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TEST PROGRAM

fooling, Cobusticon, and Chamber Life Technolac
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INTRODUCT] ON

To be consisteat with the nations space transportation Sy<_“ms plan

for the future, a Tully reusable second'stage vehicie is needec in
conjunction w1£h tnﬂ-soace shutt1_.~ Thélburden of cohsecutive ieQelopmenis,
i.e. both shuttie and a fully reusabfe'an staée or tug;:wili k2 eaéeg by
first using the shuttle with an interim tug,created ostensiéiy_?rom
existing hardware,and usea °Kpandib]?. As the development burcsn>can ﬁe
assumed, late 70's, a trans tion‘to a fully réusable tug Qi!!'te made to

complete the stable of

cost effecti p|opuisnon athems neede; through. the
80's. Anticipating this required deve1opment,of a fully reusakle system,

the present technology work is directad at ﬁrepar%ng to help ac:omplish
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national goai.
The tug engine has been described as small {20K), high pr2ssure- (2000 psia),

fed, staged’ combUataon cycle, 1;qh1y vercatll'n and elecse1t, and capable

°
5
©

.

of operating reliab!y in 2 space environment for iong pP”!OdSOf time and over:

many duty cycles. . The performance goal is in excess of L70 sec. Isp. Also
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or application . to the Space Tug vehicle, reusability for up tc 50 mission's
a prime objective. To meet these requirements requires a design based on
extensive t st experiments. The Cooling, Combustion, and Chamtzr Life

s program is directed at the reusability of thrust chambers and
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ically, the objective of the program is to:
Assist in developing a design anaiysis for long life, high

heat flux, reusable thrust chambers. Chambers that have been ¢ :signed
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using the best analytical procedures will be cyclic tested to. fa

itiure. The
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will be compared with analytical predictions and if r:cessary,

n,‘Od}ficatians to the ana]yti&ai programs will be made to obtair agreement_
patween experiment and theory. Cyclic fatigue data will be obtained at

chamber pressures of 600 to 2000 psi using two different high conductivity

copper base chamber liner materiais.

TEST CONFIGURATIONS

Because of size restraints, the engines proposed for the Space Shuttle
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00 psia). Their design isvfurther
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and Space Tug are high pressure {(Pc = 2

Comp1icated by the requirement of reusability up to 50 miséions. .Traditiona
thrust chamber desfgns such as the RL~10 with steel alloy tubes in brazed
construction will not be abie to withstand the increased heat fl.uxes of the
high chamber pressure. The probiem Eslnst.the overall heat load, since with
LHy céoiant‘the total heat_capécity'is morgAtnan adeguate. 5The préb!em is
w;th_the higher temoerature gradient across the metal of the combustion
chamber wali. 1t turns out thét the temperature gradient acros: the s;eél-
31109 tute wall is great enough to cause localized surface melti ng oﬁ the

s1ame side surface while the coolant side surface is quite near the coolant

w

remperature (LHz)}. Clearly the high chamber pre sure eng nes must be designed
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with @ more Caﬁdﬁctive material for the ccmbustion chamEer wafl;:':
Careful énalysis and extensive design work have yieided-a”general
dasign Tor the SpaCe Shuft?e and Space Tug engines. The progosed constrﬁction
scheme will be a copper, or copéerAaley finér with cooIant;pasSagéé:in
the form of grocves on the 0.D. (The ribs between the grooves_fhen act as
”ﬁooling"fins“}; The grooves are to be_”capped”‘or closed out! By
E&ectré-p]atiﬁg (of.Eleétroférhing) é jacket éf Nickel aroun& thévO.b.
The construction is then coﬁp?eted by adding the necessary manifofds. Evén
though the copper has a significantly lower meiting temperatufe; and a lowar'yield
strengtn thén steel alloys, its higher conductivity more than .compensates.
Proceeding to the second problem, namely the reﬁsabiiity, we find that
the cycling of the tempefature gradients.(frqm multiple fifings) causes
iocal ized thermo-stress beyond the yieid'strength and we get plastic
deformation. The number of times that the combustion chamber'caﬁ_endure
these piastic deftormations is fiﬁite. Qur task fs to find Howjio:predict
how long the usefull life is and how we might increase it.
we have now described the ratiénaie for our fatiguéfthamber'cohfiguratiéns,
we will row descfibe the configurations;

The Space Tug engine will be approximately 20,000 ibs thrist @ 2000 psia

with approximateiy a 2%“ diameter throat. Until we get our fTacility uprated
for highér pressure (The C of F is in Washington) our work will be at 600 psia,

the facility limit. The Combustor wiil be of the Space Tug siz: .though,
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2.8'" dia. throat,-about 4,500 Ibs thrust. We will investigate three
combustion chamber contours. They are called "Prime", "Skinny', and 'Fat'l.

