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ABSTRACT 
   In this research a study of the downwash effects for high altitudes and high speeds 
using a Transient Response approach, the longitudinal equation of motion including the 
effect of downwash in high altitude and speed were solved. It was found that the 
downwash in at high altitude and low-speed more effected because it's increases in pitch 
rate and rate of change of downwash velocity due to decreases in lift ,therefore requires 
greater control surface area and largest deflection angles. It can be adopted in this 
research to real requirements in the design of flying objects. 

 للسرعاتالاستجابة الزمنية للانجراف السفلي  في الطور الطولي 
  والارتفاعات العالية

 الخلاصة
باستخدام  طريقة  العاليةالانجراف السفلي في الارتفاعات والسرعات  تأثيراتتم في هذا البحث دراسة 

فاعـاتتمنه تأثير الانجراف السـفلي للار معادلات الحركه الطوليه والمتض تم تحليل، الزمنية الاستجابة
والسرعات البطيئـه ثاثير الانجراف السفلي اكبر في الارتفاعات العاليه إنحيث تبين . والسرعات العاليه
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List of Symbols 
Sym
bol Definition unit     The change in the force in the X direction due to a change in forward velocity. -   ∝ The change in the force in the X direction due to a change in angle of attack  " ∝ " -    ̇ The change in the force in the X direction due to rate of change in " ∝ " . -     The change in the force in the X direction due to a pitching velocity.  -     The change in the pitching moment due to a change in forward velocity. -   ∝ The change in the pitching moment due to a change in angle of attack  " ∝ " -    ̇ The effect of rate of change in " ∝ " on the pitching moment coefficient .  -     The effect on the pitching moment due to a pitch rate. -      The elevator effectiveness. -     The change in the Z force due to a pitching velocity. -     The change in the normal force due to a change in forward velocity (u) . -   ∝ The variation of the Z force with angle of attack. -    ̇  The effect of the rate of change of angle of attack  " ∝ " on the Z force. -    Gravity coefficient - 
m Mass of flying body. slug   Wing area of flying body. sq.ft   Forward velocity of flying body. ft/sec    Moment of inertia about pitch plane OY. slug 

ft²   Dynamic pressure. Ib/sq 
ft 

c Mean aerodynamic chord. ft   Rough allowance. -    The variation in the angle of attack from equilibrium.    Angle of pitch rad   Angle of downwash at tailplane rad    Angular displacement of elevator rad     Distance of aerodynamic center of tailplane aft of c.g. of aircraft ft α Incidence of mean aerodynamic chord of wing rad   Root of characteristic equation  ----- C  Flying body Lift Coefficient ------ 
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   Flying body Drag Coefficient ------ 
A,B, Constant ------  ∙   Static Margin ft 

 
INTRODUCTION 

rinciple characteristics of flying body stability depend on the number of design 
criteria [1]. The most important one, which is considered in this work, is the 
criteria for longitudinal dynamic stability and response. Several flying qualities 

parameters such as short and phugoid modes, frequency response largely influenced by 
aerodynamic parameters changes .downwash is one of these aerodynamic parameter 
which in the process of longitudinal dynamic stability and control,[2]. 
The longitudinal dynamic stability requires a complete analysis of aircraft motion 
following displacement from equilibrium; this will involve a detailed investigation of the 
A/C equation of motion [3].  
The equation of motion in constructed by many parameters such as airplane geometry 
and aerodynamic forces such as lift ,drag.,[4].There are many factors which influence the 
amount of aerodynamic lift such as the shape, size, inclination, and flow conditions of the 
air passing the object. For a three dimensional wing, there is an additional effect on lift, 
called downwash [5]. 
 The wing tip vortices produce a downwash of air behind the wing which is very strong 
near the wing tips and decreases toward the wing root. The local angle of attack of the 
wing is increased by the flow induced by the downwash [6], giving an additional, 
downstream-facing, and component to the aerodynamic force acting over the entire wing. 
The downstream component of the force is called induced drag because it faces 
downstream and has been "induced" by the action of the tip vortices. The lift near the 
wing tips is defined to be perpendicular to the local flow. The local flow is at a greater 
angle of attack than the free stream flow because of the induced flow. Resolving the tip 
lift back to the free stream reference produces a reduction in the lift coefficient of the 
entire wing, [7]. 
 
MATHEMATIC ANALYSIS 
    Since the aircraft is free to translate in three dimensional spaces as well as to rotate 
about its center of gravity. Hence six equations of motion are required for solving the six 
degrees of freedom. The linearized equations of aircraft longitudinal motion after using 
small disturbance theory and assuming the aircraft as a rigid body are, [7].         ̇  –        + −       ̇   ̇  –        +  −        ̇ −   (cos  )   = 0    ….   (1) −       +        −  2    ̇   ̇  –        +   −    −  2     θ̇− C (sin θ)θ    =       ( )                                                                                                       … … … … . ….   (2)                           −       +  − c2U   ̇ ̇  −       +        ̈ −  2     ̇ =       ( )                                                  . … … … … … … … … … . ..    (3) 

P
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Where [7].    = −2   ,   = −    ,C  = −2C   ,   ̇ = 2          ,          ,  ∝ = −     α

−     ,    = 2         ,  ,   ̇ = 2         ,               ,    = 2         ,            ∝ =  ( ∙ )δ      ∝  
δ

