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Supersonic Small Efficient Multi-
Business Supersonic Mach Aircraft
Class Aircraft | Airliner (2020) | (Beyond 2030)
(2015)

Design Goals

Cruise Speed Mach 1.6-1.8 | Mach1.6 -1.8 Mach 1.3 - 2.0
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Payload (passengers) 6-20 35-70 100 - 200

Environmental Goals

65-70 PLdB

Sonic Boom 65-70 PLdB 85 PIdB Low Boom flight
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Overwater flight
Airport Noise Meet with
(cum below stage 4) Margin CUERNCE LOs20ERNCE
Cruise Emissions [ EIE e [
(RSSO oMglelie) Subsonic mitigation
Efficiency Goals
Fuel Efficiency 1.0 3.0 35-45

(pass-miles per Ib of fuel)
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Radiative Forcing from Aircraft in 2050
with Supersonic Fleet
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oo@oo) K] 20.27 440-539

oo K] 14.1 233

ooo(@oon) [J/g] 446 360

oooQ kJ/g] > 16.9 0.39
0ooo(@oo) [%] 14-250 52-400

ooooooooon [mJ] - 0.019 0.2-0.3




020 0000000 11

gobooooooobooboobobobobooooboobobobooboooboooobobobOoo
gbooooooooboboboboooooooobobobobobobooooobooDo

gogooobboooooobobboooobobbodoooobb bbb bboooono
0000000o00oo0ooO0ooO0ooooooooD210000000000000O00DOO0ODO
gooboboboooobobobooooobobobbooooooobbbbooooobbbooooboboboo
gbooooooboobobooooobobobooooobobobooobooboboobooboDobobooo
O0000o00o00oOo00oooU0oOo0ooOoooOoNOxDODOOOOooOoOoooooooooooo
0000000000000 00000000000000000000000000000000CO,
00o00oo0o0ooH,0000000000007200000000000000002600000000
00o0o00oo0ooooo0ooooco,000000000000000O0000O00O0O0O000O
ooooH,0000000000000000O000O0000O000O00O0O0OO0O0OOOOOO0O0OO
oooooood

googoooboobobooboobobboboboboboooboobooboobooboobo
g000obobOooboooOoboOobob2100000000000bO0DbOOobOO0DOoDO0oDOOoDbOOoDbDOoOn
goooobooooobooboboooooboobbboooooobLbbbboooobbboooobobDboboo
00000000000000000000Y¥ 00000000000000000000000000
oooooood

23 0O0O0O0OO0OO

ooobobOooooooobObOO0o0oooooobOooooooooooooOobo0oooooooonan
GasTwbOOOOOOGasTurbOOOODOOO0O0OOO0OOOOOOO0O0OOODOOOOOOOOOODOO
0000000000000 000O00000ALTOMACHO»OTITOOPROOODOOOOOOOO
ooo

023000000000000000000000000V;j029% 000000000000000
coodbobooooobooooboboobooodooooooooooooooooooooboonooon
0000000000 0FNO3.6% 000000000000 0000000000000000000
0000000000000 (=Fuel Flow)0624% 000000000000SFCO63.9% 0000SFC
OFNOFuel FlowD OO OOOOOODOO0OOO0OOO0OOO0OOO0OOO0OOOOOOOOOOOOOOOO

00000000000000000000280000000065% 000000000000000
O0GasTwbOOOOOOODOOODOOOODOOOOOOOODOOODOOODOOODODOOOOOODOO
coobooooooooooocoooooooon



020 0000000

12

022 NASAOODOODOOOOOOooOoooooogi?

Jet A-1 LH2
Cruise Speed Mach 2.7
Range nm 4,200
Payload IbO 49,000 (234pax)
Gross Weight b 750,000 368,000
Operating Empty Weight Ib 309,700 223,100
Fuel Weight Ib 391,300 95,900
Engine Thrust b 89,500 46,000
Cost (RDT & E) $x 10° 4.28 3.32
Cost (Production Aircraft) $x 10° 67.33 47.97
Noise (Sideline) EPNdB 108 106.1
Noise (Flyover) EPNdB 108 104.2
Sonic Boom Overpressure psf 1.86 1.32
Energy per Seat Mile Btu/seat/nm 6102 4274
Emissions - CO None
- HC None
- NOx Minimal
- H,O Twice

023 DO0OD0OO0O000DO0ODOOOOOOOOODOO

Kerosene LH,

Alt. ft 1000 1000
Speed M 0.35 0.35
m  1b/s 504 504
TIT R 2640 2640
OPR - 15.2 15.2
P3 psia 232 232

