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Summary: 
In CFD work produced by G. Kowaleczko (GK) and sent to the author of this report in 2013 
[1], GK concludes the total loss in lift related to the loss of a wing tip length as claimed by 
MAK is more than 14% of the lifting force of the intact wing. This value is later reduced by 
GK to 12.5% [6] :“REKONSTRUKCJA OSTATNIEJ FAZY LOTU SAMOLOTU TU-154M”. 
Prof. Dr hab. inż. Grzegorz Kowaleczko,  31-dec-2013. (Published 04.01.2014). 
 
The work presented in this report covers a detailed analyze of GK’s data and CFD model. 
From this it is demonstrated, that the CFD results of GK do not resemble the conditions of 
the P101 in landing configuration. The differences being of such an extent, that one should 
be very cautious when drawing conclusions based on the CFD results of GK with respect to 
the P101 case. 
 
 It can also be concluded, that the results obtained tend to clearly overestimate the lifting 
loss and rolling moment associated with the lost wing tip as claimed by MAK.  
 
It is the author’s view that by correcting for the main differences between the actual plane 
configuration and that used by GK in his CFD work, this will lead to an estimated lift loss 
associated with a loss of 5.54 m wingtip well below 9%. 
 
NOTE: 
As earlier demonstrated [7] this will have an impact on the encountered roll angle following 
the loss of the wing tip. Even by a lift loss of 12.5% the recorded roll angle as pr the black 
box is left unexplained by [6]. With a lift loss of say 9% the difference between the calculated 
roll angles and the recorded ditto will be even more severe and even more difficult to 
explain. 
 
Author: Glenn A. Jørgensen. 20-12-2013 updated 06-feb-2014 
 
Feb 06-2014 Rev H. This update includes information of the coupling between tail angle and flaps 
setting, and also included the change of GK’s estimated lift loss from earlier stated more than 14% 
(see appendix 5, page 33) to 12.5% as now claimed in [6]. 
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BASIC CFD MODEL. 
The basic CFD data of this report is based on the work of [1] (see appendix 5), in which the 
used model for this is claimed to be “Kubrynski_Tu-154”. The CFD calculations are 
performed using the software KK-aero v. 5.2 developed by K. Kubrynski. Two different 
configurations are calculated, plane without flap, and plane with flap each calculated for two 
cases: intact wing and wing loss of 6.5m . The case “with flap” is not specified in detail, but 
the data and 3D model point towards a flap angle of 28° as clarified in a following chapter. 
As seen in the following figures the 3D model is without the tail. The effect of the tail with 
respect to the overall lifting coefficient is explained in this work for the purpose of 
comparison with the overall lifting coefficient available to the public [2], [3]. The comparison 
clearly confirms the findings of this report. 
 

 
Fig. 1 The model “Kubrynski_Tu-154” with intact wing without flap (left) and with flap (right) 

 
 

 
Fig. 2 The model “Kubrynski_Tu-154” with a 6.5m wing loss on both sides without flap (left) 
and with flap (right). Due to symmetrical restrictions in the CFD software (lack of capacity), 
both sides of the wing have been shortened allowing for a symmetric approach and thereby 
reducing the requirements of the system by 50%.  
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BASIC MODEL RESULTS. 

 
Fig. 3 The calculated lifting coefficient, CL, (left) and chord times CL, c*CL, (right) versus wing 
span coordinate y for the “no flap” configuration for intact wing (red curves) and broken wing 
(blue curves). Original data calculated by [1], [6]. 

 
Fig. 4 The calculated lifting coefficient, CL, (left) and chord times CL, c*CL, (right) versus wing 
span coordinate y for the “flap” configuration for intact wing (red curves) and broken wing 
(blue curves). Original data calculated by [1], [6]. 

Chord Length 
By division of c(y)*CL(y) with CL(y) one can 
find the chord values c(y) used by [1]. These 
values are shown together with the geometry 
of the wing without slats and flap as given in 
appendix 1. The same chord values are used 
for both cases with and without flap, even 
though the chord value increases with the 
extension of the double slotted flap.  
 
