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Every spacecraft must vent all enclosed air during launch or else risk a structural failure 

due to the resulting differential pressure.  For this reason, guidelines for providing vent paths 

are typically part of the spacecraft requirements documentation.  These guidelines, however, 

are often limited to a specific venting configuration, and engineering judgement must be 

applied to determine whether any other venting scheme meets the requirement.  Many 

spacecraft now require screens and/or labyrinth structures at vent ports to prevent any 

contained particle contamination from exiting with the venting air.  Flow losses through such 

structures cannot easily be compared to that through an open vent hole.  This paper describes 

testing and analysis that has been conducted, given a pressure decay profile external to the 

payload fairing, to accurately determine differential pressures during launch for any vent 

configuration, including that associated with honeycomb panels.  Testing of flow through 

representative vent screen materials has been characterized resulting in empirical algorithms 

for simulating vents of any size.  The technique has been verified by comparison to pressure 

measurements made from a representative honeycomb radiator panel. 

Nomenclature 

A = pinch point flow area 

Ao = area of orifice 

C = filter flow conductance 

Cc = coefficient of contraction 

Cd = discharge coefficient 

Cv = coefficient of velocity 

Dh = hydraulic diameter 

f = Darcy friction factor 

L = flow path length 

�̇� = mass flow rate of air 

𝜇 = air dynamic viscosity 

p = flow area perimeter 

∆𝑃 = differential pressure across orifice 

 = density of air 

V = Velocity of discharge 

I. Introduction 

URING a spacecraft launch, the pressure external to the spacecraft within the payload fairing decreases to less 

than a Pascal within a few minutes.  Thus, any spacecraft with enclosed volumes must provide a means for 

venting air quickly or else risk a structural failure due to the resulting differential pressure.  Achieving proper venting 

can be as easy as providing properly-sized vent holes, but many spacecraft now require screens and/or labyrinth 

structures at vent ports.  Screens prevent any contained particles from exiting with the venting air and labyrinths limit 

light transmission into the enclosure.  Determining the expected differential pressure during a launch is straightforward 

for an orifice given the expected launch depressurization profile typically available from the launch provider.  Flow 

losses through filters and labyrinths, however, can significantly increase the resulting pressure difference, and 
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predicting the difference can be more difficult.  For this reason, testing and correlation analyses have been conducted 

at Ball Aerospace to accurately simulate flow losses through various filtered vent paths during launch.  In addition, 

the pressure difference across face sheets of large honeycomb panels during launch venting has been analytically 

characterized and verified through testing.  With these results, algorithms have been developed for quickly predicting 

maximum pressure differentials within honeycomb panels of any size. 

II. Discussion of Launch Depressurization and Venting Techniques 

Predictions of spacecraft differential pressure would be unnecessary if a component could withstand a differential 

pressure of 14.7 psid (101.3 kPa); however, the required wall thickness may make launch costs prohibitive, especially 

for large volumes.  Thus, a priori knowledge of the maximum potential differential pressure across a spacecraft 

enclosure wall is needed to determine an optimal design that will withstand launch differential pressure loads. 

 

The maximum pressure differential that can develop between the inside and outside of a spacecraft enclosure 

during launch is dependent on the enclosure volume, the vent configuration and associated flow losses and the external 

depressurization rate.  The volume and depressurization and typically well know quantities.  For example, Figure 1 

shows the measured fairing pressure during a Delta IV Heavy launch as shown in the Delta IV Launch Services Users 

Guide.1  The knee in the curves represent the period when the rocket experiences maximum dynamic pressure, often 

referred to as “Max Q.”  At this point, the rocket is throttled back to reduce peak dynamic loads.  The maximum 

depressurization rate external to the fairing during launch often occurs in the period right after the rocket resumes 

maximum thrust. Predicting flow losses at the vent port, however, can be a challenge, for even with an orifice, a 

discharge coefficient must be assumed for predicting pressure drop. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A. Standard Orifice 

For an orifice, pressure loss is calculated as shown in Equation 1.  The discharge coefficient, Cd, is itself a product 

of two other empirical coefficients: the coefficient of velocity, Cv, that accounts for the friction and turbulence at the 

orifice and the coefficient of contraction, Cc, accounting for the shape of the flow downstream from the orifice.  Vent 

holes in spacecraft surfaces are typically assumed to be sharp edged orifices with Cv = 0.98 and Cc ≅ 0.61. 

