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Lift & Drag
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For convenience, we will use S CLop-A instead of C; to calculate force versus velocity

Also, we will neglect Aerodynamic Axis >> No nose up or down situation
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Airfoil — Boeing 737

Airfoil Tools

Search 1638 airfoils

Applications

Airfoil database search
My airfoils

Airfoil plotter

Airfoil comparison
Reynolds number calc
NACA 4 digit generator
NACA 5 digit generator

Information

Airfoil data
Lift/drag polars
Generated airfoil shapes

R - —

. KSREAN AIR Searches
ﬁ T yl..l..' ....I.','Id'!_ll.

Symmetrical airfoils
NACA 4 digit airfoils
NACA 5 digit airfoils
NACA 6 series airfoils

Airfoils Ato Z

A a18 to avistar (88)

B b29root to bw3 (22)

C c141a to curtisc72 (40)

D dae11 to du861372 (28)

E 1098 to esa40 (209)

F falcon to fxs21158 (121)
G geminism to gu255118 (419)
H hh02 to ht23 (63)

1isa571 to isa962 (4)

J j5012 to joukowsk0021 (7)
K k1 to kenmar (11)

L 11003 to Iwk80150k25 (24)
M m1 to mue139 (95)

N n0009sm fo npix (174)

G* X Post gl =02 1547

BOEING 737 ROOT AIRFOIL (b737a-il)

You have 0 airfoils loaded.

Your Reynold number range is 50,000 to 1,000,000. (

ENHANCED BY Google Search

BOEING 737 ROOT AIRFOIL - Boeing Commercial Airplane Company model 737

airfoils

Details

(b737a-il) BOEING 737 ROOT AIRFOIL

Boeing Commercial Airplane Company model 737
airfoils

Max thickness 15.4% at 19.6% chord.

Max camber 0.2% at 5% chord

Source UIUC Airfoil Coordinates Database
Source dat file

The dat file is in Lednicer format

Dat file

BOEING 737 ROOT AIRFOIL

23.

0.000000
0.002300
0.005000

23.

0.017700
0.030300
0.037200

-

Parser

No parser warnings

Send to airfoil plotter
Add to comparison
Lednicer format dat file
Selig format dat file
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Boeing 737

T Powerplant:

==== Model JT8D JT8D CFM56-3 CFM56-3 CFM56-3
——— Type 7 15A B2 C-1 -B1
= Static Thrust (kN) 644 712 889 1045 823
==== Static Thrust (Lb) 14,000| 16,000 20,000 23,500 18,500
=SE=E=== Bypass Ratio 11 099 50 49 50
=== EGT Margin (C) 50 45 a0
S | |Fan tip diameter (in) 54 54 60 60 60
—— -| [Max Nacelle Width (m) 1.50| 1.50| 2.00 2.00 2.00
E s — — — | | Span (m) 28.35) 28.35) 28.88 28.88 28.88
| |Gross Area (m?) 102.0| 102.0| 1054 1054 1054
Aspect Ratio 8.83 8.83 9.16 9.16 9.16
Taper Ratio 0.266 0.266 0.240 0.240 0.240
Root Chord (m) 732 732 732 732 732
Tip Chord (m) 1.60| 1.60| 162 1.62 1.62
M.A.C.(m) 3.80| 3.80| 341 3.41 341
Dihedral (°) 6 6 6 6 6
% Chord Sweep (°) 25.00] 25.00] 25.00 25.00 2500

Wing High Lift Devices:
Flap Span/Wing Span 0.740| 0.740| 0.720 0.720 0.720
E= ~| || Flap Area/Wing Area 0.290| 0.290| 0.290 0.290 0.290
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Full model

3D Analysis
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Neglect
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2D Analysis
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Wing Analysis - Comsol




AoA 6deg 2D CFD
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AoA 6deg 2D Model
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OO0 O0000000000000000000

EndCurve

EndLoft

a 00177

00022 0.0038
=

[Root Chord (m) 732 732 732 732 732
[Tip Chord (m) 160 160 162 162 162

(7.32 + 1.62)
2

= 4.47 m: Chord Length

[Dihedral (°) G G | | [ ]

&
D000 0000000000000000000
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Velocity input

Pressure output = 0

Slip wall

Nonslip wall

Altitude = Sea level

Temperature = 293.15 K

Air density(p) = 1.22 kg/m?3
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AoA bdeg 2D CFD

Surface: Velocity magnitude (m/s) Streamline: Velocity field

Surface: Velocity magnitude (m/s) Streamiine: Velocity field

Surface: Velocity magnitude (m/s) Streamiine: Veloctty field
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' L Surface: Velocity magnitude (mis) Streamline: Veloctty field

Surface: Velocity magnitude (mis) Streamiine: Velocity field

Surface: Velocity magnitude (mis) Streamline: Velocity field
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Stationary vs

Time Dependent

3 Error b4 0r

80

70 -

Failed to find 2 solution.

