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Figure 1: High temperature non-equilibrium flow phenomena around a capsule

7000 q

6000

5000 4

speed [m/s]
=]
E

w
=1
=1
S

2000 4

1000

trajectory entry time velocity enthalpy Pitot pressure
point [s] [mis] [MJikg] [hPa]
1 81 5228 13.8 55
2 104 4072 85 82
3 113 3581 6.6 82
4 120 3266 55 79
5 131 2691 38 70
[} 140 2317 29 52
1
Whiic =
S N

0 50 100 150 200 250
time [s]

300

400

Elrusn 4 4 A+ ERLE avbarnal el dimancinne

Fig. 2: Selected SACOMAR trajectory points [2].
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Fig. 3: Computed stagnation line temperature for TP1 (left) and TP2 (right) [3].

Table 1. Temperature model of different codes [3]

code Temperature set
CIRA T, Tv
DLR T
TsNllmash T, Tv
I TAM Tiragl, T, Tv
TAS- T, Tw(COz), Tv(N2), Tw(O2), Tv(NC)}, Tv(CO)
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Fig. 4: Heat flux rates to the same model computed with different codes
for TP 1 (left) and TP 2 (right) [3].
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Table 2: Computed heat fluxes with different codes [3]

Case CIRA (Fluent) | DLR (TAU) TsNlimash | ITAM (SMILE) TAS-
std_tp1 fc 1100 1175 974 1096
std_tp2_fc 980 1185 924 1039
std_tp1_nc 700 688 515 802 709
std tp2 nc 610 723 508 1101 710
Irg_tp1_fc 650 651 677 709
Irg_tp2_fc 590 715 614 602
Irg_tp1_nc 350 415 332 349
Irg_tp2_nc 260 307 262 482 275
Table 3: EXOMARS test matrix [4]
Test facility Test condition enthalpy Pitot pressure | model diameter
[MJ/kg] [hPa] [mm]
U-13 FC-1 13.8 80,40,20,10 50
FC-2 9.0 80,40,20,10 50
IPG-4 FC-1 13.8 80,40 50
FC-2 9.0 80,40 50
L2K FC-1 13.8 80,20,10 50,100
FC-2 9.0 80,20 50,100
HEG FC-1 13.8 700 100
FC-2 9.0 80 100
IT-2 FC-4 2.0 thc 100
FC-3 5.0 thc 100
0.06 -
0.05F
. f_ /Y!F—H.ﬁ mm
> Large
0.03
0.02 - / \\§_=11.5mm
001 Standard
Yoz 0 '0.52'

X

Fig. 5: Test model geometries [24]
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Fig. 6: Hybrid CFD Mesh around SACOMAR wind tunnel test probe (and
MatchingTAU-Code Result Compared to Experimental Schlieren Image,
Solution for HEG Test Condition Mach 6.86, after One Adaptation Cycle)
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Fig. 8: Measured and computed heat flux rates for different surfaces
in the Martian high enthalpy flow of the IPG-4 facility [10][22].

Qo KW/ &P, Pa
1000 L3 T

4 r ’_L oD /‘%
” IR e | o ®carc I

T -—

J P
I el >
600 10
: 1/% 1 e

] * '$ T t Bas _%:L,é T [}

400 Foy P ®Quartz 1 20 .= :
'ﬁg___ i.i ¥ OCu g-"é' o

200 9% ACALC (r=0.0) ] " .

] ACALC (+(0)=/(CO)=0.01)

! ACALC (OX0.01)

0 ] 0 .
8 100 120 140 160 180 200 220 240  MN,KW 0 10 120 w0 160 180 200 220 240 N kW

Fig. 9: Experimental and numerical heat fluxes (left) and Pitot pressures (right) at 80
mbar condition in the U-13 facility of TsNIlimash [11][23].
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Table 4. Comparison of heat flux measurements [12].

Test condition Model diameter Pitot pressure Heat flux rate [kW/m?]
[mm] [hPa] HFM Calorimeter
Slug Water-cooled

FC-1 100 20 891 640

50 20 1091 740 830

50 80 - 1380 1680
FC-2 100 20 518 355

50 20 694 440 570

50 80 - 630 1000
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Fig. 10: Temperature profile 3 mm in front of the 100 mm model at test condition
FC-1[12].
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Fig. 11: Results from DLAS measurement at flow condition FC-1 [12].

