
Initial sizing+constraint analysis – Example
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Refined sizing using group weights – Example
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Revised: smaller MTOM and lifting surfaces



Optimisation and refined sizing – using fully-coupled 
mission and constraint analysis – Example
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<latexit sha1_base64="3s8qGZlFIdek4SMz52HFA8J09gc="></latexit>

P0/W0 = 29.4m/s
<latexit sha1_base64="KnAmAJCkql/6z6ZMUd46ZnHMhmg="></latexit>

CLcruise = 167.4⇥ 10�6 ⇥ 2200 = 0.368 (⌧ C⇤
L)

<latexit sha1_base64="jK5QoUdbt6G903Bmsm6+B6lgtJI="></latexit>

W0/S = 2200Pa,



Fully-coupled analysis – reflections

1. We have now come full circle and every point on the W/S+T/W diagram includes fuel-
consumption-related sizing implications because the effects of flying at different points 
on the drag polar (i.e. different L/D) are included.


2. Every point on the diagram now represents a distinct design within a parametric design 
space where we have fixed e.g. wing aspect ratio, airfoil (i.e. configuration and shape).  
We are only able to pick out the most rational design given those choices.


3. To make the optimisation more complete, we have to carry out parametric variations, try 
different configurations and design trades to see if we can do better - exactly where we 
will end up depends on the target of optimisation (initial purchase price, operating 
cost…).
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Preliminary balance using group weights – Example 
placing CG at 0.25 MAC
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Balance and CG location — 1
35

To balance we need both component

masses and locations relative to some

datum (here drawn 1m ahead of nose).

Aircraft is empty (at MWE).  So include

only MPOWERPT, MFUS, MLIFTSUR.

Note geometric 
construction to 

find/locate MAC.

Split: 

For this type of layout we can choose to let the engines move fore and aft with the wing.
Say that the centre of MPOWERPT lies 0.9 m ahead of LE of MAC.
Centres of other masses are located ‘by eye’ and/or guidelines/calculations.
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As drawn, XLE = 6.86 m.

Conclude: wing needs to go back 200 mm.

where

Moment equality about datum:

Rearrange

Solve for XLE

NB: a more correct way to provide a 
value of C2 is to place the CG an 

appropriate distance ahead of the 
Neutral Point.  Here, for illustration 

purposes (and with the Neutral Point 
not yet known), we have used a Rule 

of Thumb chosen for this layout.



Drag polar estimation using openVSP – Example
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Construct a 2-term drag polar model for the twin turboprop already developed in class, using 
skin friction estimates from VSPaero for non-lifting surfaces and tails, experimental data for wing 
airfoil profile drag, and VSPaero’s vortex lattice solver for inviscid lift-dependent drag.

Use the Comp Geom 
tool to get wetted 
areas of the major 
components.

Under the Wing Planform tab of the  
Geometry Browser, find key reference 

data.  (But note: the chord here is NOT 
the MAC.  That needs to be separately 

computed, e.g. using Mason’s 
WingPlanAnal code.  For the current 

geometry, MAC = 1.490 m.)  

Twin Turboprop: 2-term drag polar with aid of VSPaero 
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Run vspaero.  Outputs relevant to drag estimation appear in the XXmodelXX_DegenGeom.history file.

Though the skin friction contributions to CD,0 are not verified correct, we’ll adopt them here to illustrate 
the methodology.

Skin Friction Drag Break Out:

Surface                                      CDo

Wing,0                                      0.00475
Wing,1                                      0.00475
Htail,0                                     0.00104
Htail,1                                     0.00104
Vtail,0                                     0.00196
Nacelles                                    0.00035
Nacelles                                    0.00035
Nacelles                                    0.00035
Nacelles                                    0.00035
Nacelles                                    0.00035
Nacelles                                    0.00035
Nacelles                                    0.00035
Nacelles                                    0.00035
FuselageGeom                                0.00345
FuselageGeom                                0.00345
FuselageGeom                                0.00345
FuselageGeom                                0.00345

We’ll use vspaero’s skin friction drag estimate for everything but the wing’s contribution (for which 
we’ll adopt airfoil test data for profile drag).  The total contribution is CD,0,nl = 2 x 0.00104 + 0.00196 
+ 8 x 0.00035 + 4 x 0.00345 = 0.02064.