 

∆𝑃 =
𝜌𝑉2

2(𝐶𝑑𝐴𝑜)2
                                                                                              (1) 

 
Figure 1.  Delta IV design time fairing pressure history. 

 

Max Q 
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where  

V is the velocity of discharge, 

Ao is the area of the orifice, 

∆𝑃 is the differential pressure across the orifice, and 

𝜌 is the density of air.  

B. Flow Filter 

Filters are used to contain particulate from exiting “dirty” enclosures.  Vent holes for MLI blanket venting are 

often filtered to prevent escape of Dacron fibers.  Similarly, electronics boxes often have filtered vents to prevent 

metal filings, polymeric flakes, or other debris from being vented during launch.  Figure 2 shows detailed pictures of 

some of the weaves and pore sizes used for vent filters.  

Attempts have been made to analytically determine flow losses through screens based on screen wire sizes and 

weave types,2 but the most accurate way to predict filter flow losses is with empirical equations.  Air is supplied on 

one side of a filter after passing through a mass flow meter, and a vacuum pump is attached to the other side of the 

filter, with taps on either side of the filter for measuring differential pressure.  By tabulating the pressure drop across 

the filter at various steady-state flow rates, a set of flow conductance terms can be determined for predicting associated 

pressure losses per Equation 2. 

 

𝐶 =
�̇�𝜇

𝜌∆𝑃
                                                                                              (2) 

where  

�̇� is the mass flow rate of air and 

𝜇 is the air dynamic viscosity. 

 

  

Figure 2.  Types of filters used in the aerospace industry.  a) 20µm pore size, metallic pleated filter (Norman 

F-4173-3-20); b) 100 µm flat metal mesh mounted on larger mesh; c) Micronic 5 µm metal mesh, labyrinthian, 

200x1400 weave; d) 35 µm PEEK mesh commonly used for filtering MLI blankets, Spectra/Mesh®. 
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C. Labyrinth Vent Ports 

With spacecraft that contain optics and detectors, a major design requirement is to limit stray light from entering 

the associated enclosures.  The most common means of limiting stray light through the enclosure vent port is to use a 

labyrinth seal.  Figure 3 shows two examples of this type of venting configuration.  The first uses cylindrical paths at 

different clocking angles between concentric flow channels, and the second, staggered concentric cylinders.   

 

While these seals can have complicated geometries, calculating flow losses is relatively straight forward, with 

pinch points, as shown in Figure 4, modeled as orifices with Equation 1, and frictional losses modeled with the Darcy 

equation, assuming smooth-walled tubing and equivalent diameters for the flow paths. 

 

∆𝑃 =
𝑓𝜌𝐿V2

2𝐷ℎ

                                                                                                 (3) 

where  

𝑓 is the Darcy friction factor, 

L is the path length, 

Dh is the flow path hydraulic diameter = 4A/p, 

A is the pinch-point flow area, and  

p is the flow area perimeter. 

 

 

 
Figure 4.  Appoximation of flow losses through labyrinth vent port. 

                                   
Figure 3.  Various types of labyrnith vent ports. 
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III. Description of Analysis Technique 

A full transient simulation of the launch depressurization process is made possible with the fluid 

flow/thermodynamic tool that is used widely in the aerospace as well as other industries, FloCAD, within the 

SINDA/FLUINT Thermal Desktop software.  As stated in the User’s Manual, “FloCAD provides a general analysis 

framework for internal one-dimensional fluid systems.”3  The software divides the analysis into two sets of 

components: energy and mass transport, as simulated with paths and energy and mass storage, as represented by lumps.  

In the case of venting analysis, lumps represent the air within spacecraft enclosures as well as the launch vehicle 

fairing, and paths, the vent passages between them. 

