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Development of High Fidelity Supersonic Flow Air Data
Processing Algorithm

Jongho Choi*" - Hyun-Gull Yoon*

ABSTRACT

This paper describes the development of high fidelity air data processing algorithm which can be
applied into an air data system for a high speed aerial vehicle. Unlike the previous air data system,
current algorithm used several pre-determined pressure data which were obtained with computational
fluid dynamic approach without using total pressures having enough sensor redundancy and fault
detection ability. The verification of current algorithm was done by commercial software Matlab and
Simulink.

= =

2 =wdAe 14 HdgA e F7F dolE 54 A= A3 FHEo 7Ph‘3}f’1 1 AIEE 2
fre dlolel M7 g¢ngF Mol ti8] ZIsstdnt 3A F71fF oy FS5AzHAe gEZA
2HEEA(CED)S B3l vlg] 5% diolHE A& dueFoez A4y %xgo] 4 T
A A o] f(redundancy) 2 & F HE715S AY =
WA WEY F ANEHIE ALt HdPstAh

ot rzi fr

Key Words: Air data system( 7145 A1 2=¥l), Computational fluid dynamics(H2H-33814), fault

o

detection(2.F A=)
1M B Zb, a% S 2e 7R HE deoleu ohy
gt wPA 2, AR Ao} ol aFHE Al
371 5 Holy g5A2de 1% F§3F7, 91 &} (parameter)o] 23 HolEEZ AF3e o

TG ﬁ T % vdgA e WY K s && FFete g T2 ALHolth

A, v=, 22 5 7€ AdFAME 2
A% 2010, 1. 28, FHSEY 2010. 2. 23, AHEFY 2010. 3. 2 aug& BgA S fEuolH A5E AT e
, e, e ps i e o ofel Ael A=HE AL Fol gloH, 2. Fu)

t WAIA A}, E-mail: jh0322@add.re kr



H143H H2& 2010. 4.

A MEE 2% J7| 8 dolH A2 LUEF HY 55

DT T R A 1 )
=~

o A% 27] X159 HE87] A FEe ol

H 85 Azdo] AgHgen ofF Zsolx

ME Agar] AR Azdol ArHss o
% dolg g5 Azde vy

W7 BAW 45 JRE A 99+

2 AR, Fe JFE L AHN=E 2T

Ak 53 29 dolge FI=

Z

2
2,
o
=
Q
5
(@]
<
=
Y
=)
ot

o o2
%t
to
RN
g
il
o,

X
__>&‘
Lo
£
Jo
=
(0]
(oW
o
o}
(oW
v}
=}
(@}
=
it
fo
-4
o
i

s dely 2

-]

Al A
(redundancy

A8 & 9

rr \m-ﬁ] offt
P
R
39,
I
=)

AT
=
tpr
o
ol
N

>
of
o
R
o
{m
Y
R
Iy
<
=3
o
lond
o
Q
Q.
&
=

fre delE Ay daeF pdy BEsho
Fig. 13 2ol F 69 ALY Z(static
pressure hole(port))S Z- o™ Fig. 29} %
T 156°% Ze U9 9+ ¥
stAn. 293 go] E& AAT F
AA o fr(redundancy)E ztom
of attack)¥} Alo]=& Y2 (side slip angle) W3}
£ afAo = fHAs] el

olmj  wWEZh A Sl(static
(dynamic pressure) 5= 437l ¥l F 67l

o b8 &3 zzte] Eol ¢ Fuel 44l

pressure), &Y

— 200 Port-4

¢pnﬂ—1 =30 Port-3
0

Gbpfm_l =60 Port-5
‘/{oorﬂ—? = li{)o
frae = 210°

— 240°
¢Pﬂﬂ-5 =240 Port-6

Port-2
P = 300°
Port-1

Fig. 1 Radial location of static pressure hole

=, &% ga 3=
(sensitivity)7} F&+5 5 HolE 5 g
g AHEE FHAZ F Uk ol ZHe]
WA e HzAe 4 AXE AL Favt

g XA 23 Fig. 39 (@) ¥ (b)9} 2o

(FHek) MAEE 24 A7 2 A4

Loc-1:40mm =
Loc-2; 70mm
Loc-3; 100mm.

