G.G. {gas generator}. Holding
G.G. turbine inlet temperature to existing values-is a ground rule
that determined maximum F~l performance in-the study.

Significantly, the engine used in the performsnce study then is
essentially the existing F-l, inasmuch as no change is required to
the G.G., turbopump, or subsystems. Changes, other than the cooling
tube revision noted above, are those-associated with local inoreases
in operating pressure and some incompabible materials.
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The stage stopping points were identified as (1) the existing sbructure
snd tank capability, {2) the performance limit within the existing

tank volumes and {3) the performance with tank bulkheads moved to

matceh opbimum mixture ratio (stage and engine). The total S-IC

length was not changed for any of the study configurations.

The engine and stage steps have been used in various combinations
and seven basie confipurations identified: - Performance-of- the seven
configurations "(stopping p01nts) are shown on Table 1.1, Details
of .the vehicles are shown on Table 1.2 ahd are ‘dlscussed below:

CGonfiguration 1, .on the table, is the existing stage with.theé F-1-
engine rated at 1522K thrust. The stage propellant loading. has-
been reduced to. assure that loads on the structure are mnot ih
excess of the curreht full tank vehicle.

The 10,000 pound A payload value (réferenced to 1LOR), therefore,

is a mlnimum FILOX improvement point because the propellant off~
loading was used 'without regard for the favorable effects that would
be realized from optimization .between systems {i.e¢., pressurization
NPSH requirements). System optimization undoubtedly would’ allow
higher propellant loadlnas and consequently greater payloads. -
Note that the engine.is-derated. and operates at,92% of the existing
F-1 total propellant flow rate and FLOX is approxlmately 309

Configuration 2, at 37% FLOX, also uses the existing engine’
(derated to 1522K) but shows! increased performance as a result, of
loading the S-IC tanks to a point limited only by thrust fo weight
at leunch (set arbitrarily at 1.17). The net payload increase,
i.e., corrected A vaviead is showm as 14..000 pounds.

The adjacent column indicates that a theoretical payload increase
of 17,000 pounds is available, Theoretical A payload is tha:
value which would be achieved without consideration for inert
weight effects on the stages. Corrected payload increase ip a
value that has been ddtermined by a; generalized inert weight
curve, The correction curve,considers payload mass, volume "and:
stage factors. (propellant.loading and thrust) .and.assumes'a linear
relationship with growth,

Configuration 3 uses the capability, of thé existing Fel w1th1n
the chamber cooling limits. :The total mags flow rate is 9§82

the existing F~l. Thrust to weight. at launch is 1.21 and, the
corrected LOR payloadi increase is 17,000 pounds. The:inert weight
penalty used is probably excessive (3300 pounds payload loss)-
depending, "6f’ course. on-the vavlodd volume- and aerodvnamic
characteristics,

It should be noted that thé eéngine main chamber cooling limits
discussed previously has been predicted by Rocketdyrie based on a
confident estimgte of the carbon build-up rate on the chamber-
inner-tube walls, Should the carbon build-up rate actuzlly be
higher than estimated the unchanged engine performance could be
extended in terms of mixture ratio or percent FLOX, Should this

D5-11464-1
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FLOX PERFORMANCE SUMMARY
, . MAX F-1
. {2000K)
MAX E=] =
{2000K) | NOM F~1
@ ’NQ!‘.@F“‘}‘ s (1300K)
'é {1800K)
= 1
o “
< E
=
= ] 1
M
(7] ]
o
o
[+ ]
pras 1 ¥
O, m}x{i’;@: 370 I g;e 70, R
~ -EXISTING - =1522K F-1 -EX ISTING -MOD F-1 -MOD -1
- ~ STAGE-ENG FULL OXIDIZER. ENG ~1625K - - COOLING COOLING
) 1 1B2xK . FULL OX 1DIZ, FULLoxmtz.l =0PT BULKHEAD
I L FE-10ADOX 1D . ¥ 1 LOCATION
= , : :
s R (STING TANK VOL BULKHEADS MOVEC



7220

ol

G
~hotril

T, EXISTING ENG & STAGE

{OXIDZER QFF-LOAD)

% EXISTING ENG

3.

1.

,.‘5' Q‘

(FULL OXiDtZER}
EXISTING 1625K ENG
{FULL OX1DIZER}

$00D, F-1 COOLING(FULL OXIDY
§ EXIST TANKS-ROM, THRUST)

RO, F-1 COOLING { FULL OX1D)
(EX1ST TANKS -AAX, THRUST)

#00, F-ICOCLING
OPT. BULKHZADS (NOML THRUSTY

MO0, F-1 COOLING .
OPT. BULKREADS (IMAX THRUSTL

PERFORMANCE SUMMARY

FLOX S-IC

TABLE 1-~2
THRUST | Al | % FLOX MR | oL Wi §wrua | Wy fwesrel | TEORETICAL CORRECTED
QFF-LOAD APL A
15228 2| X z51 e | axm | o L2 - 10,000
1522¢ 2 37 231 6524 §oamm | oo L 17,000 14,000
K |z B 254 ety | Ls | s ta -8 | xxo 7,00
hins 54 0 3.5 630 | 4%H | R L2 §m 54, zoc; &,000
215K 5¢ 0 15 AEEM {1 S.0EM L5 L& {13 63, 60 54,000
1800K i) 135 rT2m | sam g L3 § w0 51,500 51,000
mk fs8 fw |3 | ozzw {san | oa L7 fus o £2,000
L3




1.1.2

be the case, payload values in excess of those gquoted wauld be
possible,

On configurations L through 7, it is assumed that a change in engine
cooling tube design is accomplished, thereby extending engine
performance up to the next major component limit, i.e., the gas
generator power limit, This allows operation at favorable mixture
ratios and 70% FLOX.

Power availability from the gas generator is restricted by the
turbine inlet tempersture. AL peak performance, 2027K pounds
thrust is available and total propellant flow is approximately 113
percent compared to the existing F-l., This psrformance level can be
accomplished within the capability of the current F-1 with the
exception of the cooling tubs geometry change mentioned previously.

Alowing for error in theory, vehicle performance investigations with
modified F~1 cooling tubes have been approached using two engine
ratings;.one at predicted maximum available, the other derated to
a more nominal engine (i,e., existing F-1 total mass Ilow rate).

Configuration 4 with the nominal rating (100% F-1 mass flow rate)
has 45,000 pound corrected payload increase. The maxdimum performance
case, configuration 5, shows 54,000 pounds LOR payload increase.

The last two configuratiomns, 6 and 7, identify the benefits from
moving tank bulkheads to best match engine mixture ratio. The
engine conditions match the previous two configurations except that
vehicle performance optimizes at 1985K instead of 2015K pounds

F-1 thrust. Mass flow rate is dropped from 113% to 110% of the
existing F~1 value.

Summarizing paylead can be increased from approxbnately 10,000
pounds to 62,000 pounds using FLOX. . These gains can be accomplished
by varying FLOK concentration using "no change™ engine and stage

at the lower values up to moderate modlflcations to both engine and
stage at tho maximum performance range.

Stage Design Summary

Material and process compatibility, sub-systems design, and

problem area identification received primary attention. Based on
published data and limited Boeing RB&D work, the materials used in
the material construction of the oxidizer tank and systems upparently
are FLOX compatible. Séven minor areas, primarily valves and instru-
mentation, contain organics or construction techniques that are not
FLOX suitable. (See shaded &r2ad on Fig. 1-1.)

Aside from the materials noted above, the current LOX cleaning
procedures augmented by fluorine or FLOX gas passivation should make
the stage ready for FLOX loading.

Practical evaluation, however, indicates several design areas should
receive close attention, Typical are contamination and/or flow
stagnation traps such as those in the slosh baffle mounts and con-
volutions in the GOX and LOX gimbal and flex connectors., Also, as
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1.1.3

a matter of good practice, fluorine gas at elevated temperatures should
be avoided., An alternate oxidizer pressurization” system that avoids
the hot gas problem is possible and probably would be recommended

if detailed degign studies were made.

No detailed structural studies were conducted as a part of the TAO.
Information- developed from previous vehicle uprating studies was
generalized to give an approximate estimate of inert weight effects.
Follow-on work should include the development of inert weight
equations and should include specificaodesign point vehicle studies
to properly assess vehicle weights.

Operationél Factors Summary

The contract requirements on this subject covered only a problem
identification phase and did not specify that magnitude of, or
solutions to the problems be defined. However, because this area
proved fundamental to feasibility, a general study of the Xaunch
area equipment and toxde cloud problem was accomplished.

Figure 1-2 is a schematic of an operational system for FLCX applica-
tion., All the equipment, except the LOX enrichment storage tank, is
new, however, no advancement in the “state of the art" is required
for these designs. In fact, it appears that the detail design
concept should be determined from overall economic¢ considerations
rather than specific design problems,

Toxde cloud effects from “cold spills" do not appear to be governing
factors in feasibility. Proper design and operational procedures
to alleviate the major portion of the hazard are believed possible.

A normal launch creates large quantities of hydrogen fluoride that
are expelled in the lower atmosphere. However, an analysis, based
on Army Chemical Corps, ORG Study No. 17, Indicates contamination
is well within the region of feasible operation, provided weather
conditions are not unusually unfavorable., Figures 1-3 and 1-4 show
typical study results. The dosage tolerance level used is approximately
50% of the quantity reported by some authorities as acceptable for
¢ivilian populations.

Qatastrophic (fall back) failure from the analysis technique used,
has. proved to be the most severe condition. Again using a dosage
level well within those predicted as tolerable for a civilian
population, the analysis shows that favorable weather conditions are
necegsary for safe launch. (See Figure 1-5.) Favorable weather
conditions are those expected during daytime hours with sunshine
gnd/or‘favorable winds,

It should be noted that the analysis technique used in the study did
not account for elevated temperatures (burning). For analysis
simplicity, it was assumed there was an instantaneous gas release.
The results shown, therefore, are prcbably conservative,
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-

Weather conditions are extremely influential and as a result continuous
monitoring of the launch area with suitable computers will probably
be necessary for large scale FLOX operation.

In any case, the study shows that if launch time restrictions can
bs accepted, operation with FLOX is feasible. Further study using
more sophisticated analysis methods would be expected to yield .
even more favorable results,
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INTRODUCTION AND SUMMARY

This 'section contains engine performance, vehicle definition and
perfomance, and numercus- side study results,pertident to.FLOX applic-—
ation. Additional date is contained in the appendix. Both Rocketdyne
and Beeing conducted a general analysis of the F-l engine response

with FLOX. Rocketdyne concentrated on limitations of the existing

F-l1l, vhereas, Boeing concentrated on conditions of engine operation
that-could be logically introduced into the stage., Slight discrepancies
in Boeing and Rocketdyne performdnce data exist, however, as a rule,

the discrepancies exist at obscure mixture ratios which are of no
practical interest.

The status of the performance data is such that the vehicle performance
improvement quoted in this report can be used to identify and compare
FLOX application, however, confirmation of engine performance by experi-
mental (sub-scale) tests appears necessary.

The following summarize: the pertinent performance findings from the

study:

1. Payload impravement of 10 percent to 15 percent can be achieved
- by use of FLOX in the existing engine and.stage.

2, Maximum Pa.yloa.ii'. using essentially .the unchanged F-l engine is
limited to approximately. 20 percent.:

3. With F-1 chamber cooling tube modification, performance improvement
up to 65 percent can be achieved,

L. The existing F~1 chamber cooling limit (based on "coking® carbon.
build-up) characteristics of RP-1 and (FLOX). is a primary question,
Rocketdyne propovsed a .conservative estimate in the study.

5 ‘Stage system operating performance with FLOX is superior to LOXy
BACKGROUND

Fluorirne is commoniy xnown -as.a NIgNly reactive ELEment and 1S, in
fact, hypergolic with most organic and several inorganics at room
temperatures, Iiquid fluorine which has a density of approximately
1.3 times. that -of 10X, has a basic.advantage of leading in a given
propellant containér,

Mixing fluorine with. LOX results in a misclble solut.ion whose den31ty

increases &s .the ratio of i'luorine bo LOX. is increased. FLOX in this
Btudy s is defined as the percent fluorine in the total omdlzer quantlty R
i.e., 50 percent FIOX means -50. percent- of the total mixture is fluorine.

Though important, the primary advantage of FLOX in a LOX-RP-1 rocket
stage is not the density.factor, but the effect on engine performance.
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Simplifying, the use of FLOX in the combustion process generally takes
advantage of the high reactivity (heat release) of fluorine and because
of a change.in the gas properties the velocity of the nozzle gases is
increased for a given set of chamber operatineg corditions.

Engine performance can be expressed in the following terms:

F =WVe + (Pe~Pa) Ae
g

where:
F = Thrust
W = Chamber weight flow rate
Ve = Exhdust.gas velocity
g = Gravn’:‘hationéi. constant
Pe, = Static pressure at nozzle exit
Pa. = Ambie_nt. pressure
Ae = Exhaust, nozzle exit area.
1 Simﬁi-fy;ing, the 'second term "(Pe-Pa) Ae' can be dropped from the equa-
. tion when gases are expanded ideally within the nozzle. This simplif-
ication is valid for .general comparison, thus performance maximization
can be examined within the basic equation:
F =ve
&

Since the W term can bs varied arbitrarily with the power availability
of .the gas-generator-turbo-pump systen of- the engine, it is apparent
that .the effect of Ve (Velocity) is:a-primary term,: <This:is-further
illusirsted by substituting specific.impulse.(Isp)-in.the-equation’
and simplifvine:

Isp = F-or Ve, for ideal expansion.
g

Maximizing velocity, among other things, is.related to the gas
properties, consequent acoustic velocity at the nozzle throat and the
degreg of thermal jonization and recombination. The factors of primacy
influence on gas properties (performance) are the static temperature and
the molecular weight of the combustion producte. Based on an energy
analysis, if the pressure ratio (chamber to ambient)- is fixed at a given
value, the wvelocity term cam'be expressed ast

Ve ,,,‘g V’f_ﬁ
M.

LV mansTe | no, DO koL
RECTION 2 LYY R

REV, $YM. e



G = gonstant

- o= Combustion  temnarafuira

Pro;ﬁael,la_nts Tc( °R H_ rgg_ Ve-Pi/séc
OpfRP<1 - | 6610 23.7 16.8 9,660
3omox/np- 6500~ 1.7 -17.3 10,700
70%‘FLOX/~RP— 17800 21( 19.3 : "_','760
:Nzoz.ja?gﬂb 5‘5:5390 21 16.5 9,360
f"’?fﬁz- 5395 10.{ 232 12,500
Boffuclea 4500 2. s 25,000

M= Molacular wedsht

Thus, performance’ is -makimum whén ‘tombustion temperature is highest
and the molécular weisght term is minimum.

FLOL in réaction with RP-1- has an effect.on both terms and’ theoretically"
T¢' maximizes at approximately 70 percent- FLOX,
M

The table below summarizes,the corralation’ of Ve and Y/ Te/M of soie
propellants. at arba.trara,ly selected m:xt.ure ratiog.

Another factor of ‘major significance is the effect of FLOX on the rest
‘of the engine cycle specifically the turbopump, gas generator and systems,

Thé benefits ¢f" increased ‘density are . readily: apparent An termis of

:pump and - system pérformance. "The improvement in engine-nozzis -performance

“discussed previously dlsoiapplies:to the gas generator in terms of
“turbine nower availsbility.

Sumnarizing, the!overall impact .of PLOX on wehicle/erigine performance
is: increased density for increased loading and reduced pressure
drop » greater power dvailability- ~from ‘compénents.and most significant,
the' substantial: improveérerit- inschdmbery/nozule. performarce.-

2.3 PEEFEMLNCE IIWITLTTONS

2,3.1 Thrust Considérations
Limitations to-uprating.-the F-l dngine ezn.be defined-specifically in
terms of major cokiponents or subsystems, :-Rocketdyne has conducted a
sfudy on the .Idmitations of the F<l engine with: FLOX addition. The
limitations from thelr study, are of a systems operation nature and
do not necessarily include stress limits. Increasing material strength
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2.3.3
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or gage and redesigning minor components are congidered straight-
forward, non~development chznges. 'In the F-l system, the primary limit
is the turbine and a secondary limit is chamber cooling. As FLXX

is added, the thrust level is increased and the correspending power
requirement ie met either by greater pewer availability from FLOX

or increased turbine weight flowrate. If the turbine inlet pressure
requirement increases at a faster rate than the pump discharge pressure,
then all orificing capability in the gas generateor feed line is losb.

"This is offset somewhat by the increase in pump speed which accompanies

the developed head rise but a flow imbalence resulis and the engine

main line ‘must be orificed to maintain the proper mixture ratio.

In the study, the’'maximum abtainable thrust level was established as
that thrust delivered with no orifices in the gas generator feed line
-other than that which weuld be required to adjust for the nominal turbine
inlet temperature.. Figure {2-1) shows the maximum thrust as & function

of mixture ratio for the three fluorine concentration investigated
by Rocketdyne. Figures 2-2 through 2-5 show the corresponding specific
impulse improvement., All data are referenced to the F-l model specific-

ation of date,.

Turbopunp Considerstions

Boeing condicted investigations to determine the turbepump power:
requirements for the FLOXed F-1 engine and any associated thrust limits.
The réquired pump power was calculated from ideal model laws and does
not account for any.changes in orificés or line configuration, there~
fore, fuél pump power may not decresse as much as is shown. Figures
(2-6§ and’ (2-7). show the pesulis of this study, For the cases of
constant volume and weight flowrate, it should be possible to gebt
significant increases in thrust with little or no _change.

Engine Heat Transfer - Performance Considerations

Genaral

Rocketdyne conducted investigations to determine the heat transfer
limits of the present F-1 engine system with FLOX. The assumptions
made in generating the resulis follow:

(1) The -1522K thrust ‘qualification F-1 engine configuration is used
with only minor chanze exceot. substitution of FLOX as the oxidizenr,

(2) Changes required are straightforward and do not involve apprecisble
R&D which would be necessary for new components. and are restricted
£6 such’ Mehiek Tikés" ag:

{a) Routine structural increases to overcome stress redlines.

‘(b) Substitution of materials for compatibility with the new
propellant

(¢) Dimensional meairication to existing hardware to optimize
system performance andfor to extend operational limits {pump
impeller trimming, component flow passage réfinement to reduce
pressure drop, etec.)
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2.3.3.2 Heat Transfer Analysis

The following ground rules and assumptions apply to the heal transfer

results,

(1) The existing chamber tubes were not changed in any way.

(2) The carbon layer on the hot gas side of the tubes was estmated at
the different FLOX concentrations by correlating mecdel-motor
test data (using LOX/RP-1 and limited oxygen difluoride OFp/RP-1)
and full-scale F-1 LOX/RP-1 test data,
{Note: The thickness of the carbon -layer is an extremely importent
factor in the cooling capability of the thrust chamber. The
total experimental data ayailable is limited, however, the thick-
ness was assumed to reduce as the fluorine concentration increased.
This assumption needs further experimental ve;ii‘ication.)

£3) The mixture ratio limits quoted are for no direct chamber injection,
i.e., all fuel flow is routed through the cooling system.
(Note: At lower mixture reit.ios, some of the fuel would undoubtedly
be by-passed to minimize pressure drop.)
.F_;lg\&es (2-8), (2-9) and {2-10) show the thrust chamber cooling
limits as determined by Rocketdyme.
{Noté: Rocketdyne states that the mixture ratio limits as deber
mined by their initial study are not absclute. A number of
quick fixes are available which singly or in cczbinalicn gonld be
used to increase the alluwable mixture reiios withoul violating
the restriction of "No major thrust chamber re-design.?)

The following approaches are possibilities:

(1) vunange in tube material

(2) Change in tube wall thicknes

(3) ILocalized increases in tube coélant veloecity and turbulence
(dimples or spoilers®)-

(L Increased injector film cooling

(5) Possible substitution of a hydrocarbon fuel with a higher coking
temperature

Incorporation of one or more of the pogsibilities noted above would

broaden the-¢apability of the F-1 and allow operation up to the gas

generator power limit. Performance data with medified cooling are

shown on the previous figures 2-1 through 2-5.

2.3.3.3 Carbon Deposition in a FLOX/RP-1 Thrust Chamber (Boeing Analysis)
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Boaing: conducted a.cursory . amalysis of carbon deposifion in s FLOX/
RP-% thrust: chawber: . Sinpe. data-are readily availsble-for. IOX/RP-1,
this combihation. was uged, for' comparison.: . It was. asstm»d both. propel-
lant ccmbinat:i.pns BXE fired. in.identical cha?*.’sers, under constant
chamber pressure .and et optimum mixture ratio.

There are several possible arguments, supporting either greater or
lesser_carbon buildup as the fluorine percentage increases, if ths.
mecharvics and' thermodynamics: of. the' combustion brocess are considered.

The hard, stiriated.depoaitg:-mosilprobably exist’ from. thermal craciting

in the. ll@ld phase.of, therfuel which impinges on thé chamber, walls,.
The amount of deposit: depends ‘on the. lengbht ol rud’ with deposit weight
inci'easmg linear]y with: ire .in-the initial stageé. 4 mexdimum thick-
ness is attamed, hm»tever, when thei rate of depoait buildup is equaled
by the rate. of erodion. This hypothesis has bgen. shown to be correct
by. experimental; data-slthough the: actual-déposit thickrness fluctuates
afound a. steadystabe value-basause the deposits bresk off as relsbively
large. .chunks of material,

Since =2quilibrivi is -8gtabkished in both *prepellant combingtions under
study;,. the' combustdon mechanisen s hnim_por&ant to the analysis of’
deposit. thickness, . ﬁ‘hzs is. eapeciadly trae “sinte the deposit is &
product of the fuel only and should.not be mfluenced by the oxidizer
maKetin.!

The remaining ‘Paraheter sirich-eduld. infludnce-deppsit weighis 1is.ther
rate off carbon denositierdsivna.s

increasea pressure, 1s Knowm: Lo acodlerate. smoke fomatien in eombustors,
Coke: deppsits :are, in ,genem:b;s affeched gimi lanly i that: 19,7 a leveling-of:
in deposituratds ha‘.% Dbeen.: found onge the' pzr'sas:.f.m.k'&t i iﬁcreased ;to two or
thrée-atmosphierds., * This: is: atéribubed to irérdased yate:ofi erosion
with.increased: combustion. gas, dehsity, - Qo}ce ‘degposition wonld be ex-
pected Lo increase with pressure; reach & st.eaé.y state, and then
decrease- as: qpres‘%um -continues to rises Al donstant.- chamber predsuye,
specified in the Eystom: study,.nio. effeck would be expkéted.

HOCKETAYNE: IS WeNTLoned & rough JInvense ToLAL1ONSNLD. between agposit
thickness:and. flyorine peréentage. in the- Mze# 1h a2 zas: generator
combustiaen: chamber;’. {See, pate2.8.43.20) Aesuming consbant. chanber
pressure, compariscn of, the moleculatr weighte of LOX/RE-1 ang FLOX/
RP=X..combustion fpraduc:t,a uné,}é?r extrepe-ifuek: rich- sondlit:r.ans shows:
nearly’ identical;  Valuesun: ; Uncher Wby sbamchiqmgtric aond::.mons tha
molecitiar weight- oft:the EL0XeRsgyshon jodnbugbien produeta is setnelly
slightly Iﬂs?’ #Han that of the LOX system, indicating slightly heavier
deposits for the FLOX system,

HIgNer compustlon vemperaturas would tend fo reduce the deposit
thickness,,! ContinuedoarbonbBud Tdup. would Fefuce: the-heatt transfer and
iricrease the,carbor. ,sunﬂa‘crhmperatuﬁé kil bum::ng commenced,.

As. the datbonrleyer-burned. sway, the heat twansfer. would dncreas
theneby wooling.the surface andiones sgain allowing the. layer, to
rebuild.” The deposit thickmess would, therefore, be inversely
proportional to the coembustion gas temperature.
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2.4

2.3

-Finally, if. the.veloclties of the exhaust. gases are. compared, it is
evident that a more erosive effect would be exerted by the FLOX propel-
lant combinat:.on, thus reducing deposit thickness by establishing
equzlibrium earlier, .. The reduced carbon thickness would only appear

in the nozzle area where the expanding gases are accélerating: no .
effect Would appear. in the combustion chambér.

No other éomparisons of the two systems are availzble., It appears
that a slight decrease in carbon thiclmess would result from a FLGXed
system burning.near stoichlometrlc conditions, with-the effect becom-~
ing ‘more pronounced for higher fluorine percentages. If the above
hypothesis-is corréct, fuel coking in the coolant tubes could bhecome
-2 serious -problem- beca.use of the dual effect of higher temperatures
and, 1ower <arbon deposits.

I{', may be sta.t.ed that under constant combustion chamber conditions

the carbor. deposition raté and structure for FLOX/RP-L are identical.
The only parameters which could effect deposit thickness are the-come
.bustion gas propertles. L higher combustion gas bemperature and velo-
.¢ity will increéase erosive effects, thereby reducing deposit, thickness,
The combined effect’ of higher combustion temperatures and lower hot-
£gas side insulation may create coking problems in the interior-(fuel
side) of the coolant’ tubes.

,,Estimated NPSH Requirements (Boeing Analysis)

Operation of the F-i eng:.ne with FLOX RP-l propellants will pmbably
necessitate a.change 'in fuel and éxidizer volumetric flow rates in
order to maintain a suitable engine mixture ratic. The result will
be, in most cases, a change in NPSH requirements. These requirements
were. caleulated -Lrom ideal model laws and, therefore, do not.account
for any, changés in pump, downstream resistances (orlf::.c:e or line con-
figiration changes) or real pump behavior which deviates from the
ideal. -Calvulations were made for the following five cases:

(a) .constant total weight flow rate at a mixture ratioc which optimizes
-thie engine séa level speeific,impulse

('b) constant combustion chamber pressure at optimum mixture ratio
.constant thrust at -opbimum mixture ratio

(d)' constant volumetric flow fate of both fuel and exidizer

(e) constant total weight flow rate at the nominal mixture ratio

48 can be seen from Fig. 2-11, the NPSH- requirement for each operating
case décreases with increas:mg FLQX percentage. Therefore, reduced
requirements_for'the pressurdization system are expected when FLOX is
used on.the-8§3IC.

ESTIMATED F-1 ENGINE PERFORMANCE (ROETHG ANATYSTS)

Theoretical performance calculations for FLOX/RP-L propella.nts indicate’
that specific impulse inereases with fluorine content and is maximum
at a FLOX mixture of about 70 percent. This mixture of fluorine and
axygen represents the optimum propellant composition for preferential
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burning of fluorine with hydrogen,.and oxygen with carbon. ~Boeing
made performance estimates for the following conditions:

(a) constant total.weight flow rate at a mixture ratioc which optimizes
the engine- sea level specific impulse

{b) constant combustion chamber pressure at optimum mixture ratio

{c) constant thrust at optimum mixture ratio

(d). constant volumetric flow rate of both fuel and oxidizer

(e) constant total weight flow rate af the nominal mixture ratio

These resulting:data have.been checked with Rocketdyne and NASA
information and general agreement exists., They are presented here for
added informatien,

Traditionally, a theoretical base of either frozen or shifting
equilibrium composition is selected and appropriste efficiencies are
-applied to predict an actual engine operating trend. Boeing experience
in reaction kinetics coupled with various state-of-the-art kinetic
analyses strongly indicated that the performance of either LOX/RP-1

or FLOX/RP~1 propellants expanded in an F-1 thrust chamber would be _
very closely approximated by a complete shifting equilibrium expansion.
A theoretical shifting base was, therefore, used to predict FLOX/RP-1
F-1 engine performance. The efficiencies used to correct the theoretical
sea level specific impulse to expected F-1 actual performance with

FLOX were obtained from.data provided by Rocketdyne.