Maximum number of Mewton iterations reached.
Returned soluticn is not converged.

- Feature: Stationary Solver 1 (sol6/s1)

60 -

OK

10+

[ September 19, 2005, 01:50 | Re: What are the reasons for solution instability? 2
Mani You may have to define your problem a little clearer. There will not be any simple and general answer to the guestion why numerical solutions blow up, because of a quite complex interaction of possible causes, such as numerical instability of
Guest the main algorithm, ill-posedness of the physical/numerical problem, instability of the boundary conditions (maybe related to ill-posedness), unresolved physical instability... and so on. I think that you a focusing on the stability of your numerical 0F

algorithm, but T wasn't quite clear from your post. Stability analysis is not a new field, you are surely familiar with the linear Von-Neumann analysis, for example. If you're interested in nonlinear stability analysis, I am not sure there is a lot you
can do for the genaral case, but I would say that the stability issues you mentioned in your post are understood within the framework of linear stability. In order ta gat feedback on your new idea, you probably need to be more specific.

Posts: nfa

[ quoro | 10

[0 September 19, 2005, 04:19 | Re: What are the reasons for solution instability?

=3 20
diaw Thanks Mani... always a good comment... &
Guest
T Try this little experiment: i | i i
1. Create rectangular domain - dx=4; dy=1 2. Discretise into coarse structured elements - say 0.5x0.5; 3. Set upper & lower faces to u,v=0 4. Apply input velocity at central node on left edge (the inlet). 5. Without using flow-field stabilisation, 1 0.5 0 0.5
begin with velocity u=1 m/s & gradually raise the velocity until a reasonable Reynolds is reached. 6. Fluid properties, density = 1, viscosity = 1 ' '
Observe the total-velocity & pressure fringe plots & tell what you see. At what velacity does the solution blow up - !!!'without flow stabilisation'1!!
essages Progress Log
Interesting results on my end in FEM... at low Reynolds numbers... g Table 1

This experiment was constructed in order to challenge a new 'singularity theory' I have been dabbling with on the sidelines for a few months... I can show the mathematical reasoning rather clearly.

diaw...
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Stationary vs

Time Dependent

Step function * 80 m/s

Stationary 80 m/s

VS

Average of reasonable data = Stationary result
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Momentum Equations

DV -
— = —Vph pg HuV?V

Calculating
Lift & Drac yDt [N

—

Total derivative Pressure gradient Body f;}ce term Uiffusion term

Settings
Line Integration
= Evaluate =
Label:  Line Integration 1
Data set: [ study 3/Solution 2 (sol2) -] [®]
Time selection: | All |

Selection -5- pf . T_-E-t r'E'-E-E-'_"" m
Selection: | Manual -
: . »+ spf.T _stressx
Active | B [Tj ¥
v ope *- =+ Lift force per unit length Drag force per unit length
E:(pFESSiDn:
i Total stress, y compenent (M/m) Total stress, x compenent (N/m)
: -5748.0 -725.65

[l Description:

Total stress, y compaonent
~ Integration Settings
Method: | Aute v Why manS?

Integration order: O

< Data seris Operaton : This calculates reaction force from airfoil boundary

Operation: | Mone -
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AoA 6deg Lift & Drag

Velocity (m/s) Lift force (N/m) Drag force(N/m) L*wing span D*wing span L/v*2  D/v*2 1
40 1066 183.6 26650 4590 066625 0.11475 Pl +Cp-p-A=0.705 /span
80 5748 725.65 143700 1814125  0.898125 0.113383
120 9593.2 1651.2 ) 239955 41280 0.666542 0.114667 ) 1
160 17064 2935 426600 73375  0.666563 0.114648 5 Cp-p-A=0.114 /span
200 26669 4585.8 666725 114645  0.666725 0.114645
240 38388.7 6603.9 959717.5 165097.5  0.66647 0.114651 C,/Cp = 6.184
Lift force(N/m) Drag force(N/m)
45000 7000
35000
30000 5000
25000 4000
20000 3000
15000 2000
10000
0 0
40 80 120 160 200 240 40 80 120 160 200 240

e | ift force(N/m) e | ift force(N/m)



