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PARAMETER OPTIMIZATION FOR AN INTERACTIVE AIRCRAFT DESIGN

| 1. Requirements
Background v

| 2. Comparative Studies
= 2

" PreSTo — Preliminary Sizing Tool was developed s st ke

|
|
|
at Hamburg University of Applied Sciences 4. Propulsion System |
|
|
|

v <€
http://PreSTo.ProfScholz.de

5. Preliminary Sizing
> ¥

6. Cabin and Fuselage

>V <€

" PreSTo is divided into several modules: 7. Wing, Aileron, Spoiler
Creliminary siziné;xabin and fuselage, wing, high lift, 8. High LiftSy:t:r—n ________ };
empennage, landing gear, mass and CG, drag and . EmpennagefEIevator, .
DOC calculation. VE=====eees ,
v

11. Stability & Control —
v

12. Landing Gear ‘
v

13. Polar, LD, Take-Off Mass ~ f————
7

14. Aircraft Performance ’
v

—| 15. Operating Costs / DOC

= Right figure: one possibility of sequencing and
iterating these design steps

|
|
|
|
| 10. Mass & Center of Gravity } -
|
|
|
|

v
16. Three-View Drawing I
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PARAMETER OPTIMIZATION FOR AN INTERACTIVE AIRCRAFT DESIGN

The Problem

= Design requirements are given: landing distance, take-off distance, cruise Mach
number, ...

= Other design parameters are required: aspect ratio, maximum lift coefficients, ...
" The best combination of design parameters leading to a good design needs to be found.

The Solution

= To formally optimize the aircraft design parameters and present these optimized values to
the users as a starting point.

* To combine formal optimization with a subsequent interactive and experienced driven
aircraft design.
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PARAMETER OPTIMIZATION FOR AN INTERACTIVE AIRCRAFT DESIGN

The Starting Point

= Two-dimensional optimization problem:
thrust-to-weight ratio (for jets) versus wing
loading...

= ... for five requirements: landing distance,

weight ratio

Thrust-to- |]

Tro
myro Ug

take-off distance, second segment and missed

approach climb gradients and cruise Mach
number.

Application of a Formal Optimization Program

rmissible regio
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Landing

Missed Approach

<

Second Segment

m yto

v

Wing
Loading

=  Optimus® was connected to the Excel preliminary sizing sheet from PreSTo. This made it
possible to optimize any design output parameter for any combination of design input

parameters.

=  Optimus® by Noesis Solutions (Belgium) is a Process Integration and Design Optimization
software. It bundles design exploration and numerical optimization methods.

" The original Excel preliminary sizing sheet was extended.
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PARAMETER OPTIMIZATION FOR AN INTERACTIVE AIRCRAFT DESIGN

Extensions of PreSTo

= Incorporation of both benefits (L/D, SFC, ...) and penalties (structural mass, drag, ...). For
example:

From Torenbeek

_ e

Mok - mOE,preliminary - mW,redesign t mW,Optimus

/ \ T

From thrust-to-weight Based on the parameters of the Based on the parameters
ratio, based on Loftin  redesigned baseline aircraft found by Optimus®
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Extensions of PreSTo
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= Automation of the cruise line in the matching chart by adjusting the value of V/V .

Cz DESIGN Cf_.r.ud Thrust-to- |}
weight ratio
alC =1 {P‘ V ]: Tro
g Lomd md myro Ug
2 E
E — .'1'.'|:-'Df %
. ! +{ Cl J
[ {ﬁ_[ } CL._?JM" ;
C:’_.md

= In this way we are sure that the most demanding
requirements are met in the same time.