They are shown in Figure 1. We will use three materials for the inner liner.

© Pure OFHC copper, annealed Zirconium Cooper alloy, and'i/Z AHard:>

Zirconium copper alloy. Two coolant passage design Philosophies will be

=

used. The first is one that is expecrted to yield rather shorr fatigue Iife

in order to give us experience in fatigue failures; and the second is

expected to give somewhat longer fatique life to démonstrate that we have

learned what affects fatigue 1ife and by how much. «The arrangerient of

these three variables (contour, material, and 1ife) for the firit 8

configurations is illustrated in Table I.

The left olum fs o he tested at the- lower chamber presuu}é:(éoﬁ psiaj
and the right column is to be #ested at tﬁe.%u}f.chambef preséurg (2060 psia).f
The top configuration in eabh'column is a.”long-life” de;ign, whefeas'fhe
other cenfigurations are the ''short=-life'. The>numbers in the config;ration
blocks refer to actual combpStion chamber numbers. i9>§hamb¢%s are accounted
for.

Table 11 shows a ﬁabuiarAIistingvof the first %7 fatigu¢ iombﬁstiom
chambers. These are all to be tested at 600 psia chamber pféésuré.fThe ”DesigﬁfA

type'' designation of the last column is explained in Table 111 which shows a

list of drawing numbers and a description of each design type.
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So much for the fatigue test configurations. Let us now look at
test configurations For.supporting;research.

in order to‘beﬁter define the_tombustioﬁ chamber.envirohmeht fér
thermo-stress ana]ysié and 1ife prediction§ we need to have specifié
measurements of the flame side heat:trén;fef.vFor that purpése vie ha?e a series
of uncooled, heavy walled, copper heat sink chambers with the three contours.

described previously {Figure 1). Two versions of calorimeters will be

built into these chambers; one is the traditional "infinite copper rod"

with thermocouples along its length, the'otHer.is the "lisolation segment''.
made by trepanning into the copper wall of the heat-sink chambér. in
addition to beiné used for heat tfansfer reséarch the heat-sink chambers,
becauée of their mass, are suitable for injectoritesting and ignitof
developing. Injector and ignitor development.will also be done with Ablative
and Graphite engines. ;- - o : S L |

One advantagevof chambers of this type fdr injector work is that even
minor injector variations are prominantly shown in the char:and erﬁsion
patterns of the chamﬁers. |

The injector that is needed to run a fatigue progfam must be:

1. High performance

2. Uniform heat distribution.
3. Stable combustion. -
4. Long lived.

5. Constant with age.

6. Reliable



in order to find an injeétor for the jés, two cénfigurations will

be investigaﬁed; "The concentric tube', and the 311 flow thru''. The 'con-
centric tube" wilf.be first tested‘WIth a copper heat sink faﬁe? and later
with a porous regimesh.face. The injectors will be first tried with-
flourine ignition and later witﬁ electriéal ignition. A finral vafiab]e' 
_wi}IAbe an attemp£ to ignité the chambgr by ”back—jighting”._This will be

to remove the ignitor from the injector and place it at the chamber exit.

1V. TEST FACILITY

The above program is primarily a rocket thrustor testing program,
and as such properly belongs in the RETF (So-40). The preseﬁt_faci]ity
limit for chamber preésure is 600 psia, so the preliminary work will be at
a thrust level of 4500 Ibs thrust. Wheﬁ thezhigher pressure capaSility becomes
available (some time in ]977);'we will gd to approximately ZOCO psia  chamber
pressure and 20,000'1b§ thrust. The discussion in this test'prcgrém will
1imit itself to the 600 psia chamber pressufe work.

The propeilants are Ambient temperature gaseous hydrogen for the fuel,
and liquid oxygen for the oxidizer. -The fuel is stored in thé facility'high
pressure gas Storage bottles at the present pge55ure limit, while thevLOX.\
is stored in the LOX Tank submerged in a Béth of Liquid Nitrogen, located in
the facility OX pit. The coolant is Liquid Hydrogen stored in the LHj; dewér

outside of the RETF thrust stand.
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The propé]lant and coolant flows are controlled by several closed-loop
servo controliers. One loop moaulates the ox fire valve to maintain and/or
vary chamber pressure according to'the'pfogram fimer. Another loop modulates
the fuel fire valve to maintain constant O/F ratio. A third -loop modulates

the coolant supply valve to maintain constant coolant flow, while.a fourth

.loop modulates the coolant back. pressure valve to maintain constant coolant

pressure at the exit of the engine'fegardleés of whether its firing or not.