Table 5: Test matrix for code-to-code validation [3]

Model
Case diameter Mach P= [Pa] T= [K] Wall
[mm]
std tp1_fc 17.32 22.46 22292 )
fully catalytic
std _tp2 fc 50 30.17 0.95 155.20
std_tp1_nc 17.32 22.46 22292 .
non catalytic
std_tp2 nc 30.17 0.95 155.20
Irg tp1 fc 17.32 22.46 22292 )
fully catalytic
Irg_tp2 fc 100 30.17 0.95 155.20
Irg_tp1_nc 17.32 22.46 22292 )
non catalytic
Irg_tp2_nc 30.17 0.95 155.20

Table 11 - test matrix for code to code validation
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Fig. 12: Pressure and temperature contours around the larger probe at TP 1 [17].
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Fig. 13: Species concentrations in the shock layer of the larger probe at TP 1,
non-catalytic (left) and equilibrium (right)[17].
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Fig. 14: Density (left) and temperature (right) profiles along the stagnation line of the
larger probe at TP 1 [17].
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Fig. 15: Pressure contours and streamlines (left) and mass concentration (right) for
the larger probe at TP 1 [18].
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Fig. 16: Computed heat flux distribution over the surface of the larger probe at TP 2
[18].
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Fig. 17: Temperature evolution along the stagnation line of a non-catalytic surface,
larger model at TP 2 [19].
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Fig. 18: Heat flux distribution over the non-catalytic surface,
larger model at TP 2 [19].
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Fig. 19: Translational temperature distribution (DSMC computation by the SMILE
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Fig. 20: Evolution of translational, rotational and vibrational temperatures along the
stagnation line of a non-catalytic surface, larger model at TP 2 [20].
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Fig. 21: Comparison HEG Condition Ip , Non Catalytic and Fully Catalytic
Calculation vs. Test Results [8][21].
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Fig. 22: Comparison HEG Condition hp, Non Catalytic and Fully Catalytic
Calculation vs. Test Results [8][21].
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Table 6: CO surface recombination coefficients determined using novel catalysis

model [22]
P Naul:l Zm tESting Tw Quw , Ywi YwiCo Yw = YwD = YwCo
hPa | KW | mm | material | K | W/iem® | specified by | determined determined
literature by novel previously by
data model standard model
uartz | 755 70 — 6.0e-3 7.84e-3
80 |404/| 403 2e-3
steel 300 93 2 Be—3 6.1e-3 8.48e-3
uartz | 600 45 _ 3e-3 4.97e-3
80 |340/| 40— 26-3
steel 300 66 2.6e-3 n/a 1.07e-2
40 |35.0]| 72| Quartz | 606 | 46 2e-3 5e-3 5.71e-3
steel 300 72 2.6e-3 9e-3 1.13e-2
40 | 350/ 122 | quartz | 500 | 30 2e-3 2e-3 3.42e-3
steel 300 45 2.6e-3 Te-3 8.77e-3
q/q et v
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Fig. 23: Relative stagnation point heat flux rate for different recombination
probabilities [23].
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Fig. 24: Measured and computed Pitot pressures for FC-I conditions in L2K [21] [24].
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Fig. 25: Measured and computed free stream temperature profiles for both FC-I and
FC-Il flow conditions in L2K [12][24].
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Fig. 26: Measured and computed temperature profiles in the shock layer 6 mm from
the surface of the model with 100 mm diameter at 380 mm from the nozzle exit and
FC-1 [12][24].

Table 7. Measured and computed heat fluxes in L2K [12][24]

Model
Test diameter
condition Pitot
[mm]
pressure
100 21.6
FC-1 50 21.6
50 T7.5
100 18.5
FC-2 50 18.5
50 B7.6

Pressure [Pa] Heat flux rate [kW/m?]
Slug Water-
HFM (stainless | cooled
sensor steel) (copper)
891 640 -
1091 740 B30
- 1380 1680
518 355 -
694 440 570
- 630 1000
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