Fig. 5 The c(y) used in [1] (red line) is under 
estimated by 5% to 10% for [6m < y < 14m] and 
exaggerated for y>16m compared to the 
geometry of the wing without slats and flap 
(blue line). 

 
The total area outside the fuselage is found to be about 6m2  (or about 3%) lower than for 
the Tu-154M. 
The overall effect of this chord incorrectness is to move relative more lift towards the 
wing tip section than is the case for the Tu-154M.  
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Fig. 6. The wing chord increases with the extension of flap.  Figure taken from [3]. 

 

COMPARISON OF BASIC RESULTS WITH MAIN DATA OF TU-154M. 

 
Fig. 7. The overall lifting coefficient is shown versus angle of attack for long and short wings. 
The figure is taken from [1], [6]. Note both sides (left and right) of the wing have been 
shortened, e.g. the impact is doubled as explained by GK. Note also the slope of the line of 
both cases of “flap” (upper two curves) is smaller than for the corresponding line of “No Flap” 
(Lower two curves). 

The slope of the Cy found by CFD by [1] of the case “Flap” is about 8% lower than the slope 
of the Cy for the case of “No Flap” as seen in Fig. 7. The Tu-154M had an angle of attack of 
about 8° - 10°, and therefore this region has been selected for the evaluation of the distance 
between the two lines “With Flap” and “Without Flap”. From Fig. 9 the difference in Cy values 
at α=9° is found as: 
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ΔCL(9°) = 1.473-0.898 = 0.575. According to [3] this difference should be  ΔCL[3] = 0.773. 

 
Fig. 8. The overall lifting coefficient and drag are shown versus α for the TU-154M by [2]. 

 
Fig. 9. The overall lifting coefficient by [2] (black lines) and a) : by [1] without inclusion of the 
tail impact, b) : by [1] with inclusion of the tail impact, c) : with inclusion of the tail impact, 
correct chord length and correct flap angle, d) including  the tail impact, wing twist, correct 
chord length and correct flap angle as described below and in appendix 3. 
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As shown in Fig. 9 the overall lifting coefficient by the work of [6] shows a fairly good 
correlation to that found in the russian litterature for the Tu-154M based on a reference area 
of S=180m2. The slightly lower slope of the plain wing case without flaps is related to the 
smaller area of the wing used by [6] and also under influence of the other mentioned 
differences between the Tu154M. In case of the wing with 36° flaps, the slope found by the 
work of [6] is significantly lower (-12.5%) than that of the Tu-154M. The main reason for this 
is the use of incorrect flap type and neglecting the use of wing fences, as described in the 
following chapters.  

Flap Angle 
By Fig. 9a and Fig. 9b it is clear, that the 3D model used by [1] for the CFD calculations has 
insufficient amount of flap (28 deg rather than 36 deg) (see appendix 3). GK has later 
confirmed this observation and applied some correction [6]. 

 
Fig. 10. The flap angle of the 3D model is seen as 28 deg. This is consistent with the analysis 
of the lifting distributions done in this work. GK has since confirmed this in [6] and added 
some correction. 

Flap type. 

Fig. 11. The 3D model shows the 
flap area is built on expense of the normal wing area, e.g. plain hinged flaps are used. The 
correct flap type is double slotted fowler flaps. These have higher lift performance and are not 
built in expense of the wing area but add to the wing area. 
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Fig. 12. G. Kowaleczko used a plain flap rather than a double slotted flap. According to Loftin, 
NASA SP 468, 1985 the maximum lift coefficient is about 35% higher for the double slotted flap 
in combination with a leading edge slat compared to the plain flap. Using the incorrect type of 
flap results in relative more lift is carried at the tip region of the wing  than in case of the 
correct configuration, and the total lifting area is incorrect. 

