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Re -ENTRY  ANALYSIS
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SOMMARY :
« Conventional aircraft has five different modes, i.e., two (UECW EXAMPLE OF PEADUWM ON

longitudinal and three lateral ones AECTURE AS ©
e Longitudinal modes (pitching):
« Short-period — fast, periodic motion, usually well damped
 Phugoid — very slow oscillation, usually poorly damped
e Lateral modes (rolling):
« Lateral oscillation (or Dutch roll) — moderately to well-damped
oscillation, yaw rotation induces large forces
« Rolling convergence, strongly damped, aperiodic motion
« Spiral mode, stable or unstable aperiodic motion with large
time constant

e Longitudinal and lateral modes are decoupled
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APOLO X - Space APPUCATIONS 1 ENTRY VEUICLES — EI6ENHOTIONS
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OTHER CASES: ARUO

Uypeeoouc entey Veooty
¢ Axisymmetric (= rotational symmetric) vehicle

e Asymmetry introduced by shift of centre of mass
© 24 =-0.137m
« As a result: hypersonic trim angle of attack a = -24.5°
« Lift-to-drag ratio L/D = 0.3 (without shift: L/D = 0): large
aerodynamic loads (up to 69)

¢ Only one plane of mass symmetry, I, # 0 (full set of Euler
equations needed!)
* L = 5618 kg m?, I, = I, = 4455 kg m?
* I, = I, =0.0 kgm2 and I, = 1752 kg m?

app = Ip,q0

apg = Ip,po + Ipyro

» M coeficiamts ase o Jund(o» of M, oL .
c =0

*d=0,8:0. X<-ac’

Ta this case hee are some dffemces
wil e previous A,D maiaces:

Exta tems cve to Ixz
Some awodyamic dervates o 0.
No aeod ramic conted| So/fecen

L.
fi = I.’r.r - Iyy T [zz ])pI = T*
Qpr = [p2(10 p1 I*
([yy —1o) I, — [‘32 bpz = L
2 _olzz <o I.. — Izz( Ip, = T* I* (Strong) coupling between X and Z
. i T axis: more difficult for controller
Uzz — Lyy) Loz — I;gz B = L
[zz — dzzx < I:r: IT‘I = * Y 1
Qgr = 7 Po + 2]—1’0 I vy
vy vy
i (_Izr+]yy_lzz)lrz b el [zz
arp = Ir,qo L T* LA ™
I*= Ipxly, — I Iy, Tix
arq = Ir;po + Ir,m0 by, = T+

(Stronger) coupling between

i =Traq0

lateral oscillation~—_
N

20 : (

longitudinal oscillation_ -
~
N
)
)

/heigm modes R
/ entry interface_

<

decreasing Mach number Mach < 3—

imaginary part eigenvalues
(=]

20+ i e T e - " e -

-30 L 1 1 I L
-0.16 -0.14 -0.12 -0.1 -0.08 -0.06 -0.04 -0.02 0 0.02
real part eigenvalues

« Longitudinal oscillation:

= Marginally (at entry interface) to reasonably damped motion

« At entry interface, motion is driven by inertia only with P = 885 s

« Due to strongly increasing dynamic pressure, the frequency of oscillations
increases, until P = 0.4 s (!) between t = 200 and 250 s

« Strong (inertial) coupling with lateral motion for t < 100 s

« Coupling with altitude (t<100 s) and velocity (t>50 s) due to non-zero
nominal bank angle

« Lateral oscillation:
« Coupling between the symmetric and asymmetric motion, as well as a
coupling with translational motion
« Slightly worse damped than the longitudinal oscillation
« Overall, slightly shorter period (P, = 0.3 s)

symmetric and asymmetric motion

«The 5 eigenmodes Con not be XOUM).
. dong tudnul co lateal osullahion show covpling.

* +bme + ‘r\\s)s !rcgu('ncn osctfeahons
v Aperodic  helsht modes

- Aee esenmooes are Siable
. Vef‘g short penods

e Lateral bank/height modes:
 For t<100 s there are two very slow aperiodic modes (one stable and one
unstable), driven by bank angle and height
» The modes change in “pure” height modes
» Even though the amplitude half time reduces, the unstable motion
remains slow. T2, = 268 s for the stable mode.

 Height/velocity modes:

» For t<150 s: unstable height oscillation and stable aperiodic height
mode, both slow. Height oscillation becomes stable at t = 150 s

» The height oscillation breaks up in a stable height/velocity mode (T2 =
55 s), and a stable height mode (T2 = 550 s)

» The height/velocity mode becomes “well” damped towards end of the
flight (T¥2 = 55s)

« The stable height mode becomes unstable (t=150 s) but remains slow
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(a) The center of gravity of the rutan voyager should lie in between the main wing and the

canard. In this way, the both the canard and the main wing can generate positive lift,

which increases the efficiency of the aircraft.
Why 15 1+ longIkedmelly Stable )
(b) The neutral point of the Rutan voyager lies aft of the center of mass/gravity.

(c) The advantage of having a canard instead of a horizontal stabilizer is:

e A canard uses positive lift to counteract the negative moment generated by the main
wing while a horizontal stabilizer in a large part of the flight envelope uses negative
lift. Therefore the performance will increase when using a canard.

e Due to a higher efficiency of producing lift, the overall drag component becomes less
in magnitude.

e A canard operates in cleaner air since it is in front of the main wing. This means that

the control surfaces become more efficient.

(d) The pilots of the Voyager had to constantly trim the aircraft because the mass fraction of its |.1z mMhes, d‘lMJl- Qf
fuel was very high. As fuel is burned, the position of the center of gravity changes. Static tnm dwe to €S- maaet)
stability can be lost if the cenfer of gravity moves behind the center of pressure. The pilots i !& gut
must prevent this by pumping fuel from tank to tank, thereby ensuring that the c.g. stays

in front of the center of pressure.
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