Assumptions made in the andlysis include a constant sea level thrust
coefficient and a gas generator mixture retio.which decreases with
percent 'FLOX to maintain the nominal gas generator combustion chamber
temperature.,

Figures 2-12 through 2-17 show the results of the Boeing study
referenced to the specification F-1 engine.- Note that the maximum
{i..e., gas _generator power limit) performance case was not defined
as was accomplished in the Rocketdyne study.

2.4 Rozction Kinctic Analysis of the Combustion Products

Some discrepancy between Boeing and Rocketdyne specific impulse
predictions are apparent. Asindicated, these differences, for the
most part, are small, generally less than 3 to 4 seconds in regiom:
of primary interest. :

AS 1naicatea previousity, a reacvion kinetic analysis of the combustion
‘products of LOX/RP-l and 30% FLOX/RP-) expanded in an F-1 thrust chamber
is believed near shifting equilibrium flow specifically in the mixture
ratio range between 2.0 and 3.2. There is a distinct trend toward
frozen flow which theoretically cccurs at low mixture ratios.

Near frozen .flow would not be expected to occur until the mixture

ratio is below about 1.6 for IOX/RP-1. Until tests prove otherwise,
Boeing recommends: that essentially shifting equilibrium be used to
predict F-1 engine performance with FLOX/RP-1 propellanta.
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An additional*discrepancy between Boeing and Rocketdyne data is found
in the theoretigcal. specific. impulse . for 704 FLOX... It seems unlikely
that the differences observed could be attributed to different assump-
tions for propellant gomposition or standdid heats of formation.

One explanation” is that the Rocketdyne dlgxtal performance program
rossibly has a- dxfferent accountlng,fqr tha. solid phase of carben in
the exhaust products. Aszain. tests apnear necessary to define absolute

values,
2.5 VEHICLE PERFORMANCE" SUMMARY

Based- on Rocketdyne's: preliminary estimates of F-l performance and
combustion chamber heat transfer limibs, seven eng gine-stage configur-
ations were identified as loglcal stopplng p01nts in parformance growth.
These configurations: range from mlnlmum “éhange at foderate payload
increase to maxlmum_dhanga and makimum: payload increase within the
ptresent 5~IC envelope...These ‘areias follows: (see Table 2-1)

(1) Exlsxxng 1522K.eng1ne and stage u31ng 30 percent FLCOX and off-

. Ioaded oxidiger and fwel. -

(2) Existlng 1522K- ehglne with possmble sllght modification to stage
structure- =37 peréent FIOX < full‘éxidizer "and fuel loaded to an

. arbitrary minimum thrust/welght ratic (1.17). |

(3) Existing: 1625K: eriging’ = 38 -parcent FLOX - full oxidizer fuel off
lodd. (Note: The present engine may be, operated at 1625K if
additional strhctural_oands are 1nstalled arcund the thrust
chamber to*w1thstand the slightly higher chamber pressures..)

The increased thrust ‘and--resulting payload.will require increased
stage structur§ Ain.this.and .all -following. opeyating modes,

{4) Modified:F-1 cpoling tubes - optimum propellant load {fuel off
1lcad), nominal: thrust (1800K) and-uprated structure,

(5) Modified FS1 cpoling ‘tubes — optimum propellant load (fuel off-
load),. max1mum.thrusn_(2015KJ .and .uppated. .structure.

(6) Modified®F-1‘cooling tubes, bulkhéads relocated and nominal 1800K
thrust. xInathls .and the fbllow1ng case, the propellant tank
bulkheadséhave béen relccated such that the optlmum engine
mixture tatid miy bé realized Without” off<loading the fuel tank.

(7) Modified,F-} cooling tubes - bulkfeads relocated - 1985K thrust.

2.5.1  Existing Vehicle: & Engine

The following- paragraphs ghow .the [deveLlopmgnt, oI Perrormance points
described on thé vrevious Table 2=I.

Figure (2-18): shows the theoretical payload:increase vs. mixture ratio
for the existing 1522K engine and.‘vehicle. .I% i§ seen that a theoretical
payload ‘increase of 17,000 lbs. may<be reslized when operating at the
maximum’ engine codling limit and an arbatrarlly selected minimum
thrust/weight’ ratio ‘of71.17. Thls operating.p01nt coincides with a

FLOX percentage of 37 percent;and mixtufe ratic of 2.8.

1f the oxidizer tank s olfw-lbpaded and’ fuel ad justed appropristely,
a structural load equlvalent to teday's 10R .value is assured,
Performance under these condltlons pesks out at- 30 percent FLOX

EPSUFGRSEF | N0, D5-114E4-1
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2.5.2

2. 5‘03

2.5.4

2.5.3

resulting in & fhecretical payload increase of slightly ever 10,000
lbs. {lower curve)., Theoretical payload is reduced by the amount
necessary to account for the inert weight increases, These payloads
are called corrected payloads and ars conservatively representative

of true payload increazses which could be expected, The corracted pay-
loads are tabulated in the figure.

The scope of the study was too limited to accomplish detailed loads
analysis for the numerous conditions iavestigated. Therefore, a.
correction curve was developed to show payload values that are expected
to be more nearly representative of what can be expected from & FLOX
vehicle, The correction data are described in 2.5.5.

Existing Engine @ 1625%

If more of the capability of the existing engine is used with the
present S-IC tanks; the thrust may be increased to 1625k, TFigure (2-19)
shows that a theoretical payload increase of approximately 20,000

lbs (17,000 1bs corrected) may be realized at this thrust level at the
chamber cooling limit. This performance peak is at 38 percent FLOX

T/ = 1.21 and mixture ratio of 2.54.

Modified Tnmine Coolinz @ 1200X and 2000K

Rocketdyne has indicated thal by a slight change in the thrust chamber
cooling tube geometry, the chamber cooling limits may be removed.

Figure (2-20) shows the performance gains when the cooling limits have
been remov~d and the engine is operated at 1800K (neminal engine thrust)
and '2000K {(rax. -engine thrust). :The theorstical payload inéreases at
these operating points and are 54,000 lbs. and 66,000 lbs., respectively.
The corresponding corrected-payloads as noted in the Ligure are 45,000
and 54,000 lbs, '

Modified Cooling - Relocated Bulkheads

If the propellant tank bulkheads are moved such that the full tank
loaded mixture ratic is equivalent to the optimum engine mixture

ratio, the corrected payload increases are 51,000 and 62,000 lbs,

for the nominal thrist and waximum thrust operating points, respectively.

As is summarized on the previous table (2-I), performance improvement
from approximately 10,000 to 62,000 1bs, payload is possible by
applying FLOX to the S-IC,

Inert Weight Correction

As percent fluorine in the oxidizer is increased, wvehicle propellant
loading, engine thrust, specific impulse, optimum mixture ratio and
payload increase. Because these items vary simultaneously and not
necessarily in a fixed relationship, a complex series of inert weight
squations would be necessary for specific performance predictions.
Development of.such eguations was beyond the scope of the general
feasibility study.
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As an option, Boeing selected two design points as references. One
reference is‘'the existing Saturq V/Apollo. The other reference

vehicle is based on a specific. ‘study configuration with engine tbrust

at 1800K -pourids and launch weight at 6.8 million. pounds, i.e.,
configuration %-on Table 2«1, The payload weiglht increase, approxlmataxy
55,000 pounds {computer run with no inert weight effects), was assumed
to be confained.at a total payload density of slightly less than six
pounds per- cublc foot. {See Figure 2-21). Fxamination of the trajectory
showed the expected increase in flight loads (lefthand curve, Figure
2-21). Using.the new loads, penalties to all three stages were -
developed and the ‘effects of increased first stage thrust and propel-
lant were defined. Performance was reiterated and the payload increase
dropped to approximately 45,000 pounds. For expediency, & §traight

line was drawn through the:two .points (Apollo and configuration 4)

and all-other configurations were penalized accordingly. This method,

as & rule, should.result in conservative results especially for those,
configurations that have lower thrust to weight at launch.
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STRUCTURAL WEIGHT EFFECTS
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3.0
3.1
3.1.1

3.1.2Y

STAGE DESIGN ANALYSIS

MATERIALS COMPATIBILITY
Introduction

This section conbains the study resulls based on published literature
and cen be used with reasoneble confidence. Final confirmation of
material and design suitability, of course, will be predicaled upon
specific ‘sensitivity and compabibility tests.

Essentially only mindr design and compatiblility problems are apparent
in the 8-IC. The area of major question is the potential problem
associated with handling FLOX gas at elevabed temperatures and then
probably only when conbaminants are present. Tests on an independent
R&D program at Boeing-Seattle with pure fImcerine indicate that con-—
taminant reactivity is extremely great at elevated temperatures and
relatively subdued or non-existent at cryogenic temperatures. The
oxidizer tank pressurization system on the existing 5~IC preduces
high temperature GOX and is routed through numercus fittings and
joints, somdé with possidility of contamination,

As a matter of judgment, at this stage in the technology, it would
appear desirable to eliminate high temperature FLOX gas from the
stage. This could he dene by a substitute pressurization system.

Follow-on work sheuld include studies in this ares.

Schematic diagrams of the LOX/COX system are shown on the following
pages with reference to materials of construction, environment
{pressures, tempsratures, and flow rates) through or near each com—
ponent in the system, and probable problem areas, The protkm areas
have been investigated from the standpoint of materials and structural
design based on data available. It was impossible to go into all
phases of materdal and structural redesign during this rthase of

study, therefore, a coxplete examination of design changes in the
problem areas 1s proposed for s follor-on program.

The “Components Iist® is referenced to the key numbers on the overall
schematic (figure 3-1).

Oxidiger System - Components List

200 Quick Disconnsct Coupling, LOX Tank Pre-pressurization

Materiala:
Stainless Steel 321 or 347 (CRES)

FEnvironment:

Pressure 1980 psis
Temperature 530°R
Flow Rate 24.5 ft/zec

B3-0rE1008

o, D5-11464-1
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201 Check Valve, LOX Tenk Pre-pressurization

Materizls:

17-4PH, 302, 303, 30LL, 440C Stainless Steel
Envircnment:

Pressure 1320 psia

Temperature 530°R

Flow Rate 4.0 lb/sec

203 GOX Flow Control Valve, LOX Tank Flight Pressurizatien

Materials:
2024 Aluminum Alloy - 17-4 PH, 17-7 PH, 301, 302,
303, 304, 305, 310, 316, 321, 347, LLOC Stainless
Steels, Star 'J' Stellite - Haynes Stellite #3 -
Rens Material per AMS 5545 -~ Barium BID - Stillman
Rubber Compound TH 1057 - Teflon -~ Kel-F -~ Viton
per MIL-R-25897

Environment:
Pressure 1500 psia
Temperature 850°R
Flow Rate 1360 f£t/sec

204 10X Pre-valve and Flow Meler Assy

Materials:
6061, 7075 Aluminum Alloys - 17-4 PH, 302, 303,
LEOC Stainless Steels CRES Scerews - Teflen -

Seal (RACO)
Environment:
Pressure —
Temperature 158°R
Flow Rate 38.98 ft/sec.

205 Valve Assy., Emergency Drain, LOX

Materials:
6061, 7075 Aluminum Alleys - 17-4 PH, 302, 303,
LLOC Stainless Steels ~ CRES Screws —~ Teflon -

Seal (RACO)
Enviromment:
Pressure ——
Temperature’ 158°R
Flos Rate 5.02 ft/sec

207 Valve, Vent & Relief, LOX

Materials:
356-T6, 2024, 2219, 5052, 606) Aluminum Alloys -
17-4 P4, 17-7 PH, 301, 302, 303, 304, 321, 347,

240711000
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209

212

213

LLOC Stainless Steels — Aclar - Teflon - Rcheson
EC 1730 Lubricant - Kel-F LOX Grade 300 - Tepe
per Federal Specification PPP—T—éO

Environment:
Pressure 25.5 psia
. Temperature 158-500°R
Flow Rate 256 ft/sec

Sénsor, level, LOX Loading - LOX Suppressed Range

Materials:
2024, 6061 7075, 5052 Alvimintm Alloys - 304, 340L
Stainless Steel - Low Carbon Steel (0Q-3-636) -

Teflon - LOX Compatible Iubricants per MSFC~SFEC -
106 ~ Laminated Glass Filled Teflon - FS-1281 -
Soldd Extruded Teflon iype TE-100

Environment:
Pressure - 29.0 pgia
Tempereture 158-500°R
Flow Reta J—

Switch Pressure,'Lﬁi Pre-pressurization

ﬁaterlals -
30L4L, 321, 347, 410 Stasinless Steel - NInSpanwc
{an Iron—Nickel—Chromlum.Alloy)

Enxironmgnt: .
Pressure 31 pgia’
Temperature 280-~650°F
Flow Rate —

Switch Pressure, LOX Tank Vent

Materials:
3042, 321, 347, 410 Stainiess Steel.- NI-SpanpC
{an Iron-Nickel-Chromium A1lov)

Environment.
Pressure 25.5 psia
Temperature 280-650°R
Floy Rate

.switgh;;?réssure, LOX Tank ‘Pressurizing

Materials:
BOAL 321, 3&?, th Stainless Steel - NI-Span-C
(an Iron-Nickel Chromium Alloy)

Environmént: )
Pressure 64.3 psid
Témperature 280-650°R
Flow Rate ———

U2-471-1 000
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216

217

29

215 .

Switch, Pressure, LOX Tank Vent

Materials:

30LL, 321, 347, 410 Stainless Steel -~ NI-Span-C
(Fe-Ni-Cr Alloy)

Environments
Pressure 52.0 psia
Temperature 280-650°R
Flow Rate

Valve, Check, Pre-valve By Pass - Center Suction Line

Materials:

2024, 6061 Aluminum Alloys ~ 302, 303 Stainless
steels - Teflon

Environment:
Pressure ———
Temperature 158°R
Flow Rate -—

Valve, Shutoff, IOX Bubbling
Materials:

356-T6C STG - 2024 Aluminum Alloy ~ Al6 Stainléss
Stesl -~ Teflén - Kel-F

Environment:
Pressure 430 psia
Temperature 530°R
Flow Rate 20-50 £43 /mi

Valve, Vent & Relief, LOX Tank

Materials: )
356-16, 2024, 2219, 6061 Aluminum Alloys - 17-4 PH,
17~7 PH, 301, 302, 303, 304, 321, 347, 440C Stainless
Steels - Aclar - Teflon -~ Ackeson EC 1730 ILubricant
Kel-F, LOX Grade 300 -~ Tape:per Federal Specif:.ca—
tien PPP-T-éO

Environment:
Pressure 25.5 psia
Temperature 158°-500°R
Flow Rate 256 ft/sec

Sensor, Level, LOX Measuring

Materials:
2021, 6061, 7075, 5052 Aluminum Alloys - 30L, 340L
Stainless Steels - Low Carbon Steel (QQ-S-636) -
Teflon - ICX Compatible Lubricants per MSFC-SPEc-

U1-4074.1000
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220

222

223

106 - laminated Glass Filled Teflon - FS5-1281 -
Seolid Extruded Teilon type TE-100

Envircnment:
Pressure —
Temperature 158-50Q°R
Flow Rate ———

Sensor, level, Engine Cutoff, LOX Suction Line

Materials:
Borosilicate Kovar Sealing Glass Corning Glass #7052 -
Kovar - 2024 Aluminum Alloy - 301, 3041 Stainless Steel

Envircnment:
Pressure ——
Temperature 158°R
Flow Rate 38.98 ft/sec

Coupling, Fill & Drain, LOX - LOX Suction Line

Materials:
(CRES) 321 or 347
Environment:
Pressure 160 psia
Temperature 158°R
Flow Rate 37.8 ft/sec

Valve Assy, Fill & Drain , LOX - LOX Suction Iine

~

Materials:
6061, 7075 Aluminum Alloys - 17-4 PH, 302, 303,
LLOC Stainless Stéels - CHES Screws - Teflon -

Seal (RACO)
Environment:
Pressure 125 psia
Temperature 158°R
Flow Rate 37.8 .ft/sec

Valve Assy., LOX Interconnect NO

Materials:
606L, 7075 Aluminum Alloys -~ 17-4 PH, 302, 303, 4L4OC
Stainless Steels - CRES Screws - Teflon -~ Seal

RACO)

Environment:
Pressure 93 psia
Temperature 158°R
Flox Rate 93 ft/sec.

U3<0r1-1068
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225

226

227

- 228

Valve Assy., LOX Interconnect NC
Materials:

6061, 7075 Aluminum Alloys — 17-4 PH, 302, 303, L4CC
Stainless Steels, CRES Screws - Teflon ~ Seal (RACO)}

Environment:
Pressure 93 psia
Temperature 158°R
Flow Rate 93 ft/sec

Valve #ssy., LOX Interconnect NO

Materials:
6061, 7075 Aluminwn Alloys - 17-L PH, 302, 303, LA0C
Stainless Steels, CRES Screws ~ Teflon - Seal (RACO)

Enviromment:
Pregsure 93 -psia
Temperature 158°R
Flow Rate 93 ft/sec

Valve Assy., LOX Interconnect NO

Materiels:
6061, 7075 Aluminum Alleys - 17-4 PH, 302, 303, 440C
Stainless Steels - CRES Screws - Teflon ~ Seal (RACO)

Environment:
Pressure 93 psia
Temperatur. 158°R
Flow Rate 93 ft/sec

Quick Disconnect Coupling ~ LOX Bubbling

Materials:
(CRES) 321 or 347 Stainless Steel
Envirconment.:
Pressure 130 psia
Temperature 530°R
Flow Rate 20-30 £t3/min

Oxfice, Insert, LOX Bubbling

Materials: ’

321/347 Stainless Steel

Enviromment:
Pressurs 65
Temperature 530
Flow Rate 20-30 £t /min

V30711000
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229

235

236

237

238

Check Valve, LOX Bubbling

Materials:
17-4 PH, 302, 440C Stainless Steel
Environment:
Pressurs 65
Temperaturse 530
Flow Rate 2-30 ft3/min

Quick Disconnect Coupling, Mod. - LOX Tank Aubomatic Checkout,
Pressure Switches

Materisls:
Aluminum Alloy

Favironment:
Pressure e
Temperature 530°R
Flod Rate ———

Quick Disvonnect Coupling, Mex., LOX Suction - Autcmatice
Checkout, Presaure Switches

Materials:
Aluminum Alloy

Enviromment:
Pressure S——
Temperature 53G°R
Flow Rate ———

Sensor, Ievel, LOX Measuring, 10X Tank

Materialy:
202, 6061, 7075, 5052 Aluminum Allays - 304, 340L
Stainless Steel - Low Carbon Steel {(QQ~S-638) -
Teflon ~ LOX Compabible Imbricands per MSFC-SPEC-
106 ~ Laminated Glass Filled Teflen - FS-1281 -
Solid Fxtruded Teflon type TF-100

Enviromuent:
Pressure 65 psia
Temperature _158°R
Flow Rate -

Valve Assy., Fill & Drein, LOX - LOX Tank

Materigis:
6061, 7075 Aluminum Alloys - 17-4, 302, 303, L0iC
Stainless Steels — CRES Screws - Teflon, - Seal
(RACO)

V340711000
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Tnvironment :

Pressure 125 psia
Temperature 158°R
Flow Rate 37.8 ft/sec

239 Valve Assy., Fill & Dfain, LOX - LXK Tank

Materials: ;
6061, 7075 Aluminum Alloys - 17-4, 302, 303, LOLC
Stzinless Steels ~ CRES Screws - Teflen ~ Seal

(RACO)
Environment:
Pressure 125 psia
Temperature 158°R
Flow Rate 37.8 ft/sec

2,0 Valve Assy., Fill & Drain, LOX ~ LOX Tank

Materials:
6061, 7075 Aluminum Alloys - 17-4, 302, 303, L&0C
Stainless Steels - CHES Screws — Teflon - Seals

(RACO)

Environment:
Pressure 125 psia
Temperature 158°R -
Flow Rate 37.8 £t/sec

241 Coupling, Fill & Drain, LOX ~ LOX Tank

Materials:
6061 Aluminum Alloy - 321 Stainless Steel
Envirconment:
Pressure 160 psia
Temperature 158°R
Flow Rate 37.8 ft/sec

242 Coupling, Fill & Drain, ILOX - LG Tank
Materials:

6061 Aluminum Alloy - 321 Stainless Steel

Envircnment:
Pressure 160 psi
Temperature 158°R
Flow Rate 37.8 ft/sec.
U3-4071.3000 ' D5-11464~1
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3.1.2.3

Effect of Fluerine on ¥aterials

Aluminum 2liovs - The 2000 series alloys form the major structurs of
the axidizer delivery system. They are used in the LO{ tank and the
LOX suction ducts, The 6000 series alloys are used for varicus tubing
and bracketry. The 7000 series alloys ars used for anbti-slosh
baffling and in the LGX suction ducts. ALl the aluninum alloys used
in the booster are compatible with fluorine under all expected con-
ditions.

Stainless Steels - '‘Stainless steels are used in the GO system and
in almost all instrumentation. They are also used for CRFS sorews

throughout the system. All the stainless steels are compatible with
fluorine.

Zine and Cadmiuwm Plabing - Zinc and cadimium plabing are not reccoamendeqd
for use in fluorine systems. The reacticn between fluorine and
cadmivm or zinc is rapid at first and asymptotically approaches zmero
quickly. If the plating must be used, an increased thickness of the
plating material is recommended (Type II per QQ-P-4164).

Platinum - Platinum forms volatile fluworides and is not recommended
for use above 100°F, Use of this maberial might present a problem
durdng passivation due to the possibility of the oxidizer tank being
heated on the pad or test stand by the sun.

Silver Brazing - Silver brazing or soldering is recommended for use in
fluorine system where welding cannot be accomplished; however, no
flux mzy be used and the process should be furnace brazing.

Miscellaneous Alloys ~ The varlious other metal alloys in the system
are considered compabible with fluorine under the existing conditions.

Teflon - S0lid fluorocarbons materials (teflon, TFE, FFP, Laminated
glass filled teflon, nickel filled teflon, ete,) are compatible with
1liquid fiuworine under the existing conditions. These fluorocarbons,
however, are not-:compatible with gaseous fluorine and must be replaced.

Lubricants - The only lubricents'that are compatible with liquid
FLOZ are the Kel-F lubricants, These Kel-F lubricants are, however,
not advisable for FLOX use and should be aveided if possible, If

it is impossible to avoid using these lubricants, they may be used
very sparingly {thin films). No LOX compatible lubricants are
considered for GFp/0; use, and it is imperative that they be avoided.

RBubber - All rubber compounds are non~compatible with ligquid or gasecus
FI0L and must be avoided.

Ilass - Glass, while not atbacked by fluorine, is elched by hydrogen
fluoride, The glass used for optical instrumentation could possibly
be affected, but glass used for sealing purposes should present no
problem. The concentration of hydrogen fluoride in 70% FLOX is less
than 0.14 percent by weight end the temperature of liquid FLOL is far

Ui
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3.1.3
3.1.3.1

below that of the freezing point of hydrogen fluoride. The freezing
oub of hydrogen fluoride should result in its removal before transfer
to the booster. (A separator msy be required for this purpose. }

LOL Tank

10X Pank Materials:'list

AJ

A\

B.

10X Tank (119) (ref. figure 3-2) _

1, Gore Apex and Base, Skin, and Lower Head
Material:; 2219 Aluminum

2, Y" Rings ]
Material: 2219, T851, £852 Aluminum Alloy

3,. Manhole Cover, Upper Head and Center Piece Head
Material: 2219 Aluminum Plate

L. Ring and Cruciform Baffle Assemblies
Material: 7079, T652 Aluminum Alloy,
cadmium plated fasteners

5. Helium Bottle Installation

a. Helium Bottle Supports, Parts
Materigl: 219 Aluminum Alley

b, Helium Bot’clles
Material: 2014 Aluminum Alloy

6. GOX Distributor Assembly

a. Doubler Outlet Assemblies
Material: 321, 347 Annealed Stainless Steel

b. Qutlet Jacketb
Material: Reinforced Tetrafluorcethylene (TFE)

¢. Support Ring
Material: 2219 Aluminum Alloy

LOX Tank Instrumentation

1, Pressure Transducers
Material: 304LL, 321, 347, 410 Stainless Steel -
NI-Span-C {An Iron-Nickel-Chromium Alloy)

2, Temperature Transducers {ref. fig, 3-3)
Material: 30LL Stainless -~ Platinum -Silver Brazed
Nichrome Wire - Teflon - Glass - Alumina - Zine Plating

3. Cable Assemblies
Material: Teflon insulated wire ~ KEL-F-90 ~ A286,
302, 3 4 stainless Steel - 2024 Aluninum

U3 4071 3000 7

l no, D5-11464=1
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4. level Sensing System (ref, Fig. 3-4)
Material: 2024, 6061, 7075, 5052 Alumimum Alloys - 304,
3LO0L Stainless Steel — Yow carbon steel (QQ-S-636) -
Teflon, 10X Compatible Iubricants per MSFC-SPEC-106 —
laminated Glass Filled Teflon - FS-128)1 ~ Solid extruded
Teflon Lype TE~-100

3.1.3.2 Material and Design Changes Necessary
Temperature Transducer — It may be necessary to redesign the tempera-

ture transducers in the L{¥ tank. Platinum is in contacht with
fluorine and reaction will take place 2s noted in 3.1.2.%L.

Liquid Level Sensor - The only material change that appears necessary
in the liduid level sensor is the removal of LOX compatible lubricants
if possible. If it is nobt possible to remove these lubricants, they
should be treated according to 3.1.2.1,

Anti-Slosh Baffle Comnector - The anbi-slosh balfle commector presenis
a cleaning problem. There is a small crevice in the rear of the
connector as noted in Fig. 3~5., This crevice can hold ergenic
particles which would be diffieult to remove with ordinary cleaning
procedures and particular care should be taken in cleaning before
introduction of FILX. An albernative methed for correcting this .
problem is redesign so as to-enlarge this crevice for easier cleaning.

GOX Distributor Assembly - The GUX distributoir assembly conbtains
reinforced fetrafluorcethylene (TFE) which is not considered compat-
ible- with GFa/0,.

Cable Assemblies - Electrical cable assemblies in the oaxidizer tank
consist of a teflon coated wire jackebted in stainless steel braid
which is over-jacketed with teflon braid. The machinery which
assembles these cables uses I0X compatible lubricants for easier
assembly. & possible solution to this problem would be to use seolid
teflon jacketdng outside the steel braid {required for grounding

to connectors) and fusing the teflon outer jacket through the steel
braid to the teflon coating on the wire underneath at one spot in
back of the comnector. This would prevent FLOX from wicking up the
steel braid and effectively isolate the lubricants from FLOX exposure.

3.1.4 IX Suction Ducts - Fuel Tank (Ref., Fig. 3-B and 3-7)

3.1.4.1 HMaterial and Design Changes Necessary

Ginbal Joints - The gimbal joints of the LOX suction ducts present
two design problems which could cause considerable difficulty.

These problem.areas are the convoluted surfaces and faying surfaces
designed for greater flexibility. The convoluted surface will be
difficult to cléan undér normal cleaning procedures and cculd entrap
organic matter which could cause failure of the system. If it is
possible, these convoluted surfaces should be redesigned and if this
is not feasible, particular care should be teken in the cleaning

REV. SYM. PEPEsArER | no DO -1 ThOL-L

SECTION 3 -*PAGE 15
§-406-65-85% ORIG, 1764



)

—

: . "LIGUID LEVER SENSOR
REY. SYM. Plg. 3%

e wo DS EHE

SECTION

3 1paceE X



| ;
! !
! P
} |
l i
! ¥
]
i
: Crevice
f
i
i
-1
!
f !
| |
'
i
ANTI-SLOSH BaFFLE CONNECTION _ (é, ;Z-—
REV. SYM. Fig, 3-5 ﬂ.‘.‘.ﬁ.:;*.:’?“..fd’?t NO.DS ~//(/f

SECTION™ 3 | PAGE 17



pre ki w——

e

ket b = e ook

N

l......c::i oy EY B
lzkru.ﬂ.ﬁ\. ur P\

\ i

P4
j) ﬁ
D)

:1.-;..:% -

sc...l't.l e

TUNNEL ASSY
QUTBOARD

—— ne

»/w.

