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Pressure Based Reconstruction

Past Work on MSL Forebody Pressure Data (MEADS)

* Successful reconstruction of atmospheric profiles [1:23]

flow angles, and aerodynamic coefficients [4]

* Approximate wind estimation by blending pressure and IMU data 3!

e By fitting all 7 pressure measurements to forebody CFD predictions [6:7]

MSL heat shield pressure sensors [1]
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Pitot Reconstruction Method

Use only stagnation pressure similarly to
e.g. pitot probes in wind tunnel testing [8:2]

D> — Par _ 2q,
Cprz :T and  p, = 12

=o]

Estimate C,, with simple 1-D inviscid flow model
Sufficiently accurate atmospheric reconstruction?

Requires independent flight velocity V_ e.g. IMU
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Stagnation Flow Model
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MSL Entry Trajectory
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MSL Stagnation Pressure Data
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pressure data (kPa)

Stagnation pressure from port P2

tabulated pressure data [11]

e pressure P1<P2=pt2to~0.3%

e use all P2 data up to EBM jettison

e scale factor correction [12]

e smoothed with 1.5 s window
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Stagnation Pressure Coefficients
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Pressure coefficient estimation:

Cpt2 (Voci'poo?Too)

e V_from IMU trajectory [2]

* p,andT_ notknown inadvance:
used Mars Climate Model (MCD) (13!

 Transitional flow above 60 km?

* C,, mainly depends on 'V,
also slightly sensitiveto T_,
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Pitot Reconstruction Method

initial guess:

MCD model
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Compare to independent results [1] that used CFD, all pressure ports, IMU velocity
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Reconstruction Performance
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Comparison of reconstructed density
__ * CFD model uncertainty about 0.5% 14l
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5 U1 ; . . . ul e Larger differences up to 2% for
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e Difficult to compare before 590 s

e or above 50 km altitude
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Final Atmospheric Profiles
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e Match CFD 1-2% for altitudes below ~ 60 km 3 35 4 a5 5
. 3 -3
* Above 70 km: unrealistically low densities? density (kgim) <10

* Below 13 km: horizontal flight increases impact of unknown winds
There was circumstantial evidence for tailwind ~20 m/s [1.2:3]
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Final Atmospheric Profiles
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Pressure & temperature profiles

e Match CFD below ~ 60 km
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* Above 60 km: temperature too high - poor reconstruction temperature

e Below 13 km: unknown winds affect reconstruction
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Conclusions

Pitot Reconstruction Method

e Simple inviscid equilibrium flow model (not vehicle specific)
e Accurate reconstruction of p_, p.,, and T_ between 60 and 13 km
* Low velocity and horizontal flight increases sensitivity to winds [23]
* Poor reconstruction above 60 km:

* Flow model incorrect near continuum flow limit?

e Pressure sensors operating far below design range

-> Directly compare flow model to CFD/DSMC
(transitional to supersonic flow)

Applications

e Efficient and accurate method for Mars EDL atmospheric reconstruction
* In-flight reconstruction with pre-calculated pressure coefficients

e ExoMars 2016 will measure stagnation pressure
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15

—_
o

with CFD (%)
(8]

initial MCD
poo update
Cpt2 update
CFD discr.

0
&
) .
-5} ;
_10 — 1 L : 1
600 650 700 750
time (s)
15 [ T I T
1o} i s
22 b :
) P :
LL 1l '
O i
= '
B 1 1
2 I —
~ b initial MCD
< 5 : poo update
el Cpt2 update
' ——————— CFD discr.
_10 — 1 L : 1
600 650 700 750
time (s)

17 June 2015 IPPW-12 Cologne, DE

with CFD (%)

with CFD (%)

Aqoo

0-5 1 B T I I
0L k I | :
-0.5 ¢ i F - F'rq;:":"—:-:.: +—
'1 B : i -...-."""--
S ;
SN E initial MCD ’
-2.5 poc update
Cpt2 update
e CFD discr.
— — — -CFD Apt2 !
_35 ............. CFD 3-0 unc. '
P . (U
600 650 700 750
time (s)

2 initial MCD
25 poo update
' ——— Cpt2 update
-3 ————— CFD discr.
— — — -CFD Apt2
B350 | meeeessseeea CFD 3-0 unc.
-4 . : ]
1 2 3 4 5
V_ (km/s)




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14

