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Abstract 
     The Effect of wing, vertical tail, and fuselage design parameters on airplane stability 

with failed outboard engine presents in this study. Boeing (747-400) have been selected 
for available data. The semi empirical equations (Datacom) have been used with 
modification of unbalance engines thrust. It had been seen that the wing sweep angle had 
negative effect but the vertical tail sweep angle had a positive effect toward directional 
and lateral stability and other results established by using modified datacom computer 
program which could be used as a real design requirements for further configuration 
improvements of the airplane. 

Keywords: Wing; Vertical tail; Fuselage; Airplane stability 

  الطائرة عندالذيل العمودي والجسم على أستقرارية ,مساهمة الجناح
  فشل أحدى المحركات الخارجية

 الخلاصة
  للجناح  والجسم  والذيل  العمودي  على  التصميميةتم في هذا البحث دراسة  بعض العوامل     
  حيث تم المدنية للطائرات الخارجية في حالة  عطل احد  المحركات ةوالد وراني  الاتجاهية  ةستقراريلأا

أنبعد     التجريبية             ت باستخدام المعادات  لتوفر المعلوما)  747-400(اختيار طائرة البوبيغ 
 زاوية  تراجع  الجناح  تؤثر  بشكل  سلبي بينما أن  تأثير عدم توازن المحركات  وقد تبين إضافةتم 

  ويطرح ةوالد وراني  الاتجاهية  ةستقراريلأل  ايجابي  على  اثر  بشكتؤ  لعمودي  تراجع الذيل ازاوية
 أخذها  ممكن  التيDatacom تم الحصول عليها بعد تطوير برنامج  التيالبحث مجموعه من النتائج

.  المدنية في تصاميم الطائرات التصميميةلعوامل اعتبار من لأبنظر ا
Nomenclature 

ft Wing span   b
----- Change in vertical tail LC   due to circulation control LccC∆

Ib Drag due to wind milling of failed engine 
ewmD

----- Fuselage correction factor 
fK

----- Compressibility correction to sweep 
ΛMK

-----Compressibility correction to dihedral 
ΓMK

-----Empirical factor for body and body with wing effects 
NK

(Datacom) 
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----- Reynold's number factor for the fuselage 
RlK  

----- Factor for fuselage loss in the lift curve slop 
wbK  

ft Horizontal distance between CG and engine nozzle 
tvl  

ft Horizontal distance between CG and aerodynamic center of vertical 
tail 

vtaill  

----- Mach Number Μ  

2.sm
Kg  Dynamic pressure at the engine-out flight condition q  

ft2 Cross-sectional area of fuselage 
   oS  

ft2 Wing reference area refS  
ft2 Vertical tail area 

vtailS  
Ibf Static thrust at sea level 

°T  
Ib External side force 

extY  
ft Vertical distance between CG and engine nozzle 

tvz  
ft Vertical distance between CG and aerodynamic center of vertical 

tail 
vtailz  

rad. Angle of attack α  
rad Sideslip angle (positive with relative wind from right) β  
rad Compressibility factor = 21 M−  Mβ  
rad Aileron deflection (positive for right up, left down) 

aδ  
rad Rudder deflection (positive right) 

rδ  

rad Downwash angle ε  

rad    Bank angle (positive right roll ) φ  
----- Dynamic pressure ratio at the horizontal tail htailη  
----- Ratio of actual lift curve slope to π2  κ 
----- Ratio of density at a given altitude to density at sea level σ  
rad Quarter-chord sweep angle 4cΛ  

rad Half-chord sweep angle 
2cΛ  

   rad  Dihedral angle Γ  
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1.Introduction 
  One of the major problem in the 
aircraft is maintains steady flight if one 
failed outboard engine,[1] .this paper 
discuss the contribution of wing vertical 
tail and fuselage by using datacom 
method,[2]. And the establishment of 
the engine out constraint based on the 
required yawing moment coefficient. 
The use of thrust vectoring and 
circulation control to provide additional 
yawing moment is also described,[3].  
  The coefficients of the variables and 
their derivatives are seen to be 
dependent upon a large number of 
factors. These factors are describing the 
geometry of vehicle and other factor 
describes the speed of vehicle at which 
the failure occurs,[4]. The last group of 
terms is composed of the rates of 
change of the rolling moment 
coefficient and vibration of sideforce 
coefficient and vibration of yawing 
moment coefficient. These terms were 
introduced into the original equations of 
stability Fig. (1),[4]. 
2. Mathematical Analysis 
  The estimation of stability and control 
derivatives for outboard engine 
constraint depend thrust vectoring and 
circulation control which can be 
determined from the sideforce, rolling 
and yaw moment contribution using the 
Roskam method,[1]. The stability and 
control derivatives which illustrated the 
above analysis are formulated in the 
following equations. 
 Boeing (747-400) had been selected for 
available data Figure (2). 
 