/1))

omn = u

T e

/Yo~

P

pve]
¢
Qs
g
s o
]
B
nu o
N
i P
3l
Q5
g
w.
2
3
fass ]
fx4
-
63
Ly
a3
[~V
Z ch
-4 .
©
2 ey
2
m .
=
>
L )
=
jiv ]
i




Py

J

Convoliutad Surlace

———

furd

U~

ot - —

SRR, ¥
.

!

nﬁu—mu—am“mmmrm

-
W

1
L
|
|
h
el

Faving Surface

ke e vt 2 b bt Rl e AT a2

TYPICAL GIMBAL JOIRT. LOX SUCTION

et L ol

REV. STM.

BE ez o DS 114 L4~/

Fig. 3~7 SEETION

3 .| PAGE



‘3o1-5
3.1.5.1

3.1.6

process, The faying surfaces could present a leakage probiem wiere
the FLOL would gasify and come into cohtach with materials which are
net compatible with fluorine.,

Flanpge Connection - Flange connections in the LOX suction ducts
present a cleaning problem, The ¢revite nobted in Fig. 3-8 presents

a trap for ceontaminents and particular care sheuld be taken in clean-~
ing to remove these ccntaminants.

LOX Pressurization System (Ref. Fig, 3-9 and 3~10}

Material and Design Changes Necessary

GOX Flow Control-Valve - The GOX flow control walve contains organie
materials which make it necessary to redesign., These organics
include rabber, téflon, and lubricants which are not compatible with
gaseons fluorine,

Gimbal Joints ~ There are gimbal joints located throughout the IOX
pressurization system which could sause considerable difficulty.
The gimbal joints should be treated according to section 3.1.4.1%.

Temperaturs Transducers - Temperature transducers, noted in 3.1.3.1,
will require redesign of platinum and organic moterials., Since
platinum forms volatile fluorides above 100°F, it is impmrative that
it be-removed. The organic materials present are zlso non-compatible
with gaseous fluorine.

Cleaning snd Passivetion

The recommended cleaning and passivation procedure for use with
FLOX systems is essentially that used for I0X systems with the follow-
ing additional requirements:

Final rinse water is removed by flushing with chemically pure

acetone and drying with dry, oil-free inert gas. Parts sheuld be
processed as detalls if possible., Protective packaging with dry

LGX clean non-particle generating materials such as Aclar should

be required unless details are assembled into z closed system Immed-
iately. Dry LK c¢lean tongs or tools, or plastic coated gloves should
be used in handling parts. When assembling components, gaskeis, rings,
and other such items should be new and freshly cleaned. Non-metallic
materials should be immersed in 2 hot nitrie acid solution for % hour
prior to packaging, and wiped with acetone immediately prior to
installation %o remove surface impurities.

Welds, etc. should be cleaned and inspected in accordance with the
standards used for LGK systems. After assembly of closed system, .a
water solution of non-silicated cleaner should be used, follcwed by a
rinse with chemically pure acetone and drying and purging with oil-
fres dry (-65° dew point) inert gas or air. Closed systems should be’
kept pressurized with dry gas to prevent moist air from entering the
systen,

REV. SYM.
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3.1.7

3|2
3.2.1

With regard to the S-IC oxidizer tank, the large -faying surface area
generated by slosh baffling makes the absolute exclusion of moisture
of paramcunt Importance. Considerabiion has been given to redesigning
the baffling system Yo cut down the mumber of crevices and faying
surfaces, but it is believed that this would involve many problems,
and that the tank can be dried sufficiently to gain reasonable assur-
ance that no moisture is retained in it prior to GFp passivation and
FIX exposure. : :

Prior to introduction to FLOX, the oxidizer system must be passivated
with a dilute GFy mixture which is incressed in Fp concentration

gradually unbil pure fluorine gas remains, This passivation must

encompasg the FLOX, Gprtl}g and engine gystems, A detailed procedure
for sccomplishing this, including distribubtion systems and points of
entry to the FLOX system will be presented.

The final pure fInorine gas should be maintained at a pressure of from
20 to 20 psig and held .for 8 to 24 hours prior to introduction of
FLOX. If the FILX 1s removed, the system should be passivated for

% hour with pure fluorine at 20 psig prior to reintroduction of FIOX,

If new, unpassivated components are required for use, these may be
passivated by themselves in a manner similar to the original passivat.
ing procedure., The entire system should be repassivated for g hour
as above after installation of the new component.,

Coneclusion

It is recommended that all non-metals be eliminated il possidble in

-the entire system, and if it is not possible to desipgn eway from them,.

a minimum surface area should be available to the stream of flow.

The decrease in surface area of the non-metals should increase the
reliability of the system, since the speed with which the reaction
occurs depends on the retio of surface area available for reaction to
the density of the materials.

The major problems appear to be in the redesign of the valves and
switches in the GUX system and in the faying surfaces which exhibit
crevices and convolutions. It may not be possible to design away
from the e¢reviced and convoluted areas shown; therefore, particular
care should be taken in c¢leaning these surfaces,

Tt is recommended that more tests be made under conditions-(pressure,

temperature, and flow rate) similar to those experienced in the booster
during flight in all areas of the axidant system with metals as well
%25 Tor-ashals, ’
SPECIAL SYSTENS DESIGN REQUIREMENTS

Pressurization and Vent Systems

3.2.1.1 Sumary

REV. SYM.
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SECTION 3 [PAGE %%

5-406-85.55% QRiG. 1/84




3.2.1.2

3.2.1.3

3.2.1.4

3.2.1,5

A study was made to determine pressurization reguirements for a liguid
FLOX system on S-IC. The capablility of the vent system under statie,
standby, and f1light conditions was also analyzed. ¥xisting system
canpeonents were used throughout.

Results of the study indicate that pressurization requirements for the
FLOX system will approximate the requirements for the existing LOX
system. The capabllities of the wvent system using FLOX were found to
equal or exceed the performance of the LOX systen.

Intreduaction

A study was made to determine the feasibility of replacing the 10X

in the S-IC vehicle with a fluorine-axygen (FLOX) mixture. This
substitution is to be made with the minimum number of changes to
prosent gystem hardwera., This section reports the resulis of a study
analyzing the requirements and capsbilities of the existing pressuriz-
ation and vent systems using FLX.

Ground Bules

Beaa3e of tle prelini—a-~y wafume a7 ¥hiz sindr o= the coeashali-hy
as to the actual percaniage FLOK to be used, a complele system znalysis

-was not conducted. In order tocbiain realistic answers, the follow-

ing ground rules were followed:
1. Bxisting system components are used throughout.

2. Performsnce of the F-1 engine heat axchanger with FLOZ is the same
a3 with LOX.

3. A 70 percent FIOX {fluorine by weight) mixture is comsidered.

Pressurization Requirements

Pre-pressurization of the FLOX tank can be accomplished with the
present heliwn system. The increased density of the FLIX mixture
results in a lower pre-pressurization requirement, and, therefore
a decrease in the amount of helium necessary.

During flight, the pressurization requirements for FLOX tank will be
supplied by the system presently onboard the S-IC. Figure 3-11
presents the pressure history for various pressurant flourabtes,

For comparison, ihe pressure history of the I0X tank has also been
included. The results are conservative, as mass transfer has nobt been
considered and the pressure schedule asssumes maximum heat loss from
the gas. For the purposes of this study, the initial FLOL tank
ullage pressurs was assumed equal to the IOX tank initial ullage
pressure.

Vent System Capability

The capability of the present COX vent system was analyzed for static
test, standby, and {flight conditioms.

REV. SYM.
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{a) Static Tewt

Opepration of the vent system during static test of the FILX vehicle
will not differ apprscisbly from the present configiration. Due

to the zimilarity between the properties of LOX and FLOX and the
use of a sommen pressurant {GNs), it was assumed that static
operation was not a problem area.

{b) Standuy Conditionz

Figure 3-12 presents the capsbilily of the vent system using 70
percent FIOX during standby. The requirements and capability of
the GOX system are indicabted for comparison. As can be seen from
the figure, the capabllity of the system using FLOY exceeds that
of the present GOX system. Vent requirements for the FLOX conflig-
uration during standby have not yeb been determined,

{e} Flight Conditicns

Flight capability of the vent system is presented in Figure 3-13

for a 125-zecond conditien. The present GO capability is pregented
for comparison. A4s under standby conditions, the veni system is
capable of passing more FLUX than G{X.

The requirements for the PILX canfigrralicn have not yel hesno
feherminel. Hoesver, turperison of Bips. . 3Ol imnl ot ke

vent system is ecapsble of wventing all the gaes that is requized for
pressurizstion,

3.é.1.6 Conclusions
The following conclusicns were reached during this study:

{1) The pressurization requirements for the FLOX tank will be similar
to, but less than, the requirements for the present LIX system.

{2) The present vent system will pass & higher flowrate of FILOX than
GOoxX

-

{3} FLOX vent system réquirements will be similar to the present IOX
gyetem reguirements; this conclusion is based primarily on the
similarity of properties,

{4) Modilications to the existing heat exchanger may be required %o
permit passage of less than 20 lbe/sec of pressurant without over-
heating the plping system.

{5) From s pressurization snd vent system viewpoint the existing
sygtems' capabllities, excluding heat exchenger, are adeguate,

3.2.1.7 Recommendabions

It is recommended that during the second phase of thisg program the
following areas be examined in & more rigorous manner as time and
manpower peradii:
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{1) Performance of F-1 engine heat exchanger with FLOX in the GCX
colils.

(2) FIOX pressurization requirements with revised heat exchanger
performance data. )

{3) Effect of FI{X vapors on vent sysbem capability during static test.
{4) Actual requirements of vent system using FLOX.

?.2»2 Effect of Engine Ignition System Removal

When considering fiunorine in X for S-IC oxidizer, welght and
reliability advantages that are possible due %o the hypergolic
characteristics of FLOX/RP~-1 should alsc be considerad.

It would be possible to remove the following equipment from the
present stage configuratioen if ten percent or more fluorime in LUK
i3 used as the S-IC oxidigzer,

Welght
Engine G.G. pyrotechnie igniters and $.0 pounds
asaociated electirical wirine and srmored
harnesses.
Engine hypergol ¢ylinders, hypergol 257.3 pounds
cartridges (less hypergol fiuid), ignition
monitor valve assemblies and associasted
Plumbing.
Stage elesctrical wiring-and cables 75.0 pounds
associated with G.G. ignition, G.G.
ignitor monitoring and hypergol
monitoring.
Stage weight savaings 341.3 pounds

A stage start reliability increase is also predicted for FIOX/AP-1 due
to the requirement for a less complex start sequence. The present
start sequence requires an igniter turn through signal from both the
G.G. igniters befere the start sequence can continue and requires
complex sequencing.of the start control fluid through the ignition
monitor valve to assure that fuel valves will nct open before thrust
chamber ignition. The referenced reliability table indicates that ¢
out of 1,000 S-~IC starts would be sborted by G.G. or skirt igniter
malfunction and 2.5 .out of 1,000 8~IC startssborted due to hypergel
system malfunction. The reliasbility of the ignition monitor valve is
not given in the referenced table but its slimination is glse cone
sidered a reliability improvement.

3.3 MAXTMUM LOADING PERMISSABIE WITH FLOX/RP-1 ON THE S-IC STAGE

In loading the S-IC to maximum capacity, when minimum ullages are
specified, fuel density variations must be mccounted for, This is
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true not only when both tanks are loaded to capacity, Wubt slsc when
only one is fully loaded and the other off losded.- Although the
total loading values of Table 3-1 were determined for both btanks full,
they will also suffice for any condition wherein only one tank is
mllf

Loading values given are total propellants including buiig~up and
hold«down, unusable residuale, ete. Although propellants nct aveilable
for mainstage will change slighily with changing FIGX condentraticn,
the exsct wvalue for these cannot be obtained until a loaded mixture
ratio ia determined. Until this time the total loading values of
Table 3-1_should be reduced by 157,920 pounds to obtain the propellants
available for mainstage. This will slso apply when one tank is off.
loaded,

3.4 THERMAL ENVIRONMENT

A preliminary study to evaluats the effects of the additicn of FLOX
to the S-IC oxddizer on the stage thermal envircnient has been
ccmpleted. The results of this study are as follows:

Aerodynamic Heating — Since the addition of FI{X does not materially
affect the vehicle thrust to weight ratio, 1% is expected that any
changes in the aerodynamic heating rates will be small and will
cause no major problem.

Base Heating - The addition of FIGX to the propellant will result

in an increase of Yoth the convective and radiant heating in the base
area., These changes will be dependent upon the percent concentration
of FLOX. A sunnnary of thess changes is presented :tn Teble 3-2.

Based upon ‘these preliminary estimates, i1t appeara that the increases|
in base heabing rates will be appreciable for FICX Jevels of 302704 L
and should be lnvestigated in more débvail. However, no insutmountabls
problems sppear to exist,
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Table 3-1

MALTMUM 5-IC TANK LOADINGS WITH FLOX
Maximum loaded Propeliants Prior to Ignition
Fuel
% FLoX Density Ocidizer Tuel Total
0 48,6 lbs/ou.t%. 3,296,725 1,399,370 4,696,095
50.1 3,252,767 1,443,328 14,696,095
51.6 3,206,789 1,489,306 4,696,095
30 48.6 3,579,473 1,395,145 %,974,618
50.1 3,532,497 1,552,121 4,974,618
51.6 3,485,355 1,586,223 5,574,628
50 18,6 3782,471 1,395,707 5,178,178
50.1 3,736,825 1,441,353 5,178,178
51,6 3,688,955 1,489,223 5,178,178
¥it k8.6 4,000,369 1,392,867 5,393,236
50,1 3,952,620 1;440,616 5,393,236
5.6 3,904,013 1,489,223 - 5,393,236
LTEPESAFELS | noD5-11LE-L
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Percent Sea leovel
FLOL Radigtion

1.00
2.22

2.73

1.52

1768

FLOX EFFECTS ON BASE HEATING

Base Reglon Maximum Base Regiomn Recirculation

Recireulated Gas Recireunlated Ges Begins
Recovery Temp. Heat Transfer
Coefficient

3050, °R 1,00 70 sec,

3?29* 1.08 70 88C.

3920 1.06 71 sec.

3!4008 0.88 75 agc,

Table 3-2
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OPERATIONAL FEASIBILITY ANALYSIS

FIOX EFFECT ON GROUND SUPPORT EQUIPMENT FCOR SATURN V/S—IC
Introduction

Purpose

Since a considers... PUsAVABGUWE £Odil GPMTRLID LU LT PUDDLULT with the
use of & liguid oxygen - ligquid fluorine {FLOX) mixture as the oxidizer-
in the S-IC stage, the affect-on the Ground Support Egquipment sust be
evsluated in ordar to detemmine the feasibility and gost effectiveness
of its use, This section has been included in this report to oubline
the ma)or ground support equipment functions which are affected by the
use of FLIX and to assess the problems assoclated with each function.

Method

In order to determine the effect of FLOX on the Ground Support Equip—
ment, cperational flow charts were constructed for the S-JC stage

The top flew chert is showm in Fimre 4-~1. This flow chart shows the
major evenis {rom manufscturing to launch from Merritt Island Launch
Ares {MIIA}. The problems associated with each event have been listed
below the blocks. It can be seen from Filgure 4-1 that the major
portion of the FLOX effect on the CGround Support Equipment occurs
during the static firing at Mississippi Test Facility (MTF)and during
the launch at MILA,

A lower level flow chart wss then comsbructed for the static firing

al MIF and is shown in Figure 4-2. The major problems associated
with the static firing were shown as blocks on thias chart. Each block
is shown connected to the main event trall. Thess problem blocks are
subsequently used as the basis for the expansion of this section.
Figure 4-3 shows the gensral layout of Mississippi Test Facility.

A dower level flow chart was constructed in the same mamner for
Merritt Island launch Ares and is shown in Figure 4~4s TFigure k-5
shows the general layout pf ons launch pad at Merritt Island Launch
Aresa.

Each problem block from the Flgure 4~2 and 4-4 flow charts has been
expanded using knowledge and data from many of the references to form
the remaining parts of this section of the report. Each of the problem
blocks has besn expanded as’followsl

Z.XA.Z.X.1 BACKGROUND INFORMATION on the operation and the effect of
the use of liguld fluorine or FLOX on the operation.

XX X, X.2 PRESENT FACILITIES AT MISSISSIPPI TEST FACILITY (R AT
HMERRITT ISLAND LAUNCH AREA used to perform the operation.
In some cases ths operation may be new because of the use
of liquid fluworine or FLOX.
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L.X.X.X.3 FACILITY CHANGES AND/OR ADDITICNS needed to carry out the .
cperation.: Initially alternate methods should be locked at.,
Problem areas should be.outlined.

Surmery

This port.iun of the FIOX study has been pursued with the-intention of
defining potential GSE problem areas, determining the effects on
facilities used in the ground suppart system, recommending ssveral
possible solutions for each problem, and defining the economic factors
involved.

The problems peculiar to the FLIX oxidizer are not unique since a
varlety of ways exist to solve such problems as mixing, storage,
disposal of combustion produchs and boil=off gases. The problem is
more specifically to choose the best and most practical method for use
on the Saturn S~IC/V. Additional trade-off and economic studies, which
are not included in this report, must be completed before firm
decislons canbe made.. It is not anbicipated that any great changes to
existing facilities will have to be initiated aither at MITA or at. HNID.
The major equipment additions will most probebly be & chemical reactor
to neutralize fluorine or hydrogen fluoride gases and a condenser io
Lliquify the large guantities of boil-off gases from the booster storage
tank. Water deluge facilities at the firing sites appear to be adequate
for treatment of all fluorine spills except the most catastrophic.
Storage facilitlies presently used for liquid axygen can probably be
converted for use with fluorine and axygen mixbures.. Additional
studies will be required in %this ares to determine feasibility.

Mixing of cryogene and maintaining of proper mixture composition is

-not expetied to cause undue.difficulty. Precise quality control

procedures should held the mixture tolersnces within a reasonable
limit {estimated as % 15} Transfer and handling of FLOX can be
accomplished with existing plumbing, valves snd pumps, if materials
compatibility is confirmed.

Economics poses a somewhat different problem and the solubtien will
depend to & large éxtent on definition of broad categoriés such as
number of launches, payload, final vehicle configuration, and optdmuu
fuel to oxidizer mixture ratic. As this informition becomes available,
trade~off studies for GSE hardware can be carried out which will defins
the ﬁ.na}. system configuration.

Problems_ at Mississippli Test Facility

Central Storage of Iiquid Fluorine or FLOX
Background Infoxﬁtation

large liguid fluorine storage facilitles can be classed in three
distinct groups. These are the liguid nltrogen jacketed tanks,

the externally condensed tanks and the internally subeccled tanks.
Each group can be augmented with several types of commercial insul-
ations, radiation shields, or a vacuum. Liquid nitrogen jacketed
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tanks are considered zerc loss systems since no fluorine is allowed
to escape to the stmosphere by any technique of venting, cool down,
or tank £illing operations, However, externally condensed tsnks and
internally subcocled tanks can be designed for no less if the systems
are designed for maximum gas evolution anticipated during cool down
or fill operations, Many factors must be considered in designing

a liguid fluorine-storage facility including installation cost,
operating and maintenance costs, fluorine cost and consumpiion
rates, and refrigerating cost and consumption rates.

Iiquid Nitrogen Jacketed Ta:;ks

Iiquid nitrogen jacketed tanke are designed with three walls.

The liquid fluorine is stored in the inner most container, The
spacte between the inner and middle containers is filled with
liguid'nitrogen. The space between the middle and outer containers
is evacuated andfor filled with an insulating materisl and/or
radiation shields. ILiquid nitrogen exlsts at a saturation temper-
ature, corresponding to a pressure of 14.7, of 13%9.3° R and fluorine
exisbs as a liguid up to 153.1° R. Thus the liquid fluvorine cooled
by the ligquid nitrogen exists in a subcooled state, However, since
the liguid nitrogen exists at & lower temperature than liguid
fluorine, a greater temperature difference exists between the
nitrogen and stmosphere causing a greater heat leak to the system
and thus higher consumption of liquid nitrogen than the other two
systems., This type-of tank slso represents an initial investment
of approximately 30 percent more than the externally condensed or
Internally subcooled tanks and has a higher consumption. However,
the liquid fluorine enters a subcoolsd tank and does nolt escape

to the atmosphere,

Externally Condensed Tanks

Externally condensed tanks are designed with two walls, The
ligquid fluorine is stored in the inner most container. The space
between the two containers is evacwated and/er filled with an
insulating materlial and/or radiation shields, The temperabure
difference between the tank and the surroundings is 3% Jess than
in the case of the liquid nltrogen Jacketed tank., This c¢auses &
3% smaller hesat leak to the system but the heat leak causes some
of the liquld fluorine to boileff, This boiloff is collected and
condensed outside the tank and then returned to the storage tank
in the liquid form., This system can be designed %0 be a no loss
system but ls more economlcally designed as a minimim loss aystenm.
This means some fluorine is vented during £ill and cool down
periods and the tondenser is designed for steady state opsrabion
of the tank,

Internally Subcooled Tanks

Internally subcooled tanks are designed with two walls, The liquid
fluorine is stored in the immer tank. The apace between the two
tanks is evacuated and/or filled with an insulating material and/or
radiation shields. The temperature difference between the tank
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and the surroundings is agein less than the liquid niitrogen Jackebed
tank but it 'is higher than the externally condensed tank since

the liguid fluorine is subcooled. The liguid fluorine is subcocled
by a liquid nitrogen coil within the storage tank, This system

has & higher nitrogen consumption rate than the externally con-
densed tank, This system can be designed tc be a no loss sysiem
but 1is more economically designed ss a minimum loss gystem. Ths
subcooler coil must be placed vertically in the tank to subeool

the entire contents when the tank is only partislly filled.

Insulation Materials

There are a vast number of insulating techniques devel opeti and
used in the cryogenic field. The following represent various
techniques: vactumy vacuum plus metallic radiation shields; vacuum
plus powders such as psriite, ssntocel, andmetaliic filled
powders; vacuum plus "super insulatlon" consisting of a serdes of
metal folls separated by low-zconductivity glasses, ebe.; and non-
vacuun, blanket or feamed plastic insulations. Only the first

two techniques are completely compatible with fluorine should
leakage cocur. The final design maust consider cost versus purposs
and polential hazards,

Tank Size, Shape and [ocation

The use of liguid fluorine dictates careful congideration of tank
gize and location since catastrophic failure of a tank could

release large quantities of toxic products into the area, Teonomics
dictates size and shape of the tanks., Storage facilities must be
designed to neutralize and/or dispose of spills to the extent that
perscanel and cther equimment are nob dasaged. The mest eccnazical
storage size and shape is large and spherical, A compromise
between the above requirements must be reached to adequately provids

for liguid fluorine atorage. i

1,2,1.2  Present Facilities at h’ississippi Test Facility (See Reference 1)

Present Jdquid Cxygen Receiving Storage at Mississippi Test Facilibty

The liquid oxygen receiving storage facility at MIF will be a
460,000 gallon double-walled insulated sphere with a usable capacity
of 400,000 gallons. The imnter tank will Ve stainless sieel

or aluminum with & design stress determined by adding a minirmum

of 25 PSIG gas pressure to the maximum static head of liquid.

The design temperature will be +130°F to -423°F to permit possible
Tubure storage of ligquid hydrogen. The cuter tank will be designed
for an internal pressure of O P3IA if vacuum insulated and for ‘
an external pressure of 14.7 PSIA plus 0.8 over-pressure. The
design temperature will be +130°F to -20°F, The loss rate at an
apbient temperature of 70°F will not exceed 0.15 percent per ddy.

Pregent Liquid (xygen Barges at Mississippi Test Facilily

The liquid cxygen barges at MIF will be six 105,000 gallon double-

walled insulated cylinders with usable capacities of 95,000
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gallons each. These cylinders will be located on barges capable
of being moved through the canal system, (Ses Figure 4.3). -The
inner tanks will be stainless steel or aluminum with a design
stress determined by adding a minipmum of 50 PSIG gas pressure to
the maximum static head of liquid. The design temperature will be
#130°F to ~423°F. The outer tank will be designed for an exbernsal
prossure of 14.7 FSIA plus 2,0 PSI overpressures The'design -
temperature will be +130°F to -20°F. The loss rate at an axbient
temperature of T0°F will not exceed 0.15 percent per day.

Present liquid Hydrogen Receiving Storage at Mississippi Test Facilit;

The lhuid hydrogen receiving storage facility at MIFT will be a
565,000 gallon double-walled, powder and vacuum insulated sphere
with a usable capacity of 500,000 gallons. The material shall be
stainléss steel., The loss rate at an ambient temperature of 70°F
shall not exceed 0.10 percent per day. The rest of the specific-
ations will be similar to those of the liguid oxygen receiving
ptorage facility.

Prese‘nt Cost Estimate Summary
 Iiquid Oxygen Storage System
460,000 gallon gross storage tank $1,092,000
‘Liquid Oxygen Barges
105,000 gallon bargss $1,890,000
6 @ $315,000
Liquid Hydrogen Storage System
565,000 galion gross storage t.a;lk $ 709,000
Faeility Chatiges and/or Additions

The storage facllity for the oxidizer must be chosen based on the
total operation. FIK is being comsidered for use in the 3-IC
because it is & versatile oxidizer and can be used in different
concentrations based on the mission. This will require that the
storage facility be designed to handle FIOX in concentrations up

to 100¢ IFs. Based on this study, the concentration of LFy does
not effect the storage facility with respect to materials. The
only change is in the thermodynamic characteristics of the mixture
such as boiling temperature, vapor pressure, heat of vaporization, .
etc. The tank design should be based on the worst case.

Of the three tank deaigns discussed in the background information,
the liquid nitrogen shielded tank has the best operating character-
istics, but also has the highest initial cost and the highest
liquid niirogen comsumption rate. The internally subcooled tank
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represents & smaller initial investment, some design problems; and
& 3lightly lower liguid nitrogen consumpbion rate for the same
opsrafing characteristices. The storage tank with the recondenser
has the advantage of low initial investment, lowest liguid nitrogen
censumption rates, and the fact that present facilities can be
modified for this type of storage.

Another conslderation in designing the sterage facility is the fact
that because of the toxic nature of the beoil off gases from the
leaded S-IC stage, they will have to be disposed of or recondonsed,
iIf recondensation is chosen for these gases, this recendensing
facility willlbe sufficiently lawge to handle-the storzge boil off
rate since the stage boil off rate will ke mary times thabt of ihe
storzge facility. The present situsticn mst zlse be considersed =t
Mississippl Test Facility. The oxidizer is transported in the stored
condition from the central storage area to the ftest stands on MSFG
barges. These barges must be modified also toibhandle FLOK.

The engineering problems associated with liquid fluorine or FLOX
gtorage can be solved but an economic analysis will have to be
conducted to determine the opbimm method to be used,

h£el.2.2 Transfer of Liguid Fluorine or FLOX to the Test Stand

Background Information

The transfer of liquid fluorine or FIOX is highly dependent on

the initial conditions of the liquid fluorine or FLOX. If the
gstorage facillty keeps the liquid in a subcooled condifion more
heat leak can be sllowed during the transfer process, If the
storage facilily keeps the liguid ab or very near to the boiling
point expensive low heat leak {insulated and nitrogen, shielded)

and low friction (large dlameter) transfer lines musb be constructed.
Transfer distances and flow rates must be considered since heat leak
is a function of both of these parameters. Another factor in
handling a highly corrosive, fiuid such as fluorine’'is that gases
formed must be disposed of or recondensed. The transfer lines are
generally divided into two groups, the nitrogen shielded, and the
unshielded. Each group can be augmented with several types of
commercial insulations, radiation shields or vacuum. The same
economlc factors must be considered when designing trsnsfer lines
that were discussed in 4.1.2.1.1.

