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ROCKET DYNAMICS

m
Drage equation D = qACp Delta V neglecting drag and gravity ~ Av =I5, 9o ln;;

m,=mytm, tmy, A, = Nozzle exit area
T = Thrust

IW = Specific impulse
7n = Mass ratio

At = Burn time

q=%pv* = Dynamic pressure

7

my = Empty / structural mass

=m tm, A = Frontal area of the vehicle
¢ = Effective exhaust velocity

¢, = Exhaust speed relative to the rocket

\//\LISP/\CE

EMPOWERING ENGINEERS

m, = Propellant mass

m,, = Payload mass
) = Payload ratio
¢ = Structural ratio

p, = Static pressure of the atmosphere

PI: = Rocket nozzle pressure AvD,AvG = Drag loss, gravity loss

m, = Rate at which exhaust mass y = Flight path angle

D,C,, = Drag, Drag coefficient flows across the nozzle exit plane v, = Burnout speed

o r . . — P)A,
Specific Impuls Iy, = Bow Effective exaust velocity c¢=¢, + (h'h#)‘

e

Thrust

=g

m, =
Mass Ratio " = —~ Burn Ti a=nzl e Pavioad Rati N g g
ass Ratio m, urn Time o WG, ayload Ratio mg tm,  m, — mpy,

mg g

i = = Mo _
Structural Ratio  “ ™, +m, m, —mp, Deltav & Tyt e Avy = Avg

U
Avg = f gsinydt
to

1EEN

i
= = g D
Burnout Speed o = Lp8Inn = Ly, In—— Drag and gravity loss  4vp = ,f_md’
3

Optimization procedure to an N- stage vehicle = i[ln(l — &)+ Inny — In(l — eny)] — n[vb., - icilnni]

7 — Langrange multiplier i=1 =i

SPACE
CHEAT SHEET

IDEAL GAS RELATIONS

Ideal gas model pu= RIS = (7)) = h(T) = u(T) + RT

u(Ty) = u(Ty) = ¢(T, = Ty)

T
Change in specific internal energy  “(72) = «(Th) = L c(T) dT For constant C,

n
Change in specific enthalpy ) =l = L e For constant Cp (T3) = K(Ty) = (T2 = Th)

COMPRESSIBLE FLOW IN NOZZLES AND DIFFUSERS

Momentum equation for steady-state one dimension flow F=m(V,= V)

Ideal gas velocity of sound ¢ = VART

Mach number M = Vic

Stagnation enthalpy ho=h+ V%2

Isentropic flow funtion relating temperature L k=1,

and stagnation temperature (constant k) T 2

Isentropic flow funtion relating pressure and Po _ (E)H(H) _ ( k- IMZ)H(k—l) contact-us@valispace.com
stagnation pressure (constant k) P T 2 www.valispace.com



i = inertial frame, s = reference frame
w” = angular velocity of the s frame with respect to the i frame