Figure 2 is an instrumentation schematic showing the flow scheme for
the propellants and coolant along with the locatibn of all the facility |
instrumentation. Shown here also is the electrical ignitor with its
supply of gaseous Hydrogen and Oxygen along with the instrumentafion to
measure its performahce.

The Data from the Instrumentation is digifized.by a high.épeed'dfgitizer
and recorded on magnetic tape at a rate of'SOdO words pef second. - The magnetic
tape is then played into the 366 computer and.our data calcu]atéd.and‘typed back
at 1/10 sec. intervals with 5 point'smodthing. .

The Total Data Recorded is shown in Appendix-A which fs.the insffumeht
sheet for our 100 word program No. 621, Listed here are also the parameters
on the actual Engine that are recorded. The engine instrumenta?ion is'described
more ful]y.in Appendix B which'is the inétrumentation‘on Engine_hb..

This'fsra typical set-up. Appendix B also'shows the location of,thf§
instrumentation on a plot of cirtumfefentiél.location'Versus axial length.
The Engiﬁe instruméntatidn p1aﬁhédvf0r future eﬁgfnes'is'éhown in Appendix c

which is a List of the next 13 engines.
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8 Destructive Evélgation‘>
ﬁgg;ﬂgi;;f:;;sons for performing the nondestfuctive tests to be described
o foltows:
re
later a) -0 document, during fabrication, particular characterlstucs
g later contribute to an unde.standlng of the chamber operatlon
which ™ ‘

cor ma—‘Oﬂ may be both quanltatlve and quantitative.
in

This , - _ : C e
10 document, at mid*]ife points, particular characteristics that

an ability to recognize an incipient failure.

he NDE steps that are p]anned during the fabrucatnon of>the chambers
.Tted in Table 1V. The table includes other lnrormaFion as well to
are 112 chronological reference. ltem L frdm the table, metalographic
serve ?: ‘ncludes (]j polishing, (2) etching, (3) determining ASTHM grafn
aTa}YSI(;) r'3‘"dness and (5). mlcrophotography of a slab of material cut.

stee forged_billet from which a liner is to be hogged out. A similar

g 05 done on‘the excess stock produced W'th each spun liner (item 12).
analYS'f e Sp,nnung but before grooving an ultrasonic map of each iner
Also, @ e 10). A complete liner |nspectlon is made lncludnng (1) location
) mad:at 2) wall thickness at several axial stations, (3):diameters; and
o thfb and chénnel widths and heighﬁsj Th? cofi iriat von of Uiﬁrasonfc)C‘Sééﬂ‘
wr co items 30 and 32) are used to determine the degree of bonding be-
and Vejne cibs and the nickel closeout. |

tween
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By performing an aéoustié emission test simultaneously with the
first high pressurization of the Eoo]ant passages, a base line acoustic output
is determined (item 49). A repeat of this test after the instruments
are installed (item 60) establishes the baséline for any instrument movement.

Similarly, baseline data are taken for the Profile Map (item'51) and the

.Eddy Current (item 53).

After hot firing of the enginé begins, the NDE steps may be divided
into two types. One type includes those processes which can Ee done with
the engine remaining on the test stand. The other type réquires engine
removal. These are listed in Table V where some typical planned NDE intervals
are also shown. This.table will be discussed further in the folléwing section.
By cargfuiiy taking data from the variety of-instruments méntioned above it

is hoped that a process may be developed to recognize incepient fatigde cracking

" Test Procedure

The procedure for testing ié described be]ow.for the three différent
types of tésts included in the overall program, i.e. (1) establishing an
injector design that had good life characteristics and high combustion performan
(2) determining the chamber contour effect on heat transfer, and (3) fatigue
testing the matrix of cooled chambers.

Injector performance tests were made using heat sink chamber with

either graphite or ablative liners. All the tests were made at 600 psia chamber
S AgNITIon
pressure using liquid 0, and ambient temperature GHp. Using flourinef the

/
combustion performance, physical integrity, and circumferential uniformity
were determined for both the concentric tube design and the all flow thru-

design. The performance was determined by making short (1-5 sec) tests using

graphite and by using thrust and flow rate data to determine performance.
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The circumferential Qniformity was determined by making lTonger.
(15-20 sec) tests using ablative %hambers. Also H,0 flow tests of tﬁe
10X tubes were made to support the ab]atjvé tests. After selection of the
all flow-thru design, eiectrfcai ignition thréugh the injector facé was

added. Two different types of starting_sequences were then established.