Iiquid Nitrogen Jacketed Iines

Nitrogen jackebed lines are designed similar to nitrogen Jacketed
tanks. The liguid fluorine is transferred through the imner

most of two or three lines. The space between the inner and

the next line is filled with llquid nitrogen. This keeps the
liquid fluorine in a subcooled {140° R) state with a vapor pressure
of 5 PSIG. This condition i3 obtained by mainbaining the storage
tank at 140° R with a liquid nitrogen shield or by passing the
diquid fluorine through a liquid nitrogen subcooler prior to

entry into the transfer line. There is no heat flow between
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he liquid nitrogen and the liguid fluorine, Therefore, heat is
mly transferred from the atmosphere to the liquid nitrogen.
raporized liquid nitrogen is vented to the atmosphere and the
4dquid nitrogen is replenished. The heat transfer from the liquid
iitrogen to the atmosphere is shown in Figure L6, If the liquid
iitrogen shield is augmented with insulation, Figure L~6 also
rives an indication of the order of magnitude of the decrease

n heat transfer. It must be noted that the insulation used for
-he plot in Figirs 4-6 was polystyrene foam and other inswlations
1111 give different values. With a plot similar to Figure h-6,
;he nitrogen consumption can be, calculated knawing the heat of
raporization of liquid nitrogen and the length of the transfer
srocess. No fluorine is allowed to be vented to the atmosphere
luring this process and thus nc disposal or recondensing techniques
1ave to he considered.

Jnshielded Transfer Lines

Inshielded transfer lines generally present the problem thal unless
the line is very short the heat leak to the liquid fluorine will

se sufficient fo boil some of the fluorine. This fluorine gas
then must be vented to the atmosphere, disposed of, or reccndensed.
The problem can be partially solved by the storage facility. If
the liguid fluorine is in & subcooled state when it starts the

flow process, the heat leak to the fluorine will have to raise

the temperature of the fluorine %¢ its briling peinit befere the
TR E ez bepia Toiling.  kpzin the Lims com e mpmeTiel Wil
insulation to reduce the heat leak to the liguid fluorine.

Figure k-6 shows the heat lesk 4o uninsulated and insulated liquid
fluorine lines, It nust be again noted that the insulation used
for this plot was polystyrene foam. While an unshielded transfer
system represents a savings in installation cost and alsc has a
smaller heat leak than a nitrogen shielded transfer system, it
mist be noted that if the fluorine gas must be disposed of or
recondensed, additional cost would be involved.

Vacuun Insulabed Transfer lines with Radiation Shielding

Vacuum jacketed transfer lines are constructed with the liquid
fluorine line enclosed in an evacuated outer line. The surfaces of
the pipes are wrapped with aluminum to reduce the emissivity of
the pipe walls which reduces the heat leak. This method of
transfer reduces the heat leak substantially as shown in Figire
L~6 but again increases the installation cost.

Fitt ings

Several fitting designs exist and this document will not attempi

to go into the detalled design of any of them. The preferred
method for joining nearly permsnent lines is by welding since

these joints require no msintenance after they are installed.

Where the fitting cannot be made permanent, the recommended fitiings
dnclude: Swagelok type fittings, aircraft type AN flared tube
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fittings, and flanged gasketed fittings. Threaded filting should
not be used in fluorine service, The data on guick disconnects
is limited but no major problems are anticlipated.

Valves

There are two general categories into which valves fall; packed
and packless. Packed valves use a sealing technique with fluorine
compatible materials,. They have been successfully used with gas-
eous fluorine and with Iiquid fluorine when in use with exiended
stems snd housings. Packlass valves uss fluorine canpatible
netals for bellows or diaphram type seals, Packless Lype valves,
have the advantage of more reldiable sealing and the disadventage

of pressure and stroke limitations. Packed valves can be used at
higher pressures but the sealing materials such as chevron seals

of tetra fluorosthylene polymer (Teflon) are usually not compabible
with liguid fluorine under dynamic conditions. Thias requires

that the packing be placed in a position where it will be in
contact only with gaseous fluorine., This csn be accomplished

by extending valve body or stem or by utilizing finned bedy
extension. Appliecation bo shutoff valves snd throttling valves is
more fraguent than to pressurs regulating and relief velves bsecauss
of highexr leakage rates.

Transfer Pumps

Centrifugal pumps appear to be best sullted for Iiguid [luorine
gservice. The main advantage is the minimum or lack of rubbing
surfaces which precludes the destruction of the protective
fluoride coating. Other advantages include minimum maintenance,
ease of maintenance, low initial cosit, minimum size, absence of
fluctuating line stress, and operability under a wide varisiy of
conditions,. The main disadventage is that a cenbrifugal pump
mist be primed befors it is started. -Positive displacement pumps
have good pumping characteristics but rubbing surfaces in contach
with the filuorine eldminate them {rom consideration. A problem
commen to 83l pump designs is fluorine compatible shaft seals.

Present Facilities at’ Mississippl Test Facility (See Referencel)

Present LOX Transfer at Mississippi Test Facility

As discussed in Section 4.1.2.1.2, LO{ is actually transferred
in a stored condition by barge from the central storage facility
to.the general location of the test stand. This eliminates the
major portion of the piping preblem. However, piping is still
used at the central storage and at the test stand. For liguid
oxygen the piping is uninsulated sultable for the op=rating
pressures and ~423°F. Vhere practical, the syatem will be com-
pletely welded, All valves will be flanged. Only factory-made
buttweld fittings shall be used, All valves will be of extended
bomet construction capable of maintaining s temperature in the
packing gland above 40° F at 60° F. ambiont temperature and -423
fluid temperature, Valve packing shall be Teflon chevron rings
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or Teflon impregnated asbestos, Leakage across the valve seabs
will nob exceed 1 standard cublc centimeter per minute per inch

of nominal valve diameter, or 0.5 standard cubic centimebers

per minute externslly when pressurized with nlirogen to the system
operating conditions. The pumps wlll be the direct drive, centri-
Tugal type with packing material sultsble for bandling liguid cxygen.
7 wmtvhed am?pnes vl e daalafaidiizy S minum JODT agRowilom.
Pumps and motors will be mounted on a copmon base zud be suiizble
for oubdoor installation. )

Present IH; Trehsfer at Mississippi Test Facility

As discussed in Section 4.1.2.1.2, L, is actually trensferred In’
& stored condition by barge from the central storage area to the-
general location of the test stand. This eliminates the major =
portion of the piping problem. However, piping is still used at
the central storage area and at the test stand. TFor liquid hydrogen
the piping will be vacuum jackebed with meximum heat leak per
unit length and per joint to be specified in detail during finex
design. All shop-fabricated portions of the piping shall be furn~
ished with their vacuum-jackets permancntly evacuabed and sealed.
Fach isolated portion of the line shall be provided with two seale
connections located cne at each end of the outside pipe. The -
internal pipe will be suitable for operating pressures of the
system and -423° F temperature. The system will be compietely
welded, including all valves and in-line instruments, except main
components such as tanks, pumps, filbers, etc., which will be
flanged. Where valves are adjacent to main components and will
not require additionsl flanges, the valves will be flanged. Only
factory-made butiweld fittings will be used. ALl velves for
liguid hydrogen will be globe, butbterfly, or ball-type, vacuun-
jacketed or wrapped, and of extended bornnet censtructicn capable of
maintaining a temgerature in the packing gland above 4LO® F ab

60° ¥ ambient temperature and -423° F fluld temperature. Where
practical, all valves will have buttwild ends for the liquid and
jacket connections. The heat leak will not exceed 46 BTU/hr per
inch of nominal valve size as measured at liguld nitrogen tempera:
ture, Valvs packing will be Teflon chevron rings or Teflon
impregnated asbestos, leakage acrcss valve saeats will not exesed
one standard cubic centimeter per minute per ineh of mominal velve
diameter, or 0.5 standsrd cubic centimeters externally, when
pressurized with nitrogen to the system operating pressure at
liquid nitrogen temperatura..

Present Cost Estimate Swmmary

Iiguid Corgen Sterage Srstem Transfer Pumps $ 68,000
Pizing, Znamils cenmelsoos, vaives, Iliarg, €39 e R
r Controls and Menltors ‘ 45,000
Iiquid Oxygen Barges LOX pumps 18 6 $15,000 270,0C0
Piping, fittings, valves, ete. 6 x $41,000 246,000
Controls and Monltors . 26,000
Liquid Hydrogen Storage System
Piping, flexible connsctors, valve, filters, etc. 250,600
Controls and Monitors 49,000
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Facility Changes and/or Additions

The transfer of FLOX at MIF is simplified by the fact that the
transfer distances are relatively small and the cost-would not be
excessive to replace the uninsulated existing LOX transfer lines with
some type of insulated or vacuum jJacketed lines. These new insulated
or vacuum jacketed lines could be identical teo the existing liquid
hydrogen transfer lines. The minor change would reduce the FLOX
boiloff during transfer by a factor of nearly one hundred. On the

.other hand, an economic snalysis may show that the extra FLOX

boiloff caused by these short uninsulated lines is not significant
enough to warrant replacing them,

The valves presently used are compatible with fluorine or FIOX
usage. OSome testing will be rsquired to substantiate the compat~
ibility at the actual flowrates and pressures. Also the connections
are generally welded except where non-permanent installation is
required and ‘then flanged connections are used. This is ideal for
fiuorine,

Pumps present the greatest problem since rubbing surfaces must be
eliminated in order to protect the passivation of the eguipment.
Testing willlhave to be conducted to insure the compeibility of
the pumps with fluorine operation.

In conclusion, the transport of liguid fluorine or FLOX present

no largs problems. Testing should be conducted to verify compat-
ibility of valves, filters, pumps, ete.
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4.1.2.3.1

L.1.2,3 Passivation of All In-line Components

Background Information

Cleanliness and passivation is the most important key to safe and
successful operation with flucrine or FLOX. Although material
selection is extremely imporbant, the surface cleanliness of the
equipment can be equally important. The surface linish must be fres
from voids, slag, or ships. Leaks in g system are -often caused by
moisturs which reacts with-the fluorine snd causes burnouts. These
hazards can be overcome by immaculate cleaning of cemponents in 2 :
system and by pasaivabion or treatment of the clsaned system with
diluted low-pressure fluorine gas, followed by pressurization of the
system with concentrated high pressure fluorine gas. This should
precede the inbrogduction of liquid fluorine. The thought behind
passivation is that metals form a thin protective fludrine film on
their surface which protects £hem fram corroSion. In addition,
residusl contaminants react with the fluorine to form inert products,

Cleaning Procedures

Each user of liguld fluorine has a different cleaning procedure.
The cleaning procedures of three fluorine users will be outlined

below, The methods are not conflicting bult merely different means
to the same end.

NASA uses soap and water, steam cleaning, and eir or inert gas purg-
ing to remove heavy dirt, foreign particles and coatings. This
is-follegwed by & 10-20 percent nitric acid wash and water rinse.
Acetone is used to remove residusl rinse water.

in inert gas purge follows the acetone. The part is then wrapped,
purged with inert gas, and if practical, evacuated at room temper-
ature. Before use, the part should-be subjected to pressure tests
using filtered dried inert gas.

RBell Adreraft sorubs the interior surfaces in methylene chloride
with 2 bristle brush. fThe acid pickling solution is applied with
& bristle brush for seversl minutes until any rust, and oxide
coatings are dissolved. Residuszl acid is removed from crevices

by flushing thoroughly with water for 10 minuies, This process is
folloved by steam cleaning and oven-baking at 250° F. for 8 hours.
The cleaning and pickling procedures adopbed by Bell are designed
to remove foreign matter,metal coxides, and welding and brazing
fluxes before passivation of the syestem with fluorine gas, The
pickling process is conducted in two steps; -8 mild or condibioning
pickle for relatively clean surfaces to removs normal surface oxides,
contaminants, and forsign metal particles resulting from nmormal
handling and manufacturing proceasses, and a de-scaling pickle to
remove heavy scale, oxides, and welding flux. The latter should be
used sparingly as it may sttack the base metal.

Rocketdyns Division of North American disassembles the part as far
a3 possible and vapor degreases the parts. The parts are then
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jmmersed in a cleaning detergent solution, then distilled or deleniz-~
ed water, then a neutrazlizing solution, and then deionized water
again. The residual water is removed with clean acetone and the
parts are then dried with oil-fresnitrogen or helium. Additional
drying can be obtained by baking the parts in a dust-free oven at

'250° F for one hour or by placing the parte in a vacuum for 8 hours.

Passivation Procedures

211 passivation procedures are generally in agreement. They con-
sist of introducing dilute fluorine gas into the system and slewly
inereasing the cencentration and pressure, Different users supzest
different methods of diluting the fluorine including nitrogen and
helium. The pressure is normally inereased from C P3IG to working
pressure in about one hour and held at the working pressure from
one to two hours,. :

L.%.2.3.2 Present Methods and Facilitlies at Mississippl Test Facility

Present Cleaning Specifications

Present cleaning methods are outlined in MSFC~-SPEC-16k, "Cleanli~
ness of Components for use & Oxygen, Fuel, and Pneumatic Systems,
Specifications for." The discipline seb forth for liguid oxygen
system is no more severs than that necessary for FLOX or

IF» systems, FILOX or IF, systems will necessarily have to be
passivated in addition to cleaning.

Present Passivation Facilities st MTO

. None,
Facility Changes and/or Additions

Since paasivation is an entirely new operation, new equipment will
have to be designed to accomplish the operation. The new equipment
will be required to vaporize fluorine or FLOX and supply it to all
systems which will be in contact with the fluorine or FLOX during
the static test operation., Passivation can be accomplished using
either fluorine or FIOX but in both cases will-have to be varied in
fluorine concentration and pressure. The exact location and size of
the equipment will be determined by the design work itself.

The present IOX cleaning procedures are adequate to prepare the
equipment for the actual introduction of the passivation gas.

In éonclusion,’there are no problems associated with passivation
that cannot be solved in the actual design work.

Mixing
Background Information

Mixing entails & number of separate problems which include how the
operation is to be carried out, where it is to be accomplished and
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finally, quality control of the end product. Since oxygen and fluorine
are readily miscible in all proportions, it would appear that
mixing can be accomplished very easily in the storage vessel itself,

An alternate method for blending the cryogens would be to store
oxygen and fluorine separately and carry cut the nmixing operation

in the lines during the loading procédure. Disadvantages to this
method are readily apparent. A large central FLOX storage will be
.required to store off-loaded propellants in case of mission abort,
Since this is the case, it appears more reasonsble to use the

mixed storage concept. Another advantage of the mixed storage method
is that the percentage tolerances canbe adjusted to a fine degree

of accuracy and can then be Yfrozen" at the desired compesition for
a long period of time in a closed system storage tank.

The success of the mixing operation, in the final analysis, dspends

on how accurately fluorine and oxygen can be mixed ssmple tested

for percentags. &t the present time, there is no commercially
available product which can directly measure percent flnorine in

a given sample. There is, however, a device which can determine the
percentage oxygen in FLOX tc within t 1 percent. The fluorine in the
sample by chemical process, is first converted to gaseous chlorine

to prevent etching of the detector's glass components., Percentage

0 is measured by determining the change in magnetic fleld caused

by the presence of oxXygen and percent fluorine is, of course, the
difference between this number and 100 percent. Further investigation
will be required to determine if the device has the required reliabilit,
for use in the Saturn system. If a more accurate methcd becomes
necessary, standard procedures of ™wet! chemical analysis are avail-
able and details can be found in reference 7 for both oxygen and
fluorine. Detection of small quantity or trace contaminants such

as hydrogen fluoride (HF), carbon tetrafluoride (CFj), and hydro-
carbons can readily be carried out by use of infrared-spectrometry

and standard chemical methods listed in reference 8.

Lol.2.4.2 Present Facilities at Mississippi Test Facility

At present, thers are no special mixing devices available at MTO.
If mixing is carried out in the existing storage tank, no additional
equipment reguirements are anticipated,

L4ol.2.k.3 Facility Changes and/or Additiocns

Because mixing can most practically and econcmically be accemplished
in the oxidizer storage tanks, the only foreseeable problem would be
concerned with stratification or separation of phases, -should the
“FLOX mixture be allowed to remain dormant for a considerable period
of time. #dditional testing is necessary in this area to see if
such a problem really exists, However, the increase in reliability
of end-product composition should more than off-set any deleterious
effects caused by stratification which can be minimized by existing
methods such as gas bubbling, mechanical mixing or placement of
metal strips to promots heat transfer to all tank areas.
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The measurement of oxygen, fluorine and trace materials should be
carrigd out by the infra-red and paramagnetic eguipment. The
standard or "wet" guantitative methods are more cumberscme and nob
readily adapted for use in the field.

4.1.2.5 TDisposal of Passivation Gas
Lol.2.5.1 Background Information.

- There are a nmumber of methods for treatment of the residuel passiva-
tion gas. The first is to chemically reduce the gas to a relatively.
inert by-preduct such as carbon tetraflporide. This can readily
be carried out by reacting the fluoride with solid carbon, anhydrcus
armonia or through combustion with hydrccarbon gas. The former
utilizes a reactor vessel as shown in Figure 4-Pa. The gases enter
the system at point A, where a servo-valve can regulate the quantity
of gas into the reaction chamber. The chamber is lined with
firebrick and is surrounded by & cooling water jacket to prevent
chamber burncut. The product ls carbor tetrafluoride which is
inert and can be vented directly to the atmosphere. The stolchic~
retric quantity and cost of carbon needed to completely reduce the
fluorine is given below:

C(S) a 2Fz CFL

Mole F, 1 Mole C 12 IBS _ J158 IB Carbon
LB.FZX_________ x“m x = e ry
38 IBFp ZFHoles F, 1 Mole C IB Ty

.158 1B (e) x $.14 = $.022
1B

IB Fp B F,

The second methed ubilizing liquid anhydrous ammonia (NHB) a8 the
reducing agent is shown in Figure 4-Pb.

The exhaust gases containing a mixture of Fp, HF, enter the systew
at point A, The stream is then mixed with the stolchiometri¢ amount
of vaporized ammonia (NHs) before introduction into the reaction:
chamber. The design of the reactor will depend, in large part, upon
the quantity of gases to be treated and the degree of concentration
required for the product at the stack outlet. The catalyst, which
is made from alumina (AL303) and covered with finely divided

nickel or platinum, promctesithe reaction between ammonia and
fluorine as follows:

(1) Ay + 3Fp Catalyst 2NH,F + LHF + N,

(2) HFE + NHy Catalyst NHF

Stoichiometric quantity and cost of ammonia needed to trest the
fluorine 1s given bela :
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(1) 1 1B F, x Mole Py x L Moles NHB % 17 1EBS NHB - .506 1B NHB'
38 IBS Fp 3 Moles Fp  llMole NH3 " LB Fp

(2) 1 1B Fy x Mole Fp x 4 Moles HF x 1 Mole NH3 x 17 IES Ny =
38 LB F, 3 Woles F, 1 tole HF 1 Mole Wig

596 18 NHB
1B Ty
Total NHB required = 1,192 .1IBS.

1.192 1BS NHy x $.20 = $.239
IB Fp 1B N4 13 7,

The rate and efficlency of the reaction can bs controlied by the
amount of ammonia available and by controlling the bed temperature
The waste gases can then be vented to the atmosphere or absorbed
by watex,

The third method reduces fluorine Jby combustion with a hydrocarbon
fuel such as propane (See Figure 4-%c).

The untreated gases- enter the system at a point where nmolsbure is
removed in a chemical dehydrator. The chemical desiccant ubtilized
would be Linde Molecular Sieve LAY or equivalent. Downstream

" propane is mixed in stoichicmetric amount with the gas. The mixing
must be accomplished far enough upstream so that a wiform mixture
is realized at the wire grid. Combustion is initiated by a simple
spark mechanism and the reaciion proceeds as follows:

JOFs + CaH 3CF, + 8 HF
2 +Cglg b

The rate and efficiency of the reaction can again be controlled

by limiting the concentration of the hydrocarben fuel and/or the
temperature of the reactants. The exhaust gases can then be
scrubbed with water to remove the hydrogen fluoride and vent to the
atmosphere., Calculations for stoichiomstric amount snd cost of
fuel required are given as follows:

1IBF, x 1 Mole Fyp x‘l Mole Propane x k4 1BS .105 IB Propane
38 1B Fp 10 Moles F, . 1 Mole Propane IB Fp
.105 IB Propane x $.55 = $.057
IB Fy LB Propane iB Fp

A final method for disposal of the passivation gas weuld be to
ra~condense the gas and return the ligquid to the storage tank.

The relatively small quantity of gas involwved and the high
probability of contamination suggests this method not be considered.
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L.1.2,5.2

k.l}2§5.3

4.1.2,6.1

Present Facilities at Mississippi Test Facility

At présent, no provision for constructicn of reactor vessels,
combustors or ré-condensors at MTO has been made. There are no
major design difficulties in designing any of these ltems, sc that
elimination of any of the above, described methods on this basis
alone would not be anticipated.

Facility:Changes and/or Additions

A detailed economic analysis will be neéessany to pin~point the

"best disposal method. However, combustion with a hydrocarbon

seems to be more favorable since larger gas quantities can be
handled, maintenance is less complicated and the operation is
in general much simpler than the othér methods,

4.1.2.6 Disposal of Boil-Off Gases

Background Information

The handling of boil-off gases can be classified into the following
general categories: (1) uncontrolled venting to the atmosphere,

(2) chemical neutralization, and {3) re-condensation with recovery
of fluid. Unlimited boil~off to the atmosphere presents a number
of problems which involve protection of personnel, equipment and the
maintenance of a constant composition mixture in the booster storage
tank. Because of fluorine's greater volitility, the vapor products
will contain a greater proportion of the halogen than will the
liquid in the tank, Figure 4~B shows the depletion of fluorine
with total boil-off and points out the difficulty of maintaining

a homogenious mixture. Although direct venting to the atmosphere
appears to be the most economical methed for handling boil-off
gases, it may well prove to be impractical as a workable method

if proper mixture tolerance cannot be maintained.

Figures 4-9 and 4-I0 show boll-off rates as a function of mixture
conposition.

The following is a sample calculation for one point on the boll-off-
curves, N - .

Assumptions: (a) Heat leak into the IOX storage tank is approximatelj

equal to the heat leak into a FLOX tank of the
same configuration,

(b) Raoult's law is obeyed, i.e., boil-off is

" perfect gas. . . .

(¢) Boil-off rates from MSFC memo PVE-PTP-64~1(39
are valid v

(d) Total FIOX pressure is 1 ATM.

. Sample caloulation for 30 percent fluorine. (Boiling temp. 88.3°K)

REV, SYM.

5-406-65.55 ORIG, 1°64

EapEppses| no, DO

SECTION 4 IPAGE_ 24,



£5.30 eo
£5.00 7800
Ye50 )
78,30 9240
6%.55 ,
%39 ény
Sus O o
52 Stle
%, PR
s 4220 -
57-?‘ 3?"‘0 B
T ot
S 2223 ST m ot
R - —
BiLE VH >3
7 303
‘o & &
: /s 2o ghd

PERCENT - OF INITIAL CHARGE.

. See. 4. page 25 DS~/ =]



E950
s .
5.7 Fii
N\
~ 7o ‘
130 w0
w o
kL s 0\
COMPOSITION
OF RESIDUE~-
WEICHT PERCENTSo--- - '
4539 A
HLUORINE
4o
39,57 LEEE .
& v
4,
it Ha2
2 ..
16 : "
e GRY
o e} ¢
& Ry

EOILOFF —
GO



44

30{L-OFF
2ATE,

B/SEC,

‘82.5

o
Q

9z °8ed 4 D ao 1-89411-8Q
g . )
N

MR‘K\W\UM Torn.
LOX PLLS FLAORINI

RO OCF7T RATES
RO S-1C

-4 ‘8914

o

Yo

5o

215} e ¥o

%o



Yo | /
&

i

Co |

RBolL oFE
RATE

LB/SEC o,

Yo

30

{10

Fig. 4-10

o . 20 Yo bo &«

. !
WGET % - FLUARING

5
DJ‘-—N%F?‘-./
S !c% Page 27 -

E

=



{1) ¥ax. Heat Leak

72.5 IBS LOX x 91 BTU = 6600 BIU
Sec, IB Sec,

(2) Convert weight percent to volume percent.
Basis: 100 LES Mix ’

OIS (F) =
Moles F = 28 IBS/Mol 79

70 1BS {0) =
Moles O = 32 LBS/Mol 2.19

Mole Fraction F: .79 = 265
2.98

(3) Racult's Law
{a) Vapor pressure of Fp at 88.3° K is 1090 mm.

(b) Volume fraction Fp = 1090 mm- ( 245) =-,38,
760 mm

{(4) Convert volume percent to weight percent

.28 Moles Fp x 38 IB 1,45

Mol
.62 Molea Op x 32 1B = 19.85
Mol
Wgb. fraction Fo = 1445 = .42
3k,

(3) Calculate total boil-off rate, X.

6600 BTU = 70.7 BTU (.42 X} + 92.4 BTU (.58 X)
Sec, 1B F2 1B 02

X = 79.2 LBS/Sec.
(6) Fluorine boil-off rate

¥y =179.2 1B (%Mz).‘—“ 33.2 1B

Sec, Sec,

If an extended hold period is experienced, and delays of more than
an hour are not uncommon, then a suitable method for handling the
large quantity of boil-off gases must be found. Chemical neutral-
ization utilizing the methods of paragraph 4.1.2.5 are technically
feasible, but would have to be more closely investigated, especlally
in the area of economics, before a firm decision can be made as to
their worth. The last category appears to be the most promising at
this time and presents a number of related alternatives:
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(1) Reliquefy boil~off products and return liquid directly to the
booster tanks,
(2) Reliquefy boil-off products and return liquid to central
storage or, .
{3) Transfer boil-off products to an off-site liquefection facility:

The first and second suggesticns differ mzinly in placement of the
equipment of condensation; in the case of the former close to the
lzunch complex and in the latter in the proximity of the storage
facility. Each has one major advanbage over the other, since one
would reduce pumping costs and equipment while the other would
eliminate the need for a system of recondensation at the launch site.
The third method would entail the largest initial capital outlay
to build a liquefaction plant to handle not only the boll-off
products from the booster, but also to produce liquid fJuorine to
cover therneeds of the Saturn as well as other propulsion systeums
utilizing this element.,

L.1.2,6.2 Present Facilities at Mississippi Test Faecllity

MIO presently contains no facilities capable of handling the large
quantities of boil-off gas from a booster storage tank,

4.1.2.6.3 Facility Changes and/or Additions .

Since economics play such a dominant role in the final choice, 1t
will be extremely diffiecult to analyze each method until detailed
information regarding nurber of planned launches, opfimum FLCK
mixture composition and final wehicle configuration is made
available. In fact, the analysis should probably be carried beyond
the scope of the Saturn FLOX Program to determine what, if any,
future needs are envisioned for .fluorine in the Aero-Space
industry. Should sufficient guantities be-used in the ceming years,
it would probably be most econcmical to let private indusiry build
and operate a liquefaction facllity close to the firing site. On
the other hand, considering only the immediate needs for a Satum
booster, using FLCL, then either a boil-off” gas condensor or &
storage tank condensor would probably be the best solution.

4.1.2.,7 Neutralization of Spills
hJ1,2.7.1 Background Information

Several methods for neutralization of relatively small quantities

of fluorine (less than 50 Lbs) have been described in paragraph
4.,1.2.5 and will not be considered here. For larger or bulk quan<
tities neutralization can generally be classified under the follow-
ing categories: (1) controlled, (2) uncontrolled, and (3) emergency,
For controlled reactions, the fluorine should be channeled into &
run—off pool where suitable chemical treatment ecan be initiated.
Metallic fluorides, sodium hydroaxide, sodium carbonate and steam

or water fog have all been mentioned in the literature as possible
methods for disposal. The primary disadvanbage being one of
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econamnics when bulk quantities of materials are involved and in
sane cases additionsl trestment is reguired where toxic or corrosive
by-products are formed.

