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Heating of the SSTS NC in lower altitudes — partial
study.
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The purpose of this study is to illustrate heating of the SSTS nosecone during atmospheric
flight. Because of limitation of the CFD computation software, I am unable to determine
temperature profile in altitudes at lower pressure than 10hPa; this limit occurs in altitude over
30 km per Standard Atmospheric Model. I am also unable to determine exact surface
temperature profile based on thermal decomposition properties of the surface layer of the NC
outer skin. All surface temperatures are based on Micro-tunnel CFD; output data was not
changed in any way. The NC shape has been simulated as true cone including round tip. Rear
section of the NC has been extended by a part of the airframe to simulate shockwaves in
transition area. All input data are based on SOAR047 RN file created 24" September 2005
and Hans Olaf Thoft Flight Prediction Data. The barometric pressure values and Mach No.
are based on Standard Earth Atmosphere file. The launch point for purpose of this
approximate study is expected to be at sea level. All temperature profiles are in steady state
condition. All shapes are considered to be bodies of revolution.

1. Ascending Vehicle
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TestID: M1 up.tat

Tunnel Length (m]: L =400

Tunnel Resolution: 800 = 600
1,272

1232

1,193

1,153
1113
1.074
1.034
0995
0955
0316
0,876

TiTs

Flaw Mach Humber: M =100
Static Pressure [hPa):

Static Temperature [K):

P =833
T=275

M1, altitude about 1 km, attack angle O deg.

Test[D: M1 -5 degup.tst

Tunnel Length [m]: L =4.00

Tunnel Resolution: 800 » 600
1.271

123

1130

1150

1.109

1.068

1023

049a7

0347

0,906

0,865
T/Ts

Flow Mach Mumber: b =1,00

Static Pressure [hPa):

Static Temperature [K]:

P =833
T=275

Angle of Attack [deql a=10 Fiun Tirme [2): t=0,003
Gas Constant [J/kg-K): R =287 Time Step [ms): dt=1,00
Specific Heats Ratio:  k =1,400 Stop Time [z T =0,025

Temperature
Angle of Attack [deg): a=5 Run Time (g t=0.003
Gas Constant [1kgK): R =287 Time Step [ms]: dt=1,00
Specific Heats Ratio:  k =1.400 Stop Time [5] T =0,025

Temperature

M1 at -5 deg. During possible wobbling, the temperature profile is changing. I am not
expecting any wobbling at supersonic velocities; if there would be any, the aerodynamic loads
would destroy the vehicle immediately.
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TestID: M1.65 at 2 kmup.tst

Turnel Length (m): L =400

Tunmel Resolution: 800« 600
1.641

Flow Mach Number: M =185
Static Pressure [(WPa) P =735
T=23

Static Temperature [K):

1564

1.442

1.343

1.244

1144

1.045

0,945

0,845

0,747

0,648
T/Ts

Angle of Attack [degl a=0
Gaz Constant [JAkgK): R =287
k =1.400

Run Time [} t=0003
dt=1.00
T =0.025

Time Step [me]:

Specific Heats Ratio: Stop Time [z]:

Temperature

The M 1.65 maximum velocity is expected after burnout of the 1. stage; approximately 2 km

above the launch site.

Test[D: MCtip+t1.64 bzt

Turrel Length [m): L =4.00

Tunmel Resolution: 800 % 600
1.620

Flow Mach Number: M =164
Static Prezsure [WPa) P =735

Static Temperature [K]: T =275

1522
1424
1.326
1.227
1129
1.03
0933
0834
0.736

0633
T/Ts

The NC tip at M1.64, attack angle 0 deg, detail.

Rev: November 23 2005

Angle of Attack [degl a=0
Gaz Constant [J/kg-K): A =287
k=1.400

Run Time [} t=0003
dt=1.00
T =0025

Time Step [mz]:

Specific Heats Ratio: Stop Time [s):

Temperature
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Test D MCtip+rd1.64 at Flows Mach Mumber: M =164 Angle of Attack [deg): a=-5 Run Time (5] t=0002

Tunnel Length [m]; L=4.00 Static: Pressure (hPa): P =735 Gas Constant [JAkgK): R =287 Time Step [ms):  dt=1.00
Tunnel Resolution: 800 x BO0 Static Temperature [E)]. T =275 Specific Heats Ratio: |k =1.400 Stop Time [s]: T =0025
1.634

1,530

1427

1,323

1.213

1115

1.012

0,908

0,804

0700

0,597
TiTs Temperature

The NC tip at M1.64, attack angle —5deg. Temperature displacement in case of wobbling
about 10deg of total amplitude.