 
 

2.1 Sideforce equation 
  In a conventional control system, the 
vertical tail is the dominant controller 
for generating a yawing moment, [1]. 
 

   
                            
 
 
Wher

e: aCyδ , rCyδ , βCy  Variation of 

sideforce coefficient with aileron 
deflection, rudder deflection and yaw 
angle respectively. 
However, thrust vectoring and 
circulation control can be used to 
generate additional yawing moments. 
Since the engine out condition is critical 
constraint for a truss braced wing with 
tip mounted engines, the capability to 
model thrust vectoring and circulation 
control on the vertical tail also 
determine. The fifth term in the 

equation above (
refqS

T εsin
) is due to the 

thrust being vectored at an angle (ε ) to 
the centerline, and the sixth term 

(
ref

vtail
Lcc S

S
C∆ ) is due to the change in 

( LC ) at the vertical tail due to 
circulation control. Since the external 
sideforce ( extY ) is zero, and ( eCyδ ) is 
assumed to be zero, this equation can be 
simplified and solved for the sideslip 
angle,[1]. 

 
 
 (2) 
 

ref

ext

ref

vtail
Lcc

ref

Lrraa

qS
Y

S
SC

qS
T

CCyCyCy

−=∆−−

+++

ε

φβδδ βδδ

sin

sin (1)  
 

β

δ
ε

φδ
β

Cy
S
SC

qS
TCCy

ref

vtail
Lcc

ref
Lrr ∆++−−

=

sinsin
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vtailfusewing CyCyCyCy ββββ ++=

 
The aileron deflection required to 
maintain equilibrium flight is obtained 
by summing the rolling moments about 
the x-axis.  
2.2 Rolling moment quation      
 By setting the external rolling moment 
( extL ) equal to zero, this equation can be 
solved for the aileron deflection,[2]. 

 
 
 
 
 
 

 
         
 
        
 

                       
Where: aClδ , rCl δ , βCl  are the 

variation of rolling moment coefficient 
with aileron deflection, rudder 
deflection and yaw angle respectively.  
  The rudder deflection is initially set to 
the given maximum allowable steady 
state value, and the sideslip angle and 
aileron deflection for equilibrium flight 
are determined by equations (2) and (4). 
The maximum allowable steady state 
deflection is typically ( °° − 2520 ). This 
allows for an additional ( °5 ) of 
deflection for maneuvering, [7].  
The maximum available yawing 
moment is found by summing the 
contribution duo to the ailerons, rudder 
and sideslip. 
2.3 Yawing moment equation 
 The value of the available yawing 
moment coefficient is then constrained 

in the optimization problem to be 
greater than the required yawing 
moment coefficient, [6]. 

  
 Where: aCnδ , rCnδ , βCn are the 

variation of yawing moment coefficient 
with aileron deflection, rudder 
deflection and yaw angle respectively. 
This is far below the angle of attack 
corresponding  to  the maximum lift 
coefficient of a typical vertical tail. It 
could be expect that the maximum 
available yawing moment is obtained 
when the vertical tail is flying at  its 
maximum  lift coefficient,  but  this is 
not true, because the equilibrium  
equations  above  must always be 
satisfied for steady flight. To illustrate 
this point, equation (1) has been solved  
for the bank  angle with no  thrust  
vectoring and no circulation control,[8].  

 
 
  

   2.4 Sideforce coefficient 
The variation of sideforce coefficient 
with sideslip angle has contributions 
from the wing, fuselage, and vertical 
tail, [8].    

                                       
 

The wing contribution is a function of 
the dihedral 

 
   (8)     
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ref
wbifuse S

SKCy o2−=β







 −

=
b

lzCyCl vtailvtail
rr

αα
δδ

sincos

                                                    
The fuselage and nacelle contributions 
are estimated by: 

  
 

Where:( wbiK ) is the wing body 
interference factor, [1]  
2.5 Rolling moment coefficient due       

to SideSlip  
 The variation of rolling moment 
coefficient with sideslip angle has 
contributions from the wing body, 
horizontal tail, and vertical tail,[8]. 

  
        

 
The contribution from the wing body is 
estimated by,[3] 
 

The contribution from the horizontal 
tail is approximately zero, since it has a 
small lift coefficient, small dihedral, and 
small area relative to the wing.  

                                                                        
 
The contribution from the vertical tail is 
estimated by,[8]: 

 
 
 

2.6   Yawing moment coefficient due 
to SideSlip   
 The variation of yawing moment 
coefficient with sideslip angle has 

contributions from the wing, fuselage, 
and vertical tail,[8].  

 
 
 The 

wing contribution to the yawing 
moment coefficient is negligible for 
small angles of attack.  

 
                    (15) 

The fuselage contribution to the yawing 
moment coefficient is 
 determined by,[2]: 

 
 
 

The contribution from the vertical tail is 
estimated by the following equation,[2]. 
   