T3 R 1241 1241
Fuel Flow 1b/s 10.1 3.8
FN Ib 38400 39800
SFC /hr 0.94 0.34
Vj ft/s 2740 2820
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Conceptual Design

Design Requirement

[2
[J  Market/Operations Analysis General arrangement
[1 Research ¥ -
[ Customer Requirement Fuselage design
l Sizing |
—){ Specification ‘ Phase | (W/S, T/W, WTO'¢:WE’ Wi, Tros Seef)
l 2D and 3D wing design
>  Conceptual Design . v N
¥ Tail plane design
—> Preliminary Design
v
—> Detail Design *Gelar:‘&_Cf
l Initial three view drawing
- 2
‘ Fl'ghiTESt ‘ Airframe performance
‘ Operations ‘ Engine performance
J v
—{ Growth Versions ‘ Phase Il Sizing Il (Optimization)
J Design variables : T/W, W/S

Constraints: Range, ICAC, SSC, TOFL, LFL
Objective:  min. Wy,
2
Review of the three view drawing

History & Archive
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Iterative
Calculation

Optimization Part

Evaluation Part

Propulsion Engine Airframe Aerodynamic
Parameter Performances —>| Geometry > Performances
Definition (GasTurb) Definition (PANAIR, FRICT)
Aircraft
Performances
[] Weight
[ Range
] T/O Distance Environmental
] Climb Grad. Impacts
[] Sonic Boom

[ Airport Noise
] NOx Emission
[] Climate Impact

Analysis Part

Data

‘ Multi-Dimensional

032 0OO00O0O0O0O0OOO
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FRICT

PANAIR

o
pars
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N
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o

)
|
I

Input
Parameters

Conditions

Geometry

A 4

¥

* GGGy

T/O Performances

Cruise
curve .

C, C, Gy curve
¢ Near Field Signature

Performances
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GasTrub
(Surrogate Model)

—

J
- g
k| iy C

|~

Input
Parameters
P ¢« FN@T/O
h *« BPR
* CPR
« TIT

v

A 4

v

Dimensions
Length
Diameter

T/0O Performances

(On-design)
« FN
* SFC
. VJ
+ p3T3T4

Cruise Performances
(Off-design)

* FN

*  SFC

. VJ

+ p3T3T4
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cooooooobooOoooboOoOoOoooooboOoOoOoOobOOoOoOoOoObocOoOoOObOOoOoOoDOOoOoOooonn
360 0000000000000 0GasTwbOGUIDOOOODOOODOOOOOOOODOOOOOOOO
0000000000000 00000D00000GasTwbO OO ODOOOOOOOOOOODOOOOO
3.100000000000000000000000000000Krigngd 000000000 OCCOOO
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000000000000 0000000000000GasTurb0 0000000000 ODODOOOOO
coooboocobOoOooobOoOooobOOoOoOoOoOooOobOOoOoOoO0obOOOOO0ObOObOOObOOODOOnDn
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031 0O000O0O0000OoDoDoooOoOoOoooDo

On-design  Off-design

Alt. kft 1 45.0 - 65.0
Speed M 0.35 1.50 - 2.00
mdot 1b/s 400 - 1200 -
BPR - 1.5-25 -

TIT R 2500 - 3000 -
FPR - 3.5 -
CPR - 6.0 - 8.0 -

(OPR) - [021.0-28.0 -
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000000000000 (TOFL)0000000(SSC)000000000000000ICAC)O

OD00000(RANGE)DODOODOO(DOC)DOOOOORHY2l poooooooooooon

TOFL =403 x c%

SSC = % X TJW — L/%

ICAC =V x (T/W — M%)
RANGE::V;;gDhﬂM/?%%)

DOC = DOCy; + DOCrnaini + DOCuepy + DOClyy + DOClyy,

Where:
w/S: 0Oooo V. 00 DOCy: ODOOO0O0ODOOO
T/W: 00000 W. OO DOC..ing: O0OOOOOOOO
Cp: Ooogo Wr: OGO0OO DDOCdepT: ooooooooo
L/D: 0OOO SFC: 00000 0DOCuy: OO0D0O0O0ODOOOOO

N: 00000 g DOCyy,: ODO0OOO0ODOOOOOD

00000000000000000000000000O0O0O0O0OOO0O00O0O0O0ooooooon
0000000000000003.700000000000X0000000000000000000
000000000000000000000000000003.800000000000000000
D000O0®ooooo0000s3700000004000000000000000000000000
O00000000000000000000000000000000088L323334 03900000

gobooboobbooboobooooba

B
Wcomponents =AxX

WTO X XLF x Bwing X Swing

B
Waing = A x ( TROOT ying )

