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Distributed roughness _

Nose of the Expert vehicle in CSiC —

Active oxidation of the material can happen under
specific condition:

Ceramic nose

b Distributed roughness on the nose Metallic TPS

Turbulent flow Ceramic flap

* Turbulent flow over the model can
produce critical heat flux.
» Damage of the vehicle

* Payloads installed on the model can not
be processed

What is the maximum allowable
height for the roughness without
triggering transition?




» Tests in the Longshot facility,

« Extraction of heat flux and Stanton number for qualification
of the flow (laminar or turbulent)

» Evaluation of empirical correlations to predict
transition,
* Reda,
* Reshotko,

» Comparison of experimental data and correlations

» Extrapolation to flight




Longshot faC|I|ty _

DRIVERTUBE DRIVENTUBE  TESTSECTON
L0.125em 1b.75em ]
NITROGEN 300 bar NITROGEN OR RESERVOIR

PISTON CARBON DIOXIDE P, < 4000 bar
T, < 2500 K

T T,
SECONDARY DIAPHRAGM

I
PRIMARY DIAPHRAGM

VACUUM PUMP

NOZZLES: 42 cm MACH 15, CONTOURED 5 AXES

» 60 cm MACH 20, CONICAL | | POSITIONING
Standard test conditions 36 cm MACH 15, CONICAL MECHANISM

Condition | Gas | T, P, Mach | p. (VR P. T. Unit Re
[K] |[bar] |[] [kg/m?] | [mis] | [Pa] [[K] |[]

low Re N, 1740 | 550 |13.9 0.0108 | 1880 (140 |44 6

med Re N, 1640 | 1100 | 14.3 0.0196 | 1820 | 225 |39 13.2
high Re N, 1745 | 1470 | 14.8 0.0206 | 1880 (235 |39 17.5
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Flight trajectaory
+  Longshot tests |

i —M14Re .:_1.._.7.’.‘.1__0._5 .......... |
—M—514.3, FReL—3.52*1O6 (medlqm)

Mach number




e 23cm long,
« 21 thermocouples,
* 11 pressure sensors.
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Distributed roughnes_

 How do we represent roughness on the nose?

» Does oxidation occur everywhere on the nose?
— roughness location on the nose

* How does roughness develop itself along the surface?
Main unknown,

— identical size along the nose

* |s there a location more important than others?

— tests with roughness only on the first part of
the nose.

* Does density of distributed roughness have an effect?
— tests with various density of roughness on
the nose.

Test Matrix

« Smooth reference cases : 2 tests (for low and medium Reynolds number).

« Location of distributed roughness effects : 3 tests.

* Density of distributed roughness effects : 3 tests.

«  Size of distributed roughness effects : 6 tests at low and medium Reynolds number.




Longshot Experiments, effects _

“Which zone of the nose is the most likely to trigger transition?”
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Effects of roughness Iocatio_

« Empirical correlations to predict transition on the EXPERT model

Only Reda and Reshotko
criteria can be applied to

Critical heights leading to transition for Longshot low Reynolds

Redé Resﬁotko . distributed roughness
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Longshot Experiments, effects of r_

“Which zone of the nose is the most likely to trigger transition?”

Stanton sqri(Re) TC an the Expert model (cone side)
20

Smooth case

— Roughness front _
Roughness back Bl

—— Roughness everywhere

— Expert model ol

Q]

— — — - Laminar theoretical Stanton ?D
— — — - Turbulent Theoretical Stanton s

0 a0 100 150 200
Distance frorm the nose (mm)

Roughness [0.21 — 0.42mm] medium Reynolds number

Roughness on the front are less effective
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Longshot Experiments, effects _

« Tests with different sizes of roughness at different Reynolds numbers.

