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ABSTRACT: A Thermal protection system is used to protect 

the rocket from the heat generated by the hot gases. A thermal 

boot is used as the thermal protection system at the outside of the 

nozzle to protect the flex seal. The objective of the present work is 

to design the thermal protection system for flex seal using 

different composite materials for single time of flight and to study 

the ablation of the materials. The problem is modelled using 

commercial ANSYS software. 3-D Axi-symmetric transient 

thermal analysis is performed for the flex seal along with thermal 

protection system made of composite materials. The initial and 

boundary conditions are applied to meet the industrial 

requirement. From this analysis, thermal protection system made 

of different composite materials is studied and one is suggested 

based on ablation and weight reduction. 

Index Terms: FEM, Flex Seal, Thermal protection system, 

Axi-Symmetry 

I. INTRODUCTION 

Major of the inventions use seals. Seal is the 

mechanical component which is used where ever there is a 

transfer of liquid and gases. Thermal protection system for 

flex seal is of two types. 1) Classical protection, where 

special type of rubber is used to protect the flex seal. 2) Self 

protected system, where the extended shims are used. The 

present analysis studies the self protected system which is 

used in rocket to maintain the flexibility, connection and 

controlling the thrust vector of the rocket. 

II. LITERATURE SURVEY 

 Borie V.[1]  An aero thermal chemical analysis on 

ablation of the carbon-carbon materials in the throat of the 

nozzle of a rocket motor is conducted. Clark [2] an analysis 

for predicting the time varying study of a one dimensional 

ablative thermal protection system for a high energy air 

environment is performed. Naveen.j [3] performed a thermal 

analysis of rocket nozzle to find the total ablation of nozzle. 

The effect of thermal conductivity, density, specific heat and 

layer orthotropic is studied. Ajay Babu [4] has done various 

parametric studies by varying number of shims, thickness of 

the elastomeric and materials. He suggested the thickness of 

rubber pad and count of shims with preferable materials. 

Eswar Kumar [5] presented the shim to rubber percentage to 

be within the volume, by varying percentage and number of 

shims when same shim to rubber percentage was taken and 

inter laminar effect between shims and elastomeric pads are 

also studied. Prakash.D [6] has done various parametric 
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studies by varying shim thickness in a flex seal, mismatch in 

materials of shim and elastomeric pad, application of 

composite materials for all components except rubber pads. 

D. Madhav [7] studied about the self protection of the flex 

seal using Finite Element Analysis. The study is conducted to 

evaluate the thickness of the extended shims and thermal boot 

for the duration of 51 sec. Dr. V. Bala Krishna Murthy and 

Dr. G. Sambasiva rao [8] studied micromechanics of 

unidirectional continuous fiber reinforced composite for the 

prediction of the mechanical and thermal properties of the 

lamina with perfect bonding and the partial circumferential 

de bonding at the fiber matrix interface.  Panithapu Charitha 

krishna [9] performed a transient thermal analysis on self 

protecting flex seal system  as well as classical protection 

system for 65 sec time of flight and compared the both 

systems for optimum weight and suggested the material. 

III. CONCLUSION FROM LITERATURE 

SURVEY 

 Many authors did experiments as well as analysis for 

thermal erosion of the liners inside the nozzles. Some of the 

literature is available on the erosion of thermal boot made of 

rubber and for self -protected seal made of carbon phenolic 

and silica phenolic. No literature is available where thermal 

analysis is done for epoxy composite material for self 

-protected seal and boot made of composite material.  

  So, the scope of the present work is to predict the 

analysis of thermal protection system of flex nozzle of rocket 

motor using Finite Element Method using different materials. 

IV. PROBLEM MODELING 

A thermal protection system of flex seal of a rocket 

nozzle is analysed with composite material using Finite 

Element Analysis. One end of the flex seal is called fore end 

ring. It is a movable ring. The other is called aft end ring 

which is fixed. When actuator forces the nozzle to turn at a 

particular angle, the layers of the seal shears and finally total 

vector angle is achieved. It allows the deflection of greater 

than ±5
0
. In this model aft end and fore end rings are made of 

steel, shims and thermal boot are made of composite material 

and elastomeric pads are made of rubber. The properties of 

the materials are shown in Tables 1-5 [7,8] 

This flex seal is of two types, Cylindrical and conical. 

