AIR MAIL

September 1L, 1962

Mr, Jerry Thompson (Code P&VE-PL)

National Aeronautics and Space Administration
Geo. C. Marshall Space Flight Center
Huntsville, Alabama

- Dear Jerryt

After our discusslions at Rocketdyne regarding possible injector
designs that would improve F-1 stability, I have the following suggested
designs for testing: N

I. Flat-faced injectors

A. Increased burning rate

1)

2)

3)

Unlike triplet with approximately 2280 LOX holes

of approximately 0.1?':: dia. and 1140 fuel holes of
approximately 0.15" dia.j fuel and LOX AP of approxi-
mately 200 psi; approximately 1.0 spacing between
triplets. Predict 99 percent theoretical c*
performance.

Fine self-impinging doublet fuel with approximately
32,000 fuel holes of approximately .030" dia.; self=-

impinging triplet LOX with appraximately 48,000 holes

LOX of approximately .033" dia.j fuel and 10X AP of
approximately 200 psij 0.LO" spacing. Predict 99
percent theoretical c¢% performance.

Fine showerhead fuel and 10X; approximately 41,000
fuel holes of approximately .5" dia. and 82,000
LOX holes of approximately .025"; fuel and LOX AP
of approximately 200 pslj spacing of 0.30" between
fuel and 0.15" between LOX, Predict 99 percent
theoretical c¢* performance.
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B, Decreased burning rate

1) Coarse fuel doublet with approximately 210
fuel holes of approximately 0.35" dia.; LOX
triplet with approximately 630 LOX holes of
approximately 0,30" dia.; fuel and LOX AP
of approximately 200 psil; approximately 10"
spacing between fusl doublets. Predict 92
percent theoretical c® performance.

2) Biplanar with self-impinging doublet fuels;
156 holes of approximately O.LO" dia.; self-
impinging triplet LOX with 900 holes of approxi-
mately 0,257 diaj fuel and LOX AP of approxi-
mately 200 psi; 8.0% spacing between elememnts.
Predict 91 percent theoretical c* performance.

3) Biplanar showerhead of approximately 0.30% dia.j
90 fuel holes (self-impinging) of approximately
065" dia. with 1200 holes (self=-imp. triplet) .
LOX of approximately 0.065"; fuel and 10X AP
of approximately 200 psi; L.0" spacing on fuel,
Predict 93 percent theoretical c* perfomance.

II. Baffled injectors
A. Deecreased burning rate

1) Coarse doublet; with approximately 210 fuel
holes (selfsimp.) of approximately 0.35" dla.j
approximately 630 of approximately 0,30" dia. LOX
holes (self-imp, triplet); fuel and ILOX AP of
approximately 200 psiy 10" spacing between fusl
doublets. 13 compartment baffles (wide base);
fuel cooled with impinging Jets at end of baffles}
bgffles 10.0" long. Predict 91 percent thecretical
¢ performance.,

2) Biplanar with approximately 150 fuel holes (self-
impinging doublet) of approximately 0,LO" dia.
and 150 fuel holes (self-imp. doublet) of approxie
mately .065" dia. with a self=-impinging LOX triplet
with approximately 600 LOX holes of apmoximately
0.,30" dia.; 7.0" spacing batwsen fuel doublets;
baffles 10" long. 13 compartments (wide base) fuel
cooled and impinging jets at end of baffles. Predict
90 percent theoretical c¢* performance.
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3) Biplanar showerheadj 260 fuel holes (showerhead)
of approximately 0.30" dia.; 84 fuel holes (self=
imp. doublets) of approximately .065" dia. with
1100 holes (self-imp, triplet) LOX of approximately
.065" dia.3 fuel and LOX AP of approximately 200
psij L.O" spac on fuel baffles 10" long.
13 compartments (wide base) fuel cooled and
parallel jets at end of each baffle. Predict
89 percent theoretical c¥® performance.