If circumstances permit, some fluorine may be neutrelized in an
uneontrolled fashionie., through boil-off, reaction with atmospherie
wolsture and any available fuel such as soil or follage. Because

of fluorine's high reactivity and volatility neuntralization should
take place in a reasonable length of time. However, the danger
inherent in this operatiocn should be countered with a portable wabter
supply or chemical neutralization in case the reaction geis outb

of hand. The path of the run-off chemicals, usually metallic
fluorides, should be checked to see that no drinking water supplies,
streams or wild life is being affected. The state or locsl statutes.
governing pollubion should also be checked before uncentrolled
fluorine disposal is permitted.

Emergency disposal can best be carried oub by treatment with large
antities of water {deluge} or by treatment with scda ash
c(?ﬁag_ C03). Several tests have been oonducted {See reference 2)
using ¥ag C03 to form the relatively stable sodium fluoride (NaF).
The chemical system presents more handling problems than the use
of water including the problem of residue disposal. The tests,
which have trested nearly a ton of material, have been reascnably
successful.. The results show that the chemical method appears to
neutralize the fluorine more rapidly than does waber.

A waber deluge gystem appears to be the least complicated and,

since provisions are available at the firing sites, would seem

also to be the most econamical. Treabtment of [luorine spills with
water has the advantages of ease of application and universal
availability of the neutralizing agent. The reaction of water

with fluorine forms hydrofluorie acid which is diluted to safe
Jevels with an excess of water. Adequate drainage should be
provided sclely for use with fluorine components and, if possible,
2ll run-off should be collected in larpge run-off pools where further
neutralization can be made, The reaciion between fluorine and water
is a vioclent cne, however, regulation of spray quantities will

keep the reaction under contrel. A finer water spray tends to be
more effective as a neutralizer and ab the same time dampens the
violence of the reaction.

L.1.2,7.2 Present Facilities at Missiseippl Test Facility (See References 1 & 3

The present facilibies et MIF which could be used for neutralizstion
of spilis are the sxisting water deluge systems. These deluge
systems are present at the central storage areas, the transfer
areas, ab the test stand, and at the flame deflXector,

The storage area water deluge system is presently designed to
provide O.45 GPM per square foob over the surface of 21l hydrogen
storage vessels, This deluge water pressure during maximam flow
conditions shall not be less than 25 PSIG at the highest nozzls.
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Sprays controlled mamually by a quick opening valve shall be provided
at each barge, truck, and rail car main transfer commecbion. Four
spray nozzles of the sweep spray type shall be provided and

oriented fo déluge the area under each comnection point. The

sprays shall deliver approximately 500 gallons per minute at each
transfer connection. ’

At the test stand a tobal of 215,000 gallons per minute are supplisd
to various positions. These includs 15,000 GPM ab Elevation 140,00
for motor sprays, 30,000 GPM ab Flevation 155.00 for engine deluge
sprays, 30,000 GP¥ at Elevation 160.00 for lower tank bulkheads
sprays, 50,000 GPM at Elevation 195,00 for load platfomm and hold
down- structure sprays, 69,000 GPM at variocus elevations for stand
structures sprays, 20,000 GPH at Elevation 285,00 for upper tankage
sprays and 1000 CPM for the derrick, '

“The deflector at the test stand is supplied with a total of 400,000
GPM. The water is distributed to varicus levels of the deflector
and sprayed from many nozzles ab rates frem 1600 GPM to 5000 GPM.

hedle247.3 Facility Changes and/or Additions

Present water deluge facilitles and fire fighting equipment are
adequate to handle all except the most catastrophic failures,

Cost of the neutralizing agents such as soda ash would rule this
method out for the larger spills. However, a quantity of soda ash
(ap €O3) should be kept on hand for treatment of -smaller isclated
spills and any toxic by-products found by the water treatment.

4ol.2.8 Neutralization of Combustion Products
£.1.2.8.1 Background Information

Combustion products will be produced at the approximate rate of
30,000 Ib/Se¢ when the booster engines are ignited, of which better
than half will be composed of hydrogen fluoride (BF) and carbon -
monoxide (CO). The toxicity of both campounds weuld indicate that
some means of exhaust treatment 1s necessary, 4 number of methods
appear feasible at this time although each has a major disadvantage.
The exhaust stream can be deéluged with a largs quantity of water.
While the c¢oncentration of HF could be lowered appreciably, the
tulk temperature of the cloud would also be lowered thereby slowing
the atmospheric dispersion. & second method would be to design a
water scrubber to lower the percentage of noxious.gases to a safe
level. Because of the high velocity of the gases, contact Lime
between liquid and gas'becomes a major consideration if any mas
transfer is to take place, A longer contact Lime permits move
efficient absorption bubt reguires larger facilities.

Finally, speclal weather conditions, such as prevailing winds,
temperature, and humldity, as well as minimum population density
may Justify uncontrolled atmospheric diffusion of the exhaust cloud.
More detailed study of locsal conditions at MILA and MTO must be i
carried out before sppreval could be given this-method.
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,1.2.8.2  Present Facilities at Mississippl Test Facility (See Reference 3)

The present equipment at Mississippi-Test Facility which cculd be
used for neubtralization of the cambustion products is the defllector -
water deluge system. This system supplies 400,000 GP¥ total teo
many nozzles located on different positions on the dsflector. The
individusl nozzles spray from 1600 GPM to 5000 GPM, The individual
nozzles are actually holes drilled in the surface of the fisme
deflector. The holes are arranged to supply the mexdram {low

rates to the area of maximum fleme impingement. The percent of the
hydrogen fluoride in the exhaush which is absorbed into the waler
and the percent hydrofluoric acid in the deluge wabter after

ithe Lest are difficult to preduct because of the free nature of the
reacticn. A paramebiric attempt has been made in the sechicn on
materials and processes,

hlo2.8,3  Facility Changes and/or Additions

Determination of a safe atmospheric concentration for hydrogen
flucride and carbon monoxide must be investigated. A further study
of weather conditions which would permit uncontrolled dispersicon,
i.e., a launch envelope, of the gsa cloud should also be investigated
The determination of firm ground rules in these areas will diciate
the final solution on designing special equipment for treatment.

4ede2.9  Off-Loading and Disposal of Residual FLOX
bede2.9.1 Background Information

Off-loading, which is removal from the S5-IC oxidizer tank of

FIQK, presents two major problems. The FLO{ should be contained
because of its taxic nature and released only under controlled
conditions if release is absclutely necessary. The FIOK should

be contained because of its cost, Both of these problems can be
solved by off'-loading the FLOX back to storage through the
propellant loading lines, Pressurized transfer can be used to
accomplish this transfer process since pump seals and FLIX zre
generally not compatible., Line size should be made compatible
with the tank pressurs available and the off-loading time required,

Lol.2.9.2 Present Facilities at Mississippi Test Facility (See Reference 3)

0ff~loading is presently accomplished for the 5-IC at MIF by
opening the LOX i1l ‘and drain valves and allowing LOX to flow
out of the tank through the fiJ1 lines with the ald of the ullage
pressure supplied by the GSE. At the static test stand emergency
drainming of ths I{X is provided through a 17 inch emergency drain
dine attached to the lower bulkhead of the 10X tank. The LOX is
then drained into the IL{X Dump Pond where il evaporates, This
emergency drain is only used in the case of a fire near the LOX
tank and would be considered as an uncontrollied release because of
the infrequency of its oceurrence. )
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4.1.2.9.3

£.1.3

Facility Changes and/or Additions

The normal off-loading procedurs can be aceomplished with FLOX
without changing the existing equipment.. The emergency dump will
not be a cold spill with FLOX since the FLOX will be hypergolic
with the LOX Dump Pond.

Problems at Merrdti Island Lsunch Area

4.1.3.1 Central Storage of Liguid Fluerine or FIXX

1&01»3 .lnl

&01-3.1@2

REV. SYM,
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Background Information
The Background Information will be the same as 4.1.2.1.1.

Present'Faci]iﬁies at Merritt Island Iaunch Area {See Reference L)

Present Liquid Oxygen Storage at Merritt Island Launch Arsa

The liquid oxygen storage tank =t MITA will be a 900,000 gallen
double-walled insulated sphere. The innor tank will be stainless
steel and will have a diameter of 62 feet 9 inches. The insulation
space will be filled with perlite and nitrcgen at a slight
positive pressure. The cuter tank will be carbon steel or egquiva-
lent and will have a diameter of 68 feet 9 inches. An internal
pressurs of 10 PSIG will be maintained during f£ill and standby
operations by gaseous cxygen from en air/LOX vaporizer. The

tank will withstand an external blast pressure of 6 PSIG. The
tank weighs 1,600,000 pounds and will store §,4600,000 pounds of
fluid: The tank is supported above ground with 16 36-inch-
diameter lega. The tank has a boileff rete of 0.18 percent per
day maximum. The tank is located 1450 feét sway from the pad.

Present Liguid Hydropgen Storage ab Merritt Island Launch Area

The liquid hydrogen storage tank at MILA will be a 850,000 gallon
double walled insulated sphere. The inner tank will be stainless
steel and will have a diameter of 56 feet 6 inches. The insulsticn
space will be filled with perlite and maintained near a vacuum.
The outsr tank will be carbon steel or equivalent and will have a’
diameter of 62 feet 6 inches. An internal pressure of 25 FSIG
will be mainteined by vaporizing coils. The tank will withstand
an external blast pressurs of 6 PSIG, The tark weighs 1,600,000
pounds and will store 385,000 pounds of fiuid. The tank is
supported above ground by 10 30-inch-diemeter legs. The tank has
& beileff rate of 0.10 percent per day minimum. The tank is
located 1450 feet from the pad. Daily loss is vented to the
atmosphers, R.a,pid vent will be through the hydrogen bturn pond.

Present liquid Nitrogen Storage at Merritt Island Leunch Area
The liquid nitrogen storage st MIIA will be a 500,000 gallon

double walled, indulated sphere. The inner tank will ke 300
series stainless steel and will have a diemeter of 50 feek. The
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insulation space will be filled with perlite. THe outer btank
will be carbon steel and will have a diameter of 60 feet. An
internal operating pressure of 25 PSIG will be maintained with a
vaporizer, The tank will have a boiloff rate of 0.2 percent per
day.

£.1.3.1.3  Facility Changes and/or Additions

At Merritt Island Iaunch Area it will be necessary to build an
entirely new facility to store liguid flvorine or FLOX since the
LOX will be needed for the upper stages. However, since about 72
percent of the LOX is required for the S-IC stage, the present
10X storage facility may be converted to FLOX storage and & new
smaller LOX storage tank constructed,

¢

€
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the sclution. The techniesl problems can be solved.
£.1.,3.2 Trensfer of Liguid Fluorine or FLCX to the Leuncher
£.1.3.2,]  Baskground Information
The background information is the same as 4.1.2.2.1.
4.1.3.2.2 DycPresent Facilities at Merritt Island Launch Area (Ses Refererice 4)
Present LOX Transfer at Morritt Island Launch Ares

The ILX transfer at MIIA is accemplished by li-inch uninsulated,
line for main f£ill and by 6~inch vacuum Jacketed lines for
replenishing. Pumping will be accomplished by two main transfer
pumps and two replenish pumps. Fach two will be paralleled so
that one is available as & back-up. Fach main pump shsll be 2
10,000 gallon per minute centrifugal pump with a discharge
pressure of 320 PSI. The pump motor will be a fan-cooled, 2500 HP,
1800 RPM, 4,180 volts, 3 phese induction type,totally enclosed,
Bach replenish pump will be a 1000 gallon per minute centrifugal
pump with a discharge pressure of 260 PSI. The pump motor will
be a 275 HP, LAO velt motor,

Present Liguid Hydrogen Transfer at Merritt Island Zaunsh Ares

The liquid hydrogen transfer is accomplished using enly the 75
PSIG pressure in the storage bank to force the transfer. The
transfer line to the LUT will be vacuum jacketed, 10-inch-
diameter, invar pips. The outer jacket shall be stainless
steal.

5£.3.3.2.3 Facility Changes and/or Additions

Since the storage facility will be on the order of 1400-1500 feet
from the launcher, it will be necessary to design a low heat leak
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transfer system in order to minimize the boiloff and temperature
rige during the transfer process,

The present licquaa nyarogen transter system 1s designed for low
heat Jeak and & similar system could be used for the FLOX transfer.
Again the technical problems will be easily sclved when ecconcmics
dictates to metheod.

Passivation of 81l In~Line Components

Background Imformabion
The Background Information is the same as 4.1.2.3.1.
Present Facilities at Merritt Island Launch Area

The present cleaning specifications are per MSFC-SPFC-184 and
there is no passivation equipmenit at MILA as abt MTO.

Facilisy Changes and/or Additions

8incs passivatiom equipment is necessary at both MILA and MTC
and sconomics do not play a major role in the passivation area,
the sclution at MIIA-will be the same as that at M0 cutlined in
}'P'lv2v3'3‘

Mixing of Liquid Fluorine and LOX

Background Information
The Background Information is the same as 4.1.2.4.1.
Pregent ?é;ciliﬁies at ¥erritt Island Launch.Ares

There are no special nmixing facilities for mixing liquid fluorine
and liquid cxygen at MIIA since the mixture is not used.

Facility Changes and/or Additions

The facility changes and/or additions will be the sume as those

.outlined in %.1.2.4.3,

$ele3.5° Disposal of Passivation Gas

+edo3.5.1

+ale3.5.2

V. SYM.

408.85-58 ORIG. 1 84

Background Information
The background information is the same as 4.1.2.5.1.
Present Facilities ab Merritt Island Launch Area

Thers are no present facilities at MILA to‘diSpose of passivation
gas because there is no passivation with fluorine.
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Facility Changes and/or Additions

Since equipment o dispose of passivation gas is required at both
MILA and MT0 and the economic effect is the same at both locations,
the facility changes and/or additions are the sams as 4.1.2.5.3.

L.1.3.6 Disposal of Boiloff Cas

Background Information

The Background Information is the same as 4.1.2.6.1.

Present Facilities at Merritt Island Launch Area

There are no facilities at MIIA presently capable of handling
the boiloff gas since GOX boiloff is non~toxic and is merely
vented to the atmosphers.

Facility Changes and/or Additions

Economics play an important part in the cholce of a method of

disposing of the boiloff gases. ThHemethods of 54.1.2,6,1 should
be analyzed as ocubtlined in 4.1.2.6.3.

A4103.7 Neutralization of Spills

Background Information
The Background Information is the same as 4.1.2.7.1.
Present Facilities at Merritt Island Lsunch Area (See Rezerence 5)

The present facilities at MIIA which could be used for neutralir-
ation of spills are the water deluge systems. These deluge’
gystems are planned for the flame deflector, the IUT deck, and
the storage dreas. There is 20,000 GPM available as the flame
deflector quench. There is 50,000 GP available for the LUT
deck quench, . The exact rates and locaticms of the sprays in the
storage areas have not been determined but it is assumed that
they will be similar to those at Mississippl Test Facility dis-
cussed in 4.1.2.7.2.

Facility Changes endfor Additions

The facility changes and/or additions will be the same as those
Outlined in Iin 1. 20 703.0

5.1.3.8 Neutralization of Combustinn Prrdnnta

Background Information
The Background Iﬁformation.is the same as 4.1.2.8.1.

Present Facilities at Merritt Island Launch Area (See Reference 5)
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The present facilities at MILA which could be used to meutralize 2
portion of the combustion products are the water deluge systems. The
flame deflector quench of 20,000 GFM starts st T + 2 and lasts till
T + 32 seconds., The LUT deck guench of 50,000 GFM exists for the
same period of time. These water quenches are apt to be of little
significance since only about 2 percent of the burning will take
place in a position where the quenching would be the least bit
effective. .

4.1.3,8.3  Facility Changes and/or Additions’
No facility changes or additions will be recommended for the
purposs of neutralizing the combustion products at MIIA, This is one
situation in which the toxic cloud resulting from the use of
fluorine as part of the axidizer in the S~IC will have to be toler-
ated in order to take advantage of the payload gein from using
f luorine a

4.1.3.9 0ff-lLoading and Disposal of Residual FLOX

%4.).3.9.1 ° Background Information

] The Background Information is the same as 4.1.2.9.1.

4,1.3.9.2 Present Facilities at Merritt Island Launch. Area
Off-loading is presently accomplished for the S5-IC at MITA by
opening the LOX fill and drain valves and allowing the LOX to
flow out of the tank through the fill lines with the aid of the
ullage pressure supplied by the GSE.

h.1.3.9.5  Facility Changes and/or Additicms
The present off-loading procedure could be used without change.

4.2 TOXIC EXHAUST PRODUCTS EFFECTS

L.2.1 Tnbroduction

As was seen in Section 2, the performance gains which ean be realized

" by the use of FLOXcon the S$-IC are of very significant magnitude.
Unfortunately, hovever, there are certain problems which are created.
The most outstanding being that of the effect of the toxic exhaust
products. Studies have been conducted to determine the composition
of the F-~l engine exhaust products and to estimate the diffusien
effects of the toxic exhaust cloud., The following paragraphs discuss
the results of these [{indings.

L.2.2 Prediction of FIOX/RP:;jExhaust Cloud Composition

Digital caleulations have been made to determine the composition of
an exhaust gas cloud at standard atmospheric .pressure, formed by.the
combustion of fluorine-cxygen and RP-1 propellants. Gas compositions
were plotted over a range of temperatures for several selected mixture
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1‘42-301

ratios and fluorine concentrations. These plobts are shown in
Figures 4~k through Figure 4-18.

The following preducts were considered in the caleculstions and were
assumed to be in thermodynamic squilibrium at the spscified temperaw
tures and pressure.

¢ CO0p F H Hy HCO FF H 0 © 0O

CH C Ca Cg COF CFp CFg CF, CH CHp

CH3 CH; CpHy CgHy, COF, Fp Carbon.

No sttempt was made to sccount for mixing of the exhaust products

with the atmosphers, or for the effect of test stand flame deflector
cooling water entrainment. Mixing will both dilute and cool the

exhanst gases. -Any water vapor condensation in the exhaust clound

will dissolve HF and form hydrofluorieracid.
Air Polution

Methods for contrdlling and/or predicting eir pollution resulting
from bocster rocket engine exhaust need to be developed. A survey

of current literature failed to turnm up a single paper that adequately
¢overed this subject. Because of the numerous variables associated.
with atmogpheric diffusion and the exhaust cloud, a clean, ¢lear-cut
solution to the air pollution problem cannot be obtained.

Another undefined area is the level of tolerance for fluorine and
hydrogen fluoride (HF}. It is imperative that this be established in
the near future. The tolerance level should be based on the ability
of the human body to detoxify itself from a high level, short term
exposure to fluorine or hydrogen finoride. It appears that there is
varied thinking among the "exparts” on this subject.

The folluowing paragraphs outline the toxic cloud analysis that was

done in conjunction with TAO-22. It should be pointed out that a certain |

amount of conservatism is included in the analysis.
Toxic Cloud Anal;yais

Most of the data used in this study were extracted from Reference {9).

The reason for choosing this particular study was the extensive

amount of field testing that was done to correlate the dosage equations.
The equations developed in Reference (1) wers also considered, but ORG 17
{Reference {9)) ylelded more conservative mumbers, It should be

pointed out that ncne of the studies to date have developed an analysis
technique .that can be used wit.h & high degree of confidence,

The analysis technique ueed Lor the "Normal Launch® condition, con-
sidered the HF release from engine start to 2000 feet altitude
{ref. Figure 4~19 and 4~R0) to be a point source at ground level,
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It was agsumed that any HF released above 2000 ft. would not add to the
ground level air pollution problem. It was also assumed that all the
fluorine released, reacted to form HF, Figure 4~21 and 4-22 illustrete
the marked effect of atmospheric conditions on its ability to diffuse

the toxice ¢loud. From these curves, it is evident that if the temperature
gradient is greater than -1°F,a launch would not be feasible. Figure
4-23 is 2 summary chart that shows the effects of § FLOX, vehicle

T/W and dosage range for the noted atmospheric condition.

The definitions of terms used in this analysis are as follows:

. Temperature Gradient ~ The difference between the temperature at
0.5 and 5.0 meters ~°F.
. Wind Speed - The average wind velocity - miles/hour
. Thrust/Weight - Booster Thrust/Gross Weight of the Vehicle
. Wp ~ Total S-IC propellant loading ~ lbs.
» Wp - Propellant flow rate

The conditions considered are as follows:

. Normal launch - 37% & 50% FPLOX

. Fall-Back Failure ~ 30% & 37% FLOX

. Line Rupture - Pure Fluorine & 50% FLOX.
The "Pall-Back Failure® condiiion, considered Wp = 4.8 x 106 pounds.
From this, the correspondong smount of HF was assumed toc be released !
as a point source. Figures 4-2% and 4-25 show the dosage range as a
function of wind speed and temperature gradient, for 30 and 37 percent
FLOX respectively. It is again evident that atmospheric conditions
will determine when sufficient diffusion of the toxic cloud can be
accomplished.

Figures 4-26 and 4-27 show the effect of a line rupture with the
conditions as noted. In addition, it is assumed that all of the
fluorine is_reacted to yield hydrogen fluoride. This figure indicates
that certain atmospheric conditions will be more favorable for trans-
ferring fluorine.

L.2.3.2 Conclusions & Recommendations

The primary conclusion that can be drawn from this analysis is that the

air pollution problem will not prevent the implementation of FLOX

on the S-IC. However, it should be pointed out that the times for
aunch will be more restrictive by use of FLOX.

t is recommended that a more detailed analysis be accomplished,

slative to the air poliution problem at the launch area -and some

ield testing be done for verification. It is believed that a more
detailed study would indicate less restriction, because of the con-
servatism used in this analysis,

.3 FLUORINE AVATLABILITY

The use of FICX on the S-IC would require the use of large amounts of
fluorine. Assume thet one Saturn FLOXed vehicle is static tested and
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lsunched each month, From Figure 28, it can be ssen thal for a ity
FIOXed vehicle this would reguire spproximately 5.5 million pounds
of fluorine per month, In case it is determined that the vehicles
may be statiec tested with LOX approximately 2.6 million pounds of
fluorine would be required per wmonth to launch a 70% PLOXed vehicle.
This immediately raises the question relative to the total fluorine.
production in this country.

The largest producer of fluorine in this counbry is Allicd Chemical,
In a recent telephone conversation to Allied Chemical Company, Dr.
Neumark stated that their present capacity is 1,500,000 #/year of
ligquid and 3,000,000 #/yvear of geseous fluorine. In spproximately
6 months, all of their production could be converted to liquid
production., It would take 12 - 18 menths for them to gear up for
production of 4,000,000 #/menth.

Their previous studies have indicated that fluworine production can be
increased faster than the vehicle program requirements develop.

On this basis, it appears that the supplying of fluecrine for a
FLOXed Saturn program would neot be a significant problem,
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FLUORINE QUANTITY REQUIREMENTS
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2.0

5.1
§5.1.1

5.1.2

5.1.3

5.1.4

‘COST ANALYSIS

A preliminary investigation was-conducted to obtain a general trend of
cost effectiveness of a FLOY vehicle program compared to the present
Saturn V program. .Since several arblirery assumptions were made,the
results presented here are trends. More accurate data would require
a detailed analysis.

For purposes of investigation, 60% FLOX in the S-IC was used. Two
separate programs were chosen, namely, an &ll FLOX vehicle program and
a 2:1 FLOX program. A 2:1 program is defined as one whick launches
two 10X vehicles for each 60% FLOX wvehicle.

Tn the investifation, the research, development and testing (RD&T)
cost increase cver the existing program was assumed to be 200 million
dollars. The FIOX producticn engine costs were assumed to be 1.25

x 10X F-1 engine costs, The stage production costs were assumed to be
3% more than LOX stage costs.

Following is the basic data and sample caleulations used in the
investigation of the 60F FLOX vehicle,

COST EFFECTIVENESS OF THE 60% FLCX VEHICIE

Data: Payload to Escape. 135,000 1bs. per vehicle
Propellant Loazding 5 millien 1bs. per wvehicle
Oxidizer to Fuel Ratio 3:1
Engine Costs —— $ 125 million
Stage & OSE Costs . 75
Total Additional RD&T Costs —-——-——-—— 200
Fngine Prod. Costs = 1,25 x F-1 engine cosis
Stage Prod, Costs = 1,03 x Sat V stage costs
Propellant Costs: Fluorine 4$0.50 per 1b.

0¥ 0.02

RP-1 .02
Tng., Prod. Cost is 15.8% of the total
Stage Prod. Cost is 84.2% of the total.

Al FLOX Program

The first ten research vehicle intended for LOX tests have been
modified for FLOX.

2:1 LOX-FIOL Program

Flight program uses two LOX vehicles for every FLOX vehicle, Ten
additional FIOX research vehicles are required.

Caleulations

Cost of propellants using 60% Fluorine-40% LOX oxidizer with RP-1
cost of fluorine = 0.6 x 0.50 = $ 0.30/1b

cost of 1K = 0.4 x 0.02 = 0.008/1b
cost of oxidizer = ———wwuwnee 0.308/1b

cost of RP-1 = n 020

REV. SYM.
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oxidizer to fuel ratio 3:1
cost of propellant = (3/4 x .308) + (3 x .02) = 0.236/1b
propellant loaeding = 5 million lbs/vehicle
propellant cost per vehicle = $1,18 million
Ratio of FLOX Vehicle Cost to Sat V Vehicle Cost
Engine - 158 x 1.25 = 1975
" Stage 842 x 1.03 = .8673
Cost Ratio FLOX/Sat V w———- 1.065
TOTAL FLOX VEHICIE GOSTS '
Sat V RD&T Cost Plus $200 million
plus Sat V Vehicle cost x 1.065 {include spares)
plus Sat ¥ Operating cost less Sat V propellant costs
plus FLOX propellant cost
5.1.5 Sample Calculation for One FLOX Production Vehicle
RD&T plus GSE assumed total cOSE wmmmmmmmemm— $ 2852 million
Vehicle 66.5 x 1.065 N 70.8
Operating ZL.58 - 27 + LIB W - 22,5
" Cost of one FIOX prod. vehicle (¥=1) $ 2945.3
Cost of ‘one SAT V prod. vehicle 2739.2
Tobal Payload tc 3scape (millions of pounds }
FLOX Vehicle = .135 NR = .135 x Number X Reliability
Sat ¥V Vehicle = ,09 NR = ,09 x Number x Reliability
5.2 2:1 IOX~FLOY PROGRAM WITH 60% FLUORINE
CAICULATIONS
Cost of Propeliants: 1 FLOX vehicle $ 1.18 million
2 Bat 'y . 539
Total for 3 Vehicles mwwme———0 L, 71§
Average cost per Vehicle for the Program ——wwwwme— 0.573
Cost 2 Sat V and 1 FIOX vehicle = {2 + 1.0648) = 3.0648 Sat U's
Average cost of vehicles for program = 1,0216 x Sab V costs
Research and development cost of the program plus addibional FICK
Research vehicles - $ 3540. million
REV. SYM. @}mﬂ?ﬁ'ﬁ"ﬂI NO.D5—-11Q6A~1
SECTION 2 lPAGE 3
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FLIGHT R VEHICIE PROFPELEANT TOTAL CCST TCTAL COST

NUMBER COST COST NPERATIONS PROGRAM
20 <954 .793 001140 JITLT L.515
90 196k 3.116 0516 3.809 7.349
190 .970 5.973 1160 7.308 10,848
390 .97h 1106 2235 13.510 17.050
590 .977  15:730 338T 19.537 23.077
990 979 2L.359 5673 30.158 33.698,
FLIGHT TOTAL SPECIFIC
NUMEER PAYLOAD COST
20 2.00° 2257
90 9.10¢ 808
190 19434 561
390 39.85 528
590 £0.5 381
990 101 331
5.3 DISCUSSTION

Figure 5-1 shows the total cost vs. the payload to escape for the LOX
Sat V vehicle, the "all FLOX" vehicle and thé 2:1 LOX-FLOX wehicle
programs. From the curves, it can be seen that for a totel accumulative
payload greater than 3.5 million.pounds the.60% "all FLOXW vehicle
program is cheapest.

