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The Intermediate eXperimental Vehicle (IXV) is a non-pressurized lifting-body shaped re-entry vehicle 
committed by ESA to TAS-I as prime contractor (on June 2009) in a synergic approach with industrial 
partnerships. The flight element is currently under integration at TAS-I premises (in Turin, Italy) and 
planned to be shipped for testing to ESA/ESTEAC by Mid-2014 and subsequently to Launch Facility. IXV  
mission target (whose flight is scheduled by End 2014, launch site Kourou) is basically addressed to the 
demonstration of advanced technologies capable of sustaining an atmospheric re-entry after a 1-hr orbital 
arch ranging from 120 km to 400 km of altitude.  
In this perspective, innovative design solutions suitable to the IXV mission have been designed and 
manufactured for the flight element after the completion of focused development tests and qualification 
campaign. Testing allowed to increase the design maturity at component, sub-systems and system Element 
level (technology readiness level, TRL) up to a robust design compliant with mission success criteria and ESA 
ECSS directed prototype demonstration requirements. 
To provide adequate depressurization and repressurization levels during ascent and re-entry, a dedicated 
venting system was accurately designed against mission-dependent environments and requirements dictated 
by structural and avionics constraints to preclude catastrophic effects or equipment malfunctions / damages. 
The scope of this paper is to present the IXV de-press/re-press venting system design, its major constituents, 
the analysis / test-based end-to-end development and qualification approach. The latter was adopted to 
achieve an adequate TRL at element / system level, reduced risks and sufficient margins for mission success. 
The IXV venting system, which is under responsibility of the IXV Thermal Control System (TCS), basically 
consists of venting ports which allow quick de-pressurization under the fairing during ascent and preclude 
re-entry overheating. The latter I due to the fluxes entering the internal volumes when IXV is passing across 
the plasma layers down to 27 km altitude. The overheating of the IXV external structures due to the high 
temperature of the low gas concentration mesosphere layer combined to the molecular plasma have been 
attentively evaluated for the venting ports design and performance optimization. 
The venting system architecture is discussed with reference to the driving requirements, the thermal-
hydraulic behavior at element level, the performed development and qualification tests (at element and 
system level), the tools used to perform test predictions / post-test correlations, and finally, the test-based 
analysis outcomes to give evidence of functional verification. In addition, this paper intends also to present an 
overview of the qualified hardware manufactured and integrated in IXV for flight . 
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Nomenclature 
 

IXV = Intermediate eXperimental Vehicle  
TCS = Thermal Control System  
ESATAN = European Space Agency Thermal Analysis Network 
ESARAD = European Space Agency RADiation 
GMM = Geometrical Mathematical Model 
TMM = Thermal Mathematical Model 
CAD = Computer Aided Design 
BLKD = Bulkhead 
TRL = Technology Readiness Level 
CFRP = Carbon Fiber Reinforced Polymer 
DDQ&V = Design, Development, Qualification and Verification (Plan) 
 

I.  Introduction 
HIS document provides a summary of the design development, tests and TRL upgrade for the IXV venting 
system design and the methodology associated to the verification of the thermal and hydraulic requirements 

with respect to the IXV mission during the ascent quick de-pressurization and the re-entry re-pressurization. 

II.  Venting System Design 
An IXV snapshot retrieved by CAD files is depicted in Figure 1. It shows the major compartments that segregate the 
internal volume of IXV. Separation bulkheads (consisting of machined Honeycomb structures with CFRP skins) 
have been positioned among the different bays (Avionics Bay, Parachute Bay, Mid Bay and Rear Bay from front 
bulkhead to rear bulkhead). Properly sized holes are drilled through the bulkheads to allow quick de-pressurization 
during ascent and re-pressurization during re-entry avoiding severe pressure drops (between adjacent compartments) 
and achieving the optimal venting system performance.  The IXV venting system consists of four venting ports 
(based upon 25 mm diameter holes positioned on 
after (Aft) and forward (Fwd) lateral panels) plus 
two 25 mm diameter holes positioned on the Rear 
Bulkhead. The first four ports are requested to 
operate during both ascent de-pressurization and 
rentry re-pressurization while the two Rear 
Bulkhead ones support the ascent depressurization 
only. 
Each one of the four lateral venting ports (see 
Figure 2) consists of: 