Slat & Flap 2D CFD




CAE Project

Slat & Flap 2D Model

el ;-*&\ Geometry 1
= Import 1 gmp1)
= Import 2 imp2)

= Import 3 (imp3) 10
LA geale 1 sear)

*) Rotate 1 (rot1) " o 10 deg
) Rotate 2 (rot2) s = —a w

") Rotate 3 fot3)

i
L

« Move 1 (mowi)
T Move 2 (mova)
& Move 3 fmov3)
[ Rectangle 1 (1)
[Ch Difference 1 (difT)
& Move 4 (movd)
Form Union (i)
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Slat & Flap 2D CFD

Acceleration from 0 m/s to 240 m/s 40 m/s steady flow



CAE Project

Slat & Flap 2D CFD

Time=5 s Surface: Velocity magnitude (m/s) Streamline: Velocity field
T

Lift (N/m) Drag(N/m) Lift/vn2 Drag/v~2
o >0 " 4988.564948 | 4242375945  3.117853093  0.265148497
1g 50 1
05 5 C,-p-A=0.705 /span
5 {40 1
0 _ —) E-CL-p-A=3.118/Span
" : e 5 Cp-p-A=0.114 /span
) ——

1
N —_— Cp-p-A=0.265/span
2.5E 0 CL/CD = 6184‘ —) CL/CD - 1177

1 I I I 1 1 1
0.5 1 1.5 2 2.5 3 3.5 4 4.5 =] 5.5 6 6.5 7



Body & Tailwing 3D CFD
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Body & Tail 3D Model

Full Model Half Model

) CATIAVS - (5737_5yme CATPart] - 8 X
B3 st sNOWAVSVAM Ble  Edt View et Jooks  adow  Help B0 Graphics Convergence Plot 1 bt

e ][ B <[ e | CE D B 5 R =
’ - = E R e e == QRARAEE Lk HEEER C@EN ~EBEE> Mee o

Fv)

BPP A0RSQ0S RLIAZAMSOE 8

DRI, @0 @2 6 BLH UTésQQA,87066 3 248 @ 00 LND % E OFme B A

Face/CloseSurace 5/PanBody preselected [ e
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Body & Tail 3D CFD

Graphics  Convergence Plot 1

qaa@el L-xex pEEEeER|®E ~EEE: @oea
o
Messages Progress  Log
AN
124410 15.58% 0.00010023 445053 222459 445053 1 95045 1 3.7e-012 4.7e-014
124411 15.589% 0.00010028 445055 222460 445055 1 98045 1 1.4e-011 4.32-014
124412 15.589 0.00010028 445057 222461 445057 1 98045 1 2e-011 7.1le-014
124413 15.5% 0.00010132 445061 222463 445061 1 9a0da 1 4.8e-012 &.2e-014
124414 15.5% 0.00010087 445065 222445 445045 1 98047 1 2.%e-012 1.4e-014
124415 15.59 9.7931e-005 445069 222467 445049 1 98043 1 le-011 2.3e-014
e 124416 15.59 9.1798e-005 445073 222469 445073 1 98049 1 1.4e-011 2.1e-014
‘uv.'qi‘ﬂﬂ'ﬁk‘i" 124417 15,548 8.4124e-005 445077 222471 445077 1 498050 1 2. 2e-011 3, 9=-014
ST Canceled
Time-Dependent Sclwer 1 in Study 1/5clution 2 (3cld): Sclution time: 114349 3 (1 day, 7 hours, 45 minutes, 49 seconds)
Physical memory: 1.71 GB
o Virtual memorv: 1.99 GB
Messages  Progress | Log -1
o 1day, 7 h 45 minut
Assemnbling matrices . ay’ O u r‘Sl I n u eS
Description Progress Convergence Parameter Value
Compute 53%
solution 2 53%
L] L] L] | I
Time-Dependent Salver 1 51% B1E3 Time 1538 SOIutlon tII I Ie Issue..
MNonlingar selver 0% Step 1
Assembling 36%

1.66 G8 | 1.93 GB © I =
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ody & Tail 3D CFD
Z SIMSCALE

Full-cloud CAE simulation software
Specialized in CFD

% SIMSCALE

Innovate faster with
cloud-native simulation

simScale makes high-fidelity engineering
simulation truly accessible. From anywhere. At wenE ey T