In cylindrical the flex seal will not make any angle with 

vertical axis from the pivot point. Where as in conical it 

makes an angle with the vertical axis. The angle depends on 

the significance of use. A conical flex system is shown in the 

Figure 1. The combustion 

gases with high temp and 

pressure forces into the 
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cavity stagnate their and act as thermal load. 

 

               Figure 1:  Conical flex seal [9] 

The material of the shims i.e. composite material 

should have both thermal and structural properties for safe 

functioning of the rocket. Therefore, composite materials 

namely carbon phenolic, silica phenolic and carbon epoxy 

behaviour is studied for the selected design. The dimensions 

of the cavity are as shown in the Figure 2 

 

Figure 2:  Dimensions of the flex seal 

In the cavity the hot gases will stagnate and act as a 

thermal load. The thermal protection system should safe 

guard the flex seal not to be get damaged because of the heat 

flux generated in the cavity.  

Therefore, the heat value is calculated from the 

equation Q=mcpΔt. The mass is calculated by m=ρv. The 

effective volume is calculated by subtracting the volume of 

protection system from the volume of the cavity. Specific 

heat of the gases is taken as 3026J/Kg K. The temperature of 

the gases will be in the range of 2400K-3000K. So final 

temperature is taken as 3000K and the initial temperature is 

300K. Δt=2700K.[7] After calculating the Q, it is divided by 

the surface area to get q (heat flux). 

The Thermal load which acts on the thermal protection 

system is a time changing value i.e transient. Therefore, a 

percentage of heat deration is assumed and a transient 

thermal analysis is done. 

 A thermal protection system is designed as shown in 

the Figure 3 and all the shims expect bottom two are extended 

for 15mm. The bottom one is extended 10mm only because 

for 15 mm extension, there may be a chance of hitting during 

vectoring positions. An extended portion of 5mm thickness is 

also added along with the shims extension to decrease the 

heat flux value. 

 

 

 

 

 

 
Figure 3:  Design of thermal protection system 

 

Table 1 Material Properties of Carbon phenolic [7] 

 
 

Table 2. Material Properties of Silica phenolic [7] 

 
 

Table 3 Material Properties of Carbon Epoxy [8] 

 
 

Table 4 Material Properties of Steel   [7] 

 

Table 5 Material Properties of Elastomeric rubber [7] 

Elastomeric rubber 

conductivity, W/mm K 0.00014 

Specific heat  , J/kg K 1880 

density, kg/mm^3 9.20E-07 

 

Five series of deration series are assumed, and the ablation is 

studied in all the cases. The graphs and equations showing the 

series are shown in figure 4 and Table 6. 

 

Figure 4:  5-Series of Heat Deration of heat flux 
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Table 6 Equations of all series of heat flux 

Exponential Series y = 0.16e-0.025x 

Average of Exp and Log Series 
y=((-0.033ln(x)+0.16)+ (0.16e^-0.025x 

))/2 

Logarithmic Series y = -0.033ln(x) + 0.16 

Average of Log and Power 
Series 

y=((-0.033ln(x)+0.16)+ (0.16x^-0.95))/2 

Power Series y = 0.16x-0.95 

 

Transient thermal analysis is performed up to 65 sec and the 

ablation is studied. It is observed that in all cases the max 

temperature is below the melting point of composite material. 

So, ablation happens only in rubber. Therefore ablated, char 

and virgin thickness of rubber for all cases are shown in the 

Table 7 

V. RESULTS 

Transient analysis  is done for silica phenolic shims 

using five different series. Among all the series exponential 

series gives the highest heat flux and power series gives the 

lowest flux. In all the cases the maximum temperature is 

below the melting point of silica phenolic. The melting point 

of silica phenolic is 1800K therefore ablation is studied in 

rubber and results are given in the Table 7. The temperature 

distribution of the flex seal system is shown in the Figure. 5 

 

Figure 5: Temperature distribution of Flex Seal with 

silica phenolic shims 

 

Table 7 Results for the design in all series in-case of Silica 

Phenolic shims 

Name 

virgin 

thickness 
(mm) 

char 

thickness 
(mm) 

ablated 

thickness 
(mm) 

exponential series 77.7975 2.14279 6.52664 

Average of exponential and 

logarithmic series 
78.41842 2.1422439 5.71259 

logarithmic series 78.7975 2.14279 5.52664 

Average of power and logarithmic 

series 
82.2549 2.8526 1.564 

power series 85.5264 0.7149 _ 

 

Maximum ablated thickness is observed in 

exponential series and in remaining series the ablated 

thickness is below 7mm which is safe as per industrial norms. 