• AISI-321 structure (centered on a 25,4 mm 
diameter hole through the CFRP airframe 
structure); 

• Silicon Carbide ERG DUOCEL® Foam – 45 
PPI, 8÷12 % Relative Density, acting as filler 
positioned inside the venting port structure in 
contact with the airframe CFRP internal 
structure; 

• titanium Bush (installed through the airframe 
and the P-50 ablative layer); 

• 6 M4 Screws to fix the venting port mounting flanges to the CFRP skin / Honeycomb airframe; 
• bonding strap for AISI alloy structure electrical discharge governed by ESD requirements versus plasma. 

The two Rear Bulkhead venting holes (see Figure 4) are located near the the two Umbilical Connectors feeding the 
IXV power system up to the ascent phase completion (they are subsequently de-mated at Launcher Adapter 
separation). The IXV venting system design was basically driven by thermal-structural requirements which have 
been verified by a test-based approach and by analyses performed to correlate the tests outcomes to the actual IXV 

T 

 
Figure 1.  IXV Shape and Internal Systems 
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performance during ascent and re-entry phases. It is well worth quoting 
that while the ascent phase is governed by the hydraulic behavior of the 
fairing de-pressurization system, the re-entry phase is mainly addressed 
by the high temperature and static pressure of the low-air density 
boundary layers in contact with the venting ports.  The logic followed to 
design, develop and qualify the IXV venting system is shown by the 
flow-chart depicted in Figure 3.  
The process is mainly based on the following steps: 

• selection of the most promising materials to be used as filler (to 
be positioned inside the lateral venting ports); 

• thermal/hydraulic characterization of the fillers with respect to 
high temperature resistance and pressure drop (hydraulic 
testing); 

• CFD analyses performed to correlate 
test values; 

• qualification campaign to verify the 
hydraulic behavior of the venting 
system by test at element level. 

The results achieved have been finally 
included in the IXV System Thermal 
mathematical Model to verify the 
requirements at equipment and element level 
by analysis. The first steps of the process 
were based on the selection of the most 
suitable filler to use for IXV mission, taking 
into account the high temperature of the low-
density air entering internal volumes and 
passing through the port filler. It is well 
worth quoting that on the basis of 
Aerothermodynamics simulations for 
boundary layers facing the lateral venting 
ports the high-Mach number, low-density air 
temperature is approximately 2000 K (see 
Figure 5). The static pressure gradient 
quickly increases from 10-3 Pa up to 2 kPa in 
about 1500 seconds when the altitude of 27.5 

km is reached. At this point the re-entry phase is completed and 
the parachutes sequence activation starts with the mortar firing 
when the pilot / supersonic parachute is activated. 
On the basis of these considerations, the capability of 
withstanding such high temperatures became a driving 
requirement for the selection of a material suitable for the 
venting ports. The selection focused on the AISI-alloy wools 
(like the selected Filler A and B on the basis of the heritage of 
the venting port designed for ARD Capsule) and Silicon carbide 
fillers. Trade-offs based on safety, flammability, and 
contamination aspects and, above all, hydraulic characterization 
testing allowed to select the Silicon carbide 18-12% Relative 
Density (Filler C) foam as the most suitable material to be used 
for the IXV. As previously said, and in accordance with Figure 
3, the hydraulic tests were performed to give evidence of the 
filler hydraulic behavior, in particular the pressure losses versus 

flow rate. 
This to meet other driving requirements (summarized in ) for the venting port design, in particular the one aimed to 
limit the differential pressure between the internal volumes and the external static pressure across any point of the 
airframe. Such a requirement (differential pressure is requested not to exceed 10000 Pa) basically impacts the quick 