TestID: MCtip+rd1.64 at Flow t ach Mumber: b =164 Angle of Attack [deg): a=-10 Run Time (g} t=0.003

Tunrel Length [m): L =400 Static Pressure [hPa): P =795 Gaz Congtant [Jkg-K): R =287 Time Step [ms]  dt=1.00

Turirel Rezalution: 800 » £00 Static Temperaturz (K] T =275 Specific Heats Ratior |k =1.,400 Stop Time [z T =0028
1.634

1534

1,434

133

1.234

1134

1.034

0934

0834

0.734

0,634
T/Ts Temperature

The NC tip at M1.64, attack angle —10deg. Temperature displacement in case of wobbling of
20deg total amplitude.
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Test D k1.34 at 5 km up.kst Flow b ach Mumber: M =134 Angle of Attack [deq) a=0 Fun Time [g): t=0,003
Tunnel Length [m]: L =400 Static Pressure (WPa): P =540 Gas Constant [J/kgK]: R =287 Time Step [ms): dt=1,00
Turinel Resolution: 200 % 600 Static Temperature (K] T =285 Specific Heats Ratio:  k =1.400 Stop Time (5] T =0.025

r 1433

1,356

1273
1.202
1126 /
1.043
0472
0335
na18

0742

0.EES
TiTs Temperature

M1.34 at Skm, attack angle is Odeg. The velocity above the 2 km altitude is going to fall
down; the first stage is expected to be completely burned out.

Test [D: NCtip+bd 522 tst Flows bMach Mumber: M =522 Angle of Attack [deg): a=0 Fun Time [z} t=0002
Tunnel Length [m]: L =400 Static Pressure (hPa) P =121 Gas Constant [J/kg-K): R =287 Time Step [ms): dt=1,00
Turrel Resolution: 800 » BO0 Static Temperature (K] T = 218 Specific Heats Ratio: k =1.400 Stop Time (g T =0.025

8,893
r 8103
34
£.525
5736
4945
4157
3368
2579

1783

1.000
TiTs Temperature

The next important point is reached at M5.22 when the velocity is at maximum; this occurs
about 15 km above the launch site. Temperature of the NC tip reaches 1200 K. Cone
temperature reaches approximately 800 K.
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Test[D: ME22 at 15km Flovs Mach Mumber: M =522 Angle of Attack [degl a=0 Run Time [z t=0.002

Tunnel Length -[m]: L=4.00 Static Pressure (hPa) P =121 Gag Constant [J/kgK) R =287 Time Step [ms): dt=1.00
Tunnel Rezolution: 800 » BOO Static Temperature (K] T =216 Specific Heats Ratio:  k =1.400 Stop Time (2] T =0.025
776

£.453
5842
5225
4,609
r 34932
3375
2,758

214

1524

0,908
TiTs Temperature

The surface temperature at M5.22 in 15km. Surface cone temperature is about 650 K.

Test D M4.22 at 30km Flow Mach Mumber: b = 4,20 Angle of Attack [deg) a=0 Fun Time [g]: t=0,002

Tunnel Length [m): L =4.00 Static Pressure (hPa) P =12 Gas Constant [J/kg-K): R =287 Time Step [ms): dt=1,00

Tunnel Rezolution: 800 »x E00 Static Temperatwre (K] T = 227 Specific Heats Ratio:  k=1.400 Stop Time (). T =0.025
41895

4432
4083
3685
3282
r 2873
2475
2072

1668

1,265

0862
TiTs Temperature

Altitude 30 km, velocity is approx M4.2. At this time, the temperature of the front section
exceeds 600K; rear section approximately SO0K.
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2. Descending vehicle.
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TestID:  prelMC down 30km Flow Mach Number:  + = 4,40 Angle of Attack [deg): a=0 Run Time (g} t=0,002

Tunnel Length [iﬂj: L=400 Static: Prezsure (hPal P =12 Gas Constant [JAkgK]: R =287 Time Step [me):  dt=1,00
Tunnel Resolution; 800 » 600 Static Temperature (K] T = 227 Specific Heats Ratio;  k =1,400 Stop Time [z, T =0,025
5,302

4,860
4417
3575
3533
r 3090
2,648
2,206

1.764

1.3

0.8v3
TiTs Temperature

Because of limitations stated before all the next computations are performed for descending
vehicle. As per Hans & Richard's data files the descending velocity at 30km above the sea level is
about M4.4. The results are similar to ascending vehicle at the same altitude.