3 X T
any scale. In the cloud.

Wy

Start Simulating Now

c it  Capterra
SEEIE weanis

Trusted by 500,000+ users

Amarsumsie \CAZRER A macna Tomsn

Tomarers sweco = oy

Gohmronfchmro

: WHY SIMSCALE

A cloud-native simulation platform for the
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Body & Tail 3D CFD

5555555

5555555
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Body & Tail 3D CFD

n T n n T n L " L " " " P
|Time (s) POROUS_POROUS_IPOROUS_FORCE_Z PRESSURE_FORCE_X PRESSURE_FORCEY PRESSURE_FORCE_Z [TOTAL FORCEX TOTALFORCEY TOTAL FORCEZ VISCOUS_FORCEX WISCOUS_FORCEY VISCOUS_FORCE_Z ||Total Lift  Total Drag
1 0.00E+00 0.00E+00 0.00E+00 -9.38E+01 -4.83E+03 -1.08E+01 -9 41E+O1 -4.83E+03 -1.08E+01 -3.17E-01 -5.61E-03 -1926-0Q -8.12E+03”  5.60E+03
| 2 0.00E+00 0.00E+00 0.00E+00 -4.19E+05 -2.29E+07 841E+03 -4.19E+05 -2.29E+07 842E+03 -9.18E+M1 2.53E+00 243E+0§|Lift/v~2  Dragfv*2
3 0.00E+00 0.00E+00 0.00E+00 -3.61E+05 -1.77E+07 -6.00E+04 -3.61E+05 -1.77E+07 -6.00E+04 -9.20E+M1 3.40E+00 2.53E+0Q| -1.27E+00[ 8.75E-01

| 4 0.00E+00 0.00E+00 0.00E+00 478E+04 4.10E+06 -6.31E+04 4.77E+04 4.10E+06 -6.31E+04 -9.35E+M1 3.59E+00 2.31E+0
| 5 0.00E+00 0.00E+00 0.00E+00 2.74E+05 1.53E+07 -2.84E+04 2.74E+05 1.53E+07 -2.84E+04 -9.19E+M 3.76E+00 2.04E+00
| 6 0.00E+00 0.00E+00 0.00E+00 1.49E+05 7.84E+06 7.19E+03 149E+05 7.84E+06 7.20E+03 -8.91E+M 3.84E+00 1.90E+00
| 7 0.00E+00 0.00E+00 0.00E+00 -9.55E+04 -5.16E+06 1.73E+04 -0.56E+04 -5.16E+06 1.73E+04 -8.74E+M 3.92E+00 1.88E+00
| 8 0.00E+00 0.00E+00 0.00E+00 -1.82E+05 -9.17E+06 5.83E+02 -1.82E+05 -9.17E+06 5.85E+02 -8.68E+01 3.98E+00 1.91E+00
| 9 0.00E+00 0.00E+00 0.00E+00 -749E+04 -2.86E+06 -2.06E+04 -7.50E+04 -2.86E+06 -2.06E+04 -8.63E+01 4.02E+00 1.90E+00
| 10 0.00E+00 0.00E+00 0.00E+00 6.00E+04 4.32E+06 -2.75E+04 5.99E+04 4.32E+06 -2.75E+04 -8ATE+M 4.03E+00 1.81E+00
| 11 0.00E+00 0.00E+00 0.00E+00 8.13E+04 5.02E+06 -1.69E+04 8.12E+04 5.02E+06 -1.69E+04 -8.23E+M1 4.03E+00 1.71E+00
| 12 0.00E+00 0.00E+00 0.00E+00 3.57E+03 5.11E+05 -2.12E+03 349E+03 511E+05 -2.12E+03 -7.99E+M1 4.09E+00 1.63E+00
| 13 0.00E+00 0.00E+00 0.00E+00 -6.63E+04 -3.14E+06 2.65E+03 -6.64E+04 -3.14E+06 2.65E+03 -7.80E+01 4.22E+00 1.64E+00
| 14 0.00E+00 0.00E+00 0.00E+00 -6.20E+04 -2.55E+06 -4.95E+03 -6.21E+04 -2.55E+086 -4.95E+03 -7.66E+01 4.36E+00 1.67E+00
| 15 0.00E+00 0.00E+00 0.00E+00 -1.00E+04 4.12E+05 -1.55E+04 -1.01E+04 4.12E+05 -1.55E+04 -7.51E+01 4.46E+00 1.69E+00