Figure 5~2 compares the specific costs of the three programs. As dn
the previous figure,. for a total. aceuwmulative payload greater than
1.5 million pounds, the 60% "all FLOX" program is cheapest.

Figure 5-3 compares the specific costs of the three programs on a
number of missions basis., This'shows that.the 60% "all FIOX® vehicle
progrem is cheapest for any number of missions. This can be
accounted for-by the' greater payload capability of the FLOX vehicle.
For sixty missions or more, the 2:1 FLOX prosram has a lower specifis
cost than the Sat V phogram.
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10
30
ico
200
400
600
1000

10
30
100
200
400

1000

920
95
(950,
.96
970
974
977
979

Table 5-1

COST EFFECTIVENESS OF THE 60% FLOX VEHICIE

VEHICIE €O0Sis

SAT V
L0665
.5089

1.29,
3.559
6.356

11.340

15.907

24,356

FLOX

0708
« 2420

1.378
3.790
6.76%
12.077
16,947
25.938

TOTAL CGST = RD&T COSTS PLUS TOTAL OFERATIONS COSTS

TOTAL COST

SAT YV FLOX
2,939  2.945
3.297 3,510
L2263 4,575
7.012  7.535
10,421 11.237
16,456 17.758
22,323 25,190
32,643 - 35,336

TOTAL
PROFELIANT COST OPERATIONS
SAT V FLOX SAT ¥ FLO
.00027 ,Q0118 .088l L0933
00269 ,0118 6459 .6881
.00808 035, 1.612 1,723
L0269 .1180 L.361 4,683
.0539 2360 7.770 8,365
078 W4720 13.805  14.906
+1617 .« 7080 19.672 21.258
2695 1,180 29.992 32,484
sry T TR sy FoE
+ 0828 .12&1 33,100 23,700
L850 1.275 3,880 2,780
2,575  3.865 1,656 1,185
8,67 13.0 808 580
17.46  26.2 597 528
35.1 52.6 570 338
52.8 79.1 523 305
g8.1  132,2 37N 267.5

COSTS IN BILLIONS OF DOILLARS

PAYLOAD IN MILIIONS OF POUNDS TO ESCAFE

SPECIFIC GOST IN $/LB
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6.0

6.1

16.2

6.2.1

6.2.2

CONCIUSIONS & RFCOMMENDATICHNS

Because of the large performance potential from FLOX, follow—on
studi¢s are recommended and outlined below. A suggested general
work statement is included in the appendix.

PERFORMANCE

As discussed in Section 2, fluorine is a very potent cxidizer and
offers tremendous payload advantages when uwtilized in the S-IC.
D5~11464~2 compared FLOX with other methods of uprating such as
strap-on solids, larger propellant tanks, and higher thrust LOX/

RP-1 engines. FLOX looks especially competitive since it offers the
high paylozd inc¢reases without changing currenit stage geomstry. The
payload capability may be varied from the present value to the meximum
availeble with FLOX merely by adjusting the FLOL concentration.

It is recommended that F-l1 sub-scale chamber tests be conducted to
confirm the performance and define the engine carbon build-up rate.
Further work should be done to determine more closely the stage design
of specific optimized vehicles. The use of FLOX in upper stages shounld
be included in_ future studies.

STAGE DESIGN

Materials Compatibility

Only minor design and materials compatibility problems are apparent

on the 5-IC. The area of major guestion is in the LOX tark pressuriza-
tion system which routes high temperature GOX {or FLOX) through
numerous fittings and joints which may have contaminate traps. OCon-
taminant reactivity with TLOX has been shiowm to be extremely great at
elevated temperatures, and relatively non-existant at cryogenic
temperatures. This makes it appear desirable to use a different
oxidizer tank pressurization system. Some S-IC components may need
modification to eliminate contamination traps. The LOX tank, engine
system and pressurization system should be passivated to react any

contaminants before full strength FLOX is allowed to ceontacit the

surfaces,

Jt is recommended that all non-metals be eliminated from the entire
FIOX system. If this is not possible, a minimum surface area of ncn-
metals should be exposed to flow.

It is recommended that tests be conducted on specific critical materials
to verify compatibility with FLOX before proceeding into any sizable
program,

Pressurization and Vent Systems

The pressurization requirements for the FLOX tank will not exceed the
present LOX system. The present vent system is capable of passing a
higher flow rate of FLOX than GOX and should meet the FLOX vent system
requirements, Modifications to the existing heat exchanger, if used,
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6.2.3

6.2.4

6.3
6.3-1

6.3.2

6.3.3

may be required to permit passage of less than-20 #/sec of pressurant
without overheating the piping system.

Effect of Fngine Ignition System Remowval

It has been concluded that 340 pounds of weight saving would result
from elimination of the present ignition system and teking advantage of
the hypergolic reaction of FLOX and RP-1 for ignitien.

Thermal Environment

Aerodynamic heating rates due to FLOX application are believed negligible
An increase in convective and radiant heating in the base area may be
realized,however, and should be studied,

OPERATIONAL FEASIBILITY ANALYSIS

FLOL Effect on Ground Subport Eguirment

I{ has been concluded thai changes in existing facilities will be
straightforward design and cost evaluation problems, The major
equipment additions will be z chemical reactor to neutralize fluorine
or hydrogen fluoride gases and a condenser to ligquify boil-off gases .
from the booster storage tank. Water deluge facilities at the firing
sites may be adequate for treatment of fluorine spille but siudy is
required. Transfer and handiing of FLOX zpparently can be accomplished
with present {ype equipment, however, confirmation of material com-—
patibility is required.

Toxic Exhaust Products Effects

Methods for centrolling and/or predicting air pollution resulting from
booster rocket engine exhaust nced to be developed. Because of the
numerous variasbles associated with atmospheric diffusion and the
exhaust cloud behavior, a clear-cut solution to the air pollution
problem was not obtained in the study.

Another arez which is not clearly defined is the tolerance level for
fluorine and hydrogen fluoride and further coordination is required.

FPluorine Availability

It has been concluded that the large gquantities of fluorine required
in the application of FILOX to the S~IC would not present a significan
problem., Allied Chemical has conducted studies which indicate that
their fluorine production could be increased at a faster rate than the
vehicle program requirements develop.
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A.C
4.1

SPECIAL PERFPORMANCE CONSIDERATIONS

DESCRIPTION OF DIGITAL PROGRAM USED TO CAICULATE FLOX/RP-1
THEORETICAL PERFORMANCE

A large amount of theoretical FLOX/RP-1 performance data has been
generated, and applied. This appendix sestion briefly describes
the capsbilities and limitations of the digital program used to
aceomplish the performance predisticns.

The program was developed abt HASA Lewis Research Center {Reference 1)
and evolved over & period of years from a series of less sophisticated
programs raquiring computers smaller than the 7090. The program has
the follewing capabilities:

ls Theorstical rocked performande caleulation for both shifting and
frozen equilibrium expansions from an assigned initial propellant
enthalpy and combustlion chember pressure to €ither & series of
assigned exii pressures or expansion ratios.

2. Theoretical rocket performance caleulstion for both shifting and
frozen eguillbrium expansions from an assigned temperdture and
pressure in the combustion chamber to sither a series of assigned
axit pressures or expansion ratios,

Equilibrium composition for an assigned pressure at a series of
assigned temperatures.

Equillbrium composition for sn sssigned temperature al a series of
asslgned pressures.

Equilibrium composition for an sssigned propellant enthalpy at a
series of assigned pressures,

b, Chapnan-n?cmguet detonation properties for an assigned temperature
and pressure precdding the detonation wave

The program requires simple input,needs no initial estimates to assure
convergence, and handles up to 30 different propellant constituents

(1 - 15 fusls and L - 15 oxidizers). ' As many as 90 exhaust products
can be adcounted for in a single reaction. The master thermodynamic
date tape presently contains data for over 200 species, For each
species is stored 14 "gur,ve—fit“ coefficients for specific heatl,
enthalpy, and entropy as a function of the temperature. These Yeurves-
fit" data given in Reference 2 determine the accuracy of the predicted
combustion products and performance, JANAF thermochemical data are
universally .accepted as a standard source and are, therefore, con-
sidered to be as accurats as possible, . These izbles are continually
kept up to date by the Dow Chemical Company and periodically are
incdorporated into the compuler program data tape. The calculations

in the program are based on the following usual assumpiions.

a) perfect gas law
b) adiabatic combustion at constant pressure

REV. $Y¥M.
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ci negligible combustion chamber velceily
d) expansion at constant entropy

e} inviseid flow

£} homogeneous mixing

g} one~dimensional fiow

The combustion products of PLOX/RP-l are assumed to be anv or all of
the following specles:

¢ &2 63 CF CFp CFg CF),
CH CHp CH3 CH, CpHz CgH, €0
€0z COFg ¥ F2 H Hz HCQ
HF Hy0 O O OH Graphite

The graphite, or solid phase of carbon, is aswumed to be finely dis-
persed and in temperature and velocity equilibrium with the expanding
gases,

{ver the past year of use within Boeing, the program has proved to be
an extremely valuable and reliable tool, reguiring a minimum expenditure
of effort for the user. There is presently no reasen to suspect that
the data gensrated by the program for FLOX/RP-l propellants are anything
other than reliable, and therefore, directly appliceble to expected

F-l engine performance when the appropridte efficiencies znd’ assumptions

ars usead.
A2 THEQRETICAL PERFORMANCE OF THE FILUORINE -+ OXYGEN/RP-I PROFELLANT
SISTEM—

Theoretical performance for both frozen end shifting equilibrium

1 composition during expansion was czlculated for RP-1 fuel with several
fluorine-ozygen mixtures for a range of oxidant to fuel ratios. The
expansion area ratic and chamber pressure weré held constant at the
¥-1 engine nominal operating conditions. The parameters included
were temperature, molecular weight, specific impulse, characteristic
veloclity, thrust coefficient, and exist pressure ratio. The flame
temperaturesand molecular weight relationships with mixture ratio

are given in Figures A-l and A~2, TFigures A-3 through A-7 are for
shifting equilibrium conditions., The frozen eauilibrium relationships
are given in Figures A-€ through A-12.

The data woare generated using the combustion equiibrium computer
prograin des¢ribed in Section A.l

Propellant properties used as. input to the computer program are as

followa:
Fuel, RPw],
Composition: Ci2,501 Hah.n34
Heat of formation: =80449.7 cal/mole
REV. $YM. coamne EPIIFISILS | o, DI-1LEGL-1
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AFFENDIX B

TOXIC EXHAUST AND BOIL-OFF GAS CONSIDERATIONS
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B.O
B.1

B.l.l

(ecidizer Liquid fluorine (F,) and
. Liquid oxygen (02)

Heat of formation of liquid Fo: ~3030 cal/mole
Heat of formation of liguid 03: ~3081 cal/mole

TOXIC EXHAUST AND BOIY~OFF GAS CONSIDERATIONS

GENERAL

During the course of investigation of TAQ-22, numerous references
relative to toxice cloud behavior and tolerance levels wers reviewved.
The following observations summarize some of the undefined aspects and
present one equation series for determination of distance dosage
relationship.

Adir Pollution & Toxie Iimits

Methods for™ preventing and eontrolling air pollution from rocket engines
or more specifically from multi-engine boosier rockets need to be
developed. A survey of current literature on this subject failed to
turn up.a single paper which adequately covered the problem. Weather
Bureau climatology reports suggest that the area east of the Mississippi
River has poor diffusion characteristics except during those periods
when strong fronts from the Northwest sweep the pollution easterly

out over the Atlantic, The naturasl control of air pollution requires
dilution, which in turn depends entirely on air movement; particularly
vertical air motion. Air movement carries the pollutant aloft, away
from communities, into the upper atmospheric turbulence and diffuses
airborne debris over a wide area. :

The use of fluorine on the S-IC to improve performance generates
hazards which require the development of additional disciplined skills
for their control. The level of tolerance for flucrine and HF must be
established for atmospheric pollution. This guantity should be based
on the ability of the human body to detoxify itself from a high level,
short term exposure. Doge-time relationships for either fluorine or
HF is somewhat controversial, Iocal industrial hygiene thinking is
that the risk is linear with dose similar to Figure B-l. Generally,
most toxics perform more like Figure B-2, Below some threshold dose,
risk is negligible, As the dose increases, the probability of injury
increases. Figure B-3 is a graphical presentation dlfferentlatlng
total dose, effective. dose and detoxicated dose.

A generalized standard of dosage or hygienic standard follows:

a) Plus or Minus: The maximal time weighted average concentration
which produces only minor injury, and that in a very small propor-
tion of exposed workmen.

b) The "maximal time weighted average concentration® which sound
evidence leads one to believe will cause nc demonstrable illness
or other symptoms of toxic effect in any worlman during a lifetime
of industrial exposure,
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B‘lbz

B.1.3

¢) Bench Mark: A concentration based on the belief that any unneces-
sary exposure is undesirable - a concentration lower than that of &
or b, one as low &8 is cconsistent with practical engineering
control. ;

d} Comforhi A concentration lower than a or b, representing the
maximum which in a short time is nob obJectioneble to 9 ocut of
10 of a group of persons not accustomed to inhalation of fluorine.

Rocket Operati on with Toxics

A measuring program should be designed to provide micrometeorolegical
deta. This would allow & qualitative and quantitative estimate of
air diffusion. These data could be sorted into categories typical
of various pollution conditions and then by. considering actual
operating factors pollubtion concentrations could be predicied. The
WDiffusion Index® in Sectlon B.l.3 is intended as a controlling tool
for this operation.

The gross pollution characterdstics of a rocket firing requires con-
tinuing effort to devise adequate methods for predicting pollution.
Transport and removal properties of the atmosphere for meteorological
conirol is currently the only feasible method,

The basic mathematical analysis for air pollution stems from the Sutton
diffusion equations, The typical almospheric release situstion is a
long term continuons low level point source such as smolke stacks, The
U.5. Weather Bureau adapted these diffusion equations for AFC use for
their instanteneous, high level volume source iype nuclear weapons
testing, Consideration was also given to the inadvertent rupture of

a power re-actor. This is the instantanecus release of a large
quantity of high temperature particles.

Conbustion of missile propellants, however, involves a release gituabtion
somewhere in'between the two extremes; that is, a short term continuous
intermediate volume source. The temperature of the exhaust product
varies over a wide range, from near ambient in the case of a test

stand with a water cooled flame deflector to about 3C00°K when the
booster is launched.

" The Chemical Corps Operations Research Group Study NR 17 titled

"Atmospherieo Diffusion and Generalized Munitions Expendifures” contains
considerable information which can be reoriented and applied to this
problem. Considerable field testing proved the dosage equations,

Diffusion Index Determination

1. Determine Stability Index 8.I. =Tl -1, x 10’

7

REV. SYM.
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T degrees centigrade upper level {32 meters)
T2 degrees centigrade lower level (2 meters)

¢ - mean wind speed in cm. per sed,

2. These then define a stability nomogram with selected values
tabulated below:

Stability
8.1, Value Category cx Cy Cz n
above =3.0 N by Al A .085
"3 .0 "'2.0 B 035 v -37 \ -33 -135
-2.0 1.0 c 25 27 222 .185
«L.0 0 D - 17 .20 AL 26
0 +1,0 E 13 .16 .09 .39
1.0 42,0 F. .09 14 05 .58
2.0 3.0 G .06 12 .02 .67

3. The values of Cx Cy €z and n are put into the Sutten equation

: 20
i73/2 ¢x Cy Cz (ut) 3/2. (2-ny

~(Tt )2 X2 + y2 + 72
cx2 Cy? €z Ignore Exp for ré

In actual use the {(ut) term is the down-wind distance of interest.

The term (2-n) becomes unity for center line by maximum concentrationms..
Q_is in milligrams = pounds x 453, 592

(ut) is distance in meters = miles x 1609

the result is directly in Mg/meter3

c(at X, ¥, 2&t)=

Integration gives dosage as seen by a centerline observation point

e e bbb

2 2
. 2Q (~R) wy_ + 2
D = n - A -
- XyY a2, 7€y Cz 0 G%IE Cy Cq Ignore Exp for é

Where Q i8 in milligrams

g is in meters/second
x is 4in meters
Cx & Cy are as ststed in the paragraph 2
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B.2

18.3
B.3.1

B.3.1.1

TOXIC GAS ABSORPTION BY DEFLECTOR COOLING WATER

As discussed in the previous section, air pollution from the toxic
exhaust gases is relative to use of FLOX on the 5-IC. In the statie
firing case, the exhaust gases are impinging on the water cooled
exhaust deflector,

A preliminary investigation was conducted to determine how effective
the deflector coolant water is in absorbing the toxic hydrogen fluorine
gas from the exhaust. )

During static firing a total of 40,200 #/sec of water is pumped
through approximately 80,000 holes 5/32-inch in dizmeter to cool the
flame deflector. For a 30% FLOX concentration approximately 5800
lb/sec of HF gas is released in the exhaust.,

Using this information, some basic calculations were made to show the
effectiveness of the existing test stand system in reducing the HF
release to the atmosphere. The resulis of these calenlations are
given in Figure {B-4). The best estimates of Boeing and MSFC engineers
are that approximately 15% of the exhaust gases would mix with the
coolant water. From Figure B-h, this would result in reducing the HF
released to the atmosphere from 5800 #/sec to 4900 #/sec.

From these data, abscrption of toxic gases by the existing deflector
coolant system is rather insignificant and cannot be considered
&8 major factor in reducing atmospheric pollution.

PRELIMINARY DESIGN WORK FOR BOIL-OFF GAS RECONDENSER

Background Information

One of the problems associated with using FLOX on the S-IC is that of
disposing of the toxic boil-off gases from the stage oxidizer and
storage tank. One method of promise is that of recondensing the gases
and putting them back into the supply system or oxidizer tank. This
would completely eliminate air pollution resulting from boil-off gases.

This section presentedsome preliminary design data peréinent to the
development of a recondensing systenm.

FLCX Boiling Temperatures at Different Ullage Pressures - Figure B-5

The FIOX Boiling Temperature Curves were calculated as follows.
Assuming FLOX is & perfect gas, Raoult’s Law states that:
For fluorine:

C.Tapor Pressure Fs

Total Uilage Pressurs) {Volume Fraction F in Iiquid) = Volume Fraction

Fp in Gas (1)

Gapor Pressurs 02 {(Volume Fraction O in Iiquid) = Volume Fraction
otal Ullage Pressure; . J2 in gas (2)

REV. SYM..
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adding equations (1) and (2) and multiplying through by the total
ullage pressure,

(Vapor pressure Fp) (Volume Fraction F in liquid) +

(Vapor pressure 05) (Volume Fraction O in liquid) = Total Ullege Pressure

The method is to assume a particular temperature, find the vapor
pressures from Figure C-21 and multiply the vapor pressure times its
respective -volume fraction.. The sum of these products must then equal
the total ullage pressure,

Sample Caleulation

At 702 volume fraction F in liguid and 30% volume fraction O in liguid
and total ullage pressure = 25 PSIA

Assume bemperaturs = 91,33°K

(28.73 ps1a) (.7) + (16.3 PSIA) (.3) = 25.00 PSIA

Therefore, the assumption (91.33°K) was correct.

Discussion of Curves

Figure B-5 shows that the value of the beiling temperature'increases
with percent oxygen which has a higher boiling point than fluorine.

et rmaerand

B.3.1.2 Heat Leak into S~IC (xidizer Tank — Figure B-6
The heat leak was calculated based on the maximum beiloff rate of 72.5
ib  from Reference 3 , It was assumed that this-heat leak occurs ai
sec
ambient temperature 530°R and pressure 14.7 psia. The heat leak was
then calculated by assuming saturated LOX at 14.7 psia has a heat of
vaporization of 91 BTU at a temperature of 162.3°R.- If 72.5 1b_

M lb 3805
boiloff and it takes 91 BTU to boiloff one pound, then the heat leak is
6600 BTIU It is assumed that the heat leak into the tenk is propor-

sec,
tional to the temperature difference or numerically
6600 = K(530 - 162.3)
solving for K
K = 17.95 BTU__ assumed to be constant
sec -°R
Sample Calculation
it 702 volume fraction F in ligquid the saturaviva vewpurecurs au
25 PSIA is 164.5°R from Figure B-5.
Heat lLeak = 17.95 BTU _ (530°R - 164.5°R) = 6560 BTU
sec °R sec.
Discussion of the Curves
With the heat leak proportional to the temperature difference, the
heat leak goes up as pressure and saturation temperature go down
and also as % fluorine goes up.
QEV. SYM. L RrE | No, DO TG

SECTION p . (PAGE 10



LA
[‘l?f.'.".lf‘{f'_
197 PSIA b oo ©

/ety

HOPSIA - —
L0 A

;2'5]15//’!'"'&';,_ ....

ey

—
LMY o C
. ';3‘:) [‘-’;}A " A. /_,,.

HEAT LEAK G o

INTD 51 ol .
-7 W/SI:CL x5 ‘IA_,__ AL
oD - e

-t

‘-/

HOPSIA o _—"
- .//" ’ .
T GENA A T

_ ﬂﬂ'&m A -

-

300

G200
AN SN NIRRT N}
5 RE T I TROPORTICVALL
TOTNHFE T8 ] FATIe8T
VoYV AP R VIR o R e V)
Glon |- ABEIERT (e 20 "R A e
T A0V g g EATHOA 1T M RATMRT A
FNNSUUCION PRIV PRORIS | e e
O 0 2 'S Ny O 42 ! s A 1
) VORI 1 O NT CLUORING 710001110
RN SUUUSUIN NP WU NUNIY RIS SUUDI S 1 [ IR i
Qo 0 ie' Wy n 0/ IR /R e [ 72 Y A P

: : WELOUT] Y RCE N TLIDISIVE L feie 1)
el T E A e e G-g-tyll REVISED DATE I[FA [ / L A I«\ ]N Jey - 1t B-6
cHeck | b b OXHN TR TAT I

A

i

A e 2 A BrirprNeE T TIVE <BTP &M T :

APR et P lrt : !
o at THE BOEING COMPANY

: : . T SEe. B [

¢

1

R

. [ I
e o girrrars tosn TRA

™= i ~f



/'/’
¢ '
70|~
90l 7
70~
/K7 PSIA —
ol
‘ - <
WEIGHT | SOP3IA
PERCENT ™~
FLUORINE.
GAS
4{)...
30_.
20}~
10}~
/ . L s | ) 1 O N
o o 2o 3o 4o S0 600 g0 100
WEIGHT PERC.ENT FLUORINE LIQUID
B~
eatc |TEOTALWONG-8-¢4 || xevisen |oate 1RO OFFF GAS COMPOOTT TON 2 o
e Lo h WECT 70/ £
Gheck AT DIFFERENT LLAGE.  RECT/OV
- PRESSURES s/ 1404
' THE BOEING COMPANY o

3 12

L
13 4038 8000 ) .' otrrTrard 1n¥ie TRAG




B;3.1.3 Boiloff Gas Composition Different Ullage Pressures - Figure B-7

The boiloff gas composition curves were calonlated based on Raouli's
Law which states:

Yapor Pressure
Total Pressurs

(Volume Fraction in liquid) = Volume Fraction in gas

Conversion from weight percent to volume percent is accomplished as
* follows:

Weight percent F
38 1b/mole
Weight percent F + 100 ~ weight peircent F
38 lb/mole 32 1b/mole

= yolume percent F

Conversion from volume parcent to weight percent is accomplished as
follows:

(Volume percent F)} 38 1b/mcle F
(Volume percent. F)}(38 lb/mole F) +{100-volume percent F){32 lb/inoleQ) =

welght percent F

Sample Calculation

At 70 percent weight percent fluorine liquid and 50 psia ullage pressure,
8]

= 38 lg = 66,3 volume percent Fo in liquid

B1b T 32 1b

and SOéjz.pésEi:.i_a (66.3%) = 76,25 volume percent F, gas

and (76.25%)(38 lb/moleF)
(76.25%)(38 lb/moleF) + (23.75%)(32 1b/mole0) = 79.2 weight percent

+ Fo in gas

Discusaion of the Curves

The preferential boiloff is less pronounced as the pressure increases
gsince eventually the composition of the boiloff gas must be the same
as the liquid as the mixture approaches the critical pressure.

B.3.1.4 Boiloff Rate from §-IC - Fimre B-8

The bo:d.off rate eurves wers calculated based on the heat leak curves,
Figure B-6, The heat of vaporization curves, Figure C-21 and the .

boiloff gas composition, Figure B-7. The calculation for boiloff rate
was performed as follows: )
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Total Ib Boiloff _ q
sec., Hp (% F2) + Hy (% Oé)

Where

q = Heat lesk = BTU/sec = .

Hp = Heat of Vaporization of Fluorine - BTU/Lb
Hy = Heat of Vaporization of Oxygen - BTU/Ib.

Sample Calculation

At 70 percent weight percent and 50 psig, the heat leak equals 6319 BTU ,
sec.

the weight percent F, gas equals 79.4 percent,

the weight percent 02 equals 20.6 percent,

the heat of vaporization of F equals 64.5 BTU

1b,
the heat of vaporization of 0 equals 86.6 BTU
1b
solve for boiloff, ‘
BTY
Total 1b, Boiloff = 6319 sec.
sec. (64.5 BTU ){.794) + (86.6 BTU )(.206)
1b ib.

Total lb, Boiloff = 91.5 1b,
sec, sec.,

Discussion of Qurves

The curves show that total boiloff rate increases with the percent
fluorine since it takes fewer BTUs to vaporize a pound of fluorine
than it does to vaporize a pound of oxygen., The curves show that
total boiloff rate increases with the pressure since the heat of
vaporization decrease is much more pronounced than the AT decrease
between saturation and ambient temperature.

B.3.1l.5 Basic Liquefaction Methods
There are three basic liquefaction metheds:
(1) Constant Pressure Cooling
(2) Compression and Adiabatic-Reversible Expansion
(3) Compression:and Constant Enthalpy Expansion
.8ince cémpression of gaseous FLOX is nearly impossible because of
the corrosive effects of FLOX on the compresser parts,method (1)
will be considered first., A Flow Diagram for a condenser with NO
Gas Compression is shown in Figure B-9 and general T-8 and P-H
Diagrams for a cycle with No Gas Compression are shown in Figure
B-10 and B-ll.
The total system is divided into processes which can be conveniéntly
diagrammed and mathematically handled., These processas are lettered
in Figure B-9 and are briefly discussed bhelow,
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Process 4 -~ B

Process A - B is boiling &at.constant pressure. This process occurs
at the liquid surface and.along the sides of the S-IC oxidizer tank
and occurs at the ullage pressure which will be a constant at steady
state boiloff., The reguired:ullage pressures for use with different

.PLOX mixtures are not known at the. present time.. Consequently, the
.calculations have -been made at the highest pressure implying the largest.

recondenser.,

-'Proc‘:ess B ~0C

Process.B ~-C is heat additon at constant pressure., This process
occurs in the transfer lines and the tank batween the boiling surface
and the valve which is assumed. to-control the pressure drop.

Pi*oceéss C -D.

Process C ~ D is expgnsion ai constant ‘enthalpy which is a good
approximation of expansion through a valve.

Process D -

Process D ~ E. 18 cooling at constant pressure ang occurs in uae
recondenser until the gas reaches saturation conditions.

Process o~ F

ProceSs E - F is the actual condensation process which occurs in the
recondenser, The worst case 1s condensation at the lowest prescure

‘which results in the lowest temperature and the highest amount of heat

to be removed from the FLOX. The lowest temperature results in a
minimim & T between the FLOX and its coolant fluid., The AT is the
driving function in heat transfer.. This results in less heat transfer
per pound of. nitrogen used. This area will be expanded in later sections

Process F = G

Process F ~ G is subcooling at constant pressure and is necessary only

'if ‘the Process'G ~ H and H ~ A Process result in a state where the gas

ie not in at least a saturated condition. As shown by later calculations)
this .process may be unnecessary.depending on the launch pressure -
temperature enveldpe for the. oxidizer.

