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ABSTRACT 

This report summarizes conditions in the Launch Complex 39 (LC-39) flame trenches during a 

Space Shuttle Launch, as they have been measured to date. Instrumentation of the flame trench 

has been carried out by NASA and United Space Alliance for four Shuttle launches. 

Measurements in the flame trench are planned to continue for the duration of the Shuttle 

Program. The assessment of the launch environment is intended to provide guidance in selecting 

appropriate test methods for refractory materials used in the flame trench and to provide data 

used to improve models of the launch environment in the flame trench. 
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KSC LAUNCH PAD FLAME TRENCH 

ENVIRONMENT ASSESSMENT 

1 INTRODUCTION 

1.1 Background 

Corrosion is the environmentally-induced degradation of materials. The natural marine 

environment at the Kennedy Space Center (KSC) has been documented by Coburn in the 

American Society for Metals (ASM) as having the highest corrosion rate of any site in the 

continental United States. As a result, launch structures and ground support equipment (GSE) at 

KSC degrade faster than similar assets at other locations. With the introduction of the Space 

Shuttle in 1981, the already highly corrosive natural conditions at the launch pads were rendered 

even more severe by the acidic exhaust from the solid rocket boosters. As a consequence, 

corrosion-related costs are significant for all launch structures. These costs were estimated in 

January 2009 to be approximately $336M over the previous 20 years of the Space Shuttle 

Program. The estimate included the costs associated with inspection and maintenance of the 

launch pads, medium-scale and large-scale blasting and repainting activities, the repair and 

replacement of failed refractory materials, and the replacement of badly corroded structural 

metal elements. Technologies for the prevention, detection, and mitigation of materials 

degradation in launch facilities and ground support equipment were identified by the 

Constellation Program Ground Operations (CxP GO) as a critical need for the safety, efficiency, 

affordability, and sustainability of future launch operations at KSC. Subsequently, CxP GO 

established an agreement with the Exploration Technology Development Program (ETDP) 

Structures, Mechanisms, and Materials (SMM) project to identify alternate refractory material 

for the protection of the launch pad flame deflectors at KSC. This report, prepared as one of the 

deliverables for the project, provides testing requirements for refractory materials to be used in 

launch pad applications as well as the available information from all previous testing of 

refractory materials for launch pad flame trench protection that was gathered in the process of 

identifying the testing requirements. 

1.2 Flame Deflector System 

The launch complexes at KSC are critical support facilities required for the safe and successful 

launch of vehicles into space. Most of these facilities are over 30 years old and are experiencing 

deterioration.  With constant deterioration from launch heat/blast effects and environmental 

exposure, the refractory materials currently used in the NASA launch pad flame deflectors have 

become very susceptible to failure, resulting in large pieces of refractory materials breaking 

away from the steel base structure and being projected at high speeds during launches. Repair of 

these failures is a costly and time-consuming process.  Improved materials and systems for use in 

launch pad flame deflectors will improve supportability in KSC launch facilities by reducing 

operational life cycles. 

The flame deflector systems at LC-39A and LC-39B are critical to protect NASA’s assets, which 

include the Space Shuttle and GSE, and personnel. As the name implies, the system diverts 

rocket exhaust away from critical structures through its geometric design. Further benefits are 
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provided by a water deluge system that dampens acoustic vibrations and high temperatures 

associated with launches. 

Flame deflectors are typically covered with a heat resistant material that protects the flame 

deflector from erosion, ablation, and extreme temperatures that are produced by the rocket 

propulsion systems. If this refractory layer is compromised, deterioration to the flame deflector 

and other load-bearing structures may result. Once compromised, the refractory material and 

flame deflector substructures can turn into unwanted projectiles known as foreign-object-debris 

(FOD) that can cause consequent damage. 