B. Acoustic mismatech or isolation

1) 13 baffled compartments, total. 5 baffled come
partments each with 86 fuel holes (self-imp. doublets)
of 0.15" dia.; 180 LOX holes (self-imp. triplets)
of 0.15" dia, to produce o/f of 2.2 in each compartment.
li compartments each with 45 fuel holes (self-imp.
doublets) of 0,25" dia.; 190 LOX holes of 0,18" dia.
holes produce o/f of 1.2 in each. U compartments each
with 220 fuel holes of .065" dia. holes (self-imp.
doublets) LLO 10X holes of 0,30" dia. (self-imp. triplets);
o/f of 3,2 in each compartment; LOX and fuel AP of
200 psij baffles 6,0" long, fual cooled with 1m£inging
jets at end. Predict 9L percent theoretical ¢
performance.

2) Choked flow baffles

13 compartment baffles; 6,0" long with 0.125" fuel
holess 1500 holes (self-impinging doublet); 3,000 LOX
holes (self=-imp. triplets) of 0,125* dia.; fuel and
IOX AP of 200 psi. Baffles to have enlargements on
the ends to block 30 percent of injector face area in
each compartment so that the flow will be sonic with
80 percent of progellants burned. Predict 98 percent
of theoretical o  performance.

I think 1t is obvious as to what I am trying to accomplish with
each injector. If there is any question on any injector, I would be glad
to elaborate on the reasoning,

My priority list or rating is as followss

I,4,1
11,4,2

II,4,1

1I,B,2 (cont 'd)



1,B,2
I,4,2
1I,A,3
II,B,1
I,A,3
I,B,1

Sincerely yours,

Richard J. Priem
Head, Rocket Combustion Section

aM
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APPROVED (O —

/Deputy Director

JWRJP teh

Copies to: Files, Deputy Director, C&EC, G. Morrell, R« . Priem , W, Dankhoff
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November 1, 1962

Mr. Frank Boffola

Rocketdyne

Division of North Ameriean Aviation, Inc.
6633 Canoga Avenue

Canoga Park, California

Dear Franki

At the last Ad Hoc Meeting on instability in the F-1l englne,
Rocketdyne was interested in data regarding different injector
shapes, Paul Wieber has recently obtained some data on damping
coefficients with several different injector eonfigurations,

I am enclosing this preliminary data and description of the
apparatus and test procedure. Dan Klute and Joe Erbs would
undoubtedly be interested in the fact that the damping coefficlent
of a coned face with radial and circular baffles was a factor of 3
larger than that for a flat injector,

Sincerely,

S|
Richard J. Priem
Head, Rockst Combustion Section

Enclosure:
Data shests

Copies tot Mr. A. O, Tischler, NASA Hqtrs. ‘/'Files, Deputy Director,
Mr. J. Thompson, MSFC C &4&C, G. lorrell, R.J. Priem
Mr, S. Morrea, MSFC

2JP:eh
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geﬁuty Director
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NASA « Lewis

December 12, 1962

MEMORANDUM for Deputy Associate Director for Research
Subject: Combustion Instability with F-l engine .

Reference: Telephone conversation of November 21, 1962 regarding
Administration briefing on F-1l engine and ensuing con-
versation with Dr. Robert C, Seamans

1, The following recommendations have been made by Lewis personnel
as techniques to improve the F-l engine:

a. Use an unlike triplet injection pattern (two Lox streams
impinging on one fuel stream);

b. Use a like-on-like injection pattern (i.e. Lox stream
impinging on a Lox stream) with large fuel and oxidizer streams, i.e.
«35-inch diameter streams, with baffles;

c. Use a concentric tube injection pattern (fuel ring
surrounding each Lox jet); and

de Increase the flow area between the Lox torus and Lax
dome by a factor of two.