Permissible region

<

Missed Approach

| Second Segment

M m10 Wing
Sy Loading

* Implementation and testing of different SFC calculation models.
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PARAMETER OPTIMIZATION FOR AN INTERACTIVE AIRCRAFT DESIGN
SFC Calcullation Models
= Mattingly 1996
TSCF = (0.4+ 045M)8, 0 = T/T,,
where M is the Mach number at the engine inlet
= Svoboda 2000
SFCcr(lb/lb h) = 0.8 — 0.00096./ Tro(lb),
SFCro(lb/Ib h) = 0.71 — 0.15 /o ~ ). where o is BPR
T(_R(lb} = 20'(} + 0.2 T']'O“b).
a( ~)=3.2 + 0.01/Tro(Ib),
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PARAMETER OPTIMIZATION FOR AN INTERACTIVE AIRCRAFT DESIGN

SFC Calcullation Models

= |sikveren 2002

0 0

[ ) T (ksh+k,) T 1
c:kelklh’(TJ M+(k5h+k6)(TJ+k?h+kSJ

calibrated for BPR = 5.2 with k, = 1.586 Ib/Ib.hr; k, = -0.303; k, = 8.40 X 10** per FL;

k, = -0.760; k, = 5.45 X 10 Ib/lb.hr.FL; k, = -0.307 Ib/Ib.hr; k, = -9.54 X 10" Ib/lb.hr .FL;
k, = 0.694 Ib/Ib.hr

=  Sforza 2004

_ _Tep Trp = 14.3 sin HTT—O DEH
TSCF = 0.7 o (Ibm/ h/Ibf) CR 105 2°
= C_Howe 2000
and ¢, = 0.7 N/Nh for high A (BPR)
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SFC Calcullation Models

= C Herrmann 2010

necessary parametrs: BPR, OAPR, TET, AP/P and engine component efficiencies:

r]ventilator’ r.Icompressor’ If]turbine’ r]nozzle’ r]inlet

0.6970 ;E((p F R S
SFC - 0 n compressor
\/Sm ”OZZZQEH’] vemilatorm turbine@PR)qG'I- OzWZ@PRD ! PR )_ Mq“ BPR)

ventilatorm turbine

, where
0 1.01 0
G= - L yh-— . ;
compressor n s enT D( X + 19 )D(l - )
H o8 D7 compressor D] turbine
-1 2
K-1_ . = 0.7M>(1- 1 ;10r)
0=T/t=1+ —IOM~; =9 EOAPR* -1 = 1- e
0 0 gasgen 2
2 i i 1+ 0.2M
Dipl.-Ing. Mihaela Nita EWADE 26.05.2011, Page 9 s

Parameter Optimization for an Interactive Aircraft Design 24.05 - 27.05.2011 Napoli Aero - Aircraft Design and Systems Group



— Hochschule fir Angewandte
I .
— Wissenschaften Hamburg
I

Hamburg University of Applied Sciences

PARAMETER OPTIMIZATION FOR AN INTERACTIVE AIRCRAFT DESIGN

SFC Calcullation Models

" Herrmann 2010 Known parameters:

Thrust, M, H, BPR,

AP/P
Input parameters:

BPR, TET, OAPR, AP/P Calculated parameters:

r.Iventilator’ ncompressor’ nturbine’ r]nozzle TET' OAPR, nventilator’
ncom ressor’ r] urbine? nnozze

\ HI M / p turb |

Calculation model
XV, (I)' G' r]inlet’ r]gasgen

Statistical regressions

SFC
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PARAMETER OPTIMIZATION FOR AN INTERACTIVE AIRCRAFT DESIGN
Selected Results

= Tests were performed starting from the parameters of an Airbus A320 redesigned as
closely as possible to the real aircraft.