∝
,  

 
Rewrite equations 1, 2 and 3 in Laplace transformation form with neglecting     ̇ ,                      , [7 ].  
      s− C      ( ) − C ∝ ∝ ( )−   (cos  ) ( ) = 0    … … … … . … … ….  (4) −      ( ) +       −  2    ̇  −   ∝  ∝ ( )+   −    −  2      − C (sin θ)  θ(s) =       ( )     … (5)  −  2    ̇ −   ∝ ∝ ( ) +         −  2     θ(s) =       ( )     ….   (6) 

The transfer function for δe input to θ output using determination:- 

 ( )  ( ) =    
    s− C  −  ∝ 0        −  2    ̇  −   ∝       0  −  2    ̇ −   ∝̇        

 

  
    s− C    ∝ −C (sin θ)−        −  2    ̇  −   ∝  −    −  2      − C (sin θ)0  −  2    ̇ −   ∝̇        −  2      

     

                                                                                                                           r   ..…. (7) 
In other form      ( )  ( ) =    +   +     +    +    +                                                                                  … … . (8)    
Where A, B, C, D, E, F, and G are constant determine from flying-body data. 
For a unit step input multiply equation (8) by 1/S    ( ) =      +   +   (   +    +    +  )                          … … … … … … … …   (9) 

 
By using factories method equ. (9) becomes : 

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

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


Eng. & Tech. Journal, Vol.30, No.8, 2012                         Pitch Mode Downwash Transient Response at   
                                                                                                              High Speed   and High Altitude 
                                                                                               

 

1385 
 

       ( ) =      +   +   ( +   )( +   )( +   )( +   )                                        … . … . .  (10) 

  
Where p  , p  , p  , p     imaginary root of equation 
   by Laplace inverse of equation above yield 
    ( ) =    +        +        +        +                       … … ..  (11) 

 
as its mention that 〖 _(1, )  〗_(2 ),p_(3 ), p_(4  ) are imaginary roots p_(1 ), p_(2 = ) 

g_1±h_1 j and 
 

p_(3 ), p_(4 =  ) g_2±h_2 j Simplified equation (11) yields:    ( ) =    +  (  +∝ )      cos(h  ) −  (  −∝ )      sin(h  )+  (  +∝ )      cos(h  )  +  (  −∝ )      sin(h  )       
                                                                                                                ….(12) 

Therefore:    ( ) =    +  2     (A cos(h  ) +   sin(h  ))+ 2      (A cos(h  ) −   sin(h  ))                               … … (13)  
by solving all these equations with their aerodynamic coefficients and constants for 
downwash varying from 0.3 to 0.6 and varying time from (0 -40) sec. The flying body 
transfer function will be of the form: 

RESULTS AND DISCUSSION 
      The downwash increases at constant altitude and constant speed the static and 
dynamic stability decreases with no change in control characteristic equation, the 
decreases  in stability due change in flying body characteristic equation and Specifically  
in E- parameter  which present the pitching moment derivatives, Cmα (static stability) and 
Cmµ(dynamic stability),(Fig(2), (3) and (4),Table(1),(2)and(3)). 
For constant downwash at different altitude and constant speed the only dynamic stability 
will be effected(decreasing) with enlarge the control characteristic equation that mean 
bigger control surface and more deflection angle required and also the flying-body 
motion characteristic equation enlarge except E-parameter which remain constant and 
that mean the static stability will not effected but the dynamic stability only effected due 
to large change in characteristic equation parameters A,B,C and D which present the rate 
of change of downward velocity and rate of pitch rate due to lift decreases (Fig(5), (6) 
and (7),Table(1),(2)and(3)). 
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For constant downwash at different speed and constant altitude the behavior will be 
entirely different from above because the control surface characteristic equation will 
decrease it that's mean less control required and also the flying body characteristic 
equation parameters decreases except the E-parameter which remain constant (no static 
stability change) and that gives less pitch rate and less rate of downward velocity change 
and that goes to reason of lift increase (Fig(8), (9) and (10),Table(1),(2)and(3)). 
 
CONCLUSIONS 
 1. Downwash affects the static stability and the dynamic stability, ( Table1,2  
     and 3),Fig(2)). 
2. Downwash gradient becomes more powerful at high altitude and high speed            
and have great effect of destabilizing the overall flying body motion not only the tail 
efficiency, (Fig(3)to Fig (5) and Fig(8) to Fig(10)). 
3. High altitude downwash required powerful control and more control deflection angle,     

(Fig(5)to Fig (8)). 
4. High speed downwash more to be considered for dynamic stability and its effect more   

negative than the high altitude , ( Table1,2 and 3),Fig(5) and Fig(8)). 
5.Constant downwash for high altitude and high speed effect only the dynamic  
      stability, ( Table1,2 and 3), (Fig(3)to Fig (5) and Fig(8) to Fig(10)). 
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Table (1) Downwash=0.1 Data for Different Altitude and Speed 
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Table (2) Downwash=0.367 Data for Different Altitude and Speed 
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Fig.(1) Flying body case study views 
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Figure (2) Variation of Downwash with Fix Height(20000ft)  
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        Figure (4) Variation of Downwash with Fix Height(60000ft) 
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Figure (5) Variation of Height with Fixed Downwash (0.1) and Fixed Speed (600 ft/sec) 
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Figure (10) Variation of Speed with Fixed Downwash (0.8) and Fix Height(40000ft) 
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