16 0.00E+00 0.00E+00 0.00E+00 245E+04 2.10E+06 -1.89E+04 245E+04 2.10E+06 -1.89E+04 -7.34E+01 4.49E+00 1.71E+00
| 17 0.00E+00 0.00E+00 0.00E+00 1.29E+04 1.21E+06 -1.34E+04 1.28E+04 1.21E+06 -1.34E+04 -7.16E+01 447E+00 1.72E+00
: 18 0.00E+00 0.00E+00 0.00E+00 -2.04E+04 -5.74E+05 -6.72E+03 -2.05E+04 -5.74E+05 -6.71E+03 -6.99E+01 4.43E+00 1.73E+00
| 19 0.00E+00 0.00E+00 0.00E+00 -3.72E+04 -1.23E+06 -5.28E+03 -3.72E+04 -1.23E+06 -5.28E+03 -6.87E+01 4.38E+00 1.75E+00
| 20 0.00E+00 0.00E+00 0.00E+00 -2.59E+04 -441E+05 -0.19E+03 -2.60E+04 -441E+05 -0.18E+03 -6.76E+01 4.33E+00 1.74E+00
| 21 0.00E+00 0.00E+00 0.00E+00 -4.85E+03 5.76E+05 -1.38E+04 -4.92E+03 5.76E+05 -1.38E+04 -6.65E+01 4.26E+00 1.71E+00
| 22 0.00E+00 0.00E+00 0.00E+00 4.24E+03 7.57E+05 -1.50E+04 4.18E+03 7.57E+05 -1.50E+04 -6.53E+01 4.18E+00 1.67E+00
| 23 0.00E+00 0.00E+00 0.00E+00 -3.22E+03 1.74E+05 -1.26E+04 -3.28E+03 1.74E+05 -1.26E+04 -6.43E+01 4.05E+00 1.62E+00
| 24 0.00E+00 0.00E+00 0.00E+00 -1.54E+04 -3.70E+05 -1.00E+04 -1.55E+04 -3.70E+05 -1.00E+04 -6.33E+01 3.91E+00 1.57E+00
| 25 0.00E+00 0.00E+00 0.00E+00 -1.99E+04 -3.50E+05 -9.83E+03 -2.00E+04 -3.50E+05 -9.83E+03 -6.24E+01 3.76E+00 1.52E+00
| 26 0.00E+00 0.00E+00 0.00E+00 -1.52E+04 4.40E+04 -TI7E+04 -1.53E+04 440E+04 -T.17E+04 -6J7E+1 3.61E+00 1.46E+00
| 27 0.00E+00 0.00E+00 0.00E+00 -8.24E+03 3.16E+05 -1.39E+04 -8.30E+03 3.16E+05 -1.39E+04 -6.10E+01 3.46E+00 1.40E+00
| 28 0.00E+00 0.00E+00 0.00E+00 -5.71E+03 2.36E+05 -1.48E+04 -5.78E+03 2.36E+05 -148E+04 -6.04E+01 3.32E+00 1.34E+00
| 29 0.00E+00 0.00E+00 0.00E+00 -8.26E+03 -1.28E+04 -1.43E+04 -8.32E+03 -1.28E+04 -1.43E+04 -5.98E+01 3.18E+00 1.29E+00

30 0.00E+00 0.00E+00 0.00E+00 -1.18E+04 -1.40E+05 -1.36E+04 -1.19E+04 -1.40E+05 -1.36E+04 -5.92E+01 3.06E+00 1.24E+00
| 31 0.00E+00 0.00E+00 0.00E+00 -1.28E+04 -5.91E+04 -1.35E+04 -1.29E+04 -5.91E+04 -1.35E+04 -5.88E+01 2.94E+00 1.20E+00
: 32 0.00E+00 0.00E+00 0.00E+00 -1.11E+04 8.70E+04 -1.42E+04 -1.12E+04 8.70E+04 -142E+04 -5.84E+M1 2.82E+00 1.15E+00
| 33 0.00E+00 0.00E+00 0.00E+00 -9.15E+03 1.36E+05 -1.48E+04 -0.21E+03 1.36E+05 -1.48E+04 -5.81E+M1 2.70E+00 1.11E+00
| 34 0.00E+00 0.00E+00 0.00E+00 -8.78E+03 6.72E+04 -1.49E+04 -8.84E+03 6.72E+04 -149E+04 -5.79E+M1 2.59E+00 1.07E+00
| 35 0.00E+00 0.00E+00 0.00E+00 -9.88E+03 -1.85E+04 -1.45E+04 -0.94E+03 -1.85E+04 -145E+04 -5.77E+M 249E+00 1.04E+00