Parameter Symbol Original Redesigned Deviation Matching chart
A320 A320

Max. lift coefficient, landing Comaxt - 2.9 - _

Max. lift coefficient, take-off Co a0 - 2.07 - s —

Mass ratio, landing-take-off m,,/ Mo 0.878 0.878 -
Aspect ratio A 9.5 9.5 - .
Max lift-to-drag ratio L/D,.. 17.88 18.59 - &
By-Pass ratio BPR 6 6 - Fow
Speed-to-speed minimumdrag  V/V_ - 0.94 - ‘gm
Relative operating empty mass ~ m,./m,,., 0.550 0.551 - gm ————— —
Mission fuel fraction M, - 0.171 - T
Max. take-off mass Moo 73500 kg  71960kg  -2.10%
Max. landing mass m, 64500 kg 63180 kg -205% " o o - m— o o
Operating empty mass m; 40430 kg 39654 kg -1.92 % Hinalosdng nkom? ——
Fuel mass m, 12500 kg 12305 kg -1.56 % St
Wing area Sw 122.4 m? 119.8 m? -2.15% Take-off
Wing mass m,, - 7037.4 kg - Coase
Take-off thrust of one engine T, 11000N  108965N  -1.83 % e
Fuel volume needed V. - 16.8 m? -
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Approach
Parameters \ K Obijectives \

Basellne aircraft redesigned Minimum m,,,
with PreSTo: A320

. \

Minimum m.

Slngle parameter varlatlon ) ’
LmaxL' LmaxTO' ml\/IL/mI\/ITO' Minimum DOC

nkE, A

Coupled parameters varlatloy
|

|
Additional parameters: the }

. J

[ Minimum m./V, m,,;,/V ]

\——/

fixed requirements set free:
M, SLFL' STOFL
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PARAMETER OPTIMIZATION FOR AN INTERACTIVE AIRCRAFT DESIGN
Influence of C,, ., and C, ...,
C varied in the interval [1.9, 3.5]
tmaxt coupled
- C.LmaxTO = 80 % ' C.LmaxL
" The rest of the parameters were kept as for the A 320
w93 p!
0.295 /’—
0.29 .
[ ]
./ Thrust-to-weight ratio, T/W as
0.285 a function of maximum lift
4 coefficient for landing
0.28 " configuration, C,, .,
0.275 | onegee | cnssenmesh on o seeasmane asee ey of
0.27

19 2 21 22 23 24 25 26 27 28 29 3 31 32 33 34 35 C

LmaxL
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PARAMETER OPTIMIZATION FOR AN INTERACTIVE AIRCRAFT DESIGN

Influence of C

LmaxL

an d CLmaxTO

Myro [kg]
70000
g
69000 ]
o
68000 /
°
67000 --\ . Maximum take-off mass, m,,,
‘l as a function of maximum lift
66000 \ coefficient for landing
e configuration, C,,,
65000
Nl 7
64000 ‘—ﬁ.. o
63000
19 2 2122 2324252627 2829 3 3132333435 (C,
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PARAMETER OPTIMIZATION FOR AN INTERACTIVE AIRCRAFT DESIGN
Influence of C,, ., and C, ...,
m,, lkg]
8100 1N\,
7600 \
.-.
7100 \ Wing mass, m,,as a function
\ of maximum lift coefficient
for landing configuration,
6600 e c.
6100 2
™=
-
5600 1 1 1

1.9 2 21 22 23 24 25 26 27 28 29 3 31 32 33 34 35 (

LmaxL
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PARAMETER OPTIMIZATION FOR AN INTERACTIVE AIRCRAFT DESIGN

Influence of C

an d CLmaxTO

Sw
170 \
160 \
150
140
Wing areq, S, as a function
130 of maximum lift coefficient
120 ]g)r landing configuration,
LmaxL
110 \\
100 o N
-o-urT
90 1 .
19 2 21 22 23 24 25 26 27 28 29 3 31 3.2 33 34 35 CLmaxL
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PARAMETER OPTIMIZATION FOR AN INTERACTIVE AIRCRAFT DESIGN

Influence of C

LmaxL

an d CLmaxTO

L/D

19

18.5 .‘.—-!‘—"'-!-.