LC-39A and LC-39B were originally designed to support the Apollo program. With the advent 

of the shuttle program, the Saturn era flame deflectors were replaced. Figure 1 shows a 

schematic cross section of the flame deflector at launch complex 39A. The flame deflector 

system consists of a flame trench, a main flame deflector (MFD), and a pair of side flame 

deflectors (SFDs). The main flame deflector is designed in an in inverted, V-shaped 

configuration, is constructed from structural steel, and is covered with refractory concrete 

material. One side of the inverted "V" deflects the flames and exhaust from the Space Shuttle 

Main Engine (SSME) and the opposite side deflects the flames and exhaust from the solid rocket 

boosters (SRBs). Additional protection is provided by the two movable side deflectors at the top 

of the trench (not shown in the figure). The SFD direct the SRB exhaust and is needed because 

the SRBs are very close to the side walls of the flame trench. The orbiter side of the flame 

deflectors is 38 feet high, 72 feet long, and 57 feet wide. The SRB side of the flame deflector is 

42 feet high, 42 feet long and 57 feet wide. The total mass of the asset is over 1 million pounds. 

The flames from the SSMEs and the SRBs are channeled down opposite sides of the flame 

deflector. The deflector is constructed of steel on a structural steel I-beam framework. To protect 

the structure from serious degradation during launch, the faces of the flame deflector are lined 

with refractory concrete. This product is known as Fondu Fyre WA-1G (supplied by the Pryor 

Giggey Co.). The thickness of the refractory concrete is 6 inches on the SRB side, 4.5 inches on 

the SSME side, and 4 inches on the side deflectors. 

 

 
 

Figure 1. Cross Section of Flame Deflector at Launch Complex 39A 
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Figure 2 shows the configuration of the Shuttle viewed upward from the flame trench. The 

openings for the SSME exhaust and the flame deflector used to divert the rocket plume from the 

SRBs are labeled. The other side of the flame deflector, which is not visible in the picture, 

diverts the exhaust from the main engines. The SRBs burn at a much higher temperature than the 

SSME. Consequently, the higher temperatures of the SRB exhaust lead to more severe exposure 

conditions and result in damage that is more significant to the deflector. 

Figure 3 shows a view of the flame deflector underneath the SRBs. The image shows the 

structural steel at the bottom of the deflector, which is protected with Fondu Fyre. Figure 4 

shows the SSME flame trench and deflector. 

 

 
 

Figure 2. Openings for Flames From the Main Engine and SRBs 

 

 
 

Figure 3. Magnified View of LC-39A Flame Deflector  
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Figure 4. SSME Flame Trench and Deflector 

 

Safely meeting the flame deflector requirements of diverting the flame, exhaust, and small items 

that are dislodged during launch is dependent on the integrity and performance of the materials 

used to construct the flame deflectors. The use of refractory products that have superior material 

characteristics (under launch conditions) is necessary to protect the flame deflector, Space 

Shuttle, GSE, and launch personnel. 

1.3 Launch Environment 

The launch environment is different in the SRB and SSME flame trenches. The SRB side has 

historically seen more damage than the SSME side because of the harsher conditions found 

there. This section gives a general overview of the launch environment. 

The Space Shuttle has two SRBs, which exhaust in the north flame trench, and three SSMEs, 

which exhaust towards the south. The SRBs have considerably more thrust, 3,300,000 pounds 

each, compared to the thrust of the SSMEs, 375,000 pounds each. The SRBs also burn hotter 

than the SSMEs and produce aluminum oxide particles that can act as abrasives, or, if they are 

near or above melting point, they may react with the refractory material. The SRBs produce 

hydrochloric acid that can attack the refractory concrete. The pH is less than 0.5. Samples 

collected at the pad perimeter measured a pH of 0.5 (STS-2) and 0.36 (STS-4). The pH paper on 

aircraft foil impactor confirmed a pH of approximately 0.5 (STS-3). SRBs impinge in two 

locations on the top of the flame deflector, underneath the MLP exhaust holes as seen in Figure 

5. The areas that receive direct impingement appear lighter, due to the presence of aluminum 

oxide particles in these locations. There are two side flame deflectors above the flame trench, 

shown in Figure 6. The SRBs impinge on the side deflectors before entering the main flame 

deflector. Examination of the impingement area shows that the material experiences very 

different conditions than outside the impingement area. These differing conditions may even 
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cause different failure mechanisms for the refractory material. For example, the bottom lip of the 

deflector appears to undergo more erosion than those areas farther up the deflector towards its 

apex. 

The launch sequence itself affects the environment. Prior to launch, water is continuously flowed 

onto the refractory material. This procedural requirement ensures that the sound suppression 

system is operational and results in the refractory material being thoroughly saturated with water 

during launch. The sound suppression system releases approximately 300,000 gallons of water 

during launch, with a peak flow rate of 900,000 gallons per minute 9 seconds after launch. The 

launch timeline is as follows: 

 The sound suppression water flow starts just before SSME ignition at T – 6.6 s. 