Figure 3. Venting Port System Qualification Process 

Figure 2.  Lateral Venting Port 

Figure 4.  Rear Bulkhead Venting Port 
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de-pressurization occurring during ascent due to the VEGA 
launcher fairing venting performance, that guarantees 
vacuum approximately within 80 seconds from lift-off.  To 
allow a quick venting of the air inside IXV during ascent, 
and at the same time limit the potential over temperature 
inside IXV during re-entry as well, an hybrid concept of 
venting ports and holes was designed.  
The four lateral ports have been integrated with two free 
holes (both 25 mm in diameter) that are plugged at the 
moment of the Launcher separation by dedicated 
mechanisms (completion of the ascent phase). In such a way 
the IXV internal environment pressure succeeds in being 
adherent to the pressure profile under fairing. This design 
solution allowed to limit the number of holes through the 

lateral airframe panels. 
The latter, internally protected by the venting port assembly (that is metallic AISI-alloy structure carrying internal 
foam) have been mainly designed to withstand the re-pressurization. 
Therefore, on the basis of the two-fold 
functionality requested to the venting system, a 
robust development approach and TRL upgrade 
was conceived at both element (venting port 
and free venting hole separately) and equipment 
level (venting port and venting hole working 
simultaneously) by a dedicated test campaign. 
Both characterization and qualification tests 
were performed following approach depicted in 
the flow-chart shown in Figure 3, and leading 
to a protoflight approach Space qualification in 
compliant with the ESA ECSS Standards 
directives. 
The tests that have been performed are as follows: 
1. Hydraulic Characterization test for the venting port and free hole with selected fillers; 
2. Thermal Characterization of the venting port with selected fillers; 
3. Qualification tests of the venting system (venting port plus venting hole) with selected fillers. 

                                                                            
The test outcomes and the subsequent post-test correlations allowed to transfer data into the IXV system Thermal 

Mathematical Model (TMM) and 
to achieve the thermal and 
hydraulic requirement verification 
by analysis.  

Requirements and DDQ&V Plan 
The basic requirements requested 
for the design of the venting 
system are recollected in Table 1. 
They have been used to build a 
design, development, and 
qualification plan for the venting 
system performance tailored to the 
internal and external environmental 
conditions experienced by IXV 
during the mission. Such a plan, 
which was populated with tests and 
analyses campaigns, allowed to 
grow the venting port system from 
an initial low TRL (equal to 3 as 

 
Figure 5. Lateral Venting Port Temperature map 

 

Figure 6. Hydraulic test set-up 

Table 1: venting system requirements 
Venting System 

requirements 
Requirement Remarks 

∆p requirement ∆p < 0,1 bar 
At any point of 
airframe structure 

dp/dt requirement dp/dt < 2,2 KPa/s 
Maximum de-press 
rate during ascent 

dp/dt requirement dp/dt < 460 Pa/s 
Maximum re-press 
rate during re-entry 

T requirement T < 160°C @ airframe interface 
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per ARD design used as heritage) to a final TRL equal to 6. The latest upgrade of the TRL to 7 will be achieved by 
the IXV flight. The TRL upgrade and DDQ&V logic follow the flow-chart shown in Figure 3, however they are 
based on a robust analytical approach aimed to provide test predictions and post-test correlations. The analyses 

relied upon different tools. 
In particular, CFD tools 
were used for predicting the 
laminar pressure and 
temperature profiles of the 
external layers facing the 
venting ports (as depicted 
in Figure 5) and the 
qualification test 
predictions and post-test 
correlations by modelling 
the test article. ESATAN 
tool was used to build the 
venting port thermal 
models (at equipment level) 
and the venting system 
thermal model (at element 
level). 