Loc-4; 140mm

Fig. 2 Axial location of static pressure
hole



56

o

foi

I_’F_
=)

&g

Mo
rok
H
S
™
oH
dor
o
)

Ae ¢ 5 9A 3y
Fig. 3(0)S 2ol 4EE 927k 140 mm °]ge]
Hu whas 9 547 F7kel WE wolwel

% REA WE o] FUA, &

= h
G R olA o= o]y Z7hsE R A ol
Blo] #AES} 7adtE Aoz vehdd

adEe 29 4% doly 3
2 A4 F2F 926 g3t 2ol WL 100 mm
2= AAeY

0.4 ‘ ‘ v
—=-M=2.1 2
| | i
0.35[ ~°" M=2.4} - — 5 - - - T**7:';$r****
I S R M=2.7 | [~
S 43 M=3 |- __ v &
€ : | P |
Q2 | | i |
é’ 0.25F - — — — \7777%7*}/.‘#77 - - - =
3 I N I
I I I |
o 02~ r*”j;,’/”f*”r”**
5 I 4¥ I I
2 015 - - - - \77,f§f47777+7777p7777
0 P I I
o _,{3‘/" | | |
L e e e
Pt i I I I
£ | | | |
0'055 10 15 20 25 30
Turning Angle 6.(Deg)

(@) Pressure coefficient at Loc—1

-

—=-M=2.1 } }
09|~ M=24L _____ - -
----- M=2.7 | |
= =3 L _____L_____l___ .
gnos M=3 ‘ ‘ 'z
£ 47 I I I P
& 07F----- F----- - +o# - - -
g I I e
S 06— Lo
% I [ ":f" I
5 05 ----- P ail H
g I Ll I
O g4l - __ Lo Lo
a 04 P | |
o7 AzE I |
03— -zl -—- r----- T
I I I
1 1 1
0%5 20 25 30 35

Turning Angle eT(Deg)

(b) Pressure coefficient at Loc—4

Fig. 3 Pressure coefficients at the Loc-1 and
Loc+4

23 =74 A

Figure 4= & W 32« 53 @&
gt Aoz 3 W (Turing angle) 6,5
3 H7t 0,3 4 Fo] AXF AHAAMY 2
k27 (port angle of attack) ap,,, <t 7 &

43} o] AelsAr.

A4 N

ol
e
E

Or=0,+ap, @

=Y

Fig. 4 Pressure hole and angle of
attack

H

& 4 E AXANY XE WS A
ag AIEERZA B8 & 9L ¢,

o #AE et

oo
&N

Qg = @ pX cosp, + B, X sing, )

AN

= 913
el
w

o]

N

¢, A%=7F 0°(Z ob)Yd W=
s 7HAH ¢, Zh=7F 180°(2 S|
=9 aaks 7HAA "Bk vl ¢, 9
T7F 90°0l™ ¥ Atel=& 7 B8 e
270°019 &9 ko] "ok "gFo R ¥ & 9
X A k= Al (pressure coefficient) = ThS-2}
ol Aejdrt.

Q

H

~

R

C}) = (pp()rt P )/ZI (3)
AN ppe FEH FAAAL BEH, ¢= F
92 (dynamic pressure), p,v AHTIEE(free



o]

H14# HN2& 2010. 4. 31 AE=

A
=

71 ®& GlolH 2| S22& Y 57

stream)®] AHE S Vel oju 3 Ztel] uwh
dEATe A TEAIF Y AiFAA
ot €& & Jdo addH FEAFY A
B2 =83 Hlgo] Ladd wt F2 H
zk= ALFASAE

HolHE gsadn AL sl

o 2 ot oo Ho o rfu
(o

—-M=2.1 | | |
04| = M=24F —— =~ — —1= —— — i~~~
~ M=27| - 4
QQ 0.35 M=3 [~ T~~~ ~ 7}%'7 *****
et T | | ,/,;.' |
S 03---- S
© | | Ao |
= s
5 | | ,;../v’ |
g 0.25F - - - [ He 4 R R
[&] | | ,/:/ | |
e 02f---- R
é 0.15F - - — - :—4'5’2:‘7””:””7: 77777
T [ | |
P A | | |
R R R I
CFE | | I
005 z 1 1 1 1
5 10 15 20 25 30

Turning Angle 6.(Deg)

