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Introduction

Verification of the Pressure
Equalisation Inside the Satellite
Compartment of the Brazilian Satellite
Launch Vehicle

During the atmospheric flight of the Brazilian sbite launch vehicle the pressure inside
the satellite compartment should be equalised wite atmospheric pressure. This
becomes necessary due to the high pressure difiesewhich result when the vehicle
reaches high altitudes with decreasing atmospheriessures, generating high loads
acting on the internal surface of the fairing. Tégualisation is achieved through venting
holes placed around the fairing of the satellitengartment. The design of the venting
orifices should be constrained to the restrictidrconstant evacuation of the compartment,
so that, at any time of the trajectory, the pressdifference is minimal. Meeting this
constraint becomes complex due to the flight envirent of the vehicle which is
characterised by very high acceleration levels. t8e,flow around the fairing undergoes
constant variation of the velocity field going fr@absonic to hypersonic velocities. The
position, size and number of venting orifices waermined using gas dynamic analysis
and calculations and later validated through fligieists. The article describes the mean
features of the design process, discusses thengerriterion, and shows the flight results.
Keywords: compartment venting, pressure equalisation, lduwehicle, VLS

suffers constant variation with local velocitiesrying from low
subsonic to hypersonic, as illustrated in figure 2.
When the vehicle reaches high altitudes and cormsetyulow

The Brazilian satellite launch vehicle, known untter acronym atmospheric pressures, a significemte acts on the internal surface
VLS, is composed by four propulsive stages and tllita of the satellite compartment. This force resultsrfrthe increasing
compartment covered by a fairing (Boscov at alp@)9 The fairing difference between internal and external pressiwesg the ascent
should protect the satellite against aerodynamacidoand heating flight. Thus the internal pressure should be egedliwith the
that are established during the atmospheric flightthe VLS external pressure in order to avoid damage of thectsire or a

(Moraes Jr., 1992), Figure 1.
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Vehicle (VLS).

The propulsive stages use solid propellant motoi so the
vehicle presents high level of acceleration duralfthe flight
phases. Due to this fact the vehicle reaches habcities in low

previous opening of the fairing.

The pressure equalisation is carried out throughllsarifices
placed in a plane normal to the longitudinal axistie vehicle,
radially distributed in that plane, which is lochte the cylindrical
section of the fairing.

Fairing sepatation
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Figure 1. Configuration and Fairing of the Brazilian Satellite Launch S
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altitudes and dense atmosphere, which results gh liynamic

pressures and fast decreasing surface pressurg thenfairing. i i i o

Thus, the flow around the fairing of the payloadmgartment Figure 2. VLS trajectory during the atmospheric flight.
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orifices, a criterion has been established whicimscered a
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constant evacuation of the satellite compartmenhbag in any time
and flight phase, the difference between internadl @&xternal
pressures should be minimal. This requirement mékesproblem
quite complex due to the flight environment of YHeS.

The location, the size, and the number of orifiogere
determined making use of gas dynamic analysis gretific
calculation procedures, and also results from bjged wind tunnel
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where, p, is the local atmospheric density, and, the vehicle
velocity.

The established pressure equalisation criteriorcipge now
that the pressure coefficient Cp should be equekoy close to zero
for any flight time.

This certainly is a very hard requirement to berated when
distributions of the pressure coefficient Cp alding fairing surface

tests. Later those results have been confirmed wigasurements are observed for different flight times, e.g. Maohmbers, as

carried out during the flight of the vehicle.
The article describes design features of the presgualisation

device, discusses the established criteria fongiand placement of

the equalising orifices, and finally presents thesufts from
measurements made during the flight of VLS secormopype.
Furthermore some recommendations are presentedrespiect to
location and dimensions of the orifices with th &b optimize the
dynamic of the pressure equalisation procedure.

Venting Orifices

In order to solve the problem of equalising thelinal pressure
of the satellite compartment of the VLS against #dernal
(atmospheric) pressure, a simple and affordableepminhas been
chosen. This concept concerns the use of severall smifices
placed in a plane normal to the longitudinal axXishe vehicle over
the cylindrical portion of the faring surface, lsstrated in figure 3.

Venting Orifices

Figure 3. Venting orifices on the VLS fairing.