A. Simulation of Flow through an Orifice Vent 

A vent flow requirement that has been present in many NASA program specifications, including that for the James 

Webb Space Telescope (JWST) and Roman Space Telescope (RST), is that individual cavities shall have a minimum 

vent area of 0.25 in2 (1.61 cm2) per cubic ft (0.028 m3) of volume.  This requirement is a misinterpretation of 

experimental work reported in 1983 that provided the guideline: one cubic foot can be vented through a ¼ inch (0.64 

cm) diameter hole resulting in less than 0.5 psi (3447 Pa) pressure drop.4  This rule of thumb is based on measurements 

of air venting across a simple orifice during a Space Shuttle launch.  The depressurization profile for that launch had 

a maximum depressurization rate of about -0.3 psi/s (-2.1 kPa/s).  Yet, many current launch vehicles have more 

aggressive launch profiles reaching maximum depressurization rates as great as -0.9 psi/s (-6.2 kPa/s) during transonic 

flight midway through launch.1 

Using a more typical launch depressurization profile for launch vehicles such as Ariane V, Atlas or Delta IV with 

a maximum rate of -0.73 psi/s (-5.0 kPa/s) as shown in Figure 5 with a component volume of 1 ft3 (0.28 m3), and an 

orifice with a 0.25 in (6.35 mm) diameter, the analysis technique predicts a maximum differential pressure during 

launch of 3.79 kPa (0.55 psid), as shown in Figure 6.  This value is a slightly greater differential pressure than that 

stated the rule of thumb, but this is to be expected due to the greater maximum depressurization rate. In this analysis, 

the mass of the enclosure is assumed sufficient to experience only a minor reduction (a few degrees C) in temperature 

due to heat transfer with the isentropically expanding air remaining within the volume.  This is a conservative 

assumption and has been verified in many venting tests, including that of a honeycomb panel described in Section V.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B. Simulation of Flow through a Filtered Orifice 

Often, spacecraft venting requirements will attempt to simplify the characterization of flow filters with the term 

“open area.” As can be seen in Figure 2, however, it can be difficult defining the “open area” of a filter.  Overlaying 

weave structures lead to circuitous flow paths through the filter.  Theoretical treatment of flow often relies on an a 

priori knowledge of flow path, or other parameters, many of which are not known.2  For this reason, it is more accurate 

to directly measure the flow losses across a filter using the technique described in Section II.B.  An algorithm in 

SINDA/FLUINT that simulates predominantly laminar flow is used to determine the flow conductance term shown 

Figure 5.  Predicted 1 ft3 (0.028 m3) spacecraft 

component pressure with typical launch fairing 

pressure. 

 
Figure 6. Predicted spacecraft component differential 

pressure. 
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in Equation 2.2 for each filter.  With a table of steady-state flow conductances for given flow rates, the simulation tool 

can iterate to predict transient filter performance.   

To demonstrate the accuracy of this simulation technique, transient tests were run to simulate a depressurization 

event.  The test configuration was identical to that of the test described in Section II.B, but rather than use steady flow 

conditions, a valve was gradually opened to the vacuum pump to roughly simulate a launch depressurization.  Since 

the valve was operated manually, the ability to simulate an actual fairing depressurization was poor; however, 

matching an actual launch depressurization was not necessary, since the intent of the test was to provide transient 

performance data with which to compare analytic simulation results.  Figure 7 shows a comparison of predicted 

differential pressures across a filter using the simulation technique to differential pressure.  As can be seen, the 

simulation matches test data quite well. 

 

With the analysis tool correlated to 

test data, predictions of differential 

pressure can be made for actual launch 

events.  Figure 8 shows the significant 

pressure difference between venting 

through a 0.25 in (6.35 mm) diameter 

open orifice and one of the same 

diameter but covered with a 35m mesh 

filter (Figure 2(d)).  The results show a 

maximum pressure differential of 15.8 

kPa (2.29 psid) with a filter and 2.9 kPa 

(0.42 psid) without.  