Where:
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Wro: 0000
XLF: 000000
Buing: 000000
Swing : 0000
TROOTyin, : 000000

5.2

5.0

48}

46

441

log10(wgt.win)

- . Né.O : Conco‘rde
: No.2 : :

4.2

40}

%5 105 11.0 115 12.0 125
log10(X)

037 0DO00DOOO0OOO

032 0O000O0O0O0OO0O00O0O0O0OCOO0OO0O00O0COOO0O000O000O0

A B R?

Wing 0.15745 0.46578 0.99425

V. Tail 156.47323 0.64237 0.84017

H. Tail 141.14637 0.05127 1.00000
Fuselage 0.22664 1.17475 0.96613

Gear 0.41983 0.81802 0.97057

Nacelle 0.00353 1.28758 0.87773
Engine System 7.85371 0.55808 0.83740
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344 0000
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0000000000000 000000000O0O0O0O00O0FistCutD 000000000 0O0ODOO
000000000000390000000000000000000000000000000%%! 00
00000DOoO0U0oOo0o0OooOOo00ooDoOO0U0ooDOO0oONDOO0ODOOOU0ODOOOODODODOODODO
goboooooooboobooboobooboobobooboobooboobobboobobobOoon
gboooooobooboobon

h\—o0.75
AP:ﬁO'QE)\/phpgKaKRKS(*)

z (3.9)

Where:
K,: 000000

Kr: 0000
K,: 000000

00000000000000000000003000000000000000300000000
OO0OOPANAIRODOODOOOODOODOORY 000000380000 PANAIRDOODOOOOO
000000000000000000000000000Cp00000000DO00nnoO®? oo
OPANAIRODOODOOOOOOOODOOOOOOOODOOOODOOOOOOOOOOOOODOOOO
Agingd 0D O0ODO0OO0OO0O0OO0O0O0O00OO000O00D0000O0CFDOOOOOOONOOONOODONOn
000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000
D00000000000000000000000000000000000000000 0 Perceived
Level(PL) OO OOOO% PLOOOODODOOOOOOOOO0OOOOOOOOOOOOOOOOOOO
00000000 Tailor shock structured 00 00 00 0O 039
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0000000000000000000% 03.9000000003.10000000

j— 14
EPNL =95+ (100 — 95) M (3.10)
110
1 L4
EFFECTIVE ,..
:;”::%:MO o0 P
EPNIB o
[ 4
”1000 1200 1400 . 10 1800 w00 20

MOCED JET VELOCITY, FT/SEC

039 O000OOOOOOO0O0OoooOoOO0O

NOxO O

NOxOOOOOUOOoOoOooOoOoooOoUooOoOoooOoooOooooOoooooooooooooooo
00000000000003.110NH30000000NOx0 00000000000 00oooooOo

00000000000000000000NOxOODOODOOoOoOooooood? oooooooao
gobooboobbooboobobooboobboon

Ps

— -3
EINOx =419 x 10Ty (55

)0.376@371471)/345 (3.11)
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Where:
pd: 0000000

T3: ODOOOOOO
T4: 0ODODOODOOO

0000000000000 0000000o0OOoO0O00oo0ooDoOONOxDOODOOOoOoDOOD
goo3looooooooooooooooooooOooooooooooOooooooooooooo
000000000 oO000o0o0o0o0oDo0oDoO0ooONOxDODOODDoOoOooooooooooooo
000000000000 O00o0oOo0oO0oOo0o0DOoUDONOxDDODOO0OODOLOO0OODOOo
NOxOOOOODoOoOoOooooOoOooooooooooooooooo0ooo0ooooooDooDooo
oobooooobooooboooobooooobooooOooooooOooooOoobOoOboobOOobObOoDOoDo
ooooooobobooooboooooooooooooooooooOooon

by 3o

FHTRSBRAR

03.10 DO0ODooooooo MY
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000000000000 0000000000000000000000000000000000
000000000000 (RadiativeForcing) 0 00 0000000000000000000000O0
0000000000000 0000000000000000000000000000000000
0000000000000 00000000000000000000000000000000000
0000000000000 0000000000000000000000000000000000
(GWP:Global Warming Potential)0 0 0 OIPCCO 000000000000 000000000000
D000 03.120000000CO,0GWPOODOOOOOODO
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T ¢
jO‘ RF; -e7dt