III.  Hydraulic Tests  
The tests were performed 
with air flow rate pumped 
across a metallic venting 
port filled with filler B and 
filler C. Filler A was 

discarded because it failed the flammability test performed in advance. A snapshot of the test set-up used for the 
vent port hydraulic characterization is shown in Figure 6. The major test results are shown in Figure 7, which 
provides a comparison of the venting port hydraulic behavior filled with of Filler B (AISI-Alloy wool) of Filler C 
(Silicon Carbide – SiC). The IXV venting port was mounted on a 40 mm thick shell structure sample (aluminum 
honeycomb with CFRP skins, as shown in Figure 7) provided with a 25.4 mm hole placed in the centre of the 
venting port area. To simulate the presence of the missing thermal protection layer a 22 mm thick wooden plate was 
added on the external side, with a similar hole aligned with the one drilled through the structure sample. 

 Ascent Re-entry  

Figure 8. Venting box test set up scheme 

The above mentioned assembly was used as a cap sealing a volume connected to a variable speed fan (Figure 7). 
The latter was used to produce, in steady state conditions, various air flow rates through the venting window. To 
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Figure 10. Test Facility and launcher 

depressurization profiles 
 

simulate an air flow in the opposite direction 
(air entering the compartment during the 
descent phase) the venting box / structure 
assembly was simply mounted upside-down on 
the sealed volume. 
On the basis of test data as reflected in  Figure 
7, there is no evidence that one filler is 
preferable to the other one. Even though AISI 
wool (filler B) is performing better during 
ascent, test data showed that Silicon Carbide 
(filler C) is preferable for the descent phase. 
The data captured with the AISI wool test show 
higher stability than those associated with the 
silicon carbide testing, and minimal differences 
were reported between ascent and re-entry. The 
averaged (ascent / descent) data values for the 
silicon carbide resulted being in between the 
two curves (yellow and turquoise) measured for 
the AISI wool. On the basis of this evidence, 
the qualification test predictions have been based on the ascent yellow curve shown in Figure 7 (which overlaps the 
averaged data for the ascent / descent data with filler B).  
Once assessed the reference test data, a CFD analysis was performed at equipment level (venting port assembly) to 
tune the filler performance in the frame of a correct definition of the CFD modeling for the qualification process. 
The selected reference performance (∆ pressure as a function of flow rate) was the one relevant to the AISI wool 
filler in ascent (yellow curve of Figure 7) for the above mentioned rationale and for the fact that the ascent phase is 
the design driver for the venting port performance. 
The results and correlation between the test data and the CFD code outcomes are reflected in Figure 9. The Pressure 
Drop predicted by the CFD analyses was always within the error bars and with an error on test data that can be 
assumed conservatively ± 2.1%. This uncertainty was then used for the qualification test prediction. 

IV.  Qualification Testing 
As per the flow logic described in Figure 3, the 
hydraulic tests output consolidated by CFD modelling 
has created the input to proceed with the venting 
system qualification test. The qualification test was 
aimed to the validation of the venting system design 
from the hydraulic standpoint during de-pressurization 
and re-pressurization events in terms of differential 
pressure. The evolution of the ∆p across the test article 
was measured inside a vacuum chamber (see Figure 
11) capable of performing the de-pressurization phase. 
The latter was performed in compliance with the de-
pressurization rate under the fairing, provided by the 
Launcher Authority. The dp/dt evolution was 
measured as well. The test article was manufactured to 
represent one fourth of the estimated IXV internal 
volume to accommodate a single venting port and a 
free hole. The efflux area of the free hole is equivalent 
to the Rear Bulkhead venting hole half area. Figure 12 
shows the frontal flange (inward) carrying the venting 
port with the filler inside and the free hole (with a 

