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FCOM
Flight Crew Operating Manual DLR

* |ssued by manufacturer

= Guideline for safe and efficient use
of the aircraft

» Contains In-Flight Performance Data

FCOMSs were used In scientific
works

FCOMs sometimes obtainable on
the secondary market
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Reference Aircraft #7
DLR
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MTOM ~20000 kg '
Wing Area ~60 m?2 A

Wing Span <30m

Design Range 715 NM

Fuselage Diameter ~2.9m :—EM%
Passengers ~70 {

Control Surfaces Manual, Aero-Balanced

Engines 2x PW100 Family
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Methods 4#7
Overview DLR

Climb Rate

Validation

AMC:
Mission Fuel Masses Numerical 2D Mission
Calculation

FCOM Aerodynamic Model
openAD:

Assumptions Preliminary Engine Model
Aircraft Design

Other Sources Tool Mass Breakdown

Sources Reference Model
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Aerodynamic Model Estimation A#y
FCOM Cruise Chart DLR

Aircraft Weight, 18 T

Delta ISA ISA -10

Flight| VIASTAS
r=>b Level | FF.TQNP
Pspagt = (ZQ[%] *TQrer) - (NP[%] + NPyper) 170190 kts
__ TShaft 200 kg/h/En
QP"OP = V. Nerov / 50 76.5%9,’85 %g

{ From Cruise Charts, drag is determined via calculating engine thrust J
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Aerodynamic Model Estimation ‘#7
Thrust Propeller Model DLR
4 N

2[1 —J? log(l +]lz>]

= Propeller Thrust Ty,,: Nprop = : -
Tuckenbrodt Model L4 yl4es=2/%log(l +73)
= No shock formation at high Mach J — Propeller Advance Ratio
Number considered K ¢s — Propeller Disk Loading /
= No friction: Instead constant loss
parameter  — 0.8t0 0.9 / \

—>

» Residual Thrust T, :

2%-10% of Total Thrust T

4 N
Two parameters of the thrust model are

assumed. These are iterated to find the »
best combination for model validation.

. J K T =Tprop + Tres /

F. Fritzsche, S. Mlller, G. Atanasov, D. Silberhorn, N. Schneiders, T.
Zill, DLR-SL, 20.09.2023




Validation & Engine Model Estimation ‘#7
Climb Chart DLR

Airspeed
Air craft Weight
atBOC gy
S Flight| tsc,dsc, 5min, 15 NM,

< Level | mFsc,VTAS | 80kg 180kts

o f\

© Omin, ONM,

G 15 0 kg, O kts

E o

O \

g S 4 A
T T Climb Rate is calculated from Climb

FLroc - Top of Climb [m] Chart. Used for thrust calculation and

AFL _T-D drag validation

Wtable-At = At w = G Vras \_
AF
wtable—y = sin(y)Vrus = sin(tan™ 1( ))/

F. Fritzsche, S. Mlller, G. Atanasov, D. Silberhorn, N. Schneiders, T.
Zill, DLR-SL, 20.09.2023




Validation

Mission Fuel Masses DLR
> | » Main Tission —> ReserveAMission
Conditions { o M )
ruise : :
o \Y
e eNe
i: \\ “\/\;/' Cruise
% j)// Holding:
S P
& Corrections: H e e R N Lty frommmeee ¥
Delta ISA : : : ' : '
Aircraft Weight | N 7 o S e R
! ! ! | > Tix:l_wci)r?t 5 Design Mission Range
Distance ’ ’
4 I
For each mission segment, time i i
0 gme Average Value & Time in Tables & Charts
and fuel mass can be directly or FCOM
indirectly calculated.
\ J
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Aerodynamic Model A#y
Raw Data DLR

Reference Aircraft, Drag Polar,
Raw Data

— » -".. ”

f ‘ J,_I;"

s R
: When plotting the drag polar

from cruise charts, scattering
IS visible

- /

¢p - Drag Coefficient [-]
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Aerodynamic Model
Data Cleaning DLR

Reference Aircraft, Drag Polar, Reference Aircraft, Drag Polar,
Raw Data Raw Data
2.3 0.48
'Reayg = 1.3e+07 | Reayy = 1.4e+07
‘javg = 2.08 J Javg = 2.14
22 0.46
L @
o ” = - 0.44
] N 2175 ] -
= ’ 2 = e
3 ‘)-" y 5 042 8
g o
= 2.0 € 2
5 " g 5 2
o < S 0.405
g 193 5 @
G J 3 G ©
1 & © 0.38=
> 4 '
S 1.8
3 0.36
1.7
0.34
Cp - Drag Cc'Jefficien't [-] ' ' l ' Cp : Drag Ccl>efficienlt [-]

The scattering does not correlate with Mach Number or Propeller Advance Ratio.
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Aerodynamic Model
Reynolds Effect