2. Recent meeting at Huntsville between Rocketdyne and Marshall
personnel has shown the following action on these recommendations:

a. Triplet injector tentatively scheduled to be tested in
late Janvary or early February. During the meetings with Rocketdyne
in September it was stated that this pattern would be ready to be tested
in November or December. Testing of this pattern was postponed by
Rocketdyne in favor of patterns similar to those being used in the
present engines. ¢

b. No plans to test a like-on-like pattern with large streams;

c. A concentric tube injection pattern is being considered.
Definite plans have not been made for this pattern, however; and



be The like-on~like pattern with coarse jets and baffles
is based on theories of (1) Princeton, which state that if the combustion
dead time is increased or if the combustion zone is spread out the system
will be more stable; (2) MIT (Culick) states that if the combustion rate
is decreased the system will be more stable; (3)-Aerojet, who state that
if the available energy or burning rate is decreased the system will be
more stable; (L) Lewis, nonlinear theory which states that if the burning
rate is decreased the system requires a larger disturbance to produce
instability; and (5) Lewis spray theory, which says larger jebts will be
more stable and therefore will not drive a wave. Experimental data of
Princeton, Aerojet and Lewis have shown that a lower performing combustor
is more stable than a high performance combustor. Therefore this injector
uses large Jets to reduce the combustion rate, spread out the combustion
zone and decrease the dead time ard performance. A few small jets are
used to provide flame holding capability and decrease rough combustion
during stable operation. Baffles in the combustion zone (first 10 inches)
are used to improve stability as shown by data of Lewis, Princeton, Aerojet
and Rocketdyne. While most of the experts agree with the fact that
large jets will decrease the burning rate and produce more stability
most of them are reluctant to go in this direction as it will mean a
decrease in combustor performance. :

Co This injector is based on data obtained at Lewis, NASA TN
D-126 using a coaxial injector in which the chamber pressure was much
smoother than other injector configurationse It is believed that with
lower disturbances the instability would not be exciteds Baffles in the
combustion zone (first 3 inches) are used to improve stability as based
on data of Princeton, Aerojet, Rocketdyns and Lewis. Sonic flow is
produced at the baffle tips to separate the combustion zone from having
any disturbances in the main combustar zone, thus eliminating the
longitudinal mode, Coaxial pattern is also ideally suited to the
baffle design due to the fact that with the NASA engine the heat transfer
to walls and injectors was reduced and chanber burning was eliminated
due to fuel atmosphere surrounding the Lox jets. Since the data on
this injection technique is very limited, some of the experts o not
agree to the expected characteristics at the F-1 levele. Similarly,
the fabrication technology for this type of injector is not well ad~
vanced, although it is used in the LR~10 hydrogen-oxygen engine which
is very stable,
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Rocketdyme is reluctant to make this change as the siress level in
the dome would be excessive in the fiight configuration with gimbaling,
thus requiring a major redesign of the Lox dome and manifold.

L. In addition to the technical reasons for not incorporating
the Lewis suggestions in the F-1 Program, there are other factors
hindering the progress of the program. It is difficult to convince
Rocketdyne persomnnel that the result from theoretical studies or ex-
perimental studies at small thrust can be directly applied to the F-l.
Since there are no programs to test these theories and ideas at inter-
medilate thrust levels there exists and will exist the wide gap between
these two groups. A second problem is the fact that only a limited
number of configurations can be manufactured because of the limited
funds and facilities to machine the various parts. The third problem
is the limited facilities to test the various configurations. Currently,
most of the test facilities are used to check out and test equipment
for full engine studies. . Since any suggesiions would have to undergo
component testing with boilerplate hardware first, it would require
delaying engine tests to do exploratory-type testing. With all of
these problems facing a suggestion, it is easy to see why it will be
difficult to change the program or improve the stability of the F-1
€ENgine,

ﬁ :“"3/')2&14;::} / .\fdc.éé},

Richard J. Priem
Head, Rocket Combustion Section

Copies to: Dr. J. C, Evvard
Dr. W, T, Olson
Mr. Go Morrell
Dr. R. J, Priem
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December 18, 1962
MEMORANDUM for Deputy Dirsctor
SubJectt Meeting on F-l stability at Harshall Space Flight Center,

luntsville, Alabama on December L, 1962

l. Those present at the meeting were:

Dr. Wernher . von Braun = MSFC
Dr. Fberhard Reese - MSFC
Mr, Herman - eldner - [MSFC
Hr, Carl Heimburg - JSFC
Fr., Hans Paul - KSFC
Mr. Daniel Driscoll - MSFC
Yr. Leland Bellew ~ HMSFC
¥r, S, Morea - MSFC

Mr, Robert Richmond - LSFC
Mr. Jerry Thompson ISFC

YMr. R. Bledsoe ~ U3IC

lir. Frank Boffola - ilocketdyme, Canopa Park (l-P4VE)
Fr, Oscar Bessio - HASA Headquarters

Mr, Charles King - NASA Headquarters

Fr., Sam Hoffman - Rocketdyme

Hr, Joe Mchamara = Rocke tdyna

Mr. Daniel Klute - Rocke tdyne

#r. Paul Castenhols - Rocketdyne

Dr. Robert Levine - Rocketdyre

Dr, Richard Priem - NASA-Lewis

2. Hr. Yeldner opened the meeting by reviewing the history of
the F-1 Engine Program and pointing out that this meeting was called
to determine what changes Rocketdyne had made in the F=1 Program as
a result of a meeting at Marshall in September. In the September Mesting
Marshall personnel emphasized the seriousness of the stabllity problem
with the F=l engine and requested an increased effort on this problem.
Hr. Weidner also pointed out that the material Rocketdyne would present
hed been reviewed in the moming with NASA personnel at the working
level, at which time many detailed questions had been asked and discussed.
Kr, Weidner then turmed the meeting over to Mr. Castenholz, who made
the presentation of Rocketdyne's prozram.
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3. Hr. Castenholz explained that the material to be presented
represented the thinking of the Rocketdyne stability group. The
presentation would not include a formal program inasmuch as the informa-
tion is still being gathered end the approach used will be dependent
on the results obtained. The object of the stabllity moup is to
improve the stablility of the F-1 engine and to develop a dynamically
stable system (a2 system that will attenuate artificial disturbances).
The approach willl be to obtain basic information on instability and
the instability in the F=l engine., With this infomatdon they will
parfom tests to indicate the changes required to improve stabllity.
They will then desisn, fabricate and test the equipment in the F-1
enging, 7o accomplish this, they will have three groups as follows:

a. Analysis group of about 20 »eople to analyze data,
study theories or produce new theories.

b. Experimental group of about 10 people to perfomm
criticel experimente with model combustors, i.e., two-dimensional
hardware and 2l-ingh Atlas angines.

¢ce Engine program with 30 people to produce new injector
designs, test and rate the designs snd estahlish stabllity limits.
This group of 60 people is in excess of the persomnel that had been
on the F'=1 Program prior to establishing the stabllity sroup.

Aetivity to date has been to compile all the data on the
F-1 engine at one place and in one form, and to reanalyze thlas dataj
also establish a computer program to analyse the data. In addition,
several consultants have been called in to discuss the problem and
will contimue this plan. The major changes in the program have been
to increase and improve the data acquisition, so as to mke it more
reliable and complete. This will include using windows for photograph-
ing the combustion process in the regmeratively cooled engines.

Present hardware program congistas of studying the spray and
combustion characteristics of the 5-U and othar current F-1 injector
patterns in the two~dimensional combumtor. Five baffle pattems will
also be tested in the 188K or Atlas engine to detemine the effact of
propellant injection pressure drop and wall gaps.. (These are injectors
left over from the -l Program.) The F-l ingine Program will test the

following:

December - Hew pulsers and bombs with 5=U pattern
Mvergent ring pattern
Fuel-showerhead pattern
2nd Divergent ring pattern


https://in:i1ca.te
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January - 3affled injector with divergent ring
Short impinging disturbance, Lox with reverse cluster
5-U with 13x13 baffle
Low AP fuel showerhead
ond baffled divergent ring
Splash ring
5-U flat face

February - Injector with different lmpingzing angles and
injection density
30-inch chamber
Unlike triplet
Double~ring injector