cap). The flange is accommodated on the frontal side of the test article via a dedicated seal and 16 bolts for 
mechanical screwing. In such a way the test article is representative of the venting interfaces at system level. This 
allowed the verification of the venting system during the ascent (when both the venting port and the free hole are 
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requested to vent out the air) 
and during the re-entry as 
well (when the internal 
volume re-pressurization is 
operated through the venting 
port only).  
Test predictions were 
achieved by dedicated Fluent 
CFD analyses via a model 
fully representative of the as-
designed / as-built test article 
dimensions and sensor 
positioning. The predictions 
have been performed in 
adiabatic and isothermal 
conditions. Post test 
correlations were performed 
by the same CFD model / 
tool used for test predictions. 
Correlation has been 
performed by using the same 
boundary conditions of the 
test facility simulated during 

the test (temperatures, depress/re-press rates) and by identifying discrepancy justifications and margins. On the basis 
of the VEGA launcher fairing depressurization sequence, the facility was calibrated in order to be representative of 
the depressurization rate at the maximum extent. The Facility pumping capability have succeeded in performing a 
depress rate sufficiently adherent to the expected one as shown in Figure 10 at least up to 0,4 bar (40kPa) during the 
depressurization event. Since the Facility depressurization profile resulted being more conservative that the launcher 
one, the comparison and performance were deemed acceptable for the test purpose.  
A dedicated CFD model for the test predictions was built-up to be representatiove of the test article and test facility 

characteristics. The results are reflected in Figure 14,  showing the expected behaviour for the test article hydraulic 
de-pressurization in both adiabatic and isothermal conditions. The uncertainties achieved by the hydraulic 
correlation are shown in Figure 9. The qualification test results are shown in Figure 15 for the ascent configuration 
with the venting port equipped with the Silicon Carbide filler. The graphs show the differential pressure evolution 
(cylinder versus facility environment pressure) during de-pressurization through the vent port and the free hole (red 
curves). The result allows to state that the maximum pressure drop between the facility environment and the internal 
volume of the test article is 75 hPa (0.075 bar).  
 

 

 
Figure 11. Qualification Test Article inside the Vacuum Chamber 

 

 
Figure 12. Qualification Test Article –Vent port Assembly 
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A similar test was 
performed with the venting 
port equipped with the 
filler B (AISI-Alloy wool) 
obtaining a similar 
maximum differential 
pressure of 81 hPa (0.081 
bar). For each tested 
configuration the tests 
results showed that the 
∆∆∆∆P requirement through 
the test article is fully 
met (∆∆∆∆P < 100 hPa).  
The tests were finally 
completed with the re-
entry phase simulations 
with both fillers. A 
maximum value of 12 hPa 
(0.011 bar) was achieved. 
The qualification test was 
completed with the post-

test correlation of the Test CFD model compared to the Test data. The outcome of the correlation is presented in 
Figure 13 in terms of pressure differential across the test article as a function of time. The different results obtained 
from the CFD Model Test Predictions (Figure 14) and the CFD Post-Test Correlation (Figure 13) are due to the 
different de-pressurization profile experienced during the de-pressurization test (Figure 10) with respect to the 
VEGA fairing pressure profile used for the CFD predictions. The use of the correct test pressure profile has 
therefore provided the perfect match with the experimental data. The CFD simulations (Cylinder Isothermal wall) 
are comparable to the tests data a part from a marginal gap on the ∆p peak value of 5%. This means that the CFD 
model built for the test predictions is capable of adequately represent the ∆∆∆∆p evolution based on the test data 
if the test de-pressurization rate is simulated and the test article cylinder wall is assumed isothermal, with a 
5% error (see comparison between the light blue and magenta curves plotted in Figure 13). It is well worth quoting 
that the test results and the post-test 
CFD correlations were achieved on 
the basis of the facility de-
pressurization profile, which is more 
conservative than the Launcher one 
for a pressure lower than 40 kPa 
(Figure 10). The post-test correlated 
CFD model (Figure 13 in isothermal 
wall conditions) was subsequently 
used to predict the hydraulic 
performance of the IXV venting 
system on the basis of the actual 
VEGA fairing pressure decay (as 
shown in Figure 10, blue curve). A 
maximum value of approximately 3.7 
kPa is expected during the de-
pressurization (ascent phase) when 
the correct VEGA fairing de-
pressurization rate is applied as per CFD model post-qualification test validation results. The discharge coefficients 
(CD) derived by test and validated by the CFD correlations (with isothermal approach) have been extracted by the 
model for both the venting port and the Rear Bulkhead free hole to be used for the predictions via the system GMM 
/ TMM. A comparison between the outcome of the qualification test validated CFD model and of an equivalent 
ESATAN model representative of the IXV venting system is provided in Figure 16. The ESATAN model was 
integrated with the CD coefficients resulting by the CFD tuning. Figure 16 represents a validation of the system 
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Figure 15. Venting Port Qualification test Results (with SiC in ascent) 
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ESATAN TMM on the 
basis of the CD values 
calculated by the CFD 
model which has been 
validated by the 
qualification post-test 
correlation. 