Test D prelMC dowrn 20km Flows Mach Mumber; b =460 Angle of Attack [deg), a=0 Fun Time [g): t=0,002

Tunnel Length [m): L =400 Static Pressure (hPa) P =54 Gas Constant [J/Akg K] R =287 Tire Step [ms):  dt=1.00

Tunnel Resolution; 800 » 600 Static Temperature (K. T =217 Specific Heats Ratio;  k =1,400 Stop Time [z, T =0,025
5,696

5.214
4732
4,251
3,763
r 3287
2,805
2323

184

1.353

0,877
TiTs Temperature

Temperature profile at 20 km & M4.6.
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TestID:  prelMC davin 15km Flaw Mach Mumber: M =458 Angle of Attack [degl a=0 Fiun Tirme [g] t=0,003

Turnnel Length [m): L =400 Static Preszure (hPa), P =120 Gaz Constant [JAkgK) R =287 Time Step (ms):  dv=1,00
Tunmel Besolution: 800 x E00 Static Temperature (k) T =217 Specific Heats Ratio:  k =1.400 Stop Time (). T =0025
5,656

5184
4712
4,240
3.768
r 3.296
2,824
2,352

1,880

1.408

0937
T/Ts Temperature

Altitude 15 km, M4.58, surface temperature is about 550 deg on the cone.

Test D prelMC down 10km Flow Mach Mumber. # =410 Angle of Attack [deg): a=0 Run Time (g} t=0002

Tunnel Length [m): L=4,00 Static Pressure (hPa) P =264 Gaz Constant [J/kg-K) A =287 Time Step [ms):  dv=1,00

Tunnel Besolution: 800 = 00 Static Temperature K] T =223 Specific Heats Ratio:  k =1.400 Stop Time [ T =0025
4,746

4,357
3.967
3578
3183
r 2,800
241
2,022

1633

1.244

0,855
TiTs Temperature

At 10 km altitude the primary chute is expected to be ejected; at this point the NC is surrounded
by air heated up on temperatures between 512K and 900K; at time of chute ejecting might be
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expected lose of stability, tumbling of the NC. For this reason on some points, very high
temperatures might be expected. Design of the primary chute should be able to sustain these
conditions. The thermal expansibility of the NC/airframe joint should be considered; the standard
design might stick together.

TestID:  prelC down 7 Bkm Flowa Mach Mumber: M = 3,80 Angle of Attack (deg): a=0 Run Time (5] t=0002
Tunrnel Length [m): L =400 Static Pressure [hPa) P =340 Gaz Constant [J/kg-K). R =287 Time Step [ms):  dv=1,00
Tunnel Resolution: 800 x E00 Static Temperature (K T =223 Speciiic Heats Ratio: k. =1.400 Stop Time (5] T =0.025

4,226
2890
3553
2217
2,881
r 2544
2,208
1,872

1535

1133

0.863
T/Ts Temperature

In case of chute ejection delay for 2 sec - the surface temperature slowly decreases. However, the
atmospheric press increases rapidly and dynamic load during opening of the chute as well.

Note: All color pictures might be magnified for better clarity. Original profiles of the streamlines,
pressure & density are accessible if requested.

Discussion: The temperature of surface layer during the flight reaches values between 500-800
degC, the thin composite skin without ablator or another thermal insulation is unable to survive
these conditions. Design of the NC must consider the thermal wave and related problems as well,
such as coefficients of thermal expansion of different materials. The NC round tip made from
graphite should not caused any problem. In addition, evaporative cooling of the tip might be used
to slowing down the thermal wave diffusing into the NC structure. Releasing of the NC joint
followed by ejecting of the chute requires smooth movements of all thermally loaded parts;
classic design such as concentric tubes might cause chute failure because of "sticking" moving
parts together.

Another critical point is traveling in transonic velocities between 13-16 sec of the flight. Any
wobbling caused by lower margin of vehicle stability might cause failure of the mission. For this
reason, the vehicle stability should be considered very carefully.

Another point of consideration is aerodynamic drag caused by absence of the "tail boom" section.
Elimination of this drag would lead to the better performance of the SSTS vehicle.
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Notes:
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