Process 3 - H

Process G ~ H is constant enthalpy’ compression which occurs in the
pump which forces the copdensed liquld FLOX back to the tank. This
process also raisés the teémperatire ind increases the pressure to the
ullage pressure.

Process H -~ A

Process H - A is heat addition at constant pressure similar to process
B - Cc
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In addition to these brief cycle descriptions, actual P-H and T-5
diagrams should be -constructed for the processes, Since there are

no data available on FLOX P-H and T-S diagrams, fluorine and oxygen
‘P-H and T-S diagrdms must be used, Figure B2 is a T-S diagram for

a compresser with No Gas Compression based on the (xygen T-S Diagran.
Figure B-13 is a P-H Diagram based on the Oxygen P~H Diagram. Figure
B-1%4 is a T-S Diagram based on the Fluorine T-S Diagram. Figure B-15
is a P-H Diagram based on the Flworine P-H Diagram.

The following pages contain a sample calculation of the recondensing
cycle on the fluorine T-S and P-H Diagrams.

As is shown by the two P-H diagrams, about 95% of the work which must

be accomplished by the recondenser involves condensing of the boiloff
ges. Therefore, in subsequent sections the dalculations'will be .
based on the heat of condensation only and the resulits will be projected
to ineclude the remaining small aresas.

Sample Calculations (based on Fluorine T-Sand P-H Diagrams
: Figures B-l4 and B-15)

Process A - B

Py = Ullage Pressure (independent variable)(14.7 ~ 50 psia)

9F = Weight Percent Fluorine Liquid (independent variable)(0-100%)

TA = Saturation Temperature at Pp and &F (See FLOX boiling Temperature
Figure. B=5) i

Mp = Mass of Boiloff Gas Per Second (See Boiloff Rate from S-IC
Figure B-8){80 1b/sec)

§a - B = Heat Input at PA and #F (See Heat Leak into S-IC (xddizer
Tank Figure B-6)

Equation:

Ay - p = da~B = Heat of Vaporization

Process B - C

Pg = P4 (50 psia)
TB =.TA (174.7°R)
Mg = Mp (80 lb/sec) saturated vapor
8B « ¢ = Heat Input to Transfer Line, for 10" line
10 BTU/HEr-Ft for vacuum jacketed %
100 BTU/HEr-Ft for insulated #*
1000 BTU/Er-Ft for uninsulated ¥
#* Reference (4).
Iine length 50 £t, if on LUT
200 ft. if on- Pad
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Therefore QB-C = 0,1k BTU/SEC for vacuum jackebed line to recondenser on

IuT

1.4 BTU/SEC for insulated line to recondenser on LUT

14.0 BTU/SEC for uninsulated line to recondenser' on LUT

0.56 BTU/SEC for vacuum jacketed line to recondenser
on PAD

5.6 BTU/SEC for insulated line to recondenser on PAD

56.0 BTU/SEC for uninsulated line to recondenser on PAD

Equation:
= 880
AHp Lo Ty

based on AHp . ¢ (L78°R from
AHg . o = Cp{Ty - Tg) Figure B-14

Therefore

To=8Ep o 4 g
Cp
Te= B-C , o (178°R)
My Cp

Process { - D

Pg = Py (50 psia)

Te = 178°% {Based on Process B - C)

Mc = Mj (80 1b/sec) superheated vapor

Fquations

Al .p=0

Therefore Tp can be determined from T-S diagram

Progess O - B

Py = 15 psia {Ambient plus to prevent ingassing)
Tp = 167.5 {Based on Process C-D).
Mp = Mp (80 lb/sec) superheated vapor

%uation at constant pressure or Ty can be determined from
QHp.g = Cp (Tp - ) ™S diagram.

Tharefore
Tg = Tp = dip.y
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Process B ~ F

Pg = 15 psia (Ambient plus to prevent ingassing)
Tg = 153,.5°R (Based on Process D — E)
Mg = My (80 1lb/sec) saturated vapor

Equation:
AH = QEF_ .
ETF" M or AH = « Heat of Vaporization
E - F 0

Process ¥ - G

Pp =15 psia (Ambient plus to prevent ingassing)
Ty = 153.5°R )

Mp = My (80 1b/sec) saturated liquid

Equation:

AHpg = OF

* Note: Process F - v is nou necessary and states F and G are the
gsame as shown on T-S and P-H diagrams,

Process G0 - H

Pg = 15 psia (Amblent plus to prevent ingassing)
Tg = 153.5°R

Ma = Mp {80 1b/sec) saturated liguid

Equation:

ASg . g =0

and from P-H disgram

AHG - H= O
Process H - A’

. Pg = 50 psia
T = 171.75°R (Based on T-S diagram)
My = M (80 1lb/sec) subcooled ligqnid

Equation:
AHg-p' =4Hp¢ = Q‘B;C
and at constant-pressu

ABH-Ar =Cp (Tpr . Ty
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Therefore: TA' = z}HH-A.

= 3BL - o
Tp ¥, (cp) * T = LTh.T°R

Process A' - A

Par = 50 psia

Tar = 17h.7°R
M = Mp = 80 lb (subcooled liquid)
sec

This process occurs‘ within the tank and will not be further analyzed.

B.3.2 Sizing the Boiloff Gas Recondenser

There are many heat exchanger designs which can be used for recondens-
ing the boiloff from the S-IC. Figure B-l6 shows a horizental shell
and tube design in which the condensate ia outside the tubes and the
boiling nitrogen is inside the tubes, Figure B-17 shows a vertical
shell and tube design in which the condensate is inside the tubes and
the boiling nitrogén is outside the tubes. In this particular design,
the FLOX boiloff gas is fed into the top of the tubes and drawn off

at the bottom, The only problem with this heat exchanger desipn is
the separation of any non-condensables such as helium. Figure B-18
shows a vertical shell and tube design in which the FLOX boiloff gas
is fed in near the botiom and drawn off near the botbem, This allows
the non~condensables to be drawn off at the top of the heat exchanger
tubes. This design has another advantage. The FLOX gas inlet flow 1is
opposing the condensate flow on the inside of the tubes. This will
cause turbulent flow and an increase in heat transfer through the
thinner £ilm on the tube wall. This design, Figure B-18, will be
used in the rest of the calculations.

B.3.2.1 Method for Caleulating Number of Tubes

The following equations were used to size the heat exchanger for use
in recondensing the FLOX boiloff gases frem the 5-IC.

q="U, AAT . ('1)
where

q = heat transfer in gg%

Ue = overall heat tfénsfer coefficient in %%%ft.zoR

A = effective heatjfransfer area in ft.2
AT = temperature difference in °R

The problem islto define these terms and rearrange the equation to
solve for the size of the recondenser,

REV. SYM. Q@Efﬁ,@g! NG, D5-11h6k~1

SECTION B IPAGE 21
5-406-65-55 ORIG. t 64 :



G ASEQUS
He Out

'(,/\-\g_r)u% G!\SCCJU5 FLOX

N+ OUT

LT

)

al

s A

LIQUID FLOX -

ouT

JC
LIQUID N,
Ny

Horzi ZonTNL ‘S\'\E.L,\_é\“T'uﬁE HEN
EXCHANGERL

CONDER &

SATE OUTSIDE  Tu#eS,

ROILING  LIQUID N, NSIDE  Tuae

B-16

St £
- Page 28
Dz=) [~/



VERT ICAL SNELL § TUBE  WENT
CACHNNIGE I

CONNENSATE puEInG  TuACS
Poruine LiQuin N, OUTSITG  TwRESN

T | GASEQUS
T Ng OUT

e IQRD Flox  oUT

= ———

+
GASEOUS  Melivm

B-17

Page 29

St B,

D~/ b~/



ol VCAL TTORE VEAT EYCHAIGELL
CORDE J INTE  1HIINE TURES _
PoinG LIGUD - My OUTSIDE  TWOHTS

{% He our
11

I ——
t
1

/‘.W

GASEOUS
N, 20N

CIQUATS Ny
N,

BOoIL-0FF
GAS N

%7 LIQUIDY FLOX
ouT B-18

Page 30

,S-dcjil ‘gf
D&~ 146~/



The heat transfer (q) required will be assumed to be equal to the
heat transfer into the 8-IC oxidizer tank as shown in Figure B-6.

ks shown in Figures B-12, B~13, B-l4i and B-13, this represents zbout
95% of the heat transfer required and will be accurate enough for the
remainder of the caleculations.

The overall heat transfer coefficient will be caleulated as follows.
The major porbions of the overall heat transfer coefficient are
summed as followa:

1 = L+ X -+ 1 (2)
Uy hFlox. ‘Ktube h nitrogen

where

heyox = heat transfer coefficient of condensing FLOX in %ﬁ

Y = tube wall thickness in ft.

Keube = Thermal conductivity of the tube wall in B
BTU
hystrogen = heab- transfer coefficient of boiling nitrogen in fp Fr Zeg

The heat transfer coefficient of condensing FLAX (hgy,,) is caloulated
as follows based on Ref.

brrox = .0077 &%jz‘ E%%EEJ.BB )

where w = flow rate in 1b/hr per tube
M = viscosity in 1b/hr.ft.
Dy = inside diameter of tube in ft,
K = thermal conduciivity of FLOX in BIU
N . hr.ft,°R
A= density in 3

= ] f't’
g = acceleration of gravity in =

-

The flow rate (w) is taken from Figure B~8 which is the boiloff
rate from the S-IC. |

The viscosity (M) is taken from Reference (5)and is calculated to be

a weighted average value between oxygen and fluorine at the temperatures
involved,

The insile diameter (Di) of the tube is based on standard 1 inch ocubside
diameter tubing znd is equal to 075 ft.

The thermal conductivity (K) is taken from Reference (5) and is caleulatec
to be a weighted average value between oxygen and fluorine at the
temperatures involved,
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The density (P} is taken from Reference(5)} and is caleulated to be 2
weighted average value between oxygen and fluorine at the temperatures
involved,

The acceleration of gravity (g) is constant at 4,18 x 10% ft/nr?

The thickness of the tube (X} is based on standard 1 inch outside
diameter tubing and is equal to .00416 ft.

The thermal conduétivity of the tube (Kgype) is taken from reference (6)
for 304 stainless steel and is an average value of 5 BTU/hr.ft°R
for the temperature range.

The heat transfer coefficient of boiling mitrogen (hpjtrogen)
is teken from Reference(7) for boiling nitrogen at 14.7 psia.

The effective heat transfer sree (4) is calculated as follows:
4 = naDeL (%)
wherse n = Unknovn number of tubes
Do = Oubside tube dizmeter in ft.
L = Tube length in ft.
The outside tube diameter {Dp) is assumed to be 0833 ft.
The tube length (L) is assumed to be 10 £,

The temperabture difference AT is calenlated as follows:

AT = T gar prox — Tsar war {5)

where Tgam proxy = temperature of saturated FILOX the variable pressure
and concentration
Toar nrv.. = temperature of saturated nitrogen at 14.7 psia.

The methoed continues by substituting eguations 2, 3, 4 and 5 into
equation 1.
1.

l x
T LW T {Ee%g 334X o+ 1
0077 | osms | e | T x
. - 77 [n‘-}{]?ﬁi] [} ] Kiube by .

nTDe LJE'SA‘E Frox = Tsar }:rr] (6)

where W' = total flow rate in lb/hr
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411 the quantities in equation (&) are known at a particular FLOX
pressure except the number of tubes (n). The resultent equation is
a function of n and n-% and must be sclved by iteration. '

Sample Calculation

&t 70% FLOX by weight and eb a condensing pressure of 40 peia

q = 2.304 x 107 BMU/hr
w o= 3.2472 % 105 1b/hr.
[ =.372 1b/hr.t.

= 3,1416

Ds= 075 It

K = .0821 BTU/hr.f%.°R
P =82.6 Ib/fL.3

g = 4.18 x 108 £t./hre
X = 00416 f%.

Ktube = 5 BIU/hr.f%.°R

hp = 920 BTU/hr.ft.2°R
Do = 0833 It
L = 10 ft.

IsaT PLOX = 173.6°R 2t 40 psia and 70% ¥ by weight
TSAT NIT = 139.3°R at 14.7 psia

Substituting into equation (6) znd reducing 44250 = 89.8n + 2040 n'4
solving by ibteration n = 828 tubes

The results of this and numercus othersg like it are plotied in
Figure B-19. Because of ithe magnitude of each calculation,only the
predicted pressure extremes of the .condenser operation are caleulated
defining an envelope. BSince a safety. factor will be used in actual
sizing, this envelope is valuable as an order of magnitude gage.

Using standard 1 3/8 inch square pitch pattern for placement of
tubes, a standard 48 inch diameler shell will hold approximelely
380 tubes,

Based on the sample calculations above, it would take 3 of these
standard uvnils in parallel to recondense the FLOL boiloff gases.
Each of these units would cost approximately $10,000.

B.3.2.2 Method of Calculating Pressure Drop
In order to show the feasibility of this type of 2 recondenser,
system pressure drop musi be calculated beliween the fank vent and the

pump, This calewlation must be divided into two parts (i) from the
vent to the recondenser inlet and (B) to the pump.

Part &

f1Ge

A P =25 alATR from Reference (8)
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vhere

AP = pressure drop in lines in psf
" friction factor
line length-in £t.
mean mass velocity 1b/sec ft.2 .
gc = acceleration of gravity in i‘t/sec:2
m = hydraulic rad:.us(D) .,

AN

£
L
G

PAVE = average gas densmty in lb/ft3

The friction factor w:ul'l. be taken from the graph on page 811l of-
reference (&) but requlres a knowledge of the Reynold's Number which
is caleulated using the following equation:

Ro ‘=/%‘£?

where

D = Diameter -ix feet

V' = Velocity in ft/sec
£ = Density in 1b/f3

A = Viscosity %b ft.sec.

e = [10) 85 14k .31 = 277 x 105
(12)(.31)(200)(.785){.00000L702)
10
therefore, f = .00155
then, 2
(.00155)(200)(852) (1u8)° = 1820 1b/ft2 or 12.6 psi

mi = (2)(32.2)(.208)(.31)(.785)~ -100<
Part B

Fron Reference(9) the Martinelli-Lockharb Equations

Gt). ). (&),

where

A P = pressure drop in psi
L\L = tube length in ft.
= function of X in equation (2)

Subscrlpt TP = two phase
Subscript L = liquid
Subscript G = gas
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and

X2 = (AP/AL); = (Reg)™ Cp, sz o6

(ép}"ﬂL)G (RGL)P‘CG sz ‘02-;'
where R; = Reynolds number
C = constant for particular type flow
.m = constant for particular type flow
n = constant for particular type flow
¥ = flow rate in lb/sec
f = density in 1lb/ft.3
Calculating Rg as on the previous page of this report
Ra1, = 2400
Req = 75,300

then from Table 5.4 of Reference (9)

m= .2
n = ,2
€1, = .0L6
Cg = .04b

Substituting into equation (2) and solving for X

2 = £75,300)°2 (,046)(85)(0.31)
(2400).2 (.046)(85)(9%)

X = ,0882

o

then from the Figure 5.7 of Refersnce (9)

L =24
¢ = 1.86
Calculating the single phase pressure drops as on page 30 of this report
(z_:l_P) = 00306 psi
L

AL ft.
(i_\_r:) = 515 psi
AL /o f+.

Substituting in equation (1) and solving for the two phase pressure
drop )

1.76<é_1_°‘) < 1,86 psi
AL ft.

mltiply by 10 feet
17.6 <4P £ 18.6 psi
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Therefore, the total pressure drop considering both Part 3 and Part B
is approximately 30.7 psi. Adding this velue to ambient pressure,
we arrive at the approximate S-IC oxidizer tank pressure of 45 psie.

Eeson Effects on Qther Systems

B.3.3.1 Storage

It is becoming apparent that because of transfer distences and the
difference.in ‘requirements, the storage recondenser and the stzge
boiloff gas recondenser will be two separate recondensers, It will

be much more economical to condense the storage boiloff in a smaller
recondenser located very close to the storage tank itself. This
recondenser will have Jess external area expesed to the stmospheric
conditions resulting in lower liquid nitrogen regquirements. It will
also have less heat leak through the fransfer lines resulting in lover
nitrogen requirements. It will reguire less internal transfer area
because of the difference in the boiloff rabtes from the storage tank
and the stage oxidiger tank. The ratic is approximately 400 to 1.
Because of these facts, the most efficient system design at the present
time seems to be two separate condensers. Therefore, the stage
boiloff gas recondenser will have no effect on the storage system as
far as recondensing.

With a clesed loop system, the boilof{ from the stage will be returned
to the stege eliminating the neced for replenishing equipment. This
would make it possible to resizé the storage tanks and eliminate

the replenishing pumps. One fact, the versatility of FLCX operation,
8till presents the possibility of 10X being used in which case it may
be necessary to retain the present tanks and replenish lines,

B.3.3.2 Transfer
Transfer Lines

The only additional transfer lines that will be required are a
large {approximately 10 - 12 inches) transfer line to direct the
stage boiloff gases to the recondenser ard a smaller (possibly the
present replenish lines) to return the condensed liquid back to the
stage., As is shown by the preliminary design work, the heat trans-—
fer through these transfer lines only represents a small parit of
the total heat input to the FL{X.

Umbilicals

A large, FLOX-compatible, quick discemnmect umbilical ccupling will
definitely present one of the major problems to any proposal

to recondense FLOX boiloff gases., This problem is mentioned but
will not be discussed further as part of this section.

B.3.3.3 Stage .Systems

The upper bulkhead of the S-IC oxidizer tank is constructed so that the
vents are located 90° and 180° from the LUT. The upper bulkhead will

have to be rearranged in order to locate at least one vent valve in a ;
position compatible with the LUT and the umbilicals,

EPEPLEEASES| o, DE-1RAEA-1
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B.3.4

Comparison with Boiloff Gas Disposal

Disposal is the obher method for handiing the toxic boiloff gas from
the 5-IC stage, Several of the major problems still exist. Umbilical
connections will have to be provided, Transfer lines will have to
be provided to direct the boiloff gas to the disposzl equipment which
will have to be located much further from the launcher than the
recondenser. Replenishing equipment will have to be provided to
maintain the proper FLOX concenbration in the oxidizer tank. The
replenishing must be done at a different concentration than that
required for £ill tecause of the preferentisl boileff of fluorine.
The greatest savings from a recondenser can be seen in an example of
the cost of the disposal of fluorine over a typical countdown time
from FLOX loading to firing time, The present countdown sequence has
LOX loaded and boiling for about 43 hours before firing time. Iet
us assume that for a periocd of A% hours boiloff occurs at a nominal
rate of 50 lb/sec. This amounts to 810,000 1b, of FLOX which must be
disposed of. It has been derived eariier that the cost of disposing
fluorine by burning with solid carbon is about $.022/1b Fo and the
cost of disposing of oxygen by burning with solid carbon is about
$.052/ 1b, 02. The estimated cost of the [luorine iisclf is aboub
$.50/1b,F and the esbimated cost of the oxygen itself is about
$.0176/ 1b.0. Therefore, the cost of disposing the hoiloff of a
typical 70% fluorine launch can be determined as follows:

Total cost = (1b.F) (Cost F/1b.F) = (810,000)(.8)(.50) = 324,000
+ (1b.F){Cost C/1b.F) = (810,000)(.8)(.022) = 14,260
+ {1b.0){Cost 0/1b.0) = (810,000)(.2)}(.0175} = 2,830
+-(1b.0){Cost C/1b.0) = (810,000)(.2)(.052) = 8,420

$ 349,510

For one launch, the disposal of the boiloff gases would cost about
$350,000 not including the cost of the charcoal reactor itself,
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FLOX THERMODINAMIC PROPERTIES
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FLOX THERMODYMAMIC PROPERTIES

Physical, thermodynamic- and transport properties of gaseous and ligunid
flourine-oxygen mixtures have been caleculatad. Propsrties of the
mixtures were calculated by the rule of additigity based on the
properties of pure components, Pqo = Pf X1 4+ P2 X2, where the
property of the mixture, P, i3 the summatich-of the preducts of
property of the pure component P ®and its mole fraction X.

Rocketdyne (Reference (10) ) has shown by the measurement of three
unrelated properties (vapor pressurs and liquid viscosity and density}
that flourine-oxygen mixtures behave ideally. VWhen the intermolecuiar
forces in a solution are suffieiently independent of composition for
ideal sclution laws to hold, it is reasonable to assume that changes
in temperature would affect all of these forces in very much the sams
way so that the properties of the individual molecules will remain
practically independent of the composition. No one temperature has
any specific significance in this connection and we may expect that
if a2 solution is truly idéal at any tempesrature, it will be ideal
throughout a range of temperature. The same may be said with respect
to the effect of pressure. These suppositicns are in accord with
experimental data. Therefore, the extrapolation to higher tempera-
tures and pressures in the absence of experimental data seems Justified
Mi—tures are shown as weight percentages, unless otherwise specified.

i
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Viscosity: Data from References{I1pnd (12) were extrapolated to 5C0°K
(Figures 0-2 and C-3). The viscosity of gaseous oxygen
at higher pressures and temperatures is shown for ccupariscrn
(Figure C-4).

Thermal Conductivity:

The thermal conductivity of gzseous fluorine and gaseous
oxygen are nearly identical over the measured vemperature
range. (Figure C-4) It is assumed that the expsrimental
data for oxygen can be used to represent gaseous [luorine-
oxygen mixtures. - (Figure C-7 and C-8)

Specific Heab:

Data for gaseous fluorine-oxygen mixtures at higher
pressures are not given but can be estimated from the
oxygen curves in Figure C-13. Pressure effect on the
specific heat at higher bemperatures (to 3000°K) is
insignificant (Reference{l3)).

In several cases, wherc interpolaticns would only increase.
the complexity of the curves, only properties of the p
components are shown. g
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TABLE C-1

Viscosities of Fluorine-Oxygen Solutions at 76.2°K

Fo Weight,

Percent Poise
0 2.91 x 1073
10.17 2.93 x 10~3
30.02 2.96 x 16-3
50.09 2.97 x 10-3
70.38 3,01 x 10°3
100 3. 12 x 103

TABIE C-2

Viscosities of Fluorine-Oxygen Sclutions at thelir
Normal Boiling Points

Fo Weight, Boiling Point,

Percent C Poige

10.2 -183.7 2,49 x 1073

30,0 ~185,0. 2,51 x 1073

50.1 ~185.9 2.30 x 103

70.3 ~186.9 - 29 x 1073

B5-11h6L-1
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APPENDIX D

BACKGROUND OF FLOURINE-FLOX STUDIES
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1D.0

BACKGROUND OF FLUORINE=: snus waumiss

The Boeing Cempany conducted, under NAS8-5608 (TA0-22) with EP&VE
direction, a feasibility study of FLOX application to the 5-IC. The
study contract required identification of performance and proposed
solutions-to stage problem-areas., Identification of problems, bul not
necessarily solution, of test and launch operations was required.

The results of the noted study, plus Boeing funded R&D work, coordin-
ation with other coniractors and NASA suggests that substantizl effort

‘ds Justified in the pursuit of a suitable means of applying this

highly potent oxidizer. Fluorine/FLOX, in facht, represents a “step-
function in space ape performance potential.” A tremendous potentisl
improvement' (65% escape payload increase) exists without change to
S~IC stage size. ¥P-l engine. changes at this performance level are
associzted with combustion chamber pressure increase and coolant

-flow requirements, however, the changes appear to be within reasconable

design, Performance improvement of a more modest but still significant
level (up to 20%) appears- possible without change to either the engine
cycle or stage except for some material changes and structure modifica~
tions necessary to carry the greater payload,

Miny problems remain unsolved; the one of primary importance is air
pollution in terms of near-area hydrogen fluoride concentration.
Initial studies indicate that the S-IC can be launched, and not con-
taminate in the down wind direction above 75 PPM~minutes at a 10-mile
range provided the local weather conditions are reasonably favorable.
Suitable meteorological conditions for launch are believed to exist
vwhenever the ground level air temperabure is one or more degrees
Fahrenheid positive (higher at ground level compared to the bemperature
at approximately 16 feet) and the wind velocity is 10 miles per hour

or more,

Several other factors that are pertinent to pursuit of FLOX application
have not yet been fully idemtified. These arcas are proposed.for study
and are covered in some detail in the attachments (Sections I through
IV). A sumnary of these sections follows:

Section I ~ Toxic Tolersnces and Toxic Cloud Behavior

It is proposed in this phase of study to define or confirm applicability
of contemporary toxic cloud analysis techniques to the situation
resulting from rocket operation during hold down and launch operations.
The behavior of the hydrogen fluoride cloud during normal static firing
(hold down) and launch will be defined, Conditions associated with
facility, GSE or vehicle failure should be analyzed and methods of toxie
cloud anslysis be determined. It is suggested that coordination.

{NASA Safety Division; U.S. Academy of Sciences, U.S. Alr Force and
certain contractors) along with minimum ‘esting could establish toxicity -
tolerance levels,

Section II - Overall Program & Vehicle Ordienbed Areas

This section contains a proposal to conduct preliminary design of
logical FLOX S-IC wvehicle(s).

REV. SYM.
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COverall program timing and economic factors relative to vehicle
engine, launch and test facilities require analysis to define overall
suitability of S-IC operation with FLOX.

It is further proposed that the individual and total performance of
Saturn V stages with fluorine/FLOX as the oxidizer be defined in order
to establish comparabtive data to other methods of performance uprating.

Section IIT - Aspects of TLaunch with FLOX Vehicles

This section covers a proposal to apply the data gonerated in the study
of toxic cloud behavior to thé Kenmedy -Space Center launch sit> from
which suitable launch periods and dureations thereof can be deterzined.

Also, it is proposed that design concepts for assoclated GSE launch
rates and eguipment modification, including cost effects, be
determined.

Section IV - Analysis of Production Check-out ~ Stetic Test

This section alsec proposes that toxic cloud analysis be conducted to
define percentage of suitable times for conducting firing at the
Mississippi Test Facility. Prior io, or concurrent with this work,

it is proposed that a complete analvsis be made of the merits of using
10X in lieu of FLOX as a substitute oxidizer at Mississippi Test N
Facility.
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TECHNICAL STATEMENT OF WORK
Section I

Investigation of Flucrine, Hydrogen-Fluoride
Tolerance Limits and Toxic Cloud Behavior as
Related to Use of Fluorine/FLOX:on Launch
Vehicles

' ~11464-1
REV. $YM. ﬁ@&'ﬁﬁf.ﬁfl ND, D5-1140L-
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Toxic Cloud Behavior & Toxic Tolerances

A, General Description

This section desecribes a study proposal for investigation of the toxlclty
aspects of launch vehicles using fluorinme~FLOX.

It is proposed that toxicity-tolerance levels for design be established
and that the behavior of the toxic cloud be defined under conditions of normal
operation and failure.

. It is believed that toxicity tolerances can be determined on the basis of work
already accomplished by numerous authorities in this field of endeavor, The
necessity for a program to augment or support analysis at a qualified university
or other center should be defined.

Exhaust cloud behavior needs derzmition. Contemporary prediction methods
should Be- further analyzed as to théir adaptability to unigue conditions created
by rockst exhausts and at varying operating conditions. Also, the effects of
| energy release rate and elevated cloud temperatures need 4o be analyzed., The
ngcessity of confirmation tests should be defined,

jB..  Program Objective
The objectives of the study proposed in this section are:

. Establish the magnitude of the toxicity tolerances for hydrogen fluoride
and fluorine gas for design as related to test and launch operations.