 SSME ignition occurs at T - 6.6 s. 

 SRB ignition occurs at T – 0 s. 

 The Shuttle clears the tower about 6 seconds after launch. 

 

 
 

 

Figure 5. SRB Main Flame Deflector 
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Figure 6. Side Flame Deflectors 

1.4 Sensor Background 

During the launch of STS-124 (Discovery, May 31, 2008) from LC-39A, approximately 3500 

bricks were separated from the SRB flame trench east wall, shown in Figure 7. As a result, it was 

decided to instrument the flame trench to improve the knowledge of the launch environment in 

the flame trench. There had been no previous measurements within the flame trench, although 

there had been pressure measurements under the MLP exhaust holes and side flame deflector. 

The instrumentation effort has been especially important, since the opportunities to get data are 

limited to the remaining four Shuttle flights. The data collected in this effort has two main 

purposes: (1) provide information that can be used for testing of new refractory materials in the 

flame trench and (2) provide real data to validate models that could be used to estimate the 

launch environment for new vehicles. The information will be used to develop new test methods, 

which will be reported in a future deliverable. Currently, there have been minimal efforts to 

improve flame trench environmental prediction models in addition to the modeling done to 

validate the wall repairs performed post STS-124. Instrumentation efforts have been made on 

four Shuttle launches, and it is planned to continue on the remaining Shuttle launches. 
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Figure 7. Brick Damage on the SRB Flame Trench East Wall After  

the Launch of STS-124 

 

2 INSTRUMENTATION 

2.1 Sensor Description and Locations 

The launch environment was measured in the flame trench during the launches of STS-126 

(Endeavour, November 14, 2008), 119 (Discovery, March 15, 2009), 125 (Atlantis, May 11, 

2009), and 127 (Endeavour, July 15, 2009). Temperature, pressure, acoustic pressure, 

acceleration, total heat flux (calorimeter), and radiative heat flux (radiometer) were measured. 

The sensors used for each measurement and locations are given in Table 1. The locations of the 

sensors are shown in Figure 8 thru Figure 11. Sensors were located on both the east and west 

flame trench walls for locations 1 – 7. The specific location will be denoted with an ―E‖ or ―W‖ 

after the number denoting the east or west wall as shown in the figures. Sensors at locations 1 – 4 

were exposed to the exhaust environment.  Locations 4E and 4W were at the bottom of the 

deflector near the walls as shown in Figure 12. Sensors are facing towards the center of the 

trench as shown by the arrow. Locations 2 and 3 were old flushing nozzles. The installed sensors 

are shown in Figure 13. Location 1 was an old junction box, shown in Figure 14. The sensors for 
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accelerometer measurements made at locations 5 – 7 were placed on the cold face of the flame 

trench wall, in the catacombs. These sensors were not directly exposed to the heat of the launch 

environment but used to analyze the acoustical response of the reinforced concrete structure. 

Locations 8W and 9W were located on the west side flame deflector and underneath the MLP as 

shown in Figure 10. These locations did not have equivalent measurements on the east side. 

Accelerometer and strain gauge measurements were made on the SRB and SSME flame 

deflectors, with locations as shown in Figure 11. These locations are the only measurements 

taken on the deflector structure at the time of this writing. Each strain measurement consisted of 

a three-gauge rosette, shown in Figure 15. Product data sheets for the sensors are given in section 

6. 

Currently an effort is under way to install sensors directly on the hot face of the SRB side of the 

main flame deflector. The current plan is to install a combination of similar sensors, witness 

rods, and a specially designed slug-type calorimeter. These sensors will measure the temperature, 

pressure, and heat rate at the locations shown in Figure 16. 