As the load value in power series is very less when compared 

to other series no ablation is seen in power series. 

 

Similar analysis is done by changing the material of 

shims to carbon phenolic using five different series. Among 

all the series exponential series gives the highest heat flux 

and power series gives the lowest flux. In all the cases the 

maximum temperature is below the melting point of carbon 

phenolic. The melting point of carbon phenolic is 2300K 

therefore ablation is studied in rubber and results are given in 

the Table 8. 

Table 8 Results for the design in all series in-case 

ofcarbonphenolicshims

 
The conductivity of carbon phenolic is slightly higher 

than the silica  phenolic material and the density is less there 

by the heat penetration will be more and the ablated 

thicknesses are slightly more than the silica phenolic 

material. For carbon phenolic material also in all cases the 

ablation is less than 7 mm up to 65 sec time of flight.  

Similar analysis is done by changing the material of 

shims to carbon epoxy using five different series. In all the 

cases the maximum temperature is below the ablating 

temperature of carbon epoxy. The ablating temperature of 

carbon epoxy is 2300K. Therefore ablation is studied in 

rubber and results are given in the Table 9. 

Table 9 Results for the design in all series in-case of 

Carbon Epoxy shims 

 
The conductivity of carbon epoxy is higher than the 

previous studied materials and the density is higher than the 

carbon phenolic and lesser than the silica phenolic material. 

There by the heat penetration will be more and the ablated 

thicknesses are higher than the carbon phenolic and silica 

phenolic material. For carbon epoxy material in all cases the 

ablation is more than 7 mm up to 65 sec time of flight. 

Therefore for this type of thermal protection carbon epoxy is 

not an apt material for shims 

VI. WEIGHT REDUCTION 

The weight of new thermal protection system is 

compared to the weight of classical thermal boot [9] to 

suggest the best material between carbon phenolic and silica 

phenolic. As the ablation is exceeded the safe margin in case 

of carbon epoxy weight comparison is not studied for carbon 

epoxy material. The results are shown in Table 10.  

Table 10 weight comparison 

Parameter 
classical thermal boot of 

14mm thick 

Material of Thermal protection 

system   

Carbon phenolic silica phenolic 

density 

Kg/mm^3 
1.20E-06 1.44E-06 1.65E-06 

Weight, Kg 3.9287 3.721 4.263 

 

The density of silica phenolic is more than the 

carbon phenolic material, therefore the weight of silica 

phenolic system is more than the carbon phenolic system. As 

the functioning is safe for 

two materials and carbon 

phenolic has an added 

advantage of low weight, 
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Carbon phenolic is suggested as the best material for this type 

of protection system. 

VII. OPTIMIZATION OF THE THICKNESS FOR 

EXTENDED PART 

The thickness of the extended part is 5mm. This 

thickness can be made optimum for more weight reduction. 

From the above results carbon phenolic material is suggested. 

Therefore the optimization of the thickness of the extended 

part is done for carbon phenolic material only. The heat flux 

values and the weight saving results are given in the Table 11. 

Table 11 Thickness Optimization 
Thickness 4mm 3mm 

Material Carbon phenolic Carbon phenolic 

Heat flux, W/mm^2 0.161145 0.16604 

weight, Kg 3.4033 3.0911 

% reduction 13.373 21.320 

 

The thickness of the extended portion is suggested to a value 

of 3 mm for more weight reduction. The ablated thickness is 

also within the safe range.  

VIII. CONCLUSIONS 

1. In case of material among carbon phenolic, silica 

phenolic and carbon epoxy. Carbon phenolic is found to 

be best in ablation and weight reduction point of view. 

21.3 % of weight is reduced when compared to classical 

protection system (Thermal boot). 

2. Carbon epoxy is preferred to withstand the structural 

loads but found ablating more amount of rubber. So, to 

minimize the ablation redesigning the thermal 

protection system is required in this case. 
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