[~y
y Pl T~

. .
’o‘ Lift-to-drag ratio, L/D as a
17.5 function of maximum lift
g coefficient for landing

17 /‘ configuration, C, .,
16.5 -—/

16

19 2 21 22 23 24 25 26 27 28 29 3 31 3.2 33 34 35 Claxt
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PARAMETER OPTIMIZATION FOR AN INTERACTIVE AIRCRAFT DESIGN

Influence of C

LmaxL

an d CLmaxTO

VIV,
1.3 \\
1.2 Y
e,

1.1 \ . .
o~ Wing mass, m,,as a function
S of maximum lift coefficient
. \ for landing configuration,
C

LmaxL

0.9 —"T.

0.8
19 2 21 22 23 24 25 26 27 28 29 3 31 32 33 34 35 C

LmaxL
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PARAMETER OPTIMIZATION FOR AN INTERACTIVE AIRCRAFT DESIGN

Influence of C

LmaxL

an d CLmaxTO

13.4 % mass improvement

SFC witha C,_, =2.82
1.61E-05
1.60E-05 \\..
)
1.60E-05 Specific Fuel Consumption,
% SFCas a function of maximum

1.59E-05 \ lift coefficient for landing

configuration, C,

maxlL

1.59E-05 ‘\

%

™~

1.58E-05 ’.
19 2 21 22 23 24 25 26 27 28 29 3 31 3.2 33 34 35 CLmaxL
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PARAMETER OPTIMIZATION FOR AN INTERACTIVE AIRCRAFT DESIGN
Influence of m,,,/m,,,,
m MTO/ Sw
)
760
Q..\
710 \
L )
“\ Wing loading, m,,,/S,,as a
660 Dl function of maximum landing
\ \ mass ratio, M, My,
®
610 s
.‘*
560 Ik

0.68 0.73 0.78 0.83 0.88 093 m,,/m,.,
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PARAMETER OPTIMIZATION FOR AN INTERACTIVE AIRCRAFT DESIGN
Influence of m,,,/m,,,,
Myro
120000 L
110000 \
%
100000 '\
\ Maximum take-off mass, m,,.,
90000 e as a function of maximum
\5 landing mass ratio, m,,,m, .,
80000 \\
il N
70000 Nn—.
60000
0.68 0.7 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92 m,,/m .
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PARAMETER OPTIMIZATION FOR AN INTERACTIVE AIRCRAFT DESIGN

Influence of both m,,/m,,,, and C,

mML/mMTO

%

Correlation = -0.13111

maxL 7 c'LmaxTO
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0.32583
0.32217
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03112
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0.30023
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/
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0.25634
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maxL

3.5
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PARAMETER OPTIMIZATION FOR AN INTERACTIVE AIRCRAFT DESIGN

Influence of both m,,/m,,,, and C,, ..., C ..o

Correlation = -0.13111

%)

w

Clor legends
S_W
19434153
190,74383
187,14614
183.54845
179.95075
17635306
172,75537
169.15767
| 185,55998
| 161.96229
| 158.36459
154.7669

swex Variation of m,,/m,,, and
o C,ax- Results shown are
fgéggéé m,., (bubble diameter)
2% and S, (color).

93.60611
90.00842

EENREY

[ CRE RN RN

Radius constraints
m _MIO

Minimum = 60312.38625
Maximum =93039.03953

1.9 2.1 2.3 2.5 2.7 29 3.1 3.3 3.5 Cimat
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PARAMETER OPTIMIZATION FOR AN INTERACTIVE AIRCRAFT DESIGN

Influence of both m,,;,/m;,;, and C,,,.... . Cimaxto

Matching Chart

17.9 % mass improvement

0.700 _
for C,,.,, = 2.61 and
0,600 mML/mMTO = 095
0.500
-(% empum 20 d Segment
= 0400 e=m== \issed appr.
% Take-off Matching Chart
i Cruise
:(;) 0.300 === | anding
E a T——————0 0.600
= e 3
0.200 0.500
éowo
0.100 :goaoo
£ 0200
0.000
0 100 200 300 400 500 600 700 800 0100
Wing loading in kg/m?2
0000
0 200 400 600 800 1000 121
Wing loading in kg/m*
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PARAMETER OPTIMIZATION FOR AN INTERACTIVE AIRCRAFT DESIGN

