Mechanics and Ballistics of Pneumatic Spud Cannons

The Mathcad file for this paper is available at: http://vxphysics.com/Mathcad/

The Purpose of this paper is to model the mechanics and ballistics of a pneumatic spud cannon.

We will do this in this 5 steps:
Description of a Spud Cannon and Definition of Terms
Develop models, equations, and methodology for determining muzzle velocity and trajectory
Comparison of Velocities and Accelerations of Different Models of Internal Muzzle Ballistics
Comparison between Models and Performance Data
Implementation of some ways to better model internal muzzle behavior

This paper offers an examination of the fundamental parameters that govern the internal ballistics of a cannon's
muzzle velocity, as well as the resulting trajectory of the projectile in flight. Beginning with a detailed lexicon of
terms and values in Section I, we establish a foundation for the complex interplay between internal geometry,
volume, pressure, the force of barrel resistance, loss mechanisms and the resulting acceleration and spud velocity
within the barrel of the cannon.

We then delve into the application of an Energy Balance Model (EBM) in Section I to capture the incremental
changes in muzzle velocity over minute distances. This model forms the basis for the computational tool outlined in
Section III, which is utilized to calculate the cannon muzzle velocity, pressure, and acceleration —essential factors
for accurate ballistics.

Section IV presents the results derived from the EBM calculations, further visualized in Section V through graphical
representations of the calculated values. A critical evaluation of various models for calculating muzzle velocity is
conducted in Section VI, ensuring a robust approach to our methodology.

The work of Mungan in Section VII provides insight into dimensionless velocity and acceleration curves, an
indispensable tool for theoretical understanding. Section VIII bridges theory and practice by comparing our model
results with empirical data from the Pollman Video Dataset 1.

We extend our analysis in Section [X with EBM calculations tailored to velocity and acceleration, followed by the
development of an analytical expression in Section X for the spud (projectile) trajectory accounting for air
resistance —a factor often omitted in simplified models.

Section XI details a specially designed program that calculates trajectories at varying launch angles, allowing for a
nuanced prediction of projectile paths. Finally, Section XII captures the culmination of our study with plots that
trace the trajectory positions, velocities, and accelerations of projectiles, providing a visual summation of our
findings.

This paper provides an interesting review of the literature concerning internal ballistics models and computational
tools but also verifies these approaches against experimental data, thus offering a holistic view of internal ballistics
and projectile motion.



Potato Cannon
A potato cannon is a pipe-based cannon that uses air pressure (pneumatic) to launch projectiles at high speeds.
They are built to fire chunks of potato, as a hobby, or to fire other sorts of projectiles, for practical use.

These cannons have four basic components:

Afilling valve, an air chamber, a pressure release valve, and a barrel.

Ina pneumatic spud cannon, air is pumped into the pressure chamber. After the desired chamber pressure is
reached, the pressure release valve is opened, allowing the gas to expand down the barrel, propelling the
projectile forwards. The filling valve is used to pressurize the cannon and is usually a tire valve. The pressure is
released with a quick release connections with ball or check valves have been used.

The pressure release valve is often one of a variety of commercially available types such as a plumbing ball valve,
an irrigation sprinkler valve or a quick exhaust valve. The range of pneumatic cannons is more variable than the
range of combustion spud cannons due to the increased variation possible in the components. Typical ranges are
slightly higher because of the greater power, but the maximum range of some high power pneumatic cannons has
been said to be over 1,000 meters (1,100 yd). Pneumatic spud cannons are generally more powerful than

combustion spud cannons.
f Diagram of Pneumatic Spud Cannon
B Potato Mass., my Area of Piston, Apiston
1 < Barrel Length. Ly, -2
Pressure Chamber
- Initial Volume, Vigit. €

Initial Pressure, Piait PN There may be pressure leakage around spud

Dead Length Force of Resistance
of Barrel, Fric

Pressure Release Valve
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1. Definition of Terms & Values of Muzzle & Ballistic Parameters

Given a Spud Cannon with Initial Volume, V;,;; and Pressure, P;,;.. It pushes against a piston (potato) of Diameter,

Dy

Find the Final Pressure, Final Velocity, and acceleration of the piston, Ax. Assume that the air expansion is isothermal,
no air leakage in the barrel, a perfect valve that does not restrict air flow and opens instantaneously, air

pressure in the reservoir is the same as in the barrel, and the effect of atmos pressure in

the barrel is negligible compared to p;,;;. We assume that the Drag Coefficient of the projectile is Cd=1.5.

No Model for Gas Flow During the Opening of Air Valve

iston> POtato mass, m,, with initial velocity, vi,;;, and a Force of Friction, F;, that is constant.