(@) Pressure coefficient at the hole position

angle 0°
0.45 T T T T
“ | | | === M=2.1
04y —————- - == == M= i
~ ‘\\JS;\. | | | — m_;;
Q 0.35[ — "Narc b - - - - === == -
W, | | M=3
g 037777;\!:;&777\ 77777 o |
‘S . v, | | |
= | \5-;\ | | |
0.25F - - -~ == '\‘:'w\ ***** ————- - = - -
| NN | |
,,,,, [ S S T
g 0.2 I RN I
I RN I
0.15F - - -~ [— [ n i
| | RN
01F---- - -———- R T
| | | N
1 1 1 1
0'055 10 15 20 25 30

Turning Angle 6_(Deg)

(b) Pressure coefficient at the hole position
angle 180°

Fig. 5 Pressure coefficients at the specific
hole radial location

N
=
1o
o Hl
o
aly

ZF g FelAMe] ¥ AHAME o] &3t
o FAol 7kesty 4 oFE Fol7] HAs
o] f(redundancy) 7HdS ZHE&3std E9 AFES
& o/l2 AAsAT. A #HE ol83to] vlsks,
WE7, AlEEYE A7t de § sl
ol= vg] R A (calibration)F o] H°|H HolE=Z
Ao Jde FEAS, Jd4 T dHds
(reference) #x fol A A A S 47:]]/:' 1)~B)&
o] g3t "tk a#EZ 7 T YA HA

dolHE v Husopstng W =RoAE
xw% sS4l 9% dolHE #§sar.

2 7} FolAe %=L Eq 49 o] U7 v}a)

&, 27N a), Al=EHZ(B), 7] Ft(Pp..)

2 & A (g,)0 s 2
ppm"t:f(’l[, a, By posd,) (4)
o AgkfEaiAel el dHolH 5%
Al = o BAY AF w2 B Al=EE
H7 R5E 138 da glo] weguks o
Sto] mlE Abol=EH A4S HE8E 5 k. ofd
Fig. 6= w8l 3.0014 & 91217+ 30°0] A

Z 1port-1)ell A A ®EZ
Br AteldlA A" 3 AZH(turning angle)=
Fig. 791X= & $A17bo] 135°014¢] A4S
Z}zy A A Aol h,

AEHOFE  Fig. 6~894 9 o] YZFo| A|A]
H AR XF9 A B5743 Aol=& Yzt
el 2R EH WA E 94X Zto] 0°o|™ Atol=
&Y 7ol #TAgle]l i) o5 HdPHo=
Z7lsln & YxZo] 90°c)Ftel e Alol=&
H7h gl kgzto] F7hgkel whet 3 dzto]l F7b
SHAl "k o]F & f1x1Zte] 90%9] o249 3 A

Zhe Hbg 7t -?%7410101 Atol =&Yzl o3 A
W AR B & 9137e] 180°°]stell =
WEzhol S74el weh A2 sk AL
ol=&y el = S7eHA Erh

2oz ¢tg £ X3 (combination)ol] wE
vpsla, Wz, Alol=EEHZ 59 ARE A7



ol

i

=

Al
0Kl

ol

58

(6aq) *oebuy uiny

True Angle of Attack ar (Deg)

True Angle of Attack o (Deg)

7 Tuming angle at Mach 3.0 hole

Fig.

Fig. 6 Tuming angle at Mach 3.0 hole position

position angle 135°

angle 30°

[ET:] R

"Bapya|bue Bupng

ﬁ.mmEm_m._._m Bupng

True angle of attack(deq.

True angle of attack{deq.

[LEIRUET TN TY

(deg.

True angle of attack

10

-9

(Bap

a|Bue Buung

N\

True angle of attack{deq.

True angle of attack{deqg.

ol
b1
'

H

o

Ok - -
k- -

5
20

iy

True angle of attack(deq.

Fig. 8 Variation of turing angle with different angle of attack and sideslip angle



143 N2& 2010. 4, 2 A2z 2% B7| RS OolH M2 S2E MY 59
9ol Table 17 22 5709 & x9& 1233 2 Comhnaion 215
] ] | |
o & 92 54 E 13 49 A$E g7 18— - e N
% e T 29 59 ASE Al=LR7 o NN
0L u7ks EQe 72i= 2 & =3} \\\\\§§\\§\\\\\ 7777777
Jd g% vzidt E4& Zed vUnA & =Y o 14 \\\\\\\\\\\\\\‘m\
o) B¢ wezn Aol Wl FI - 12
o) NPEE /AT Yok o]gh pe HolEE wL
AA fEdelHg 47 9% dnAF F1 H Sfmﬁ N -
----AoSS=Const.| |
Ao Basgt HolHE AFsted o] &HTh 10 15 20 25