2, Establish techniques for analysis of toxic clouds generated fnmn_dry and -
water-quenched hold down rocket operation, from normal launch, and from
aceidents with either GSE or the. vehicle,

C. Technical‘Approach

Review of technology relative to determining the behavior of various air
pollutants in the atmosphere indicates that considerable effort has been expended
| to analyze the particular problems at hand., For obvious reasons, consideralble
work has been accomplished on analysis industrially generated gases. Also, the
military has necessarily analyzed the behavior of toxic clouds from explosions -
and accidental releases in terms of threats to population, wild life and vegetation

In the field of rockets and missiles, several contractors and/or governmental
agencies who have experience with toxie propellants (with good logic) have -
developed empirical relationships to augment standard text book approaches to
cloud diffusion studies, Some have established micro-meteorological observation
techniques which are used to determine "go or no go' conditions for firing or
other operations. .

As far as can be determined, in each vehicle or engine program where toxics
are involved, the approach to design and control is tailored to the particular
| installation, firdng area, with varying degrees of calculated risk. This is
not intended to imply that a betier method now exists or that current methods

[N

LR | No, D5-1LL6L-L
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dre either inadequate or conservative, rathér it is intendéd to point ocut that
work:needs to be done toward definition of more exact analysis technigques which
can be applied directly to static tést or-the launch procedure from release of
hold dovm arms up to a defined altitude above which the gases are of no concern.
Finally, the pfrediction of the results of a minor spill up to complete catas—
trophé dur]_ng which pronsllanta rasrk in on wattar Af apranderecunirea Turhher

definition work.

Assuming definition of toxic-¢loud behavior’is predictable, it ODVlQﬁuiy
becomes necessary to 'work tora realistic standard of toxicity that can be tolerated
in the affected areas.

Concerning toxlclty tolerances, review of pertinent’ lluerauure, reveals
diversity of findings and opinions. For example, 50 to 250 PPM are quoted as
dangerous to life by one authority, whereas, another states 1800 PPM. " The wide
variations mey very well result from different analysis techniques and varying
conditicns.

The toxic cloud from rockct lsunch is a unique, short-duration and a
relatively rare occurreénce -a~Z .hould be cons idered cnn that basis when tolerances
-are established. Cn thc obthcr :ond, RED tesic of :.ther the stage or engine
are expected to be mc~. freguent cccurrences and, therefore, may constitute a
reason for more strirjent reguirements. As in the case of cloud behavior, the
status of toxic ‘tolerance definition is such that considerable céordination
work is guggested, bgcked_upvby @d@ltlonal analys;s and possibly testis.

The items mentioned above are important vardables but are generally con-
sidered secéndary‘to the’ influence of weather conditions oh the overall problenm.
This study, then, proposes to define the toxic limits for design and the expected
extent and degree of toxic cloud exposure. The primary steps suggested in this
section are listed below.

Toxicity Télerance Definition

Summarize the results of existing work relative to hvdrogen fluoride-
fluorine tolerances,

Idéntify a trend of exposure Level as a runcuion. ol tume and also the maximum
reasonable exposure lével based on current work.

Coordinate and revieir the analyzed tokicity data witn various scientific and
medical -avthorities

On the basis of the aforementicned.items, toxicity tolerances for design
studies should be defined and program requirements for further determination
or justification of toxic levels should be determined.

Cloud Behavior Studies

Conduct a comparative analysis of the current techniques used for dispersion
predictions in the industry.

SECTION D [ PAGE 5



Qe

b.

. Ce

d.

e,

Perform a theoretical asnalysis of the effects resulting from the dynamic
conditions of static operation, launch or accidental conditions ineluding
the effect of elevated gas temperatures.

Collect time-distance referenced photographs of rocket plumes with visible
tracer additives, Collect weather conditions and related phenomenon and
compare results with analysis techniques,

Conduct specific tests as necessary to evaluate the effects of heal release
rate and water quenching.

D, Study Outputs - (Recommended Results)

l. . Toxicity Tolerance Definition.

Brovide:

a. Summary, tabulation and plots of existing toxicity data,

b. Plots of allowable dosage level limit, max allowable exposure,
time limits for humand, vegetation and animals, Show projected
miigance levels and de-toxification rates, if applicable.

¢. & report of a coordinated tolerance level for design.

d. & definition of follow-cn analysis and test requirements.

2. Toxic Cloud Behavior

Report current metheds -of analysis. Comparative plots of dosage
range, wind velocity, temperature and quantity variafions with the
various methods: Estimated plots of effective dwell time of toxic
cloud at various ranges,

Plots of water-quenching effects on rate of rise and diffusion from
static firing, effiux angle versus cloud height, exhaust to air
mixing rate, velocity degradation and gas bucyancy analysis from a
rising rocket and failure conditions.

A comparative data presentat ion of predicted cloud characteristics
versus time-distance referenced photographs of actual firings.

Plots of effects of heat release rate on diffusion behavior.

Additional testing and analysis requirements.
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TECHNICAL STATEMENT OF WORK
Section II

Definition Study of Performance, Design and

Resources Analysis .of the S-IC/Saturn V with
Fluorine-FLOX

-~
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Desigh & Performance & Resources Study

A. General Description

The contracted work under.TA0-22 révealed approximately 0% increase in -
Saturn V payload.is possible by operating at 70% FLCX in the current S-IC
geometry. Approximately 20% of this gain was lost, however, because of the
required -inert weight 'increasés “on all stages to carry the larger payload
through the WFLOX -trajectory." The véhicle inert weight change at this s maxirum
-performance point implies considerably more' redesign than that expected to result
simply from’the addition of the fluorine enriched oxidizer. Definite limitations
on both the current stage and engine exists in relation to achieving the best
performance at intermediate and high percentages of FLOX. Higher thrust values
| suggest revision to the stage thrust structure and, of course, modification to
accommdddte the increased ‘payload and propellant welght Cne of the factors that
| causes significant increase in structural reguircments from optimum FLOX vehicles
is the ¢hange in’loads’at (q max) maximum dynamic pressure and the increase in
.l accelsration at burnout.

In the oxidizer pressurization system area, because of the criticality
of éontamiriants and the ‘requirements.for-elevated temperabtires,.an alternate
design that eliminates the engine hzat exchanger pass and' associated plumbing
appears desirable. " Tt 'is proposed that-full adventage be taken of Boeing R&D
work and MSFC contracted studies in this area to assess a pessible improvement

The work completed unde¥ TAO-22 identified the magnitude .of performance

‘| and the- general feaSLbllity of FIOX., Tt is. apparent, however;,.that additional
work is.required toward définttion of a désign(s) which will include-the very
significant factors noted above. The nominal performance approach with minimum
cost and time requires comparison to maximum-performance design at greater cost
and time. Of major significance 'in this problem and not included in the previocus
contract, is the program and cost impact of GSE and facility changes associated
with operation with FLOX, regardless of percentage. Also, the effects and
adaptability of upper stages to FLOX application needs to be considered.

B. Program Objective

The obaectlve of this proposal is a further study of the stage design and
performance trades in order to select logical vehicle(s) for possible FLGX
application. Program implementation aspects and inputs from related test and
launch studies should be included.

C. Technical Approach
1. S-IC Design Studies

a. Analyze the unchanged and the meximum performance vehicle - engine
design -point configuration identified in the previous studies in
terms of the influence of maximum dynemic pressure and burnout
acceleration. Investigate and propose means to reduce structural
loads.

LIS w”@! NO, D5-11465-1
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. b.

C.

Provide:

Conduct additicnal perforpance opbtimizetion studies on the 3-IC
and Saturn Vsystem including relocated $-IC bulkbeads and use of
FIOX or Ilucrinme In the S-IF zmd 8-757. Zelfine eflects of FLEEw

B ik i o - e T ittt ¥ @ e e et o

a

fucrine on vericus uprated Satumm 7 cenfigurasicns to identily
maximum performance potential for use in future vehicles. Include
specifically the MIV-Sat V-3 and selected - strap-on solid motor
configurations.

Define implementation plan for $-IC FLOX vehicles. Consider program
timing, eccnomic factors, resources requirements and program Impact.

D. Study Outputs & Resultis

1. Configuration descriptions of logical FLOI vehicles.

2.  Plots of three~stage performance with fluorine~FLOX.

3. Plots of uprated Saturn ¥ vehiele(s) with fluvorine-FIOX.

4. Plots of engine requirements io meet logical vehicle configurations.

5. Summary reports of program cost risk, timing and resources,

é. Description of "best buy". vehicles <¢onsSidering performsnce, design,
development, GSE, program timing and launch rate and an implementation
plan.,

REV: SYMy osoans LTEELpyER | No, D5-LLA6A-1
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" TRCT ICAL STATEMENT OF WCRK
Section III

Investigation of the Aspects of Launch with
FLCX Vehicles at Kemnedy Space Center

- -

REV. SYM. o ' ESTDLELRIER | NO, =7~ ="~

SECTION D | PAGE 10



§=IC ‘FLOX .- Kennedy Space Center

‘A, General Desecripticn

1WG Primary. areas require, examlnatlom relative to solving problems associated
with vehicle launch. One of these is FIOX GSE, facilities design and handling
equipment. The other area is the question of vhether the toxic cloud will
diffuse to.a;tolerable level within 2 reasonable distance of the .launch site,
An additional problem, believed of secondary magnitude. at this time is related
to the immediate launch area and . coneerns_pezsonnel safety .and.equipment
corrosion.

The problemof defining the - best design appreach to handling and storage
of FLOX resolyes into economics - and practicability. esnec:la.lly when considering
‘a specific. launch. rate or number of" launches. For exannle, the approach te
strictly an RED operatlon would probably be different from a facility planned
for use over a period of iyears.: The permanent facility plamned for long tem
usé is recormended for study.

A prev1ous sectlon, (1), -of this:propogal cavered the development .of both
-design values of foxic tolerarces and analysis teckniqués of cloud behavior.
A detailed examination of.the prevailing weather cox_v_iltlons including statis-
tical analysis to define probable launch pericds is required. Alsc adaptability
and necessity of a.weather monitoring and cloud .prediction system is proposed.

B. Obhjective

The study in this section ctovers .an analysis, of. the overall adaptebility
of Kennedy Space Center, Complex 39 area, to 5-IC FIOX applicatlon and proposes
“to analyze and define sohematlcally (Wlth supporting engineering drawings as
necessary) the FILOX handling. sampling, storase. mumpine. ete. svstems.

'C. Technical- Approach
1. Launch“Area Toxicity.Studies

Statlstical analysis of tne .recorded weather data.from the Kenncdy
Space grea is required.. " These. data should be’ applled‘to the’ approprﬂate
dosagé range (c1v1llan boundarles) and be based on the toxit analysis
technigues and projected,qudntities and rates:of fluorine, or hydrogen
flnoride: generation,. {I.e,, % FLOX, and/gr total tank guantity)
Weather data of: -parbiculdr 1nteresﬂ is wind- veloclty, ﬁeﬂperature and
humidity at the immediate launch 51te and ab. represeﬂtatlve points
five to'ten miles inland in; thennormal-dowrw1nq direction. Two
spectrums of data are requlred uith-varylng;dggrees ©of accuracy or
deviation allowed,. Ground.level to 300.feet isof: primery interest.
Knowledge of small.dev;atlongwASaracqsaary,mnythls range with Upeclal
emphasis on the first 100 Teet, Normal obserVatlon data are required
from 300- feel to & minimum: of 4,000 Teel, A definition of the sea
breezes and rormal Loy to high -eltitude wind circulatdon pattern -is
necessary. . The meteorolpglqal;data ﬁhould,be stabistically, ana lyzed
in terms of suitable combinations of wind, temperature, and humidity
and percent FLOX. Also, the probabliltles of the time (duration)

that favorable conditions exist should be determined.
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The primary-steps.-of. this study are sumarized; below:

a.

d.

e,

Gdllact- and ‘analyze 'K'énnedi- Space Center weather.data.

Apply diffusion techniques to the-data and determine the most eritical
operational br failure moédes and the magnitude of the problems with
each.

Define tho ‘probability and duration of.suitable launch periods.

" Conduct -feasibility analysis to determine if reasonable methods exist
. bo relieVe the critmcal problems.

"Ba!aed on the a.bove da‘ha, define t.he operatlonal 1imits in terms of

percent FLOX, pmpellant quanta.’ti"es, transfer rates, and launch thrust ,

e to -w‘eight.

REV: $¥M:,

; GSB ath Facilities Des:.gn Studies

Worlc conducted under TAO-22 has :Lndica‘t.ed the follewing general areas of
GSE desigl wa.rrant. definitive study.

Storage Racility Design for Liquid Fluorine or FLOX
Transfer Sys%em*ncsign for Liquld Fluorine or FLOZ

'-Recondansaﬁion ‘of Botlof Cases:

A “'-\'4 e 1..’. l'

"Neutmlization and Disposa.l oi‘ Bo:.loff ‘Gases.

-Nentralization a.nd Disposal o.t‘ ﬁpills

wu\ !‘--"'4 —.t “-
ccccc

Ooblmg Sy‘st.ems
‘I‘he problems ment.ioned above are not of a major.technical nature
rélétive to .state of the art but’ ‘do Pequire generat:.no a number of
solutions.and-choosing ‘from these 'the safest, most reliable, and
economica.l for the Saturn v/s-IC.

Possible Bclut.lons for'the storage facility design are the liquid
nitrogen: jacketed tank, the. intérnally subcooled tank, the internally
recondenaed tank and. the externally recondensed tank.

‘I‘he sa.fest- and-mosti réliadble’ J.iquid fluprine or FLOX storage appears
to-be a liguid nitrogen jacketed tank because no fluorine gas is
released’ to. the ‘atmosphere,: the: least: equipment isexposed to the
fluox‘inb or FLQX and thé:re are ‘.alinos‘b‘ no moving parts. .

A liqunid-nitmgen ,Jacketcd tanlc has sbout a ‘30% higher installation
cost: and probably a higher ‘1iquid nitrogen ‘consumption rate than a
tank Wwith .a. recddéndenser..’ Pnopella:tt- trahsfor with & liquid nitrogen

E2ESFSEE No, DoAY
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jackeied tank is somewhat easier since the fluorine or FLOY enters
the transfer process in a subcooled state, however, cost advaniage
may exist by modifying existing tanks and adding recondensers,

The &afest and. most. reliable transfer system appears to be the liguid
nitrogen jacketed lines for.the same reasons as noted for the storage
system., However, transfer lines without a INp Jacket are less
experisive -ta: instdll and mby be'adequate if the transfer distance

is simall or if the fluorine or FLOX is subcooled before transfer.

Recondenser design for the capacity involved with the FLOX-filled
S-IC-has not been completed, however, a variety of designs are possible.
The simple shell and {ube design is probably the most reliable but

also .the most expensive as far as refrigerant costs, If recondanser
design proves to.be uneconomical, newbtralization and disposal techniques
for the boilofl gas will have to be used, Several methods of gaseous
fluoriné disposal exist such aa reactions with earbon. hvdrocarbon
fuels, and ammenia.

Neutralization and disposal of spills depends on the size and location
of *the splll. ‘Scda ash does thse best 3oh of neutralizing but is hard
to apply since it is a solid, as is the residue. Water seems to provide
easy application, is available and disposabls, Deluge water systems
exist on the current facilities and probably need only to be resized
and.modified for fluorine spill disposal,

Neutralization and disposal of combustion products to some extent
ap;}ear necessary to accommodate operation. on planned or existing
fagilities because.of.the water quenched exhanst.. This operation
reduces the qoncent.rat_lon of toxic products in the exhaust cloud but
has possible detrimental effects by cooling the c¢loud and introduces
additional corrosion problems.

In this study, it is recommended that each subsystem and system of GSE
design be analyzed considering the following factors.

Initial cost

Operating cosv per Launcu
Safely

Reliability

State of the Art

Existing LOY equipment at KSC
Integration of FIOX subsystems

The primary steps in this study phase are:

&. Determine the storage requirements {weights, pressures, flows,
ete.) and evaluate the performance of the liquid nitrogen jacketed,
the internally subcooled, the internally condensed, and the
externally condensed storage tanks.

b. Determine the transfer requirements {(flow rabes, pressures, ete.)
and evaluate the performance of liquid nitrogen jacketed, vacuum
jacketed; ete,’ transfer lines.
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¢. Determine the recondensation requirsments for the boiloff gases
(weights, flowratés, pressures, refrigerants, etc.) and evaluate
the performance of different types of recondensers.

d. Determine the neutralization and disposal requirements for boiloff
gases (weights, flowrates, pressures, reactants, catalysts,
etc.) and evaluate the performance of the disposal systems using
charcoal, hydrocarbon fuels and ammonia.

e. Determine the neutralization and disposal requirements for spills
welights, flowrates, etc, and evaluate the perfor-aa.nce of water
deluge and sods ash systems.

f.. Evaluate the performance of water deluge and water scrubber
systems for application to S-IC with FLOX.

g. Develop and list different concepts for total FLOX usage involving
the different individual concepts for storage, transfer, recon-
densition, disposal, etc., Evaluate each concept with respect to
its individual merit and feasibility and with respect to the others.
Select the optimum concept(s) to further develop more exact flow
arrangements,

- D, Study Outputs & Results

: Provide:

; 1. Plots and tabulations of predicted suitable FLOX launch pericds for a

: month by month or weekly basis, if practical, including the duration of
safe pericds.

2. Definitive recommendations on percent FLCX, total propellant quantities

alternate design.concepts or-operational restrictions at Kennedy Space
Center.

3. Design concept,defin':i.t,i‘ori cost and timing of launch area facilities
.and GSE.
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TECHNIGAL STATEMENT CF WORK
Secticn IV

Investigation of Production Checkout - Stati
Test Aspects of Fluorine-FLOX Vehicles at
Mississippi Test Facility
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S5-IC.FLOX =~ Mississippi Test Facility

A. General Description

The problems covered in previous Section III {(Launch Area Studies) generally
apply’to operation abt MIF.

In this section, it is proposed that an identical study applicable to MIF
be made with the exception that an initisl or preliminary phase be added to
gvaluate the possibility of using 10X as z substitute oxidizer during production
static testing,

Informal discussion with Rocketdyne indicates that this sppreach is consisbent
with their philosophy.

* The gquestion to be resolved is whether mission relisbility or safety is
compromiged In any way by using LOX instead of FLOX for the production test
operation. A broad gualitative analysis does not indicate any particular
advantage either way.

Using FLCX in the anticipated percentage of the launch during static test
ggsures that acbual operating conditions ars expericnced in the systems, Testing
with LOX, if backed by proper developmental tesis, would appear to allow complete
functional and performance evaluation at approximately the same levels as
experienced with FLOX.

The primary advantage v. wua vusiecion at MIF is elimination of the toxicity
problem in & critical geographical-meteorclogical arca, reduction of festing
costs, and elimination of the risks from fluorine exposure to components and the
.consequent effects during refurbishment, shipping and assembly for launch.

B, Cbjective
. 1. The intent of the preliminary phase of this proposal is an objective

analysis of the sulitability of using LOX as the oxidizer for static
test operations.

2. The intent of the second phase of this proposal, il proved necessary,
is definition of suitable static test time periods and the effects on
facilities and GSE as deseribed in Section IIT of this document.,

1€. Technical Approach

" For the initial phase of the study, a complete znalysis of the engine and
stage systems and subsystems performance with FLOX and LOX is required., Com-
parison of the operating levels are required to determine any critical areas,
Assuming LOX substitution appears feasible, definition of the additional H&D
-static testing required needs definition and 2 comparison of the compargtive
costs of each approach is required.

Should the substitution of LOX be proved unfeasible, the study should proceed
on the same basis defined in Section III,
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D, Study Cutputs and Results
"‘See item “C" above and Section ITI, item D.
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APPENDIX E

TAO-22 SPATEMENT OF WORK - USE OF FLOGRINE (FLOX) FOR PERFORNMANCE
"TMPROVEMENT ON THE S-IC

REV. SYM.

L2EEmANER | NO. pe_a1)ibhin

SECTION E IPAGE i
5-306-65-55 OR1G. 1 84



APPENDIX E

TAQ-22
£.0 STATFMENT CF WCRK - UEE CF
* FLUORINE (FLOX) FOR PEIRFCRMANCE DLPROVIMENT
ON THE S-IC
(Effective Date May b, 196k)
Introduction

This program oubtline is The Boeing Company respense to TAG-22 (Use cf
Fluorine {FLOX) for Performance Improvement on the S-IC) and outlines the
statement of work necessary to provide the answers to general feasibility.
This document is an interpretaticn of the program reguirements at its
initiatién and is subject to further negotiation as a hetter understanding
of the Fechnical problems is developed.

IO

1.

General'Summary

In order to define and implement the werlt cutlined in MSFC memo
R-P&VE-PPP-6L~M-92 in a menner consistend with best utilizaticn of men-
power and expenditures, the 7 work iz¢ws have been oriented torard
jdentification of actual p rformance, primary problems end legical
solutions, design and operatignal aspects (to the extent of determin-
ing judgment factors relative to cosius, timing) with use of FIOX on
the S-IC.

Iogical pursuit of this program with minirum time and expensc regquires
free interchange of technicel informaticn among MSFC, Bouing and
Rocketdyne. MSFC guidance znd coordinzticn is required to obtain data
in areas from previcus or parallel government programs.

The following ground rules rclative to ren.stling have been established
for the work covered by TAC-ZZ.

1. Monthly progress repcris are required with the first being due
about 1 June., It is desired that these reports be oral presenta-
tions and discussions with the minutes comprising the official
repori.

2, The final report on the program should include all analytical work
performed as well as results, conclusions, and reccmmenda?}ons.

MSFC will provide available information relative to FLOX-fluorine.
Boeing may expand the information base and will supply additional

-references to MSFC.

Manpower requirements are approximately 10,000 manhours through
August 31, 1964,

General Description

A considerable increase in the performance of the S-IC stage apprars
to be possible with the use of fluorine as an cxigigzer additive to
LOX. The apparent improvement is of significant magnitude to warrant
& detailed examination of the performance and the more significant
problems.



_III.

Iv.

Txperimental and theoretical work have nct yet established what the
non—~equilibrium performance of FLOX in any actual ncszle will be,
therefore, the currently estimated performance gains for FLOL need
further examination. For this reason, it is important that the perform-
ance increment be established as early as possible in the program in
order to determine the merits of this additive.

Serious problems exist in the use of FLOX in any stege but in particular
with a booster stage because of hagzardous exhaust products. Since
several of the problems could be prchidbitively expensive to sclve,

this study will proceed first with the most difficuli problems.

Periodic check points to exemine the toiazl ccncept for overall feas-
ibility will be established for review with MSFC. If the soluticn to
one or more problems appears to be extremely expensive or impracticel,
MSFG will be notified immediately for program review or reorientation.

Cbjectives

The objectives of this study are as follcss:

(a) Estimate costs or mamiiuvde of rritlers associsted with achieving
reascneble © fity for 1life and property. The 51, freilities
and testi. preblems related to G5-IC will be identificd and
reported .. M3FC. Anelytical soluticns for the privli—s are
not part I this progranm.

(b) Estimate costs or magnitude of problems associated with modify-
ing the stage for FLOK use, This will include material ccupat-
ibility, subsystem operation and desizn, engine operation and
design and operational requirements.

{c) Establish more precisely the magnitude of the performance incre-
ment thai may be achieved with the addition of fluorine to the
S-IC stage LOX/RP-1 propellant system. This will include thecret-
ical propellsnt considerations and practical stage and FSrFC supplied
engine factors.

(d) Identify areas that require testing to determine or confirm
feasibility.

Technical Approach

1. Technical Data: The contractor will review state-of-the-art
data supplied by MSFC, PFurther examination or "state-of-the-
art trips will be coordinated with MTF(

2., Safety
A review will be made of MSFC supplied information relative to

1nvesu1gatlon of the handling and safety factors involved in
using FIOX on the S-IC stage.

Appendix B



{2) Pirst order investigations of static firing problems.

(1) Problems associated with the filtering, neutralizaticn
or disposal of vented fluorine or FIOY,

(2) ¥Exhanst goa collechion, neutralizatien, or dispesal
techniques.

(3) Problems associated with disposal of FLOX during emergency
drain on pzd,

(b) TFirst order studies on handling.
(1) Cleaning and passivation requirements.
(2) Propellant loading ond replenishing.
{(3) Maintain®~z des.' 4 fluorine concontrations,
3. Theoreticn. .‘-:opeilmxt Performance
For percentages of O tc 70% fluworine concentrations in 10X,

performance will be calculated as a function of mixiure ratio.

of FIOK mistures (0% - F0%) will be aszxhled. These include duta
currently being experimentally detcrminad in a Boelng funded RID
program. Required but unaveilable data will be estimabed or
calenlated,,

=y
.
L=

Available data on physical, thermodynomic and transpert properiies

[

L. Process Control and Materials Parameoter Study

The contractor will analyze the information ard test data obtained
from the M5FC supplied information. Upon comploticn of the

data compilation and analysis, the contracter :ill, if regquired,
prepare and estimate a level of effort for o further program

to obtain the vearametric solubicn techniques required in estab-
lishing S-IC ¥ .0 feasibility and design reguirements. Areas

of primary concern incliude static and dynamic conditions including
corrosion end sensitivity, environmental effects, toxicity effects,
cleaning end contamination. These data are necessary for a

first order determination of requirsd material replacement as &
function of percentage of fluorine. This will form the basis for
a portion of the cost effectiveness studies on the stage.

5. Practiecal S-IC Stage Consideraticns
The use of incrsasing percentages of fluerine may impose more

eritical requirements on all of the $-IC stage systems, This
study will pinpoint anticipeted problem zress and make recormenda-—
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tions for follow-on work on pressurizoticen, wvent, propellant
ielivery systems and base heating. Ana2lytical work on goyscring
7ill be applied to establish the existence, if any, of z geysering
oroblem,

inert stage weights for performance siudies of this phase will be
based on Boeing Saturn V uprating studies. Stage perfomance
studies will be conducted to translate other stage work into pay-
load versus percent fluorine. Structural desizn problems, other
than materials, are .expected to be developed in the normsl manner.
The LOR mission will be emphasized; hewever, dota will zlszo be
generated for earth crbit missions. Trajectories and time histories
will be generatsd and trade studies will be conducted to shor the
influence on performance from the significant variables. Items
that will receive primary consideration in the syston and stage
optimization studies are engine mixture ratio, propellant loading
or stage mixture ratio, thrust limits and Isp effects,

The feasibility of eliminating the present ignition system in
favor of hypergolic FLON/RP-L ignition and its associated
reliakility and weight improvemenbs will be determined.

The following problem areas will be identified with emphasis on
critical areas. A listing of items peculiar to MILA or MTO will
be supplied to MSFC.

{a) Problems associated with the filtering or disposal of vented
fluorine or FLOY zeses.

(b) Problems associated with disposal of FIOX during emergency
drain on launch pad or static firing site,

(e) Range safely problems such as shut-down capability at the pad,
sbort considerations, stec,

{d) Stend-by problems associated with stratificabticn, boil-of?,
and frost build up.

6, Cost Effectivencss

The results of the literature searches and analytical work will
form the basis for a cost study. Since it scems desirable to
reduce the solution to a cost basis, the output of this work will
be cost per pound of, payload incresse as a function of increasing
percentages of fluorine. This will be compared with other uprabing
techniques based -on available data.

v. Study Cubpuls

1. COverall feasibility of FICX on the $-IC Stage
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Overall feasikilityr cf FLOK on the 3-IC =iz
in terms of the cost per prund of paylead., Ceost &nud, reiated
assumpticus, and estizzted schedules will be inciuded in the final
report. Recomendaticns will be mede for centinued FLEX work if
it seems attractive or for reoriented efforts.

6 2317 be evaincted

2. Performance Gains

'Cbcpec’c.ed perfomance gains will be presented as a functicr
fluorine percentage, and en operational mixture ratio will b
recommended.

]
L]
[ 2

Areas where redesign or mauer::.al substitution are necessary witl
be identified.

3. Test Recommendziions

Recormendations for testing will te presented.

f’r"{ A, d?/gfé- . 2w Neho s (e e
HSTC (EPEVE) Foohnical Supervisor Brocram Mormager (FLex Checy
The Beeins Cerpany
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