Take off situation
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Take — off

Lift

]
1

| /

’ I

Engine Axis ~ ~ ~ 1!

i T S Thrust A

Aircraft Axis = > - ~ <

Aerodyn. Axis ~ =

Horizontal Axis

Engine Axis = Aircraft Axis
To negelect an effect of Aerodyn. Axis, set a climb angle by velocity

Maintaining altitude at 12000m



Build a system using simulink
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System component

— P Alt Thrust1

Thrust_Control_system

>

Thrust Altitude

Current flight status
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Current flight status

LP Climbing angle J P x-vel
— Total velocity lift f————®» Lift x-componet acceleration » x—acceleration'_ Total Velocity
T L Drag _ . x-component Velocity P y-vel gk
» 7 I y-component Velocity | Climbing angle
P Al drag Thruet per engine " ‘y-component acceleration P y-acceleration , - Altitud ——P Alt
Alt =L B
Dragé&Lift Acceleration Velocity&Altitude angle
Climb Angle
i
Thrust
4

Altitude | 1



Drag&dLift
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Input  -Altitude
-Total velocity

Drag &Llft If altitude > 40m Output - Lift
/ No slat&flap - Drag
|

else

| if{ul = 40)
[ 2 } Pl 111 I
| !

fen
rho/rhol

=

D >
Talalveln-city/
Air density by altitude ‘ T
. . rag
Air density at sea level uasmmmap—‘ |_’

+
| |w2 else {} Lift
Drag
/ With Slat&Flap
L "v“EDmg
MUltlply E . CL -p- A Body Drag&Lift
Merge all drag&lift

arge

[




CAE Project

Drag&dLift

u

4

fcn

Y

rho/rho0

D

Total velocity

A 4

Body Drag&Lift

Fripe = PR CL
1
Fprag = IR Cp
I if(u1 > 40)Lift [—— )]
VA2 . omal merge
No Slat&Flap IR
v
else {} Lift
vh2 | >
Drag [ d merge 0
With Slat&Flap drag
Lift
P vh2
Drag
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Air density by altitude
Air density at sea level

= 4 rho/tho0 X  Accelsration p0=101325 Pa sea level standard atmospheric pressure
® ||*alBoeing_737_500_5 P [®&| Current flight status P [Pa|Drag&Lift ¥ 4 rho/rho0 T0=288.15 K sea level standard temperature

1 O function y = fen(u) g =9.80665 m/s2 Earth-surface gravitational acceleration

2 L =0.0065 K/m temperature lapse rate

3 p® = 101325; R =8.31447 J/(mol-K) universal gas constant

- M = 0.0289632; M =0.0289644 kg/mol molar mass of dry air

5 R = 8.31446; : n .

6 T = 288.15; M

7 L = 0.0065; -

3 h = u; 1 + L - h —R-L

9 g = 9.81; — . D ———

10 T = Te-L*h p Po T:

11 0

12 rho_@ = (po*M)/(R*T@)*(1)~(-(g*M)/(R*L)); p

13 p —_— ——

14 rho = (p@*M)/(R*T)*(1+(L*h)/T@)"(-(g*M)/ (R*L)); R-T

15

16 ~ v = rho/rho_8;




Acceleration
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Input  -Climb angle

-Lift
. -Drag
ACCEIeratlon -Thrust per engine
-Altitude

W-pormponet acceleration

Output - x-component acceleration
—_— - y-component acceleration

Inputs

RITHONE_ i AL
yompanet_acoskerabon

u.m(u.n‘:a N k‘ \
P y-component acceleration
= RN .
- S ™ calculation sub-system
Illuﬂ ing
umber of Engne
/] b .
=== X-component acceleration
A1 2 calculation sub-system
(D

=
=
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Calculate total thrust

Inputs 1

Calculate Cos&Sine value by climb angle

1

@ o
D .| o —
Climbing angle fen
Cos 2
Number of Engine
4’|U ‘ Yy
= /1 Remaining Fuel
o _/ Plu ‘ =
D fcn
2 Remain_Fuel
H T —

£
N

o 4 B

Drag fcn

e

Total aircraft mass Alt
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/ Mo @ |

fcn

Inputs — Remaing Fuel

Remain_Fuel

Manufacturer Aircraft Fuel Consumption
! Fuel consumption 2400kg/hour

Boeing 737-500 2400

| @ == nt2to|&: Rampt

Ramp (mask) (link)

NE=E AMZHH Al&tot=s 22 MSE

NG

JIEJ:

—2400/3600 -0.66667 |3

Al EE Al ZE:

0

function y = fcn(u)

%A=z AHJFO HASE I HEEE 622

if u <= 9;
=a_}

=) £

I 16200
HH WctllEHE 1222 = off 4

1;

J.

