DU Projectile Shot Straight Up, includes variation in atmospheric density with altitude

ft
mach := 1100—
S

MJ = 106-J

Velocity := 4-mach
Mass := 66gm
Angle := 89.5deg

Initial Constituent Velocity Calculations
V}, = Velocity-cos (Angle) V}, = 0.035mach

V,, = Velocity-sin(Angle) V,, = 4mach

Time to top of projectile arc, neglecting drag

Vy

At = — At = 136.751s
g

tp = 2-At tp = 273.502s

Estimated max altitude, neglecting drag (kinetic energy/potential energy balance)

2
EstMaxAltitude :=

EstMaxAltitude = 91.696km

Gravity as a function of alititude

24
Meyrihy = 5-973610

Fearth = 6:3710¢10°

—11
Geonst = 6:674210

Mearth

gravity (altitude) = Gyopr-

r + altitude 2
( earth )



Air Density (kg/m”3)

Cd of a sphere at supersonic speeds
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Numerically solving differential solution for rising edge

1 mm -3 I
Fd=__pVACd r=8—=8x10 v
2 m Ca(v) = Cgspline .
P mach

Area := 7':-(r)2 Area=2.011 x 10” *
Velocity
Vinit=—"_
s
1 m 2
LaunchPower := E-(M kg)'(vinit —j LaunchPower = 0.059-MJ
s
Given
1 . 2 2
——~Dens1ty<ver1(t))-horlv(t)~Area-Cd veri(t)  + hor«(t)
horu(t) =
() v
1 . 2 2
—E~Dens1ty<ver1(t))-verlv(t)~Area-Cd ver(t)  + hor«(t)
verpn(t) = - gravity(verl(t))

M

hor;(0) =0 ver;(0) =15 hor:(0) = V; ;i cos(Angle) ver «(0) = V;, . sin(Angle)

horl horl m
:= Odesolve ,t,250 mach = 335.28 —
very very S

Rangeli =00+1ig-.1
1

VerValues, := Verl(Ralngeli )
1 1

HorValuesli = horl(Rangeli )
1 1

ProjectileFunction; := cspline(HorValuesl , VerValues )

Vpl(X) = interp(ProjectileFunction1 ,HorValues|, VerValues; ,x)

TimeFunction,; := cspline(Rangel , VerValues 1)

Vi (D) = interp(TimeFunction Range ,VerValuesl,t)

vl

TimeFunctiony,| := cspline(Rangel , HorValuesl)
hy (1) = interp(TimeFunctionhl ,Range| ,HorValues, t)

1

2
2 2
. d d
Velocityg 11 (D) = |:(avt1(t)j + (ahtl(t)j :|

, d , _d _d
Velocityy, i1 (1) = ahtl(t) Velocity, o1 (1) = avtl(t) Slopeprojl(t) = avpl(t)

d d
Accely 1i,1(1) = ?htl(t) Accelyqn1 (1) = ?th(t)

Vinit sin(Angle)
tguess] = 0.8

tauess] = 136844

Time, ey = 1“)Ot(velocm’vert1 (tguess 1 ) sLguess 1)

Time,eqy = 137711

eak

t; = 0,.1.. Timep




i 3
Xouess] = Tlmepeak'vinit'COS(Angle) Xguessl = 1.612 x 10

Range = 1.595 x 103

Rangepeak = root( Slope peak

projl (Xguessl) Xguessl )

2
1 . . m . . .
TotalEnergypeak = 5'M'kg'(velocnyscalarl(Tlmepeak)'?) + M-kg-th(Tlmepeak)-m graV1ty(Vt1(T1mepeak))- = 0.057MJ

“o |8

TotalEnergypeak
PercentTotalEnergypeak = —— 100 = 96.644

LaunchPower

2
L 1 . . m
KlnetlcEnergypeak = 5'M'kg'(Velomtyscalarl(Tlmepeak)'?j =4.421]

KineticEnergypeak _3
PercentKineticEnergypeak = T P -100 = 7.449 x 10
aunchPower
Projectile Arc, Leading Edge
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Velocity (Mach)

Gravity (m/s"2)

Vertical Velocity vs. Time

Vertical Acceleration vs. Time
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CD of a sphere at supersonic speeds

http://www.aerodyn.org/Drag/speed-drag. html

Table of values are estimated from chart

cD

1.0

0.8

0.6

0.4+

0.2

0 043
0.5 046
07 05

092 0.6
1.0 0.65
1.10 0.7
1.25 0.8
1.5 0.93
1.7 1.0
ValuesTable :=| 2.0 1.03
23 1.0
2.5 0975
3.0 093
35 09
40 0.89
5.0 0.88
6.0 0.875
7.0 0.87
8.0 0.87

Vg = cspline(ValuesTable<0> s ValuesTable< 1>)

C dspline(maCh) = interp(vS , ValuesTable<0> , ValuesTable< vV , mach)

Cd of a sphere at supersonic speeds
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Density(altitude) := | M <« 28.9644

3
Rgonst < 8:31432-10

g, <98

if altitude > 86000
p«<0

return p

if altitude > 71000
pPp < -000064

Ly, < —0.002

hy, < 71000

g M
— |41
Rconst' Lb

Tp
(_ .
PP Ty, + Ly (altitude — hy))
return p

if altitude > 51000
pp < 00086

T}, < 270.65
Ly, < —0.0028

hy, « 51000

g M
— |+
Reonst Lo

Ty
(_ .
P POl Ty + Ly (altitude - hy)
return p

if altitude > 47000
pp < -00143

T, < 270.65
hb <« 47000

{— g M~(altimde—hb)}

R Ty

const’

p < ppe
return p

if altitude > 32000
pp < 01322

T}, < 228.65
Ly, < 0.0028

hy, < 32000

g-M
—R 3 +1
Tb const b
(_ .
P pb Tb + Lb-(altitude — hb)
return p

if altitude > 20000
P, < 08803

Ty, < 216.65
Ly, < 0.001
hy, < 20000

geM
—R T +1
Ty const b
(_ .
PP T}, + Ly, (altitude — hy))
return p

if altitude > 11000
P, < 36391

Ty, « 216.65
hy, < 11000

[ —goM ( altitude—hb) :|

R Ty

b prec const’
b

return p

pp, < 1.2250




T}, < 288.15
Ly, < —.0065

R, L
Ty const b
& .
P P Ty + Ly (altitude — hy)

return p




