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ABSTRACT

In this research a study of the downwash effects for high atitudes 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 veocity 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.
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List of Symbols
M | Definition unit
bol
Cy, | Thechangeintheforcein the X direction dueto achangein forward velocity. -
Cy,. | Thechangein theforcein the X direction dueto a changein angle of attack * oc " -
Cy, | Thechangein theforcein the X direction dueto rate of changein " oc " -
Cxq The changein theforce in the X direction due to a pitching velocity. -
Cm, | Thechangein the pitching moment due to a change in forward velocity. -
Cmy | Thechangein the pitching moment due to a change in angle of attack " o " -
Cn,, | Theeffect of rate of changein " o< " on the pitching moment coefficient . -
Cm, | Theeffect on the pitching moment due to a pitch rate. -
Cns, | The elevator effectiveness. -
Czq The changein the Z force due to a pitching vel ocity. -
C,, | Thechangein the normal force dueto a changein forward velocity (u) . -
C,. | Thevariation of the Z force with angle of attack. -
C,, | Theeffect of therate of change of angle of attack " « " on the Z force. -
Cw | Gravity coefficient -

m Mass of flying body. slug
S | Wing area of flying body. sq.ft
U | Forward velocity of flying body. ft/sec
Iy Moment of inertia about pitch plane OY. fs:zu 9
q Dynamic pressure. ]Ictblsq

c Mean aerodynamic chord. ft
k Rough allowance. -

a Thevariation in the angle of attack from equilibrium.

68 | Angleof pitch rad

e | Angle of downwash at tailplane rad
Se | Angular displacement of devator rad

l, Distance of aerodynamic center of tailplane aft of c.g. of aircraft ft

a Incidence of mean aerodynamic chord of wing rad

s Root of characteritic equation e
C. Flying body Lift Coefficent | e
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Cp | Hying body Drag Coefficient | eeeee

AB, Constant L

S-M | 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 largdy influenced by
aerodynamic parameters changes .downwash is one of these aerodynamic parameter
which in the process of longitudinal dynamic stability and contral,[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 mation 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 arigid body are, [7].

U - — - — A

("S‘—q fi= Cpll) +(— Gy @=Cy @ ) + |~ =€, 0~ Culcos0)8] =0 .. (1)
(c —)+[(mU ‘¢ )" c —]+[( mi_c<. )e c (sine)e]
't Sq oy ) @7 bz Sq 22U w

= C,,,6e(s) s @)
_ c _ B L, . ¢ .

—(Cmuu) + (—mCmda - Cmaa) + (STQCQ - ECmqg)

= iy, 8(5) s ()
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Where [7].

__ __mg~ _ _ _ o (dCm\"  (ae __acL _
Cxu - ZCD ! CW - q,CZu - ZCL ’Czd - 2 ( dlt )S’Q (da) ’CZO( - do.

o G =2k (%), On =2 (), () € G =26 (), (8)

Cnoe = (51 (52)",

Rewrite equations 1, 2 and 3 in Laplace transformation form with neglecting Cy,,
Cx, and Cp,, yields, [7]1

(m—Us—cX )ﬁ(s)—CchTc (s) = Cy(€0SO)O(S) = O oo (4)
Sq u

—C,,u(s) + [(T;—;] - %Czd)s - sz] x (s)

mU ¢ .
+ [(‘E - ECZLI) s — Cy(sin e)] 6(s) = C,, 0e(s) ... (5)
c _ I c
(=57 Cms = Cm) & () + (STCSZ —ﬁCmq)e(S) = Cpy 00(s) ... (6)
The transfer function for ée input to 6 output using determination:-
mU
WS - CXu —Cxo( 0
mU ¢
G (S7—20C) S~ Cow CaniBe
C
6(s) 3 0 (—WCmds - Cmo.() Cing,0€
- U .
Se(s) 7?_(1 —Cyy Cro —C,,(sin0)
mU ¢ mU ¢ .
_Czu (W—ECZQ)S—CZM (—W—ECzq)s—Cw(sme)
c I c
0 (= 557 CneS = Cms.) SoeS? ~ 37 Cmg
ro.. @)
In other form
6(s) _ AS?+BS+C

Se(s) DS*+ES3+FS2+G
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
6 ) = AS* +BS+C
se ) T S(DS*+ ES® + FSZ +G)

(9)

By using factories method equ. (9) becomes :
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—(s) = AS? +BS+C 10
s) = s(s +p1)(s + po)(s + p3)(s + ps) e

Wherep, ,p,,P3,P, imaginary root of equation
by Laplace inverse of equation above yidd

6_(t) = q, + aze Pt + qze P2t + q e P3t + e P4t e (12)
e

asitsmentionthat [p_(1,)p) (2).p (3),p (4 )areimaginary rootsp (1),p (2=)
g 1th 1jand

p_(3),p_(4=)g 2+h 2] Simplified equation (11) yidds:
4 —git ; —g1t oj
ﬁ(t) = a; + (a, +x3) e 91t cos(h, t) — i(a, —x3) e 91t sin(h, t)

+ (a, +x5) e 92t cos(h, t) + i(a, —xs) e 92t sin(h, t)
....(12)

Therefore

0
e (t) = a; + 2e791t (A cos(h, t) + A, sin(h; t))
+2e792t(Ascos(hy t) — Aysin(h,t)) L (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, Cm, (static stability) and
Cm,(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
moation 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
entirdy 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, ( Tablel,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 , ( Tablel,2 and 3),Fig(5) and Fig(8)).
5.Constant downwash for high altitude and high speed effect only the dynamic
stability, ( Tablel,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