Max fuel mass
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Inputs — Total aircraft weight /

Manufacturer Aircraft Fuel Consumption

(klogram/our) Fuel consumption 2400kg/hour

2400

Ramp (mask) (link)
KES AIZHH AlZEote &= Al

ntetole

—{,66667 &

o MATLAB Functioni
|"&| Boeing_737_500_5 » [Pa| Current flight status P [Pa| Acceleration P [ MATLAB Function

T function v = fcn(u)

62823
e MctlEHE 1A= Z ol

y = 1/u;

1/weight

J.

Max take-off mass



-+
()
2
O
(a1
Ll
<
)

y-component acceleration

Outputs

uonels|aaoe lauodwoos-A

W
sseuw

[en4 uleway
Isniyj

Beiq

i

auIs

S09

x-componet acceleration

EEEEELE,

uonels|@2oe Jusuodwigo-x

ssew/|

|an4 Buiuleway
Isniyj

Beig

|

auls

S02

S O, O O K.

Inputs
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X-component acceleration
calculation sub-system

Drag*cos (x_Thrust) - (x_Drag) - (x_Lift) a =F/m

> - >
. >
| xfcomponent_acceleration
P
X
..

= Thrusk*cos

\ Lift*sine (e )—

sine Remaining_Fuel

/

If remaining fuel is O, input = 0,a =0
Else, Input = 1, a=F/m

NEAEAAEIARE
= E o 7] %
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y-component acceleration
calculation sub-system (y_Thrust) + (x_Lift)- (x_Drag) - Weight
Lift*cos

Remain_Fuel

Weight = mass*9.81m/s/2

-3 .

y-componet_acceleration

fcn

\
x
+

N
Thrust*sine

Drag*sine
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If remaining fuel <=0, input =0,a =20
Else, Input = 1, a=F/m

y-component acceleration
calculation sub-system

1/ weight

MATLAB Function1 iemain_Fue |;| a = F/m

0 _737_5005 ¢ Current flight sta

function v = fcn(u)

y = 1/u; o, ‘ y

%y = 1/mass| fen

< I

y-componet_acceleration

(8 )P« 4
.—[ _

If altitude == 0& a<=0,a=0

Else, a = F/m

With out this function, y-accel is negative when the
altitude is 0. So, altitude will have a negative value.




Velocity&8Altitude
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function y = fcn(u)

Make altitude >= 0 1f u < e,-.

Velocity&Altitude

Calculate Total velocity v= \{sz + VYE

/

0

C

nma & > \u
x-acceleratiof T Total Velocity
@Bg _—

y-acceleratiof

Ca |
!
h 4
gl:‘-)
(

x-component Velocit

:

y-component Velocity

Acceleration -> velocity

1
/ > E > u ‘ y
Velocity -> Altitude fon Altitude




Climb Angle
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Calculate climb angle

Climb angle

if(u1 > 0) p---fpmmmmmeenen
& oo ;
else [~ ,
Al 1 g xvalu1>0)
y
| P y-vel
) al
x-vel
\ 4
-vel +
y-ve else {} merge
1 >

| Climbing angle
If altitude = 0, /

Climb angle = 0
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Climb angle

if(ut > 0)

Action Port

y_vel

x_vel fcn

Calculate climb angle

climb_angle

function y = fcn(y_vel, x vel)
u =y vel/x vel;
y = atan(u);

By using this function, we can align aircraft
axis and aerodyn. axis

else {}

Action Port




Thrust Control System
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Making the controlled thrust does not
exceed the max thrust of the engine

Thrust control system

Control thrust using PID-controler

12000—)@ PID(s) u ‘ y

fen Thrust1

Alt

—_—

Calculating the difference between target altitude and current altitude
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Th 'U St CO ntrol System the max thrust of the engine = 82.3kN

v S| B

1 N : _
pertvp N lFunction y = fecn(u)
1+N3
o= I3 ES  HOHE MU =S4 ;
RI0{7] mat0IE] if u <= 82300
LA YR hd y = U,
HIg(P): 5
H=2(1): 0.005 ! [(JUse I#Ts (optimal for codegen)
else
O£(D): 1
ZE H2N): 50 LHYS 012 AE y = 82300;

:l | - end

After trial and error, we adjusted the gain values.