 

 

 

 

 

 

 

 

 

 
Figure 7. Comparison of predicted to measured pressure differential 

across a 35-m screen during a depressurization event. 

 

 
Figure 8. Predicted pressure differential across a 0.25” diameter vent 

port with and without a 35m screen during a simulated launch. 
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IV. Depressurization from Honeycomb Panels 

Sufficient venting of a honeycomb panels is particularly challenging due to venting through an array of small wall 

perforations (typically 0.005” – 0.007”), resulting in a spatially nonuniform pressure distribution. A common 

misconception is that simply providing a vented core is sufficient, without consideration of the time dependence of 

honeycomb venting, to prevent damaging pressure differentials. Another common misconception is that thermal 

vacuum (TVAC) testing is an effective measure of panel integrity; depressurization during TVAC pump down is 

gradual enough for the pressure inside the honeycomb to track that of the chamber. A standard perforation size may 

be sufficient for venting smaller panels but can result in potentially destructive pressure differentials for larger panels.  

There have been reports of unvented honeycomb bond failure all the way back to the Apollo program.5  Processing 

errors, defective materials, incorrect design, wrong materials, and inadequate inspections have all contributed 

unvented panel failures.6 

Over a period of eight and one-half years, from 2004-2012, there were three explosive failures of solar array vented 

honeycomb panels during launch depressurization near when the rocket passed through the transonic regime.  This is 

when acoustic loads are highest, and the pressure differential peaks between the interior of the honeycomb and ambient 

pressure.7 The conclusion of the independent investigation was that “inadequate venting and insufficient bonding of 

the layers of the panel” were responsible. The failure occurred at a pressure differential of about 10 psid (69 kPa), 

well below the typical >300 psid (2 MPa) failure of test coupons used for qualification at a vendor.  It was reported 

that many millions of dollars were spent in the investigation and resolution of this problem. (Unfortunately, a detailed 

report is not available.) 

These incidents are rare, but expensive, if they occur. Very large panels, such as solar arrays, or large radiators, 

are most susceptible if the vent density in the face sheet is inadequate. Developing an understanding of the spatially 

dependent temporal trajectories of pressure in a honeycomb panel will help designers plan a venting configuration 

consistent with structural requirements, considering margin of safety and accommodation of possible fabrication 

defects. Exposure to heat and humidity have been exacerbating factors in some cases but are not known to have played 

a role in the aforementioned solar array failures. 

We were interested in correlating experimental data with model results for the case of a honeycomb panel venting 

into a rapidly decreasing pressure environment. The development of a correlated model enables the simulation of 

many honeycomb panel configurations under many launch depressurization profiles.  

V. Honeycomb Depressurization Test 

An experiment was designed to simulate honeycomb venting during launch depressurization.  Honeycomb panels 

come in all shapes and sizes, but there are two categories of flow paths which describe venting from panels: air flow 

sequentially through honeycomb cells to a channel at the edge of the panel, or flow radially through successive annuli 

of cells to vent ports in the honeycomb face sheets. With a vent hole in a face sheet at one end and a 4-foot-long panel, 

the test honeycomb panel represented both configurations simultaneously. 
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A. Test Configuration 

A schematic and photograph of the experimental setup is shown in Figure 9.  A 4’ x 4” x 1” (122 cm x 12 cm x 

2.5 cm) (core thickness  is 0.877” (2.23 cm)) honeycomb panel with ¼” (0.64 cm) cells was constructed specifically 

for this test so that the only pathway for the air to vent from the innermost cells was through adjacent cells along the 

full length of the panel. We confirmed that the panel was airtight.  The outer metal edges evident in Figure 9 around 

the panel were added to protect the thin aluminum cell walls and inner potting compound.  Eight ports were made by 

drilling through the honeycomb face sheet (as little as possible into the underlying honeycomb structure) and fittings 

were bonded in place to insert ports for vacuum or gauges. A fitting in the one vent port was attached to a roughing 

pump, which simulated the rapidly decreasing 

ambient pressure after launch.  

 

Data were recorded manually approximately 

every 10-15 seconds. The stopwatch time began 

when the vacuum pump valve was rapidly opened. 