V. Requirement 
Verification 

The Venting system 
thermal models for both 
the venting port and the 
free hole have been 
integrated inside the 
system GMM / TMM to 
provide the verification of 
the IXV hydraulic 
requirements (and 
subsequently the thermal 

ones based on the entering heat flux through the venting ports). The GMM / TMM has been updated accounting for 
the following input: 
• CD values for free-holes and venting port as per CFD / ESATAN models correlation (Figure 16); 
• de-pressurization rate under the fairing as per VEGA Launcher Input (Figure 10, blue curve trend); 
• venting port TMM routine (integrated into the system GMM / TMM). 
Figure 17 gives evidence of the dynamic evolution of the differential pressure between internal IXV and external 
pressure under VEGA fairing, as a function of the internal volume of air (free volume) at launch. It is clear that the 
higher the internal volume (the air entrapped inside IXV, to be evacuated during ascent), the higher the differential 
pressure. On the basis of the IXV System GMM / TMM analysis (results shown in Figure 17) the maximum ∆p (in a 
maximum volume configuration of 5.6 m3) predicted during ascent is ∆∆∆∆P max = 6598 Pa (< 10kPa, requirement). For 
analysis completeness, Figure 21 shows the flow rate through the free hole and the venting port during de-
pressurization. Flow rate trends allow to compare the amount of air flowing across the free holes with the amount of 
air flowing through the venting ports. This explains why the Rear Bulkhead holes are mandatory for fulfilling the 
delta pressure requirement during the ascent. The integrated model allows to verify the maximum dp max / dt = 2196 
Pa/s  (< 2.2 kPa/s, requirement) in ascent. The obtained hydraulic behavior allowed to predict the thermal 
performance for the hot air 
entering through the lateral 
venting ports. The system 
GMM / TMM accounts for 
the detailed models of the 
venting port metallic parts 
(AISI-Alloy 5 mm thick 
structures). These are 
coupled to the internal 
airframe via linear 
conductors (screwed inserts) 
and internal structures and 
equipment by radiative and 
convective couplings. In this 
perspective, the venting port 
metallic structure was 
divided into 31 nodes as 
reported in the nodal 
breakdown in Figure 18. The 
GMM venting port model was based on the manufacturing drawing geometrical characteristics. 
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The impingement flux in terms 
of inlet pressure, temperature, 
and flow rate is applied on its 
central node for an area 
equivalent to the 25 mm 
diameter inlet hole. On the 
basis of the system GMM / 
TMM, which includes the four 
lateral venting ports, a re-entry 
analysis was run. Predictions 
allowed to evaluate the re-entry 
temperature trends on the 
venting port structures, 
interfaces and internal 
structures and on the 
equipment, as shown in Figure 
20. The latter shows that the 
maximum airframe temperature 
near the vent port attachments 