Table 1. Sensors Used During Launch Environment Assessment 

Measurement Sensor Model Name/No. Locations 

Temperature NANMAC 9300 Erodable Thermocouple 1, 2, 3, 4 

Pressure Stellar Technology ST 150 1, 2, 3, 4, 8W, 9W 

Acoustic Pressure Kistler 6013C 4 

Accelerometer Wilcoxon 797L 5, 6, 7, SRB, SSME 

Calorimeter Medtherm 64-2000-600-19-20054AT 1, 2, 3, 4 

Radiometer Medtherm 4TP-2000-600-23-200264AT 1, 4 

Strain CEA-06-125UR-350 SRB, SSME 
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Figure 8. Sensor Locations on the East Wall of the SRB Flame Trench 

 

 

 

 
 

Figure 9. Sensor Locations on the West Wall of the SRB Flame Trench 
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Figure 10. Location of Pressure Sensor 9W Underneath the MLP 
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Figure 11. Sensor Locations on the SRB and SSME Flame Deflectors 
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Figure 12. Location 4E Highlighted in the Circle 
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Figure 13. Typical Sensor Installation at Locations 2 and 3 

 

 
 

Figure 14. Typical Configuration at Location 1E and 1W 
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Figure 15. Details of Strain Gauge Installation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16. Conceptual Design of New Sensors 
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2.2 Sensor Problems 

Not all sensors functioned properly during all launches. The biggest problem was the deposition 

of slag (aluminum oxide from the SRB and/or eroded refractory material) on the sensors. 

Thermocouples at all locations failed during the STS-126, the first launch that was instrumented. 

The acoustic pressure sensor did not work for any of the launches. This sensor failed very shortly 

after launch.  Pressure sensors did not return to ambient pressure after launch because of the 

presence of SRB slag. Figure 17 shows the sensors at location 4E before and after a launch. The 

grey material in the after image is SRB slag. The slag was present at all locations exposed to the 

rocket plume, but it was not as severe at locations 2 and 3. The effects of the slag on the sensor 

data are being documented by the United Space Alliance instrumentation group, which is based 

on post launch inspections of the sensors. A list of these observations was not available at the 

time of this writing. 

 
 

Figure 17. Sensors at Location 4E Before (Left Image) and After (Right Image) Launch 
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2.3 Sensor Results 

2.3.1 Pressure 

Pressure measurements were taken at all locations in the flame trench. Table 2 gives the 

maximum and minimum pressures at each location for each launch. The average over all 

launches for each location is also given. As would be expected, the highest pressures were found 

on the side flame deflector, location 8W. At locations 4 and 8, the pressure initially spikes for 0.2 

to 0.4 second. After this, the reading is elevated and is consistent with the profile from other 

launches. At locations 1, 2, and 3, there is an initial increase in pressure, followed by a period of 

negative pressure, before returning to ambient atmospheric pressure. Figure 18 shows pressure 

data taken during STS-126 for location 8W and 1- 4E. Plots of pressure data for all locations and 

launches are given in section 5.1. 

 

Table 2. Maximum and Minimum Pressures (psig) Measured During Three Launches 

 STS-126 STS-119 STS-125 All Launches 

Sensor location Max Min Max Min Max Min Max Min 

8W 91.5 -2.3 99.4 -2.1 56.4 -2.1 99.4 -2.3 

9W 5.8 -4.6 6.3 -3.1   6.3 -4.6 

1E 8.3 -6.8 7.2 -6.6 9.1 -6.8 9.1 -6.8 

2E 5.6 -4.7 3.7 -4.8   5.6 -4.8 

3E 7.9 -6.5 6.1 -5.4   7.9 -6.5 

4E 45.6 -2.9 36.8 -22.9 61.1 -0.6 61.1 -22.9 

1W 7.4 -5.9 7.1 -6.0 7.2 -4.6 7.4 -6.0 

2W 5.8 -5.2 4.5 -4.8   5.8 -5.2 

3W 6.3 -5.6 7.7 -5.9   7.7 -5.9 

4W 45.1 -2.4 45.6 -3.1 42.1 -0.1 45.6 -3.1 
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Figure 18. Selected Pressure Measurements During STS-126 

 

2.3.2 Calorimeter and Radiometer 

Total heat flux and radiative heat flux were measured with a calorimeter and radiometer during 

two launches. Total heat flux was taken at locations 1 - 4 on both walls, while radiative flux was 

taken only at locations 1 and 4. The convective heat flux can be inferred by taking the difference 

between the two values. 