One baseline measurement was also done for the time 

it took to evacuate the corrugated metal hose and 

adaptors connected to the vacuum pump.  This 

comprised everything up to the honeycomb, but not 

connected to the honeycomb.  The evacuation time 

was 2 seconds, dropping to 24 mm Hg vacuum (3.2 

kPa).  Port 1 is located 6 in (15cm) from the vacuum 

port. Ports 2 – 7 are located at 6 in (15 cm) spacing 

down the panel. The vacuum gauges were directly 

compared to make sure they read the same values 

using a T connection during pump-down before 

starting the actual experiments. 

B. Test Results 

Pressure measurements are shown in Figure 10. The vertical axis is the measured pressure in psi. The horizontal 

axis is time in seconds. The panel at time 0 is at an atmospheric pressure of 11.8 psia (81.3 kPa) in Boulder, CO. We 

conducted 6 depressurization cycles. In all 6, we measured the pressure at the port (Port 1) closest to the vacuum (Port 

0). During the first cycle, we also measured the pressure at Port 2. For each successive cycle, the second pressure 

measurement occurred at ports successively further from the vent port. It took about 5 minutes for the pressure inside 

the panel to drop to within 1 psi of ambient. Pressures at ports 5 and 6 are not shown in Figure 10 for clarity; the 

values are essentially the same as port 7.  

Figure 11 shows the pressure difference between port 1 and the other ports down the panel at 40, 100 and 120 

seconds after the start of depressurization. As expected, the pressure differences between port 1 and the other ports  

increased with distance. While every effort was made to accurately record data, acquiring data at about 20 second 

intervals with a stopwatch and dial meters proved difficult. For example, the data taken at the port 24 inches from Port 

1 looks suspect. 

 

 

 

 

 

 

 

 

 

 

Figure 9. Photograph and schematic of test honeycomb 

panel. 
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VI. Simulating Launch Depressurization in Honeycomb Panels 

The intent of accurately simulating the honeycomb depressurization test is to be able to predict the spatial and 

temporal differential pressures for other types of honeycomb panels under varying launch conditions. Credibly 

extending the test measurements to other panel configurations requires that the model correlate well with test results.   

A. Thermodynamic Depressurization Simulation 

SINDA/FLUINT provides the capability to fully simulate the thermodynamics of air venting from a honeycomb 

matrix, including choking at the vent port. The honeycomb panel is modeled as individual cell volumes connected by 

small orifices (perforations). While this code is limited to simulating one-dimensional fluid flow, as opposed to 3D 

capability of computation fluid dynamics (CFD) codes, this was deemed sufficient for honeycomb venting, and the 

computational runtime is significantly faster. Faster runtimes allow for considerably more parametric analyses. 

B. Depressurization Test Model 

A typical honeycomb geometry consists of hexagonal honeycomb cells defined by a dimension A as shown in left 

side of Figure 12, with perforations in four of the cell walls as shown in the right side of Figure 12.  

The test panel cells were consistently misshapen (Figure 13a) throughout the panel. With flow in the ribbon 

direction (long axis of panel), the distance between perforations is 0.156 in (0.396 cm). The measured perforation 

diameters were 0.005 to 0.006” (0.013 to 0.015 cm) in diameter and approximately 0.195 in (0.495 cm) apart as shown 

in pictures of cross sections of the test panel (Figure 13b/c). Some irregularities were evident; perforations were noted 

in the bend between walls of a cell. With a core thickness of 0.877 in (2.23 cm), air vents through 4 holes vertically 

on four of the six cell walls.  

 

 

 

 

 
Figure 10. Depressuriztion profiles at each of the test 

panel ports. 