My, Castenholz also discussed various processes, paramsters,
phenomena, etc., that could initiate, sustain, damp, etc., the instability.
This covered almost everything that could occur in the engine gystem.
While most of this represented "blue-sky" thinking without any positive
results or ideas, it did illustrate thalt they were thinking.

he After the presentation Mr. Weldner asked for comments and
received no response. He then asked the author what his views were of
the program, The author pointed out that the material presented
illustrated that Rocketdyns has devaeloped a long=-range approadh to ths
problem and is thinking of things which may help the program in the
future. The immediate effort, however, appears to be followling the same
program and thinking that Hocketdyne has used in the past. This is
cbvious from the fact that of the five recommendations made by the
Ad Hoe Committee on instability for immediate changes in hardwars,
only the triplet injector appeared in the program and thet was late
in February. The author poimted out that it would seem to be profitabls
to include ideas of the experts on the committee in the lmmediate
program as well as Rocketdyne ideaes. After soms discussion, Kr, Hoffman
agresd that using the experts ideas in the immediate program would be
worthwhile and that Rocketdynms would see how this could be wrked into

the program.

5. During the discussions, it becams apparent that most of the
recommendations mads for improving stability were based on thsories
which have not been tested in reasonable-sized hardware. Dr. von bBraun
asked whether this type of work was being conducted anywhere and all
members agreed that the applied research or tssting of theorles is
non-exietent in this courtry. ir, Weldner asked the author what the
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Lowis Center poliey was om doing this type of work. ‘he author then
repeated the policy statement obtalned fyom Jre. “vvard, uhat it was
Lewis' intarpretation or policy that the Lewis Certer would nol conduct
work direetly soncerned with the F-1 or other development engines.

Dr. von Eraun pointed out to the Marahall personnel that thls type

of work is needed and that it sould be thelr responsibility io wmaintain
the program which “ocketdyme had outlined, even after a stable combustor
had been develoned, The stability prosram at locketdyre la funded for
13 million for the next three yearns.

Richard J. Priea
Head, #ocket Comdmstion Seetlon

WWJPigh
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Copies tot Files
Mr., Mansaniello
Cheys & fnergy Conversion Div.
_ G, Horrell
NCTE R.J. Priem

The above statement regarding L.ewis policy on F-1 and other
development engines i8 a misunderstanding on Dr. Priem's part. Our
policy has been, and continues to be, to support any NASA development
effort within the range of our competence and capability. The problem
relative to F-1 is one of size of engine - we do not have the facilities for
handling large scale engines.

E. J. MANGANIELLO

E. J. Manganiello
Deputy Director
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From Leowis
To NASA Headquarters {(AA)
Att: Dr. R.C. Seamars

Subicet: Combustion Instability of the F-1 Engine

Reierence: (a) Conversation between Dr. R.C. Seamans and
Br. J.C. RBvvard at Hdgtrs on November 17, 19062

{b) Lewis memo from Dr. R.J. Priem dated December 12, 1362
to Dr. J.C. Evvard

1. Pollowing our Saturday morning discussion on
November 17, 13062 (refereice (a)), 1 asked Dr. Priem of
our Chemistry and Energy Conversion Division to summarize
for me the status of his suggestions on the combustion
instability of the F-1 engine. A copy of his memorandum
(reference (b)) is enclosed for your information.

Z. You will note taat, as vet, none of the listed
suggestions has been evaluated. Also, the plans to evaluate
some of the suggestions are either inadequate or nonexistent.
I cannot, thereiore, agree with the stutement that "All is
being done that cam be done to eliminate the instebilities
of the F-1 engine.®

3. ©Of course, we at Lewis recognize that every coin
hes itwo sides. The combustion and Flow processes In en
engine are extremel: complicated with dozens of modes of
patential oscillation. The processes are generally non-
livear so that stability or instability depends upen the
amplitude of some triggering disturbance. Low amplitude
disturbances might den out wherees larger orplitnde dis-
turbances would arplifv towerd engine destruction. With
such cosplications, the experts ire seldom agreed either
a8 to the couses or the cures for the osciliation.