GWP(T) = — (3.12)
£ RFco, e~ =dt
Where:
RF: DOODOO
T: 0O0OO0O
T: QO0OOO

GwpPOOOOODOOUOUOOOODOOOUOODOOO0OODOO0OO0OO0O0ODOO0OO0OOOOIPCC Expert
Meetingd 0000000004 0000000000000 000O00O0O0OO0O0DO0ODO0DOOOO0OOO
00(@00O000)00D00000000000OD0000O0O00DO00D0DO0OD0OGWPOOODOOODOOOO
oo0o0oO0OQ0O0O00O00000000LOO0000D0D000D0D0D0D0D0DODODODOoDOoOOOOODODOOGWP
0000000000000 0000D0000DO00O0000Od(GTP:Global Temperature Change
Potential)l:ll:ll:ll:lDDDDDDDDDDDDDDDDDDDDDDDD[43]DDDDDDDDDDDDD
oGTpOOO0D0O0ODOOO0DOOODOOODOOOODOOODOOODOOODOOODOODOOODOOOODOOOO
000o0o0oo0oo0oOo0oOo0oOo0oo0oo0ooooooooooGTPOODOOODOODOO
O0000O0GreweD0OODOOODOODOOO0OO0O0O0O0OO0O0OO0OO0O0OO0O0OARCImOGTPOOOOOO
D0000000000000000000 Climate Functiond O O O O 044

03.13000000000000000000000000O0O0O0DOOO0OO0OOOOOOOOOOO
00000000000 ATOO0O00OOs. 1300000000000 D00O0000OO20150000000
o205000000000000000000000O0O00C0O00O000O021000000000000000
O00ATO0DODOO00D0OCO,0H,0000000000000000O0O0O0D0OO0O0DODOOO0DOD
[II:IDDD[II:IDDDDDDCOQD[II:II:IDDATCOZDDDDDDFCDDDDDDDDDDDDDDD
[II:II:JEJ[IHQO[IEIEJEJ[I[IATH2O[IEII]EJ[I[IFC’[II:IEJDDDDDDDDDDDDpcADDDDDD
coooobooobooooobooOooobOoobOoOooobOOoOooOobOOoOooOobOOobOoboOobOOobOoOooDn
O00000000000000000000000000000000000ATH=°00000000
0000000Do,0CH,000000D0000O0NOx000D00O00D00O00D00D00D00DONOO
NO,0ODOODOO0OO00;,0000000NO,O0NOODOODODO0O,00000000000000000
000o;,00000000000000000000D0DD016km(52,0006)0000000000CH,O
ooooNOxOOOCH,000O000000000000000000

oooo0ooooooooooooooooOooooGTPOOODOO0OOOOOOOOOODOODODO
00000 Climate Function0 0000 0000000000000 O0O0O0O0O0OOOOOOOOOOO
ooo
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AT (pca, FC, EINO,) = AT (pca) + AT™29 (pc 4, FC)
+ AT (poa, FC, EINO,) + AT“H+0 (poa, FC, EINO,) (3.13)

ATC?2 =165 % 1071° x FC

FC
ATH20 — (- 626 x log 10pca + 1449) x ————
( & pca ) FCscenic
FC x EINOz
AT93 = (—53.44928036 + 1/68730.2188 x log 10 — 116758.68) x
( v &P ) FCscenic X EINOXscenIC
FC x FINOzx

ATCHs = (-109.328255 x (log 10 2 4 462.227 x log 10 — 504.7347) x
( (log 10pca)” + o8 b ) FCscrenic X EINOzscenIC

Where:
poa: 000000O0OOO

FC: 0OOOCOO
EINOzx : Emission index of NOx
FCscenic @ 6.77 x 101! kg (FCO OO O SCENIC project)
EINOxzscenic @ 10.84 g/kg (EINOxO O OO SCENIC project)

3 J0O0Oooooooog

OOoOoooooooooooooooooos93bbbooboboooboooobooooooooooono
cooobooobooooboooobooooboooooooooobooooboogg

351 O0OO0OOO0OOOODOOOO

00000000000 0000000000000000Euer 0000000000 ODATCOMO
00000000000000000% 03.1100000000000000000000000000
oooooooooooooooooooooo3.400oooooooooooooooo0oo3.300
00000034000000000000000CL,00D000D016% 00000000000 00O0OO0
0000000000000 0000000O00000000O0L0O0UD0KODODODODO3%0 DO00OO
0000000000000 000000D000000000000000000016% 0000000
ocoooooooboboooon