 

Figure 11. Pressure differential between port 1 

and ports various distances away at 100 second. 
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C. Flow Model 

Flow through most of the panel is in the long direction 

with very little cross flow until the air approaches the low-

pressure end of the panel. From this location, the air from 

multiple channels must combine and pass through what 

can be considered concentric rings of perforations until 

reaching the vent port. Clearly, the number of perforations 

associated with each successive ring will decrease 

approaching the vent port. Figure 14 shows the final set 

of perforations that air vents through before entering the 

vent port as represented by the red circle venting 

perpendicular to the page. Two simulation techniques 

were used to model the honeycomb panel tests with two 

very different degrees of size and complexity. The first 

model attempts to simulate the physical geometry as 

closely as possible, and the second combines radial and 

linear elements using simplification techniques: 

techniques that can be used to model any panel design. 

Figure 12.  Section view of a cell (l) and section view 

of the honeycomb core (r). 

 
 

Figure 13.  a) cross-section of ribbon, b) vertical spacing of perforations, and 

c) photograph of representative perforation. 

Figure 14. Representation of flow paths through final 

ring of 12 perforations into vent port (represented by 

red circle) for each of 4 levels through panel. 

vent 
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D. Detailed Panel Model 

The first model was intended to match the physical geometry of the panel most closely. To take advantage of 

symmetry, the panel was divided vertically into four slices, each cell in the slice having one set of four perforations. 

The panel model was also divided symmetrically in half down the long dimension (see model in Figure 15). Each cell 

within the first 25 cm of the vent end of the panel was modeled individually. This section of the model includes 2337 

lumps (green in Figure 15) and 4534 orifices (black in Figure 15). The vent port that is quickly evacuated to vacuum 

in the transient simulation is shown in red in the figure (on the edge, as the model simulates one half of the panel 

lengthwise). The remaining cells along the length of the panel were modeled as parallel columns of volumes connected 

by perforations since the flow in this region is primarily linear. 

Since the flow losses associated with air flow through the interior of the cells is negligible compared to that through 

the perforations, each line of cells was modeled as parallel series of orifices. Thermal couplings to boundary nodes 

(light blue in Figure 15) at 22°C are included to represent convective heat transfer between the panel and the venting 

air. In all, the model consists of 2825 lumps and 5303 orifices. 

The transient simulation involves an initial condition with all cells at local ambient pressure of 11.8 psia (81.3 

kPa), then reducing the pressure at the vent port to 0.001 psia (10 Pa) within a few seconds. Predictions of 

depressurization are shown in Figure 16 with a comparison to the pressures measured during the test. The simulation 

takes 11 hours of runtime, so parametric iteration is limited. In this case, the only parameter modified per iteration 

was the hole diameter of the perforations, which is assumed to be uniform throughout the panel. With a perforation 

diameter of 0.0055 inch (0.14 mm), the pressure decay at Port 1 (the port closest to the vent) showed a reasonable 

match to that of the test. Model results for the pressure history of the other ports, however, predict greater than actual 

flow through the panel, indicated by less pressure difference between the ports than was evident during the test as 

shown in Figure 16. 

Figure 15. Detailed model of air volumes (green) and perforations (black) in test panel with vent port (red) with 

convective heat transfer between panel and air (lt blue). 

Figure 16. Measured and predicted pressures from detailed model at Ports 1 (l) and 7 (r) during depressurization 

event. 
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E. Mixed Linear and Radial Model 

While the simplified method of modeling linear flow through a panel involves assuming identical parallel paths, 

such a technique is not possible for radial honeycomb flow.  To account for cases when there is only radial flow, for 

panels that have vent ports in their face sheets for example, a simplification technique is needed, similar to the linear 

technique.  

Since there are typically only perforations in 4 of 6 cells walls, the flow of air will not be symmetrical. In other 

words, flow losses in the perpendicular direction will be greater than that in the ribbon direction (see Figure 13) due 

to the higher density of perforations. Figure 17 shows the isobaric cells during radial flow based on the number of 

perforations the air must pass through before reaching the vent port.  

By combining each of the isobaric cell sets into separate air volumes, simulation of radial honeycomb air flow can 

be simplified.  This technique for simulating air flow through cells near the vent port was combined with the linear 

technique for cells further toward the closed end of the panel.  Like the detailed model, the only parametric variable 

in the analysis is the size of the perforations. Figure 18 shows results of the simulation results with this model, 

assuming the perforation have a diameter of 0.0049 in (0.125 mm) as compared to test data. When the orifice size was 

modified parametrically until the pressure profile at Port 1 matched the test data, the predicted pressure profile at the 

port farthest from the vent port showed a slightly faster decrease than that in the test data. This simplification technique 

required 279 lumps and 276 orifices to simulate the test panel, and the results were obtained in about a minute. 