9.58697x°+15.22372x*+41.06668x°+0.6

X +0.00407778137534 -

Transfer Function Short period Phugoid Period
28.70091x*-19.15103x-0.67148 0.786593413496 +14.5242536391i | 2.54583847017 -
2.23303799039i

g | 9135:2+0.96588x 0.153967194975i X +0.78990196405 -
< 1.90342885966i
~134.62860C-41.47753x-0.67148 147678266143 +152.2136586361 | 32.3634234114 -
17.6527920323i
£ | 97.35384x°+71.38007X*+178.95830:C+ | x  +0.00247648252632 -
g | 1.26661x°+0.96588x 0.0736053664041i X +0.364170945043 -
< 1.30252584342i
-918.23380,°-108.32300x-0.6 7148 460936281812 +2752.530115381 | 648.730582416 -
209.338798671i
8| g | 1733.70700:°+486.83110x'+1171.2130 | X +0.00110795396173 -
2| 8| 0x+2.98892+0.96x 0.0287266804737i X +0.139293826731 -
<= 0.809140055438
302.91440x°-62.21630-0.67148 7.474215553 -770.581379909) 163841822477 -
; 89.3632875872i
8 | 492.85380x°+240.91770x+402.65610¢ | X +0.00165104375513
S | +1.89991+0.966x +0.0490702444897i X +0.242759874858 -
< 0.868356339436i
~134.62860,C-41.47753x-0.67148 147678266143 +152.2136586361 | 32.3634234114 -
17.6527920323i
07.35384x7+71.38907%'+178.95830°+ | x  +0.00247648252632 -
g | 1.26661x°+0.96588x 0.0736053664041i X +0.364170945043 -
4 o|e 1.30252584342i
S [ [-75.72860x-31.10815-9.67148 144,28 +39.11i 9.93605236975 -
g & 5.2627293328
S S| | 30.80336x°+30.11982x*+100.66400x*+ | x +0.003302 -0.04981i
5 1| g | 0.04995¢+0.96588 X +0.4856029651 -
[e3]

1.73668908932i
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Table (2) Downwash=0.367 Data for Different Altitude and Speed

Transfer Function

Short period

Phugoid Period

=01

Downwash

28.70091x%-19.15103x-0.67148

0.786593413496 +14.5242536391i

2.54583847017 -2.23303799039i

§ 9.58697+15.22372x*+41.06668x3+0.69135x%+0.96588x X +0.00407778137534 -0.153967194975i X +0.78990196405 - 1.90342885966i
8
N
~134.62860x%-41.47753x-0.67148 1.47678266143 +152.2136586361 323634234114 -17.6527920823i
§ 97.35384:%+71.38907x+178.95830x%+1. 2666 1x2-+0.96588x X +0.00247648252632 - X +0.364170945043 -1.30252584342i
£ | 2 0.0736053664041i
< |8
8
<
-918.23380x%-108.32300-0.67148 ~46.0938281812 +2752.53911538i 648.730582416 -209.333798671
1733.70700x5+486.83110X*+1171.21300x%+2.98892x2+0.96 X +0.00110795396173 - X +0.139293826731 -0.809140055438i
§ X 0.0287266804737i
<]
(=]
302.91440x%-62.21630x-0.67148 7474215553 -770.581379909i 163.841822477 -89.3632875872i
g 492 .85380x5+240.91770x*+402.65610x3+1.89991x%+0.966x X +0.00165104375513 X +0.242759874858 -0.868356339436i
2 +0.0490702444897i
8
<
_ ~134.62860x%-41.47753x-0.67148 1.47678266143 +152.213658636i 32.3634234114 -17.6527920823i
§ 97.35384x%+71.38907x+178.95830x%+1. 2666 1x2-+0.96588x X +0.00247648252632 - X +0.364170945043 -1.30252584342i
%’ 0.0736053664041i
& |8
-75.72860x>-31.10815%-9.67148 144.28 +39.11i 9.93605236975 -5.2627293328i
30.80336x%+30.11982x¢*+100.66400x%+0.94995x2-+0.96588x X +0.003302 -0.04981i X +0.4856029651 -1.73668908932i
3
[s¢]
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m = 5800 slugs,S = 2400 sq ft 1, = 2.62x10° 'Et =2.89

Figure(1) Flying body case study views
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Figure (2) Variation of Downwash with Fix Height(20000ft)
and Fixed Speed (600 ft/sec)
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Figure (3) Variation of Downwash with Fix Height(40000ft)
and Fixed Speed (600 ft/sec)
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Figure (4) Variation of Downwash with Fix Height(60000ft)
and Fixed Speed (600 ft/sec)
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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 (6) Variation of Height with Fixed Downwash (0.0.367) and Fixed Speed (600 ft/sec)
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Figure (7) Variation of Height with Fixed Downwash (0.8) and Fixed Speed (600 ft/sec)
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Figure(8) Variation of Speed with Fixed Downwash (0.1)and Fix Height(40000ft)
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Figure(9) Variation of Speed with Fixed Downwash (0.367) and Fix Height(40000ft)
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Figure (10) Variation of Speed with Fixed Downwash (0.8) and Fix Height(40000ft)
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