 
The 3D model used by GK in [1], [6] shows the flap area is built on expense of the normal 
wing area, e.g. plain hinged flaps are used. The correct flap type is double slotted fowler 
flaps. These have higher lift performance and are not built in expense of the wing area but 
add to the wing area. As seen in Fig. 12 the incorrect use of flap type will result in a less 
efficient lift of the wing sections encountering the flaps (inner sections close to the fuselage).  
 
The overall effect of the incorrect flap type is to move relative more lift towards the 
wing tip section, rather than carrying this load by the middle and inner wing sections. 

ROBUST A/S Glenn A. Jørgensen. 



CFD Results for TU-154M in landing configuration for an asymmetrical loss in wing 
length. PAGE [8] 

 

Airfoil Thickness.. 

 
Fig. 13. This figure is borrowed from “Instytut Techniki Lotniczej i Mechaniki Stosowanej, 
Politechnika Warsawska” [8].   It shows the effect of profile thickness to the overall lift 
performance. The thick profiles tend to produce more lift for high angles of attack (α) 
compared to the thinner profiles.  
 
 

 
Fig. 14. The wing geometry of the TU-154M. Note the middle and tip sections of 11% and 10% 
thickness are slanted 35deg to the planes direction of flight.  
 
The effective  airsection thickness by [3] is 12% at the root, 9% at the middle and 8% at the 
tip, when taking the correct geometry into account. (Middel and tip profiles of 11% and 10% 
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are slanted 35deg to the XZ plane). G. Kowaleczko modelled 12% thickness over entire 
wing.  
This is incorrect with the Tu-154M. The effective thickness is 12% at the root, 9% at the 
middle and 8% at the tip, when taking the correct geometry into account. (Middel and tip 
profiles of 11% and 10% are slanted 35deg to the XZ plane). 
 
The result of this incorrectness of the model used by [1], [6] can be that relative more 
lift is carried by the wing tip section at high angles of attack than would be the case of 
the Tu-154M. 
 
 

Wing Twist 

 
Fig. 15. Twist can be obtained by two means, geometric twist and aerodynamic twist. Both 
twist methods are present for the TU-154M. The geometrical twist seems lacking on GK’s 
model, and as GK used the same profile throughout the entire wing GK’s model has neither 
aerodynamic twist. Twist has a large impact on the wings lift distribution profile, and lack of 
this washout twist moves relative more lift towards the tip than in reality. Figure is borrowed 
by [8]. 
 
From Fig. 3 (left) it seems evident, that no twist is applied to the wing of the model used for 
CFD calculations by [1], as the local coefficient of lift shows a nearly constant behavior for 
increasing y except at the very outmost region where it must reach zero. The effect of twist 
can easily be added based on the knowledge of the dependency of c(y) to α. The formulas 
for this operation are provided in appendix 3.  
 
Twist has a large impact on the wings lift distribution profile, and lack of this washout twist 
moves relative more lift towards the tip than if it is present. 
 
Note: The impact of several of the other discrepancies between the model used in [1],[6] and 
the P101 can result in the same behavior.  In [6] no indication is provided by GK, to inform if 
the correct twist has been applied to the model used in the CFD work. 
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Fig. 16. The wing twist of the TU-154. Data from [3]. The tip is twisted 4 deg downwards 
compared to the root. 

Incorrect Length of Wing Tip 
In the work of [1] the length of the wing tip is stated to be ΔLwing_tip= 6.5 m measured in the 
span wise direction as written in the text of the Fig. 3 and Fig. 4, but by the curves of Fig. 3 
and Fig. 4 it seems more like ΔLwing_tip= 6.3 m has been used. This is about 1 m more than 
the actual length of the left wing tip of P101, ΔL=5.54 m. (See appendix 1) By correcting this 
exaggeration the Lift Loss is reduced from LFc(8°)=-0.126 to LFcc(8°) =-0.089, or LFc/LFcc 
= 1.406 for α=8°. 
 
With other words the loss in lift is 25% to high by [1], [6] caused by the mentioned 
exaggeration of the length of the lost wing tip.  
 