Cp = K(Cr, — Cr0)*+ ACp; + Cpw + Cpy (3.14)
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Where:
K: 0000O0o

Cro: WARPOOODC,00O0ODO
ACp;: WARPOOOC,00000
Cpy: 00D00ODO
Cpy: 0000ODO

=0
28

. cp
P G —

03.11 PANAIRODOOOOOODOOOOOOO

5555 ©
Seeg

033 00000000000 O0O0DooOoOo00o

Refl45] NAL-CFD PANAIR O

Mach 2.0 2.0 -
K 0.5276 0.5095 3%
Cro 0.01959 0.01654 16%
ACpi + Cpy 0.00564 0.00524 ™%

034 0000O0O0OO0OO0O0OO0OO0OODOOOOOOOO0

Refl45l DATCOM FRICT O

Mach 2.0 2.0 -

Altitude 50kft 50kft -
Cpy_fuselage 0.00157 0.00163 4%
Cpy-wing 0.00300 0.00286 5%
Cpy_tail 0.00031 0.00035 13%

352 00O0O0OO0OOOODOODOOODOO

00000000000005930000000000004 0000000000000 00000
0000000000000000000O0O0DO00D35000000000000004% 00000
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00000000000 oooDI% 00000000000 0oooo

035 0O000O0O0O0O0OO00000O0

Refl46] GasTurb O

Mach M 0 0 -
Altitude ft 0 0 -
mdot Ib/s 410 410 -
TIT R 2640 2640 -
OPR - 15.5 15.5 -
Length in 138.2 198.9 44%
Diameter in 47.9 49.3 3%
FN (dry) 1b 31350 34153 9%
SFC (dry) /hr  0.70 0.8 1%
Vj ft/s - 1909
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Ref13l Ref#”l pooOOO O

Vj (wet) ft/s 2952 - - -
Sideline Noise EPNdB - 119 120.1 1%
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Refl48]  Refl49 Refll9 pgoooo O

MACH - 2.00 1.97 2.00 -
ALT ft 54000  CTUse 59800 54000 -
SFC 1.25 - - 1.23 -

p3 psia - 142 - 140 1%
T3 R - 1512 - 1556 3%
T4 R - - - 2463 -

EINOx g/kg - - 19.9-27.1 22.2 5%
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GasTurbO OO OOOO - Generic Hydrogen
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NOxO OO - 1 1
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oooo ALT  kft 450 65.0
oooo MACH - 1.5 2.0
oooo FN klb 25.0 35.0
googdo BPR - 1.5 2.5
oooooo CPR - 6.0 8.0
oooooooo TIT R 2500 3000
oooo SWIN kft? 3.0 50 LH,000006.000010.0
ooooo ALE deg 45.0 65.0
ooooo ATE deg -10.0 10.0
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00ooQ FN klb 250 35.0

ooooo BPR - 1.5 25

oooooo CPR - 6.0 80

oooooooon TIT R 2500 3000
oooo SWIN  kft? 3.0 50 LH,000006.000010.0

ooooon ALE deg 45.0 65.0

ooooo ATE deg -10.0 10.0
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ooooao DOC $/PAX/nm Minimized

oooo RANGE nm > 3,500

goooooo ICAC ft/s > 0.0
gooogogd TOFL ft < 10,000

gooogd SSC - > 0.030

ooooo NOISE EPNdB < 100.0

00 0EINOx EINOx g/kg < 15.0
gbooooooooood AP pst < 2.25

oooooooo AT mK Minimized
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Kerosene LH,
K1 K2 L1 L2

ALT ft 49160 50457 50979 53944
MACH - 1.62 1.65 1.57 1.56
FN Ib 29921 28308 30010 30021
BPR - 2.02 2.06 2.09 2.03
CPR - 6.58 7.09 7.23 7.18
TIT R 2720 2734 2644 2649
SWIN ft2 4244 4332 7470 7307
ALE deg 56.3 58.0 56.5 56.5
ATE deg -3.0 -2.1 1.5 0.7
DOC $/nm/pax 0.112 0.107 0.116 0.110
RANGE nm 4486 4711 4513 4809
ICAC ft/s 46.5 41.2 14.8 0.1
TOFL ft 9960 9940 3921 3975
SSC - 0.041 0.038 0.169 0.168

NOISE EPNdB 98.9 98.0 98.1 98.2
EINOx Ib/klb 10.6 12.9 11.1 10.5
AP psf 2.19 2.20 2.20 1.97
AT mK 1.16 1.21 1.32 1.85
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