The orifices have so the function to allow a fastl &fficient
equalisation between internal and atmospheric press

L ocation of the Venting Orifices

To find the most adequate position for the ventimifices a
criterion was established which considers that thference
between the static pressure at the orifice locatioer the fairing
surface and the undisturbed atmospheric pressorddsbe close to
zero. This lead to the fact that the internal presof the satellite
compartment is equalised against the atmosphedsspre when
both parts of the fairing are ejected. This evertiues at 127 s after
the launch of the vehicle.

The pressure coefficient Cp that brings a relatigndetween
both pressures is defined as shown in Equation (1):

@

where, :P, is the static pressure acting on a station x dker
fairing surface,P,, is the undisturbed atmospheric pressure, gnd
is the dynamic pressure as defined in Equation (2)

Ueo = Y2 oo (Vo) ® ()
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presented in figures 4 and 5 (Moraes Jr. & Net®0).9
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Figure 4. Pressure coefficient along the VLS fairing, 0.7 < Mach <1.25.
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Figure 5. Pressure coefficient along the VLS fairing, 1.50 £ Mach < 3.75.

Firstly the option was to place the venting orifide the boat
tail region of the fairing due to the fact that @p curves cross the
zero line for all Mach numbers in that region. Neveless this
crossing was characterised by high gradients dCpfdthe Cp
distribution. This behaviour of the Cp distributsonould lead to a
critical situation if small deviations in the maaafuring of the
venting orifices, angles of attack higher than phescribed values,
or separation of the local boundary layer, and rsosbould occur.
Due to that, the equalisation criterion was sliglttianged, so that a
small pressure difference could be taken accoyrdaraf the venting
orifices were located in the rear part of the ajfioal segment of
the fairing, where the Cp gradients are not so.high

For supersonic Mach numbers, figure 5, the Cp sipeg the
cylindrical region is very close to zero and th&edence between
the pressure at the fairing surface and the atnesgppressure for

the flight altitude is approximately 5 kPa. Accarglito this fact, a

criterion has been established for the sizing efwtanting orifices:

ABCM



Verification of the Pressure Equalisation Inside the Satellite Compartment of the ...

the local pressure difference, between surface antbspheric
pressures, should be for any flight time, equdéss than 5 kPa.

Sizing the Venting Orifices.

The pressure equalisation process should allowthigatetained
air mass inside the satellite compartment, by aqure differential
of 5 kPa (Eleutheriadis, 1994), evacuates throughumber of
orifices of a determined area in a very short timerval.

To attend this requirement and realise the equm@lis@rocess,
16 orifices with a diameter of 25 mm each should needed
(Eleutheriadis, 1994). It is important to note hehat aspects
concerning the structural integrity of the fairinghich has an
aeronautical concept and is manufactured in aluminiimited the
size of the orifice.

So, the final arrangement of the venting orifices summarised
below:

16 venting orifices,

25 mm diameter,

located in section x = 2.512,7 mm, which correspotam x/L =
0,12914 from the fairing nose,

equally distributed in that plane by 22.5 degrees.

The section x/L = 0,12914 shows local surface pressquite
similar to atmospheric ones during all the atmosphféght phase
of VLS as already shown in figures 4 and 5.

Instrumentation for Verification of the Venting Orifices

To evaluate the performance of the equalisatiorgs® during
the atmospheric flight of the VLS, several presstaasducers have
been installed inside and outside the satellitepatment. While a
total pressure sensor was installed inside thdlisateompartment,
three differential pressure sensors were instadedhe external
surface of the fairing, around the venting orificas illustrated in
figure 6 and with the pressure ranges shown iretabl

To carry out the measurements Endevco piezoresiptigssure
sensors were used. For the measurement of thepretsgure inside
the fairing, the sensor model 8530C was installadd for
measurement of the differential pressure, micropkonf type
8510B-2. In both cases, transducer and microphasighal
amplifiers have been utilised with adjusted gaiosdn 0 to 5 V
output. The amplified signals were transmitted aglio frequency
(S band; 2275.5 MHz) to ground.

Table 1. Ranges of data acquisition.