The result of this incorrect length of the lost wing tip is to overestimate the lost lift of 
the wing tip and hereby overestimate the rolling moment associated with the loss of 
the wing tip. 
 
Taking only this effect into account will reduce the estimated lift loss of [6] from 12.5% to 
10%. 
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Lack of the Use of Wing Fences. 

 
Fig. 17. The wing fences of the  TU-154 shown for P101.  These are not present on the model 
used by [1], [6]. 

 
Wing fences help prevent wing tips from stalling before the roots. They are thin plates which 
project up from the wing and lie parallel to the aircraft’s axis of symmetry. Without these 
fences, a spanwise airflow along wings causes the boundary layer to thicken toward the 
wingtips, especially on swept-wing aircraft. This results in early boundary layer separation at 
the wingtips and loss of aileron control. Fences block spanwise airflow, preventing boundary 
layer buildup over the ailerons and thus improving stall characteristics (USCFC). 
Wing fences are primarily found on swept-wing aircraft like business jets and fighters, but 
are also found on straight-winged general aviation aircraft. According to manufacturer’s the 
airflow is redirected to the ailerons and flaps. 
 
The result of the lack of wing fences is that relative larger amount of the lift is carried 
by the tip wing section, than had they been present in the model used for the CFD 
work. 
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Corrected lift distributions for some of the parameters. 

 
Fig. 18. The local lift coefficients C(y) for the case of “no flap” (left) and “Flap” (right). The blue 
lines are for the broken wing and the red lines for the intact wing. Raw data taken from [1]. a) 
and c) : original data by [1]. b) Twisted wing without flap, d) 36 deg flap, no twist, e) 36 deg flap 
incl. twist, f) as e) for lost wing length of 5.54 m. 

 
 
 
The loss ratio for loss of one wing tip is defined as : 
 

LF = (CLy_b – CLy)/2CLy, 
 

where CL_b is the overall lifting coefficient of the broken wing, CLy the overall lift coefficient 
of the intact wing. “gk” notes the raw data of [1], “c” after insertion of twist and chord length 
as by the wing without slats and flap. “cc” is as “c” evaluated using a wing tip length of 5.54 
m. In the work described here the chord length used is as stated in appendix 1 for a wing 
without flap and slats.  
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The effect of change of flap from 28 to 36 on the lift loss is found as: 

 
The effect of twist and change in flap on the lift loss is found as: 

 
The effect of change in lost wing length can be found as : 

  
The effect of change in twist can be found as : 
 

 
And finally the effect of change in all effects can be found as : 
 

 
Where χ denotes the reduction factor χ = (Actual Loss/Loss by [1]). 
From this it is seen for α=8° , that : 
 
χ(flap36)   = 0.980 
χ(twist)   = 0.900 
χ(twist+flap36)  = 0.882 
χ(length 5.54m) = 0.711 
 
χ(total)   = 0.627 
 
Exaggeration = (Loss by [1])/(Actual Loss) = 1/ χ(total) = 1.59 or an additional 59% 
 
The total loss of lift is LT(8°) = 0.627*14.3% = 8.96%  
 
NOTE : This value is still an overestimation of the actual loss, as several important 
factors are not included, such as correct type of flaps, including wing fences etc. 
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Fig. 19. a) The Lift Loss reduction factor associated to each component and the net product 
of all (black). b) The total excess lift loss (black) exaggerated by [1] as a function of α and 
divided into the contributing factors: length correction of wing tip (red), twist correction of 
wing (Mag) and flap correction (blue). Total exaggeration at α=8° is 59%. NOTE these 
figures are based on the first claimed loss values by GK [1], and are slightly reduced with the 
changed estimate by GK  reported in  [6]. 
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Comparison to the simple Area Method. 

 
Fig. 20.  Arm - Yc a), Remaining force ratio b) and Resulting Roll Moment c) found by both 
the simple area based method and by CFD simulations. 
 