Test matrix

Reynolds number Re, =3.2*106 Re =1.7*108
Smooth case
Range [0.15 — 0.2mm]
Range [0.2 — 0.3mm]
Range [0.21 — 0.42mm]
Range [0.42 — 0.59mm]




Effects of roughness size rr_

« Results on the flap side Re;=3.2*10°% (medium)

Stanton TF on the Expert model (side with flap)
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Effects of roughness size rr_

« Results on the cone side Re =3.2*10° (medium)

Stanton TC an the Expert model (cone side)
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Effects of roughness size m

Critical heights leading to transition for Longshot med Reynolds
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Effects of roughness size m_

T 1652 Stanton TC1 ta TCY

(N

Test 1652
Medium Reynolds

Roughness size

ns, flow is transitional [0.15 — 0.2mm]
E : : E—e—St_Tm
5 e T 35 SR ——si_1c2}..1
c : : ——51_TC3
E SIS

Laminar Stanton level

0 ' ' ' : '
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time (ms)

This test will be used as reference for the roughness density effect




Effects of roughness size mediu_

v

- » t=4ms, turbulent flow, no
“ recirculation

* t=10ms, transitional flow,
recirculation appears

* t=12ms, laminar flow,
recirculation increases




High density roughness

Medium density rou;é‘hne's "
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Effects of roughness

¥ 103 1652 Reservoir pressure
2.5 : . :
L 10° 1649, 1652 and 1653 Stantan variation for different tests = ol N Totalpressure_
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Test 1652 Medium Reynolds Roughness size [0.15 — 0.2mm]
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Flight extrapolati
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Fight extrapolaton NN
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» To trigger transition, the most effective part of the nose for distributed
roughness is the rear part,

« For medium Reynolds number (Re =3.2*10°), transition occurs for
roughness size greater than 0.175mm,

« For low Reynolds number (Re, =1.7*109), transition occurs for roughness
size greater than 0.5mm,

« Transition is very sensitive to distributed roughness density.
« For flight conditions, critical heights are estimated as:

— Between 0.12 and 1.2mm (Reda)

— Between 0.22 and 0.8mm (Reshotko)




« Main remaining unknown : Distributed roughness characteristics
occurring in flight (size, location, density, shape...)

« Reduce the uncertainties of flight extrapolation with additional tests
in the Longshot facility.

— More precise height of roughness
— Better definition of the most critical area
— Wall temperature effect

R Launch: post flight analysis should help us to choose the best
criteria and the best approach for extrapolation to flight .
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Longshot Experiment, effects of rou_

Results on the flap side Re; ~1.7*10° (low)

Stanton TF on the Expert model (side with flap)
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Longshot Experiment, effects of rou_

 Results on the cone side Re; ~1.7*10° (low)

Stanton TC on the Expert model (cone side)
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Longshot Experiment, effects of ro_

Critical heights leading to transition for Longshot low Reynolds
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« Reda {pkikk} =constant
MW TR

-1.27
kY[ T,
* Reshotko Ree,m=180(6j ( ej
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k T -0.7
ReG,TR = 215[6'1'_6]
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Critical Roughness Height [rmrm]

Critical heights leading to transition for Longshat low Reynalds

CFD Longshot low Re

BL properties along the model for Longshot low Reynolds
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CFD Longshot medium

Critical heights leading to transition for Longshat med Reynolds BL properties along the model for Longshot med Reynolds
3 ! T ! T z4 \ I T T
E
o : — BL thickness
: : : o : =N i I i
Location on the model [m]
| £ !
= r Pl —s—shutec=a0 [ & : —
E Shﬁ::\z omtt ‘g - T OO RSN SO .
= —+—yDB s oA / | ‘ d|sp|?cement thickness
El ©
2 : s T 0 0.05 0.1 0.15 02 0.25
é 161 ol e panT MASA H Location on the model [m]
-§ : - —+ —PANT original
£ o N | —# —Wan Driast T 0.4 ; !
E e T . i —B —Reda = :
g i - Reshatko e 0.2r : 71
e GBI ol Battdlegery g 3 | momentum thickness
- T

- = = b : i
@ P e : 0 0.05 0.1 0.15 0.2 0.25
d . i : : Location on the model [m]

(=]

: : = 2 1
: : P " - i g :
» gt sy s E T g -
__'_:*,,ﬁ#,%_._+_._g+—»—+-—+——+—+-4—§+—0—+—0—+-—4——+—45——+—4——+ e : elhela edge
: : i & i 1 I
nlw 0 |15 02 o T 0 0.05 0.1 0.15 0.2 0.25
Location on the madel [m] Location on the model [m]

luid Dynamics



CFD Flight M14

Critical heights leading to transition for Flight M14 pefc
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Fight extrapolatior N
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Pressure coefficient (=)

Pressure measure

1649, 1652 and 1653 Pressure coefficient variation for different tests
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