Sensor No. Type Position M easurement range
36 absolute Inside the fairing 101.325 kPa
37 differential -25kPa to +2.5kPa
38 differential | x=2,512.7 mm -25kPa to + kA
39 differential -2.5kPa to +2.5 kPa

Equaligation
Orificesy

Figure 6. VLS fairing with venting orifices.
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Results of the Flight M easurements

By occasion of the launch operatié MENARA in which the
second prototype of VLS was started in NovemberQl@@essures
were measured from vehicle launch up to 55 s offils¢ stage
flight. The in flight acquired data were then colegdiand analysed,
and are presented and discussed in the followgds.

Figure 7 shows, for the time interval between ldwaad 55s,
expressed as function of the flight Mach numbeg pressure
measured inside the fairing compared with the afrinesc pressure
in the corresponding flight altitude
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Figure 7. Pressure inside the fairing and atmospheric pressure as function
of flight Mach number.

The atmospheric pressure was obtained from re@ctoay
reconstitution (Gomes & Costa e Silva, 1997) uding Standard
Atmosphere (NASA-NOAA-USAF, 1976).

The pressure inside the fairing follows the vaoiatiof the
atmospheric pressure with the altitude, being 8lighigher up to
approximately 22 s flight time, when it increasagidly and reaches
a difference of 2.7 kPa, compared with the atmosph@essure.
This difference is due to “an inertia” of the edsafion process.
Later, the internal pressure drops more rapidiy tthe atmospheric
pressure, showing now a difference of — 5.3 kPahi&tmoment the
fairing is fully evacuated. From this point the dmtal pressure
becomes similar to the values presented by thelatdratmosphere
pressures.

By the determination of the size and location of trenting
orifices it was established that the satellite cartipent should have
its internal pressure equalised so far as the rdiffee between
internal and atmospheric pressures would amounimuoe thent
5.0 kPa, although the simulation of the equalisatjprocess
indicated a differential up to — 12.0 kPa in thansonic velocity
regime (Eleutheriadis, 1994). This maximal valueswat reached,
and this is of advantage, due to a slightly différeeal flight
trajectory compared with that used for estimatiofise real flight
trajectory presented lower velocities than the mahi

Figure 8 shows the pressure values obtained wittsose
positioned very close to one of the venting orifidée pressure
difference existing in the outer surface and in fhieing interior
indicates the increase or the reduction of thénfgiinternal pressure
necessary to equalise the last one with the lotalogpheric
pressure.
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Figure 8. Pressures inside and outside the fairing. Pressure taps close to
the venting orifice.

The variation of the internal pressure relatech® atmospheric
pressure is more evident during the flight phasessponding to the
transonic velocity regime. In the velocity reginamd already from
Mach number close to 0.8, a flow region with supeis velocities
takes place over the cylindrical portion of theifeg, which is later
closed by a shock wave near to the location ofvéhiding orifices.
This fact has been most probably the reason foinitrease of the
pressure inside the fairing as shown in figure 7tfe flight time
equal to 23 s.

By increasing flight velocity and reaching the sgpaic
velocity regime a detached bow shock wave will @ppeward of
the fairing. The flow over the fairing cylindricadegment is
completely supersonic and local shock waves wily & present in
the boat-tail region of the fairing. Figure 9 illtetes these
phenomena whose effects were shown in figure 7.

52 : ~~ Mach= 0.90\-

Shock Wav$ n

. A ' : :
= B, 4

Figure 9. Schlieren pictures of the flow over the VLS fairing for Mach =
0.90 and Mach = 1.05.
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Figure 9. (Continued).

Conclusions

Venting orifices were designed and placed overf#iieng of
the satellite compartment of the VLS with the ainprovide a
equalisation of the internal pressure against thmospheric
pressure along the atmospheric flight of the vehidResults
obtained through analysis and calculations as filglo speed wind
tunnel tests have allowed to design a system coedpdy 16
orifices of 25 mm diameter located in a sectiorthat cylindrical
segment of the fairing. This arrangement made plessihe
attendance of the equalisation criterion and deségmirement, and
has been later validated during the launch of tHeS \second
prototype, when pressure measurements inside amsldeuthe
satellite compartment were carried out. The flightasurements
indicate that the venting orifices were right piosied and the
equalisation process has been performed adequately.
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