As can be seen from Fig. 20 c) the resulting roll moment is very close for both methods. A 
CFD lift loss of 9% corresponds to a lift loss of 8% by the simple area method. Note as the 
CFD estimate is found to be very conservative, the results by the simple area method can be 
regarded as similar conservative. 
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Conclusion. 
Based on Tu154M CFD Data produced by G. Kowaleczko (GK) [1],[6], GK concludes the 
total loss in lift related to the loss of wing tip is 12.5%% of the lifting force of the intact wing.  
 
Detailed analyze of GK’s CFD data performed in this work, show for his model the: 

• use of incorrect length of the lost wing tip,  
• distribution profiles indicate an effect similar to incorrect twist of the wing,  
• incorrect wing chord lengths, 
• use of incorrect flap settings (this is later handled by a correction algorithm by GK) 
• use of incorrect flap type with less lifting efficiency 
• use of incorrect airfoil thickness of middle and tip profiles 
• lack of aerodynamic twist associated to incorrect use of airfoil sections 
• lack of wing fences. 

 
The mentioned errors each and all tend to push more lift towards the tip section of the 
wing, hereby resulting in an over estimate of the loss in lift caused by the loss of the wing 
tip. One must be cautious to draw any conclusions about the performance of the P101 based 
on the CFD work of [6]. 
 
When correcting for a number (not all) of these differences with respect to the actual plane 
(P101), the total loss in lifting force is less than 9% of the total lift power of the original wing. 
 
The corrected data of the plane wing (without flaps etc) correlate fairly well with published 
Russian data of the TU-154M [3], when including the tail effect. 
 
The corrected data of the wing including flap show lower lifting power for increasing angles 
of attack. This can be explained through the incorrect model used for the CFD work as 
written above, where the missing fences and the incorrect flap type errors are amongst the 
most severe. 
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APPENDIX 1. Wing Geometry. 
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APPENDIX 2. Tail Influence. 
 
 

 
Fig. 21. Geometry of wing and tail with respect to vehicle c.g., basic neutral point, and wing 
aerodynamic center. Figure taken from[4]. 

In order to compare the data of Fig. 7 and Fig. 8 the effect of the tail on the overall lifting 
coefficient needs to be taken into account. By [4] the vehicle lifting coefficient, CL, can be 
found as: 

 
where 
η is the tail efficiency factor η = Qt/Q = (ρVt

2/2)/( ρV2/2) = Vt
2/V2 ≈ 1 for Vt≈V, 

Vt is the air velocity at the tail, 
V is the air velocity at the main wing, 
St is the surface area of the horizontal tail wing, 
S is the surface area of the main wing 
By introducing the dependence of the lift coefficients on angle of attack and assuming a 
symmetrical tail section (α0t = 0) one gets [4] : 

 
 
and introducing these into the first equation one gets [4] : 

 
where 
αFRL is the angle of attack with reference to the fuselage reference line (FRL), 
iw is the mounting angle of the main wing root with reference to FRL, 
it is the mounting angle of the horizontal tail wing with reference to FRL, 
CLw is the overall lifting coefficient of the main wing, 
CLt is the overall lifting coefficient of the horizontal tail wing, 
CLαw is d(CLw)/dα for the main wing 
CLαt is d(CLt)/dα of the horizontal tail wing, 
α0w is the angle of attack of zero lift for the main wing with reference to the root section.   
 
The reduction in the angle of attack at the tail can be estimated by [4]:  

 
where 
e is the wing efficiency factor, for elliptical wings e =1.0, for non-elliptical span loadings 

e<1.0. 
AR is the wing aspect ratio AR = b2/S and 
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b is the wing span width (37.55m) 
 
The rate of tail downwash with angle of attack can then be estimated as [4] : 

 
where 1 < κ < 2, and κ=1 corresponds to ε = αi, the induced angle of attack of the wing while 
κ=2 corresponds to the limit when the tail is far downstream of the wing [4].  

According to [5], the induced drag coefficient can be written as : 

 
The tail angle to the fuselage reference line is variable between -3deg to -8.5deg depending 
upon the flap configuration and the centre of gravity setting. 
 