7 = position vector in s frame, v = velocity, 2 = acceleration H = Angular momentum v = velocity ) ) r= h? . J;
R = position vector of the origin of s—frame b = specific angular momentum E = Total Energy Orbit equation - velocity v= P
U = Potential E
iq sq 37"4 = areal velocity o.te-n el EmEe)y T VEREE 0 u
e “rs apa el 7 = position t=—T specific energy €= —5=
dt dt « = gravitational parameter true anomaly 2 2r
‘g2 2 ¢ d? s s Orbital iod T_Z_nrg/z
d _d . d d . . r dr rbital perio T VR
F(R+r) = WR_'— Fr-*— 2wSt x Er+< Ew“)xr+ St x (WSt X 1) Formal solution t—to :/ =
2
of the central force i) s= = (5 = W) = =5
o dA H, h rant
— = —— =-—=constan
Kepler's 2" law i am 2
2
e, = cosfi+sinfj P i £
. . arabolic mean anomal My, ==t
Unit Vectors - ; Conservation of = = = LA S
ey = —sinbi+ cosfj H() =7 X mi = Cte
angular momentum
Barker’s equation K SR
: . sore  pebesie q 2 |5 (t—1to) =tan; + stan’ >
Almerzsie ' Specific angular 2 ?
Equations = (; - rgz)e,+ (rb +2i0) eg momentum =T
. E = —m (¥ — rf? i 7
Motion d MGy = Bip—1t ) Central force F=F-
Equations Fy = mag=m(rf+2/6) g
Gravitational Fe_ GMme __HK
central force 2 " r2
sinh F =%
e, = cosbi+sinfj
Unit Vectors
ey = —sinfi+ cosbj
e = eccentricity ¢ = specific energy
o 2
= . L . = . . - = . . ) H
Kinematic R U= restidey + 2k @ = semimajoraxis = el ey Hyperbolic mean anomaly My =55 (e? = 1)%2t
Equations - . . b = semiminor axis y = flight path angle
a = (i =r6%) e, + (rf + 2i0) eq + Zk p = semi lactus rectum / parameter T = orbital period ) u )
¥ ” 92) 7, = periapsis % = mean motion Kepler's equation for the hyperbola \ _—a3(t —ty) = esinhF — F
= ma, =m (i —7l
" " 7, = apoapsis M = mean anomaly e
Motion Fy = map=m(rf+ 2r0) F = Focus, C = Center E = eccentric anomaly True anomaly in terms of F cosf = e — 1.
Equations P W ¢ = linear eccencitry 6 = true anomaly
= = 7
: : v, = escape velocity
b = specific angular momentum w = argument of perigee
G = eI Eesgd dnd Eesee - S i = inclination 6 = true anomaly
0 = right ascension (RA) (6,9, @, a,e To}
Unit Vectors eg = —sinfi+cosfj _: of the ascending node
f— ae _ . 7l — nodes line
ey, = —cosfsingi—sinfsingj+cosgk ¢ = eccentricity
T = re, o m i L 7 G
. 5 0 w2 _ & €= 7 To X (Fo X Up) — “E cosbp =
v = re,+rlcospeg+roey, 0~ 7o 0
2 2
Kinematic . oG - 2a=1,+1, b= af1-e? > Y
Equations a = (f=rfcos”¢p—r¢")e, a? = b? . ez xh ~ S . &-h
p .. a0 n=—— 7t = cos {2 €x + sinQ ey Cost = ——=
+ (270 cos ¢ + rf cos d — 2r0¢ sin @) eq o _ |€z X Il ||
. % . TP:fl(1—€):1+e CF=c =ae Area = abm
+ (2r¢+7¢7sing cosg+19) ey i-é (122 snng cos 0 o\
CoOSw = W tanfy = (T”z)iz 2= (% 1) cos? 4o + sin? 4o
% ) cos2yg — 1
. . 2 m
F. = ma, =m(# —r0*cos® ¢ — r4?) o= 1_(3) p=a(1—e2)=h—z
Equations v i o = El e a 2
s Fy = mag=m(2r0cos¢+rfcos¢—2rfpsing) Effects of the Earth’s oblateness
ion
Fy = mag=m(2ip+r¢sindcosd + r¢) o 3nJoR% ) _ bR ()5,
—7WCOSZ w—m —§SIHZ
o —GM Oblateness and second zonal harmonics
Gravitational Parameter n=
Planet Oblateness I,
o _ _i Mercury 0.000 60 x 10°¢
Specific energy 2a Venus 0.000 4,458 x 106
d - spin, - precession, v — nutation Earth 0.003353 1.08263 x 107
- h\? 3
eccentricity e= [1+2¢ (‘7) Mars 0.00648 1.96045 x 107
’ Jupiter 0.06487 14.736 x 10°
o X Saturn 0.09796 16.298 x 10°
Euler’s equations for Mean motion TTNE Uranus 0.02293 3.34343 x 10°
torque-free motion Neptune 0.01708 3411 x 107
A0 0 A Radial velocity vy =-esinf (Moon) 0.0012 202.7 x 10
Wy Wy
=|0 B 0 wy | = | Buwy
0 0 C Wy Cuw,
. 2p
Escape velocity Vesc = |7~
. _ o2 Jacobi integral
Orbital period Wik i 7 1
- =2 =2 oSS
Angular Position of the body » = 4 oY T3 (@ +v) = = ¢
in the spinning reference {s }zzyﬂﬁm = Ysiny o (Q)z _ (az>3
frame ) eosv Kepler's 3 law ) ~\g
e=1(s x h u
o v Eccentricity vector e=u\v T
fnguer VeIfOCIty - Ehe Ceapnsazey: = {Q}mmzz.,z +3=| dan Hohmann Transfer
spinning reference frame Y B |
h? 1 P _ _
Orbit equation Kepler's 1% law "= T+ecosd 1+ecosd ¢ — Phaseangle  2ay =1+ 1,
Av 1 u
Angular moment components (B = Aysiny o ) vy (1 1) Avy = - Av, =
Gl o) vis - viva equation o Ty Esctev= 2u{-—on 1
7 — wobble angle i
. " ay
. ) ) Kepler’s Equation M=nt=t)) =E =esinE time during transfer —t, = — =7 |—
Relations between precession and spin 2 u
o € . wy ’l‘bSiDV © . —2¢¢ £ 2N
hp=— i =< =" e ) V1 —e?sinf E 1-e 6 _ Nl _ _ _ s
Y= A= Cyeoss” YT 0 T Jesv e PRYT g E as function of § B g = e Tom = 1,20 $=brtm—ndt e =—