Table 1. Sensitivity with different hole combinations

Number | Hole combination Sensitivity
1 [Port 1, Port 4] AoA
[Port 1, Port 5] AoA/AoSS
[Port 2, Port 4] A0S/ AoA

[Port 2, Port 5] Ao0SS
[Port 3, Port 6] AoA/Ao0SS

QI |W[N

Fig
ks, et 5 #F dold ¥5e T E
9 wEetel 7 o

=, A4 LagFL Fig. 103 2
age et 2ol A WAl DA(step 1)ollA=
A4 A @A (previous time step)oll A 3R
vpetr B HYS o] &t W5ZHAoA) B A}
o] =&Y ZH(AoSS)ol AXtEE HAFolH F WA
Al (step 2)ol AT A HA DA T T

ol r\l

o
=]

Combination # 1: 1-4

20F - -~ NG e

i
BN

10[—AoA=Const. |-~~~ TN
----A0oSS=Const. | 1

10 15 20
074
(a) Combination 1-4

18 T T T T
VCombination # b 2-5
U15] ST [ boenenaes feenen e feennememeo
b irh ¥ [ UEPETERT CRUEPEREEE CRLEPLERE,
=4
L I T S N il EECEEEERE
10F---- bomeooees- e R e Ry
—Aof=Const.
--=A055=Const """""""""""""""

eT1

(b) Combination 1-5

8 10 12 14 16 18
eTZ
(©) Combination 2-4

g 10 12 14 16 18

(d) Combination 2-5

---AoSS=Const.

T T inati 3 T -
D I Combination #5:3-6| | | —AoA=Const.
| |

(e) Combination 3-6

Fig. 9 Tumning angles at the hole
combinations



60

o
OBt
fon

Mo
g
N
rok
H
S
™
oH
dor
o
)

STEP 1 STEP 2
Port
M g pressure
(1~86) \L
L J’ Local parameter calculation
Local parameter calculation ( oten2 %Iepz)
tep 1 tep | Id ’
( ol & ) J]
Final Calculation
. ( Mrep 2! %IepZ )
Preliminary Calculation
(A0A, ADSS)

Final Air data
( M. R, & )
Fig. 10 Steps for the air data acquisition
algorithm

7zt g Apol=EE e o] &ste T3 GAlClA

H A (update)® vletF 2 A4S FIke @0
ot ol HAH vl P GG oA §HEH
o2 GA 1@step 1)9 viate 2 Agoz HE
Hol HF A9 w37t 9 Afol=&y o] F
A Aol TA 2step 2) HAHE F3ld
T A9 viate 2 S A "k

TR ey MU, A p ! g Eq. 3%
gsto] FEAS O 2w vhaka M, %
Gk % Fig 58 el 7 kel FelAo)
s Azt 03Pi=1,..60% TaHA "k theom
A7IM T3 RS o] &3k Fig. 9ol AAl €
dlo]E] K A (calibration) FhS &8st IAA<Q
We7h R Alel=gdze P Wk g ©
AStep 2ol HE M & Wzt B Alol=
EHAE o3t F3F DA viEt €AY
< o2 3 WA dAdA T
27 9 AlEEydor RH 7 TNy T
B g Azt 9% (i=1,..,6)= Fig. 63 7o14 T3}
3 Eq. 3¢ A&ste g T B v

o2 9 F @& 0777, "¢} Fig. 58 ol&3t

¢

W oulsleE 48 4 Q3 T o] mhekg M
s} 93P B Fig. 52 & W o AH&sd F37
dAl A BEAFE ¢

olP” % Eq. 3200 #Heed BHAE p.E o
A Dot o dAe o AAA T3 Mk F
po 3 Fig. 10 ©7 16 AAR MY, !
il Agshd HEE vA 12 58 HE o
A we7 R AlESRTtE 78 4 Yw
Wi 28 Hgdtel AF @9 vias Mg
A ple 7 Boh 29z HEHow B
A fEvolHE 94 Ao
AAHA %5 dold 5 g v 2
g Aoz Holy zZF HolHE FHAZ 3 W
By FoE Ae ndddd 49e aug
T2 o]%o4 slth.