These skin friction 
estimates are 
independent of angle 
of attack (and CL).

Non-lifting viscous drag  (taken to include tail surface drag)

NOTE: for more recent versions of OpenVSP we could use the Parasite Drag tool instead.
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Run vspaero.  Outputs relevant to drag estimation appear in the XXmodelXX_DegenGeom.history file.

Run vspaero over a range of angles of attack that generate moderate (and positive) CL values.

Note the CDi values in the .history file.  Best to run in Batch mode so that outputs for all angles of 
attack are catenated to the .history file.  The values can be plotted in the Sweep window.

Inviscid induced drag

Note that CDi does not asymptote to 
zero at CL = 0.

  

That’s because at overall CL = 0, 

(a) owing to the wing’s washout 
distribution various parts of it lift 
either up, or down, generating 
induced drag, and 

(b) the horizontal tail has negative lift, 
hence generates its own induced/
trim drag. 
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This can be either generated using a 2D viscous–inviscid interaction code (e.g. XFOIL), or by adopting 
wind tunnel test data, if any.  I’ve used the NASA LS GA(W)-1 airfoil series for the wing, with test data 
available from the NASA Technical Reports Server: NASA-TM-78709.

Airfoil profile drag

These are the data for the 17% 
thick section used at the wing root.


(The Reynolds number should be 
checked...)


We’ll assume the polar is 
representative of the whole wing, 
even though the wing transitions to 
a 13% thick section at the tips.

We will only use these data for the 
exposed wetted area of the wing.  
Comparing this to its total wetted 
area, we see that we have to factor 
the profile drag contribution by 
approximately 


41.981/49.052 = 0.8445.
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Sum up the contributions

(Raw) airfoil data

Non-lift
skin friction

Total viscous

Inviscid

Total

Plot CD vs CL2, 


fit a 2-term quadratic over likely range of CL.

Finally, our refined estimates:

CD,0 = 0.0275

e = 0.86

giving (CL/CD)max = 16.5

The values initially adopted were:

CD,0 = 0.02

e = 0.80

and (CL/CD)max = 18.6

2-term fitC⇤
L = 0.909

(L
/D

)
⇤ =

16
.5

2D viscous profile 
drag computation 
(or measurement)

3D inviscid 
computation (or 

correlations)

CD = CD,parasitic + CD,wing

= CD0,nl + CD,wing

= CD0,nl + CD,profile + CD,induced

⇡ CD0,nl + 0.8445Cd,profile(CL,Reavg) + CD,induced

= CD0,nl + 0.8445Cd,profile(CL,Reavg) +
C2

L

⇡Ae

<latexit sha1_base64="Zd43CeeleRguudVLNxRE4stOOO0="></latexit>
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Note that more recently, OpenVSP has introduced a Parasite Drag tool which is independent from
and generally much better that the viscous drag contributions estimated by VSPaero, and which allows 
addition of excrescence drag contributions for unstreamlined components such as landing gear.

Thus another recommended approach is to use the Parasite Drag tool to estimate CD,0 and VSPaero
to estimate the lift-induced drag coefficient, CDi, which is obtained using purely inviscid methods.  
From a sweep of CDi vs CL, one may obtain either K or e as a line of best fit through the origin on a 
CDi vs CL2 plot.

<latexit sha1_base64="BNhJdT3KeFqY+9/uzdDpvbBIF8E="></latexit>

e ⌘ CD,i⇡A

C2
L

<latexit sha1_base64="R0/0HYnEtelM3DTfkrHA2OSM6dc="></latexit>

K ⌘ CD,i

C2
L

(That method is broadly the same as that outlined in the preceding slides: we used one tool to 
estimate overall viscous drag, corrected it to include an independent estimate of airfoil profile drag 
that included angle-of-attack contributions to viscous drag, then used VSPaero to obtain inviscid lift-
induced drag, finally extracting CD,0 and e.)

Undercarriage sizing – Example
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Tyre and shock strut sizing – example
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22.9 kN

22.9 0.0627 63mm

63mm

Note: Loleo
does not 

include N.