Figure 17. Non-uniform pressure distribution in radial honeycomb vent flow due to perforations in 4 

of 6 cell walls. 

Figure 18.  Measured and predicted pressures from combined radial and linear model at Ports 1 (l) and 7 (r) 

during depressurization event. 
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VII. Discussion 

A. Correlated Perforation Diameter 

While the correlated orifice diameter for the detailed model of 0.0055 in (0.14 mm) is possible given the quoted 

perforation size of 0.005 to 0.006 in (0.127 to 0.152 mm), the correlated perforation diameter of 0.0049 in (0.125 mm) 

for the combined radial and linear model is reasonable also.  The appropriate diameter would be expected to be smaller 

end of the range of variability in perforation sizes, since pressure loss through an orifice is proportional to the inverse 

diameter to the 4th power.  Thus, the smaller perforations throughout the panel will drive the overall honeycomb flow 

losses.   

Consideration of uncertainty in the correlation of analysis to test data must also be given based on the degree of 

uncertainty in the test data collection methodology and the level of imperfection in the honeycomb panel 

manufacturing process.  Section V.B. describes how measurement error could have been introduced in the data 

collection process and shows some error in the results.  In addition, Figure 13 shows irregularity in the honeycomb 

cell form and perforation distribution.  With these potential differences between the actual test and analysis 

assumptions, predictions of perforation size with 10% of the manufacturer’s specification are deemed well within 

reason. 

B. Extension to Honeycomb Panels in General 

The simplified model that considered both linear and radial flow could be applicable to simulate the venting of 

honeycomb panels in general. Even with the considerable modification required of the technique to account for the 

specific test panel configuration and poor cell formation, results matched the test data well. In practice however, only 

the radial flow technique would be required to simulate the launch depressurization of a panel with vent holes in its 

face sheets; the linear model would be appropriate to simulate air flow in a panel with vent holes in edge channels. 

VIII. Conclusion 

Experimental measurements of flow through filters and orifices have been performed to correlate to theoretical 

fluid modeling simulations.  The results of this work allow for accurate prediction of pressure differentials within 

enclosed volumes such as electronics boxes, telescope cavities, and optical tubes during launch depressurization.   

In addition, experimental results during a depressurization test of a representative honeycomb panel has 

successfully measured conditions that demonstrate transient conditions within a panel during launch. Successful 

correlation of several thermodynamic modeling techniques to the test results shows that simplified linear and radial 

modeling techniques can be extended to many types of honeycomb panel configurations.  

References 
1United Launch Alliance, Delta IV Launch Services User’s Guide, June 2013, p. 3-16. 
2Armour, J. C. and Cannon, J. N. Cannon, “Fluid Flow through Woven Screens”, AlChE Journal 14(3), 1968. 
3B. Cullimore, S. Ring and D. Johnson, SINDA/FLUINT User’s Manual, Version 6.0, April 2017. 
4Mironer, A. and F. Regan, F., Venting of Space-Shuttle Payloads, Shuttle Environment and Operations Meeting:  Collection 

of Technical Papers, Oct 31-Nov 2, 1983, Washington, D.C.,  pp. 66-67. 
5Apollo 6 Anomaly Report No. 6, “Abnormal structural performance during launch phase”, NASA-TM-X-70374, 

NASA, April 1969. 
6Eptein, G and Ruth, S, “Honeycomb Sandwich Structures: Vented versus Unvented Designs for Space Systems”, 

Aerospace Report TR-93(3904), 1993. 
7http://spacenews.com/33046spate-of-solar-array-failures-on-ssl-satellites-traced-to/. 

 

http://spacenews.com/33046spate-of-solar-array-failures-on-ssl-satellites-traced-to/