So2 THEY FEUolH 5 YuYFL

AZ37) 915k Fig. 113 2] v E 3 (Matlab)

F

2 A EH A (Simulink) & 0] 43 Bl B
S TEAG

fFEdely 35 dugdEss AHse B
ggdos AAE Fk B2oln gygow &
of X9 ¥ E2RE ¢HS FHEsto vt
T, bz, AlEEyd, A9yS @ ) W
A B A (update)dte] HFHoZ Holy g
o= 94&S FHIH. ol AN ANz E AL

Data OUTPUT

Data INPUT

Fig. 11 FADS structure with Matlab simulink



H143 XN2& 2010. 4. I AElx 230% ZJ| RS OOIH A2l SAEIE Y 61
2.109 1445
2.108 1440
2.107 1435
2.106 1430
g 2.105 g 1425
E 2.104 € 1420
8 2 1415

= 2.103
2.102
2.101

21

2.099

Time(sec)

(@) Mach number response

1410
1405
1400
13950

o
a

o
o
©

o
o
>

T

|

|

|

|
i

|

|

|

|

o
o

-0.02 ‘
0

Sideslip angle(deg.)
o
o
.l;

N
-:_—
:;_‘
———
=
;
=
_‘E
E_
=

Time(sec)

(b) Altitude response

| \
| |
1 1
2 4 6 8 10
Time(sec)

(d) Sideslip angle response

Fig. 12 Response of designed FADS

0.02
0.01
0
_ -0.01
€ -0.02
%-0.03
%-0.04
< .0.05
-0.06
-0.07
-0.08
Time(sec)
(0) Angle of attack response
371 f3 2" S EEQ 4¥xd EES
TG &3 d3EE: X EFoZRH
e FQlsr] Y3 S Exe "HolHEY
258 FE3IHth. FADS(Flush Air Data
System) ¥1EF EFdAE A9 xo|2E
a5t %5 E5 o] @9 =o]=(Random
nmse)% A&ttt 2#Ao g mpsk 21, AL
5 14 km, ¥37 0%, *}Ol‘:’“%ﬂr 0=9 ¢
Z70A WY xol=7F FUH AEdAY
Flg 129 22 AA Feo] TFE FHELS
Aot A wmaw wstee V) vkeks
218 7]F0 2 03%9 A= Holal gom 11
T AS 035% T 25 Holn g
Z al
=

=7t 8%, /\PO]E’“%%‘% 9%° A5 Ko
[}

st E¥H(flush) BHYEY #F
1

=S ot 2 FEUle 8§ ks
Hole ¥5 3
)\‘5‘}“‘:} 53] Al
fr(redundancy)& A&

Z xdo] 3
593 duE= A

2
SRR FER

HE
f
o
tlo
f
ot
i _&

d
0:

M



62 zES

Mo
g
N
rok
H
S
™
oH
dor
ot
)

shaleel We FEAL, AAZ gl hF B
7} 8 AtelEyz, e % Alel=& Yzt
e 5774 59 dolHt ANFEFANE 5

[
AAAQ] duE AF

‘
=
o,

i}
Kl
il

ol

1. Joel C.Ellsworth and Stephen A.Whitmore,
"Reentry Air Data System for a Sub-orbital
Spacecraft Based on  X-34
AIAA-2007-1200, 2007

2. Mark C.Davis, Joseph W.Phale, John Terry
White, A Marshall, Michael
J.Mashburn, Rick Franks, "Development of a
flush air data

Design",

Laurie

sensing system on a

sharp-nosed vehicle for flight at Mach 3 to

8", AIAA 2000-0504, Jan. 2000

3. 9Wd, A, 73, “FAFTIE A
RS A AN Y, SEFT-FEIA
A378 #1535, 2009, pp.511-517

4. AL, AAY, HF8Y, A f, “HERGDS

3, 2001, pp.75-76

5. William Gracey, "Measurement of Aircraft
Speed and Altitude", A Wiley-Interscience
Publication, John Wiley & Sons, Inc., 1981

6. Cary, John P. and Earl R. Keener, "Flight
evaluation of  the X-15 Ball-Nosed
Flow-Direction sensor as an Air-data system,
NASA TN-D-2923, 1965

7. Siemers, P.M. IlI, HWolf, and P.F.Flanagan,
"Shuttle Entry Air data system concepts

Shuttle Orbiter Flight

pressure data to determine Air data: STS

1-4," AIAA-83-0118, Jan. 1983

8. Matlab user’s manual

applied to Space



