
REFERENCE NUMBER : IAC-03-S.3.09

RtrSURGES IN A 2OON FUEL FILM COOLING
BIPROPELLANT ENGINE

Salles. Carlos Eduardo Rollsen, Dr., IÌìstituto Nacional de Pesquisas Espaciais,
Cachoeira Paulista, Brazil. sallcs(i4lçÈ:!upç.br.

Scna .Tr. .\guinaldo \{anins. }ls., Ur.riversidade Estadual PauÌista, Faculdade de
Engenharia de Guarat inguctá. Brazi l .  rsnaldolr i  lcn.  jnpe.br.

HinckeÌ,  Jose Nir ,aldo. Dr. ,  L.rst i tuto Nacional de Pesquisas Espaciais.  Cachoeira
Paulista, Brazil, hinckel@!ç]nJnpe.bt

Botura Jr, Galdenoro, Dr., Universìdade Estadual Paulista, Faculdade dc Ensenharia de
Guaratinguetá, botura@fes. unesLbr

Carvalho Jr, João Andrade, Phd, Universidade Estadual Paulista, Faculdade de
Engenharia de Guaratinguetá, r oão@ 1èe.unesp.br

Bastos Netto, Denrétrio, Phd, Instituto Nacional de Pesquisas Espaciais, Cachoeira
Paulista,Brazil,dcmetrio,ar_rìlcp.inpe.br

Abstract
A 200N bipropellant engine under developnrcnt was tested in the Test Bench rvith
Altitude Simulatiorr located at the National Ìnstitute for Space Research, Cachoeira
Paulista, BraziÌ. During the firings very high amplitude pressure oscillations in the
combustion chamber rvcrc observed. Pressure oscillatiot.rs more than 40% of the
chambcr mean pressure irnposed very high heat transfer rates to the rvall, throat nozzle
and injector face, lcading to the overall enginc ÍÌrilure. Tl.ris rvork discusses thc onset of
the above bcl.ravior and relates it r.vith thc Resurge effect phenomenon described earlier
durìng the development ofthe much larger F-l Rocket Engine.

INTRODUCTION

Propulsion systems often prescnt
pressure oscillations which can be
obserued through the pressurc recordìng
in their combustion chambers and
feeding lines'. Low frcquency
oscillations are usually associated to
the coupling of phenomena taking place
in the combustion chambers and their
propellant feeding lines. High frequency
oscillations, when observed, are linked
to the coupling between the combustion
process and the engrne acoustic cavity
properlies.

ln fact, longitudinal, tangential and
radial acoustic modes or any of their
combinatìons can take place during an
enginc Íiring2. This can be troublesome
for thcir presencg increases the anour.rt
of heat translerred to the chamber rvalls,
possibly leading to its destruction. A
well known rvall cooling technique is
tl.re peripheric injection of sonÌe
propellant (cither fuel or oxydizer) to
generate a liquid Íiln.r on the rvall,
modilying the engine inner surface
overall heat transfer coefficient, hence
allou,ing larger firing times.



Test Facility

The engine under development is a
200ì.ì, bipropellant, NTO (Nitrogen
Tetroride)1MMH (Monomethil Hydra-
zine) uni t .  undereoing tests at  the bench
faci l ìn rrr th al t i tude simulat ion, located
at lhe Crchoeira PauÌ ista Center of  the
\at ionaÌ Ìnst i tute tor Space Research
( l \PE  )

Figure I - Satellite Thruster Test
Facility with Áltitude Simulatrcn -

Partial I/iew

.  ^ -  l
ln ls Eencn nJS an ò.)m- vScuum
chamber for testing monopropellant
engines up to 150N and bipropellant
engines up to 200N thrust. Figure 1
displays the engine coupÌcd to the
thrust balance afler a finng sequence.

Figure 2 - Test Facility 200N engfue
at the Thrust bulunce

lnjection Plate

This engine component consists of
central coaxìal swirling injectors rvhere
the oxydizer is injected at the center and
the fucl is injectcd around the oxydizer
s l ream.  ( i n : Ì  coun te r  sw i r l i ng  mode) .
An outside ring rvith sìx equally spaced
atomizers inject tluough slots 10% of
the overall fuel mass flow rate for wall
cooìing and to geÌÌerate a screen
betleen thc salÌ and the main central
propclÌant flon. Figure 3 shou's a
scÌreme oi  the in ject ion pÌate.

Figure 3 hjectiotl Heud (schemuÍics).

Test Results

This campaign consisted of a series of
short duration firings for several F/O
ratios with thc firing time ranging from
5 up to 35 sec. eacÌ'r.
Obviously the extemal wall temperature
increases urth thc Í ì r ing t imc. Figurcs
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4-6 show the behavior of the
combustion chamber pressure, the
engine thrust and the propellants flow
r q r c  l n r  e  ì 5  çon  f i r i no
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Figure 1 - Contbustion Chamber
Pressure
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Fìgure 5 - Thrust

Figure 6 - Propellants flow rate

The sequence of pictures in Figure 7
displays the sett ing up of an excessive
lateral overheating taking place during
this 35 sec firing, while Figure 8 shows
lhe nozzle throat failure which led to the
ìmmediate chamber pressure decrease
with the increasing of the thrust and of
the propellants flow rate depicted in
Figures 4-6.

Figure 7 - Lateral overheating.
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Figure 8 - Nozzle throat failure

CONCLUDING REMARKS

Noticing the random peaks as well as
the sharp decreasing of the chamber
pressure along with the increasing of
the thrust (Figures 4 and 5) while the
propellants flow rate go up near the end
of the firing time (Figure 6), one may
consider the occurence of a
phenomenon known as "resLrrge". lì rst
described back in the sixtìes during the

Fìgure 9 Nozzle throat and injection
plate failure

development of the F-1 engine of the
Apollo Program.
It is known that this engine presented
combust ion instabi l i t ies dur ing i ts
development phase. This led to the so
called Project First, during which that
engine underwent over 2000 firing tests
exclusively dedicated to deal with its
combusrion instabi l i ty problemsr.  The
F-1 wall cooling was regenerative,



using the fuel  as cool ing agent.  Fuel
was also used at thc imer combustion
chamber wall for its film cooling
process. Oefelein and Yang (1993)s
described this Project very carefully.
The mechanisms responsible for its
instabilities \\'ere locatcd in three
resions close to its injection plate lace
and in a fourth region. close to the
rr  al ls.  r r  h ich h.rd t l re cool ing f i lm
protection. This region $ as identified as
the main reason for the phenomenon
then labeled resurse to take pÌace. i ts
cause being the pulsat ing combust ion of
the liquid fuel separated from the liquid
layer used in the wall cooling. This was
solved by finding an optimum cooling
film thickness to maxlmlze
performance. The random peaks
observed in this 200N combustion
chamber pressure and thrust curves are
quite similar to the ones observed in the
F- I engine. Finally, the high
temperatures in the 200N combustion
chamber and nozzle led to the failures
of the nozzle throat and of the injection
plate as shown in Figures 8 and 9,
respectively.
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