Table 3 and Table 4 list the maximum total heat flux measurements for each location. The total 

heat flux was highest at location 4W. At this location, the flux has two broad maxima near 2 and 

5 seconds after initial heating begins. This is the only location to exhibit this behavior. At all 

locations, the heat flux spikes to large values for short periods, ranging from 10 to 100 

milliseconds, during the launch. Radiative heat flux is also highest at location 4W, and has the 

double maxima similar to total heat flux. Radiative heat flux does not exhibit the spiking 

behavior that total heat flux does. Figure 19 and Figure 20 show selected calorimeter 

measurements, while section 5.2 has complete data for both calorimeter and radiometer 

measurements. 
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Table 3. Maximum Calorimeter Measurements (btu/ft
2
·sec) Obtained 

During Two Launches 

Sensor location STS-126 STS-119 All Launches Max 

1E 95.0 109.7 109.7 

2E 81.1 66.0 81.1 

3E 111.5 86.4 111.5 

4E 306.8 155.0 306.8 

1W 104.1 107.1 107.1 

2W 53.1 31.6 53.1 

3W 90.3 45.5 90.3 

4W 652.2 2492.5 2492.5 

 

 

Table 4. Maximum Radiometer Measurements (btu/ft
2
·sec) Measured 

During Two Launches 

Sensor location STS-126 STS-119 All Launches Max 

1E 25.8 45.3 45.3 

4E 13.8 24.3 24.3 

1W 10.2 21.5 21.5 

4W 72.1 42.0 72.1 
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Figure 19. Selected Calorimeter Measurements During STS-126 

 

 
 

Figure 20. Selected Radiometer Measurements During STS-126 
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2.3.3 Temperature 

The maximum temperatures measured at locations 1 through 4 are presented in Table 5. The 

measured temperatures are higher on the east wall than on the west wall. Location 4 is the hottest 

measured point on both walls, reaching maximum temperature of 2165 °F and 1422 F on the 

east and west sides, respectively. 

Figure 21 shows the temperatures on the east wall during the launch of STS-119. At location 4E, 

the temperature exhibits a double maximum. The maxima occur about 2 and 5 seconds after 

initial heating. This behavior is consistent with the measurements at 4E and 4W during all 

launches. At the other locations, a single temperature maximum is reached at about the same 

time as the second maximum at location 4. This behavior was consistent during the different 

launches. Complete data from all measurements is given in section 5.3. 

 

Table 5. Maximum Temperatures ( F) Measured During 

Three Launches 

Sensor location STS-119 STS-125 STS-127 All Launches Max 

1E 605 892 741 892 

2E 229 263 260 263 

3E 358 384 386 386 

4E 1936 2165  2165 

1W 492 627  627 

2W 201 237 210 237 

3W 202 300 284 300 

4W 1654 1806 1922 1922 
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Figure 21. Selected Temperature Measurements During the 

Launch of STS-119 

 

2.3.4 Strain 

Maximum and minimum strain values (μm/m) are reported in Table 6. The strain values show 

that the refractory material is put into tension on both main flame deflectors. The strain has a 

broad frequency component from about 0 to 400 hertz (Hz). Graphs of strain during launch are 

given in Section 5.4. Figure 22 shows selected strain measurements taken during STS-119. Strain 

values on the SSME deflector begin to increase at about T – 4 seconds, shortly after the SSMEs 

are started. There is a spike shortly after T – 0. The strain values before and after launch are very 

close to each other on the SSME deflector. Strain on the SRB deflector also begins to increase at 

about T – 4 s, but it is considerably larger after SRB ignition at T – 0 s. The maximum and 

minimum strain values on the SRB deflector are larger than on the SSME deflector, as would be 

expected because of the more powerful SRB thrust. 
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Table 6. Maximum and Minimum Strain (μm/m) at the SRB  

and SSME Locations During the Launches of STS-119 and STS-125 

 STS-119 STS-125 All Launches 

Sensor Location Max Min Max Min Max Min 

SRB 1 45.01 -80.80 44.99 -89.74 45.01 -89.74 

SRB 2 64.70 -75.81 103.59 -75.19 103.59 -75.81 

SRB 3 72.77 -68.56 102.33 -65.86 102.33 -68.56 

SSME 1 44.27 -24.93 40.36 -32.61 44.27 -32.61 

SSME 2 24.81 -44.14 22.38 -50.13 24.81 -50.13 

SSME 3 37.00 -43.90 42.28 -38.90 42.28 -43.90 

 

 

 
 

 
 

