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Heat and Material Transport Analysis on the Head of

Vehicle along the Flight Trajectory
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ABSTRACT
The CSCM Upwind method and Material Transport Analysis(MTA) have been used to predict the
therma! response and shape changes for charring/non—charring material which can be used as thermal

protection material(TPM) on blunt—body nose tip. We performed intensive flight trajectory simulations to
compare 1-D MTA results with those of 2—D/Axisymmetric MTA by using MTAs and Navier—Stokes
code. Theheat—transfer rate and pressure distribution were predicted at selected altitudes and wall

temperature along the flight trajectory and the shape changes of blunt—body nose tip were predicted

subsequently by using current procedure.

F97]&80] © Material Transport Analysis(224% &4), CSCM Upwind Method(CSCM AF H£%),
Thermal Protection Material (8823 4)), Shape Change(ZAH#3}H)
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2. Numerical Method

2.1 CSCM Upwind Method
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2.1.1 CSCM formulation
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2.1.2 Numerical algorithm and Boundary
Conditions
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2.2 Material Transport Analysis
2.2.1 Governing equation
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2.2.2 Ablation Modeling
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2.2.3 Numerical Analysis
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2.3 Coupling Procedure
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[Z 1] Flight conditions at each computing points
N Pt Shape ) _ )
Ablated Geometry + Wall emperature | N+1 Pt. Twall B.C. H L | Altitude | Velocity | Mach | Time
distributions (Pt (km) (km/s) No. (sec)
N+1PtBC.| | NPLBC. M 1 4 71| 21926 0
LA . 2 35 7 | 2518 | 283
Flow-fieids solver
CSCM Upwind ¢ 3 29 6.9 22915 571
Navier-Stokes code 0
b 4 26 6.827 22.920 7.2
v E 5 22 67 | 22672 | 867
Heat transfer rate A
Boundary edge properties : 6 15 6.1 20.691 11.75
- Edge pressure
Heat transfer coeficiets Input Data 8 81 47 | 15330 | 1536
9 0.029 1.8 5.3044 22.72

[3% 1] Schematic of solution procedure of flow-
field solver/Navier-Stokes and MTA code
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¢ Inflow : fix to flight conditions

QMWIM?}

¢ Quflow : Oth Order extrapolation
[Z28 2] Wall heat transfer rates distribution

o comparison along the trajectory(1-D
* Wall : no—slip, temperature fixing MTA code results)

¢ Symmetric boundary condition

boundary conditions
¢ Nose Radius(Rn) = 0.03556m(1.4inch)

* Cone half—angle = §.2 3. Results and Discussion

¢ Overall length : 4Rn

e Overall TPM : Nose—cap(Graphite, C—P), a8 2= Zhud 24 2 ¥y gA9ES 14
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[ 3] Wall pressure distribution comparison along
the trajectory(1-D MTA results)
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[O3 4] Pressure contour plot over blunt body at
9Pt.(1-D MTA results)
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[33 5] Wall temperature profile comparison
between 1-D and axisymmetric MTA
code results
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[E 2] Stagnation pressure, heat transfer rates and
temperature  comparison between 1-D MTA
code and Axisymmetric MTA code
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PV} 1-D | Ax. [ 1-D| Axi. | 1-D | Axi.
1 {1038 | 1038 | 1634|1634 {1100.8|1100.2
2 | 3216 | 3216 {2664 2664 {38205|37584
3 | 9280 | 9282 |3765(379214180.2{41829
4 1164871 15612 14546 4659 1430461 43114
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7 1909731 91570 | 54.69157.94 | 45837146075
8 110327.0{ 103287 { 33.36 | 34.00 | 4466.0 | 44874
9 | 36189 | 36150 | 699 -7.21 | 3266.81 32005
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[2% 6] Shape changes comparison among various

results (@) Conti et al's results(t], ()

current result with graphite nose cap and

{c) with C-P nose cap along the trajectory
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