 
2.7 Rolling moment coefficient due to 
Rudder Deflection 
 The variation of rolling moment 
coefficient with rudder deflection is 
given by,[1]: 

 
 

2.8 
Yawing moment coefficient due to                                   
Rudder Deflection                         The 
variation of yawing moment coefficient 
with rudder deflection is given by,[2]: 

 
      
 

3.Results & Discussion 
 Wing surface Area( Sref ) it had positive 
effect toward yaw and lateral stability 
due to negative slope with Cnβ and 
positive slope with Clβ because wing 
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surface Area( Sref ) always increases 
lift(Fig(3),Fig(4)). 
Increases of wing sweep angle lateral 
and directional stability decreases as 
shown ( Fig (5) , Fig (6)) due to positive 
slope with Cnβ and negative slope with 
Clβ because wing  sweep  angle shifted  
aerodynamic center back and decrease 
the lift. 
  Upper wing location decreases the 
lateral and directional stability for the 
same reason mention above, (Fig (7), 
Fig (8)). 
  Wing dihedral had  no effect on  
directional  stability due to zero slopes 
with Cnβ because it doesn’t generate any 
extra sideforce. And also it had no  
effect  on  the  aerodynamic  center and 
it had little effect on lift and negative 
effect on lateral stability due to negative 
slope  with Clβ,  because it  generate  
extra couple around the x-axis(Fig(9), 
Fig(10)). 
  Fuselage diameter had positive effect 
to directional stability and negative 
effect toward lateral stability because it 
increase the couples arm toward lateral 
stability (x-axis) and increase diameter 
request more force to rotate fuselage 
around y-axis (directional stability), [ 
Fig (11), Fig (12)]. 
  As shown in Fig (13) vertical tail tip 
chord had positive slope with Cnβ and 
that mean negative effect toward 
directional stability and  from  Fig (14) 
it had same behavior toward lateral 
stability. 
 Vertical tail tip and vertical tail root 
had exactly same behavior toward  
directional  and  lateral  stability  (Fig 
(15) ,(Fig (16)).  The increases of  
vertical tail  sweep  angle had positive 

toward lateral and directional stability 
as shown in Fig (17) , Fig (18). this was 
all because increase lift of vertical tail 
which would be more powerful toward 
lateral and directional stability(Fig(1). 
Airplane speed had positive effect to 
directional stability and negative effect 
to lateral stability, (Fig (19), Fig (20)) 
because had two component one toward 
x-axis (lateral stability) and other 
against y-axis (directional stability). 
4. Conclusion 
  Airplane outboard engine failure is 
danger  without proper care design and 
it becomes very serious with two engine 
airplane one on each side. 
 Wing area, sweep angle, wing location, 
dihedral and fuselage design are part of 
solution but the major solution of 
airplane outboard engine failure was the 
vertical tail with powerful rudder device 
and limited airplane speed.  
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  Figure (1) " Engine out geometry"    
 

 
 
  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7.0  deg.  dihedral wing 
6.2  ft    z_wing 
23.0 ft    dia_fuse 
5500 ft²   S(ref) 
33.5 ft    hspan_vtail 
14.4 ft    depth_fuse_vtail 
36.4 ft    c_vtail_root 
11.5 ft    c_vtail_tip 
0.25       Mach_ 
45   deg.  sweep_vtail_1_4 
33.5 deg.  sweep_wing_1_2 
97.8 ft    hspan_wing 
26.  ft    z_vtail 
100  ft    l_vtail 
225.2 ft   length_fuse 
8.4   ft   dia_nacelle 
27.31 ft   cbar 

Figure (2) Boeing 747-400 views 
 with specific important data, [2] 
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Figure (3)  Relation  between  Cnβ and Wing Reference Area 
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Figure (4)  Relation  between  Clβ and Wing Reference Area 
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Figure (5)  Relation  between  Cnβ and Wing Sweep angle 
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                           Figure (6) Relation between  Clβ and Wing Sweep Angle  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
                                   Figure (7)  Relation  between  Cnβ and Wing  Location 
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                                 Figure (10)  Relation  between  Clβ and Wing  Dihedral  
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Figure (8)  Relation  between  Clβ and Wing  Location 
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Figure (9)  Relation  between  Cnβ and Wing  Dihedral  
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Figure (12)  Relation  between  Clβ and Fuselage Diameter 
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Figure (17)  Relation  between  Cnβ and Vertical Tail Sweep Angle 
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Figure (15)  Relation  between  Cnβ and Vertical Tail Root Chord 
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Figure (16)  Relation  between  Clβ and Vertical Tail Root Chord 
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Figure (19)  Relation  between  Cnβ and Mach No. 

 

 
Design  
Point 

 
 
 

◘ 

0.10 0.30 0.500.00 0.20 0.40 0.60
Mach eo

-0.2218

-0.2214

-0.2210

-0.2206

-0.2220

-0.2216

-0.2212

-0.2208

-0.2204

Clβ 
(rad

-1) 
 

Design   
Point 

 
 

◘ 
 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com