Figure 22. Selected Strain Measurements Taken During STS-119 
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2.3.5 Acceleration 

Maximum and minimum acceleration values are given in Table 7. Selected measurements are 

given in Figure 23. Locations 5, 6 and 7 begin to see accelerations shortly after ignition of the 

SRBs at T – 0 s. The acceleration values on the SRB and SSME flame deflectors are 

considerably higher than those at locations 5 -7, with the SRB deflector seeing the highest 

values. The SSME deflector sees significant acceleration starting at about T – 3 s. Like the strain 

values, acceleration spikes shortly after T – 0 s. The SRB acceleration values rapidly increase 

after T – 0 s. Graphical acceleration data for each measurement is given in section 5.5. 

 

Table 7. Maximum and Minimum Acceleration Values (g) Measured 

During Four Launches 

 STS-126 STS-119 STS-125 STS-127 All Launches 

Sensor 

Location 
Max Min Max Min Max Min Max Min Max Min 

SRB   142.9 -169.1 200.1 -179.2   200.1 -179.2 

SSME   120.0 -104.8 96.8 -69.2   120.0 -104.8 

5E 1.2 -3.8 1.5 -1.3 1.3 -2.0 1.5 -1.7 1.5 -3.8 

6E 1.7 -2.0 2.6 -2.4 2.0 -2.5 2.0 -2.1 2.6 -2.5 

7E 3.8 -3.7 3.6 -4.1 4.2 -3.9 3.5 -3.4 4.2 -4.1 

5W 1.5 -1.6 1.3 -1.3 1.6 -1.3 1.3 -1.5 1.6 -1.6 

6W 2.0 -4.4 2.4 -2.5 2.5 -2.6 2.8 -3.3 2.8 -4.4 

7W 3.2 -3.1 3.4 -3.4 3.6 -3.8 3.5 -3.3 3.6 -3.8 
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Figure 23. Selected Acceleration Measurements Taken During STS-125 
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3 CONCLUSIONS 

Measurements of temperature, pressure, heat flux, acceleration, and strain have been made at 

different locations throughout the flame trench. These values can be used to identify appropriate 

test conditions for new refractory materials. Currently, new materials are qualified by placing the 

materials in the flame trench during a Shuttle launch. Since there are limited launches left in the 

program, new test methods must be developed.  In addition, this data can be used to validate 

models of the exhaust plume for Shuttle and new vehicles in the future. 

The conditions experienced in the trench vary with location. As would be expected, the closer to 

the direct impingement zone the harsher the conditions. The refractory material on the flame 

deflector sees different conditions than the material on the wall, not only because it is closer to 

the heat source, but also because the deflectors are a free standing steel structure. The steel 

structure flexes, as shown by the strain measurements, putting the refractory material in tension. 

These measurements were the first to be made in the flame trench during the Shuttle Program.  

Although they have provided considerable information, there is still a desire for more 

measurements. Specifically, measurements are desired at the impingement area of both the SRB 

and SSME flame deflectors. This would be the harshest thermal environment to which the 

refractory material would be exposed. Discussions on the possibility of installing sensors at these 

locations are ongoing. 

4 DISCLAIMER 

The use of the environmental data collected during the Space Shuttle Program for the selection 

of a refractory material is based on NASA engineering methods documented in KSC-DE-512-

SM, Facility, System, and Equipment General Design Requirements, and referencing documents. 

Because the launch environment is a transient event, these methods do not simply compare the 

environmental data to a refractory product technical data sheet. The calculations are summarized 

to outline methodologies that are more appropriate. As an example, one option for calculating the 

thermal loading utilizes the applied heating rates captured by the calorimeters. Another method 

uses the applied convection and radiation thermal load along with other known values. In 

addition, the pressure, acceleration, and strain measurements contain frequency content between 

10 and 400 Hz. This data property demonstrates the importance of including an acoustical 

analysis as well as the standard static analysis to ensure that the proper loading conditions are 

considered for the reliable design of the structure.  
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5 GRAPHICAL RESULTS 

5.1 Charts of Pressure Data 
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5.2 Charts of Calorimeter and Radiometer Data 
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5.3 Charts of Temperature Data 
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5.4 Charts of Strain Data 
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5.5 Charts of Acceleration Data 
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APPENDIX A. SENSOR DATA SHEETS 
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