First, very fast ramps (approx. 45 msec) to 600 psna chamber pressure

for use w'th the heat transfer tests and sec01d, a qUICK ramp to approx:mate]y

300 psia then a 1.5 second slow ramp to 600 psia for the fatlgue testing (see

Fig. 3) - | o | \

Heat transfer testing used the first starts technique and was
done at 600 psié chamber pressure. Because of‘fhe nature of the infinfte
copper rods to deteriorate with succeeding tests, no attempt was made to ébtain‘da
with a range of operating Qariab]es. Only-one 0/F and Pc was tested.
With each of the 3 different contour configurations approximately 6 tests
were made to cbtain statistical data. By making some tests with F o ifgnition
as well, an attempt was made to determine the possible effect of fluoride
coatings on the heat transfer characteristics.
_Heat transfer tests us;ng the |solat|on segment chamber will be
made at Pc's of 200, 300, and 600 psia and at an O/F of 6. 0 The

start transient will be very fast as in “the other H.T. tests. Two different

chamber contours will be tested - fat and prime.

Fatigue chamber testing is done using the all flow thru injector
with electrical ignition. The injector flows are L0, and GHZ' The chambers
are separately cooled uéing LH,. This coolant hydrogen is then burned off

through a torch on the scrubber stack.
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The test cycle ié shown in_Figure 3.. The initial test with eaéh

chamber is to be a single cyc]e; ‘Aftér confirming the integrity of
the chamber, multipie cycle tests'wi!} bé conducted. NDE proceedures will
be stratigiéal?y interspersed witH thé testing. Table (V)'shows a plan
for test and NDE intervals for 3 1ike chéﬁbers. Thé first chamber (#40)
require approximétely'5 Qeeks to fully fatigue at the expected 1ife
of 50 cycles. Shown on the table are NDE proceedures (type A) that can
be done with the engine on the stand on alternate déys with testing. Also
shown are NDE proceedures (type B) whfch require approximately 3 days wifh
the engine removed from the stand. Type B NDE are only plapned once for ea;h
chamber. By comparing the plans for chamber #50 and #51 with #40 it can
Le seen that the type B NDE is planned fprAaifferent points during the
anticipated life of the chambefs. 1t can aiso be seen that the length
of time required to‘fu]ly fatigue a chamber is reduced with successive
copies of like chambers by running longér cycle trains (up té the facility
limit of 20). o

The chamber lifé tomharféonsthaf'wfll be:posSible Qith the‘piaﬁned
test matrix are shQWn'iﬁATab]é Vi The’efFecf of chamber contour -on 1ife
will be made between the ''fat!' countour andvthe hprimé” cbntQur.‘THe3
chamber numbers fequired to mgke this cémpafison are shown ih'the table.
Dupiicate engines provide statistical support for the conclusicn. Two different
material effects comparisons are planned - OFHC cu with annealad Zr-Cu
and annealed Zr-Cu with 1/2 hard Zr-Cu. The appropriate chamber numbers
are shown in the table. The effect of wall temperature on 1ife for large

changes in temperature are planned by comparing the ''short lifa! and
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ong life' chamberé. At the expense of sfatistical data for.the‘above
comparisons smaller changes 7n.wa1] teﬁperature could be made by adjusting
the coolant flow rate to an off dnsngn value and then fully *atngulng the
chambers. As mentioned in the table the effect of grain size on lee can
also be noted but with only'one lérge grain chamber planned.

The «arder in which tbe éhambers ére planned to be fabricated s
shown in Tabie VII. Cbmparison on the. tabie with Table vy} shows that
at least one chamber from each part of the test matrix will have been tested

after the first 7 chambers are fully fatigued.

VIEWPOINT |
| This Program constitues a major portion of our Natfdﬁs future
technology base for Rocket Engine Reusabilify. Along with complementing
research performed by other project Qroups, namely the Quenfméyéf-Kazaréff
program of fatigue of plug configurations and analytical work by Price-Kasper

CONTRAZT and Yhe E%oe_wﬂ Coypovration
andhwork CERTETEEY | Mar‘Test Corporatlom, our work as described in the

preceeding sections will contrlbute significantly to an understandxng of

the fatigue problem.

R soaallon L T ey
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FIGURE 1.- ROCKET ENGINE TZST FACILITY SCRUBBER EXHAUST DUCT.