From knowledge of CD,i found in the CFD calculations  [1] one can estimate the span 
efficiency factors. The results are listed in Tabel 1. 
Tabel 1.  
Span efficiency coefficients based on CD,i by [1], α=8°

S  b  AR 
[m2]  [m]  [1] 

Short Wing  147.8  26.55  4.77 
Long Wing  180  37.55  7.83 
Case  CD,i  CLw  e 
Long Wing with No flap  0.0338  0.835  0.838 
Long Wing with Flap  0.1024  1.414  0.793 
Short Wing with No Flap  0.037  0.589  0.626 
Short Wing with Flap  0.1244  1.042  0.583 
Total lift loss with flap by raw data of [1]  
(CLwb – CLw)/(2*CLw) , where “b” denominates “broken” 

‐13.15% 
Not 14% as 
claimed by [1]

The total loss in lift based for α=8° is found as 13.15%. (See Tabel 1). 

 
 
These values are close to the value given by [3] as written in the above equation for the 
intact wing.  
As the efficiency factor is used to estimate the downwash in the tail region it is reasonable to 
take into account, that the CFD analysis is performed on a model with both sides of the wing 
shortened. Therefore the value e = (e0+eb)/2 is more correct for the case only one side is 
shortened, where e0 is the efficiency of the intact wing by tabel 1, and eb the efficiency by 
tabel 1 for the double sided shortened model. The influence of this parameter is very weak, 
so minor errors in this parameter has only little importance.  
 
CLt is the overall lifting coefficient of the horizontal tail wing, 
CLαt is d(CLt)/dα of the horizontal tail wing, 

 
can be evaluated by : 
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APPENDIX 3. Addition of Twist and Correction of Flap Angle. 

 
Where 
Cfbx  is the local coefficient of lift for the broken wing at α = x 
Cfb_36x is local coefficient of lift for the broken wing and flap angle = 36° at α = x 
Cf_36tx  as above including twist at α = x 
β  is the twist vector as defined in [3]. See Fig. 16. 
eff(f)  is the flap efficiency function. See below. 
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Data from [2] show the shift in α0 as a function of the flap angles 28° and 45°. These are 
used to interpolate to the value at flap angle of 36° taking the small non-linearity into 
account. 
 

 
The flap efficiency Ef is defined as 
 

 

Where 
δ3  = δ is the flap angle and α0 is the angle of attack for zero lift as listed in the table 

above.  Ef(δ) = -0.0001*δ2 +0.0274*δ 
 
This functionality takes the small non-linearity of the shift in α0 as a function of flap angle into 
account. From this the effect of change of flap from 28° to 36° can be found as: 
 
Ef(36°)/ Ef(28°) = 1.244 
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APPENDIX 4. Correction of wing tip length. 
 

 

The function r = Cfb/Cf shows how the local lift coefficients are influenced by 
the loss of wing length for α=0° to α=12°. 

When evaluating the local lift coefficients for at lost wing tip of ΔL = 5.54 m the 
same dependency is used, but now stretched to the new position.
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APPENDIX 5. Tu 154 wing aerodynamics ([1]). 
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The loss by CFD/CFD (upper fig) and by CFD/Area (lower fig). The part a is the loss carried 
by the lost wing area, and the part b is the loss associated with the change in the local lift 
coefficients of the remaining wing area. ArmCFD < ArmArea and FCFD > FArea, but it turns 
out that 
 
MCFD = ArmCFD*FCFD ≈ MArea = ArmArea*FArea 
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The change in C*CL(y) for αgk= 0°, 4°, 8° and 12°. The integral of dC*CL(y) equals the loss 
in lifting force, the aerodynamic centre, Yc, is found as: 

 
Where 
cx(y)  : is the chord length 
CL(y) : is the local lifting coefficient function of the intact wing at α of interest 
CLb(y) : is the local lifting coefficient function of the broken wing at α of interest 
y : is the span coordinate 
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