does not exceed 160 deg C at the mounting interfaces a maximum temperature of + 100 deg C is predicted (+15 deg 
C uncertainty). In addition, the CFD model used for qualification testing and subsequently validated by post-test 
correlations, has been used to populate a CFD 
model at system level. The latter was used to 
predict the distribution of the hot air temperature 
fields during re-entry. It is well worth 
remembering that, at the re-entry transient 
completion, the internal pressure does not exceed 
2 kPa, therefore a low-density air is expected to 
enter IXV internal volumes during the re-entry 
transient (which takes approximately 23 
minutes). The Figure 19 shows the distribution of 

the air temperature inside IXV volumes at the end 
of the re-entry phase on the centered cross section. 
The CFD simulation results in an internal air 
temperature that reaches an averaged value of 
+77°C and a local maximum temperature of about 
+107°C near the fixing points of the venting ports. 
Such predictions are in accordance with the results 
achieved by the system GMM / TMM as shown in 
Figure 20 (continuous blue line). 
The venting system qualification process reflected 
in the flow-chart shown in Figure 3 was completed 
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Figure 21. Venting System Flow Rate during Ascent Transient 

 
Figure 18. Venting Port Structure GMM 
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Figure 20. Venting Port Re-entry Thermal Analysis 

 
Figure 19. IXV Air Temperature  Distribution at re -entry 
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via a thermal test. This test was not treated as a qualification test, but as a validation / development test to give 
evidence that the temperatures predicted for the venting port interfaces are similar to those evaluated by the 

qualification hydraulic test based on the thermal analysis. 
In this perspective, a new test article (Figure 23) was set-
up in Thales Alenia Space (Turin) Facility. It basically 
consists of a high temperature gun centered on the venting 
25 mm diameter hole that can reach a maximum 
temperature of 600 deg C. The gun was continuously 
operated for a time consistent to the enthalpy transferred 
by the high temperature layer to the venting hole during 
the re-entry. The results of this test case are shown in 

Figure 22. They confirm that a maximum temperature 
of approximately + 100 deg C is expected for the 
venting port at mounting interfaces in agreement with 
the as-predicted values reflected in Figure 20 (blue 
curve). 
 
The results recollected in this paper give the 
evidence that the venting port design for the IXV 
mission is based upon self-validating tests and 
predictions which allow to have sufficient 
affordability level and confidence of thermal-
hydraulic performance for flight .  
   

Acknowledgments 
 

The authors would like to acknowledge the effective collaboration of ESA Thermo-mechanical team during 
execution, discussion and finalization of the tasks related to the presented studies for the offered collaboration to 
gain results and get useful conclusions for the IXV mission success. Acknowledgments are to be extended to TAS-I 
personnel involved to support all the test campaigns performed to validate the IXV venting system design and for 
the efforts and collaborative aids to provide results and needed information. 

References 
  
1 Ices paper #AIAA 2010-6088 R1 IXV Adaptation to Vehicle Reconfiguration, 40th ICES, 11–15 July 2010, 
Barcelona, Spain, Authors: Giovanni Loddoni, Maria Teresa Signorelli, Massimo Antonacci and Massimo Bertone (Thales 
Alenia Space Italy, Torino, Italy, 10146) 
Authors: Giovanni Loddoni, Massimo Bertone and Lorenzo Andrioli (Thales Alenia Space Italy, Torino, Italy, 10146), 
Alessandro Mannarelli (Sofiter System Engineering, Torino, Italy, 10146) 
2 Ices paper #AIAA 2012-3474, Thermal Control for IXV Propulsion System, 42th ICES, July 2012  
Authors: Giovanni Loddoni, Massimo Bertone and Lorenzo Andrioli (Thales Alenia Space Italy, Torino, Italy, 10146), 
Alessandro Mannarelli (Sofiter System Engineering, Torino, Italy, 10146) 

 
Figure 23. High temperature Test Article 

Figure 22. High temperature Test Results 
 