Influence of BPR, on the redesigned aircraft (i.e. withC, ., = 2.07 )
1.8 % mass improvement
m/\/ITO
for BPR = 13.8
73000
72000
71000
Maximum take-off mass,
70000 M, as a function of BPR
69000
68000 s
@
67000 .
2 4 6 8 10 12 14 BPR
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PARAMETER OPTIMIZATION FOR AN INTERACTIVE AIRCRAFT DESIGN

Influence of BPR, with C,,. .., =80 % C

o OF the redesigned aircraft, i.e.
CLmaxTO = 2'32

14.1 % mass improvement

for BPR=11.3
Myro
64400
64200
64000 3‘
63800 Maximum take-off mass,
M, as a function of BPR
63600
63400
63200
63000
4 5 6 7 8 9 10 11 12 13 BPR
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PARAMETER OPTIMIZATION FOR AN INTERACTIVE AIRCRAFT DESIGN

Influence of BPR with C,,. .., = 2.07 , model Herrmann _
11.5 % mass improvement

for BPR =11.2
Myro
68000
[ ]
[ ]
67500
67000 r
& Maximum take-off mass,
66500 r 4 M, as a function of BPR
?
66000
7
65500
65000 1 i
4 6 8 10 12 14 BPR
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PARAMETER OPTIMIZATION FOR AN INTERACTIVE AIRCRAFT DESIGN

Influence of BPR with C,_ .., = 2.07, model Herrmann

V

CR

238

236 L

234 7

232 Cruise speed, Vas a
function of BPR

230

228

226

224 1
4 6 8 10 12 14 BPR
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PARAMETER OPTIMIZATION FOR AN INTERACTIVE AIRCRAFT DESIGN

Influence of BPR , with C,, .., = 2.32 model Herrmann

19.7 % mass improvement
m

MTO for BPR = 9.5
60400 L
60200 1%
60000 \
%

59800 \ .‘ Maximum take-off mass,

N S M, as a function of BPR
59600 2
59400 ,,

)
59200
59000
4 5 6 7 8 9 10 11 12 13 BPR
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PARAMETER OPTIMIZATION FOR AN INTERACTIVE AIRCRAFT DESIGN

Influence of both BPR and C,

BPR

Correlation = 0.01269

maxL 7

14 Q) . D 00 @ -
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s . ) ) Y = @3 @
11 b e = 5
- Q) . o © g
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e — o e _6 =
@ % Z ; ) o C @
8 , - ® e ® C(; ® - ]
oy 7 O ) ] U
= ‘ » (?:) L @ - O 7 -
e @ ) C(: ® O© ® et - a© & p
@ o L O . e ({?@ “b (?,) -
4 - o9 f@'@c%@ s P e %
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C,...xro - Model Herrmann

Hochschule fir Angewandte

I

I .

- Wissenschaften Hamburg
I

Hamburg University of Applied Sciences

my

20.0 % mass improvement
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Influence of both BPR and M, with C,, ., = 2.32, model Herrmann
M
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Influence of BPR, M, C,,,.,, and m,,/m,,., model Herrmann
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Outlook

= To question additional parameter variations for innovative configurations (S,,., S,7)
= To test further objective functions: DOC, m,, m/V, m,,./V
* To include the nacelle drag penalty and landing gear weight penalty for high BPR

= The final goal is to offer formal optimization of aircraft design parameters as a starting
point for further interactive parameter changes in PreSTo independent from a commercial
tool like Optimus®.

* This shall be achieved by programming a suitable optimization algorithm with VBA in
PreSTo. The user can then "on pressing a button” find a "pre-optimized" design in the
preliminary sizing module.

= This "pre-optimized" design can then be manually improved and made ready for airline
operation considering further expert knowledge.
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