Simulation
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Altitude

n EM 27V AgHOEN EBRH)
- l40r® =-a-E-|FA

Velocity &Altitudely
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Acceleration

CC
tdR) BM 27Iv) AIEA0IEN E8Z(H)
@-|BQP® - |aA-E-F &

Acceleration/1
Acceleralion/2

T=4000.000
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Velocity

oE EM 27w AMEHOEN ESLH)

a- |- Fld

Velocity&Altitude/2
Velocity &Altitude/3
— Velocity8Altitude/1

MEZ 39 [T=4000.000
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Climb Angle

angle
AR =M EZI MEYHOIE(N) ESTH)
@-COPO H-a- K- F A

— Climb Angle

gh | T=4000000
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Thrust

m 27w AolEm ESEH)
CMAICLA I < ME A%

gt |T=4000.000
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Take-off Time

oeE &M B2V AIEH0EN =8EH)

@-OP® -0 E-F

Acceleration/1
Acceleration/2

About 56.8 sec

Jgh | 2EM=0 T=60.000
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o Em E7ZV AZH0ED E2H)
@-eOP® - &K F

Take-off distance

A distance
oEE M E27Iv) AEY01E(N) ESEH)

@-BOP® -Q-H-Fl&

Velocity &Altitude/5

4= |T=60000

About 280Tm




Comparison between “With slat&flap” and “No slat&Flap”




EA distance
(@AY= PI'OJeCt oR EM 27l AIBHOMMN) ESTH)
+ "‘-?J)KE)IJV — NI=CR .1.":.- E:]' if

Take-off distance

EA distance
odE gm 27w OlE(N =8EH)
@-|4OP @ : = RE %]

Velocity&Altitude/5

MZ D3 T=450.000

About 62800m >>>>>>>2801m




BN Acc
CAE PI‘O_]eCt oYE EM E7Vv AEHOMEN ESTH)

Q- AOP®| =-M-E-F
Take-off Time

107

About 394.2 sec>>>>>>>56.8 sec




Improvements
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Climb angle control

Ch= Jdefi== A[ZH0 e £ Ol
+57r 300m/sE 9= A= 2 & UL} H[AH 7|
ol =3 HLIJ HE 216m/sQ AS &2t Oj
=] HH} = o|c}

SCLIS Id|<>"7|0| Zte X017 =017} UK @Ok

QEX| FHOZOI I E XHG| [[HEOHEL H
si7|o| ZtE KMo srqm et 2z 1L
£ §X[5t= Ao| 7ts& AO|L}. Efﬂ* e
AoA0| CHBt Cl&Cd Zf0| Eagh Z0|LCt,
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Altitude

Various slat and flap angles

B Al
ogrE Em 27n AEY0ENn =SZH)
CMAICLA MM ME N

Velocily8Altitudely

BZ 3|9t T=200.000 |
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Accerlation

Various slat and flap angles

ﬁAcc
oeEm =M 2N AIE0ED) E2EH)
@- 0P ® - Q- K- F 4

oXM=0  T=200000
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Climb angle

Various slat and flap angles

aaaaa
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Various slat and flap angles

H = -
st 7S 0| 2Bt 0]= ME3HE slataflap & Lifte} Drag®l 242 ¥ 4 UCHE o 4 9
S 2xjatn Mzttt
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More accurate control system

[}

TYH 5N L) NEAOY £8

0-60p0@ - Q- H-Fd
10°

el
<

12 718t T=4000.000 J

2 MX]
ULE.

e X FEHOZ WEA K25 =
SH{OFSHX| 2t PID X[0]2| otA = xumn
Ot O|F

I'E

A2t AE|7F E7to
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More accurate control system

Slat&flapO| H 2l & Ef= 15020 A,
LT AEfOM 39.60] O|FIH M

MR 222 823kNOl A CfUst HO
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More accurate control system

Slat&flapO| &2l &
M 170

= 2F 20000mOf| A,
u=|j(=|7t| *FEHOﬂ m

Ef
OmZrof| O] =YL,

MR 222 823kNOl A CfUst HO
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