Reference Aircraft, Drag Polar,

Raw Data le7
Reayg = 1.4e+07 ‘
\javg =2.14 -1.8
o’ High Reynolds Number
o 1.6 o Low Displacement Thickness

] B @ o)

” £ Low Pressure Dra

S > K g /
2 143

Q (@]

S >

& o

. 1.2 -

O 1 )

[a'd
4 The scattering A Lo
strongly - Low Reynolds Number
: High Displacement Thickness
corellates with ol 2 B
Reynolds . R | | 0.8 Igh Pressure Drag
Cp - Drag Coefficient [-]

\_ Number .
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Aerodynamic Model
Quadratic Drag Polar DLR

Reference Aircraft, Reynolds Correction

Quadratic Model 1e7
- Re = 1.0e+07
e=0.98
Re = 1.4e+07
| — ee= 1.10e+ // 1.8
____ Re= 1.6e+07 //
e=1.14 /
_ / / 1.6 =
m Ve 3
k5 £
2 2
S 1473 4 ™
3 o kc?
5._7_ E Cp = Cpo + CL
P - 1
© 1.2 :: k - Te
T
\ J
Ho 4 Fitting a Quadratic Drag Polar )
— to similar Reynolds Numbers
¢p - Drag Coefficient [-] N
leads to unrealistic Oswald
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Aerodynamic Model
Quadratic Offset Drag Polar DLR

Reference Aircraft, Reynolds Correction

Quadratic Offset Model 1e7
____ Re=1.0e+07
e =0.85
~_ Re= 1.4e+07 1.8
1 e=0.84
— 1.6 =
= g
k5 £
£ =
g 1473
S 3 - p
c _ 2
5 ) Cp = Cpmin T k(cf — CL,Dmin)
P -
mAe
\ J
1.0 - ~
S A Quadratic Offset Model fits
cp - Dra oefficient [-
pr el better to the data.
- J
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Aerodynamic Model
Final Quadratic Polar

Reference Aircraft, Drag Polar

e Filtered Data
—— Quadratic Drag Polar
------- Drag Component Method

c, - Lift Coefficient [-]

¢p - Drag Coefficient [-]
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Preliminary Aircraft Design Method
underestimates aircraft drag. Probably
due to pressure and interference drag

from fairings and controls.

DLR
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Aerodynamic Model
Special Conditions DLR

Clean Clean
e Clean, OEI Clean Polar Fit
Drag Polar Fit e Clean, Gear Down
1 — OEl Polar Fit 1 —— Gear Down Polar Fit
oy oy
C C
(V] ()
S S
b= =
4 4
o (o]
o o
£ e
| -
G G
C'D - Drag Coefficient [-] Cp - Drag Coefficient [-]

For One Engine Inoperative and Gear Down, drag is increased as expected.
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Aerodynamic Model

Validation DLR

Reference Aircraft, TOC Performance
18000 kg, Vias 170 kts

Reference Aircraft Climb Performance, 170 kts — Wrable—at
®  Wraple-y . — Wraple-y
WTheory — Wrtheory
® Wgoc
¢ Wroc
L T—-D
WTheory = G Vras

w - Climb Rate [m/s]
w - Climb Rate [m/s]

FLroc - Top of Climb [m]

The Climb Rate data from the FCOM can be replicated using the generated models.
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Summary

* FCOM is a good data source for
reference model generation

= A minimum set of assumptions
regarding propeller efficiency yields
rich aerodynamic and engine data for
analysis

= Validation with Climb Rate
reconstruction indicates a consistent
Aerodynamic and Engine Model

* However: Drag/Mass Breakdown
needs to be done ,by hand".
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Aircraft Weight, 18 T

i DLR

Delta ISA ISA 10
Flight| VASTAS
Level FF,TQ,NP
170190 kts
60 200 kgh/Eng

76.5%,85 %

Reference Aircraft, Reynolds Correction
Quadratic Offset Model

Airspeed
Aircraft Weight
atBOC 17T
Flight| tsc,dsc, 5min, 15NM,
Level | mFsc,VTAS | 80kg 180kis
0 min, ONM,
15 Okg, 0 kis

c, - Lift Coefficient [-]

Re = 1.0e+07
e =0.85
Re = 1.4e+07
e=0.84

Cp : Drag C«.l)efficien‘t [-]

= =
N] I
Re - Reynolds Number [-]

g
=}




Outlook ‘547
DLR

Segment Mission Fuel Masses

* Mission Segment Fuel Mass _ = FCOM
Validation

= Apply method to other
members of an aircraft family

Fuel Mass [kg]
| L[]

» Use Reference Model for 1 -
- s om . 0 . — — 7 7
SenSItIVIty anaIyS|S Taxi Out  TakeOff Climb Cruise  Descent Landing  Taxiln
E —— Altitude :£
....... TAS
ITime[min]l
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