Compensate for Restricted Air Flow with a Pressure Saturation Parameter, & £ := 1

Initial Pressure Pipine = 80psi-& Py = 80-psi Gas Constants
Chamber Initial Volume Vinitx o 200in3 Adiabatic Expansion: v := 1.4
R = 8.314
Length of Barrel, Dead L, Lb = 40in Ldead = lin e mol-K
T ymbient = 293K

Diameter& Area of Chamber D .;, := Sin
Size B potatoes (medium): Diameter: typically

Mass of the projectile m,, = 0.15/b

P 1.5-2.25 inches. Weight: between 5-10 ounces.
-1
Length of Chamber len .y, = le-tx-[n-(o.s-Dch)z] len .y, = 10.19-in
Diameter of Piston Dpiston = 2.016in = 0.05m
. o -3 2
Area of Piston Apiston = 77'(0'5'Dpiston) =2.06x10 "m
2
Initial Velocity v = 0.1.2 Apision = 0.02:ft
s
Barrel Friction Fg.. :=20lbf = 88.96 N :
fric f Py = 14Tpsi
Piston Dead Space I B 1o ol
P . Muzzle Energy of 9 mm Pistol
Dead Volume Vdead = 0in Vinit = Vinite = Vdead
1150-ft -Ibf
Force on Piston Fp = Pinit'Apiston F, = 255.36-Ibf
. . _ N 3
Vol of Adabatic Expansion, Ax Vﬁnal( Vl-,Ax) = Vi+Apiston'Ax Vﬁnal( Vinit’o'll”) = 200.32-in

AV (Ax) = A4 Ax

Change in Volume piston’ AV (0.1in) = 0.32-l'n3

Vi

)
ForAdiabatic Expansion  final( V- 4¥) 1= Pinit.[Vﬁnal<Vi,Ax)J Pt Vinit:0-1in) = 79.82:psi

Woas(Vis Ax) = 0.5:(Pipiy + Plingi( Vi Ax) ) AV (Ax)

Work done by gas gas
Number of Mol _ Linit Vi _ 074mol Waas(Vinir-0-1in) = 2.88.7
umber of Moles Noles = RT Moles = V- 14mo 8
ambient ” 1.4
init 3 4
Piir n” =151x10J

in
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I1. Energy Balance Model (EBM) of Incremental Distance, Ax, of Muzzle Velocity

A, =A 00 Peak Acceleration:
P. .. +P (Ax) P. .-A
1 2_ 1 2 init " * final _ Tinitp
EWZ'Vﬁnal - Empvlmt + 5 AV(AX) _FfVl.C.Ax Apeak = m—n
3
A =1.7x10"-g
Find Final Velocity peak
P. .. +P V., Ax
_ 2 2 init ﬁnal( i )
velﬁnal(mp, VZ’AX) = \/vl.l’ll.l‘ +m—[ > AV(AX) _Ffl"l'C.Ax
p
L . . Jt
Crude Approximation that is Not Incremental: velﬁn al(mp’ Vinit’60m) = 581.3-—
s
Net Force and Acceleration
F Vo Ar) e Pinit+Pﬁnal(Vi’Ax) 4 7
net( i ) T o) “piston " fric Fnet(Vinit’O'li”) = 235.08-1bf
F (V- Ax) L
_ net\" i’ . 3 ) b
a(Vi,Ax) = — a(Vinit’O'll”) =1.57%x10"-g Step = o1 = 400
b )
vel I\m Ve, Ax 3
time = 4 Time(Vi,Ax) = fina ( P’} ) Time(Vim-t,O.lin) =5.75%x10 4s
\% a(Vl,Ax)

Iterative Solution

4, =2.06x 10”3 m?

—213x10°¢

m

V. v _
. i 100psi - iston
Pf(P. V. Ax) =P, (—J 1%
1%

7’71
Vl-+Ap-Ax

Pr(Pipigs Vipig:0-1in) = 79.82-psi

ai( Py, Viom,y, P, A = L[Pi+Pf(zi’Vi’Ax) A, —Fﬁ—Ap-Patmj
P

17 1° m
(P, ...V Fpo .0.1in) = 1.25x 10°
az( init> " init>Mp> 1 fric> Y- l”) = 125X g

m p

) {Pﬁpf(Pi, Vl-,Ax)
1%

Viin(Vis Py Vs p Fpioy Ax ) 1= /vi2+— ; (4 Ax) — Fy- Ax — 4 -Patm-AxJ

. m
vfm(vinit’Pinit’ Vinit’mp’Ffric’O'lm) - 7'91:

VXPhysics



I11. Program to Calculate Cannon Muzzle Velocity, Pressure, Acceleration
EBM: Internal Ballistic Parameters of Spud Cannon vs. Position

Calculate How the Velocity, Pressure, and Acceleration Vary Along Length of the Cannon

: m
Ax = 0.1in Vinit = 0.1:

Traj(m Py, VO,Ff) = |P;«< Py

Note: n Determines Vi « VO
the Barrel Length -->
Vi < Vinit
to < Os
for ne1..710

Vp < Vl' < me(Vi,Pi, Vl,m ,Ff,AX)

Py <= P« Py(P;,V;, Ax)
ay < ai(P‘ V. m,Ff,Ax)

A &

V< Vﬁnal(Vl-,Ax)

1
n

S
Mn’o(_vl"_
Jt

Mn’l (_Pnpsl_l
-1
My 2« apg

My 3 tys 107

M

| (Pi+Pp(P V)
m_p 5 'Ap _Ffric_Ap'Patm

iy (Pipigs Vinig1002,0.1in) = 301.05-g

aim(Pl-, Vl-,mp,Ax) =

. m
vfm(vlnlt’Plnlt’Vlnlt’IOOZ’FfrlC’Olln) = 387?
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IV. Results of Energy Balance Model Calculations

Vel(m,P, V,Ff) = Traj(m,P-pSi , V-in3,Ff-lbf>

n
Pres(m,P, V,Ff) = Traj(m,P-psi , V-in3,Ff-lbf) -psi

3 2
Accl(m,P,V,Ff) = Traj(m,P-pSi,V-in ,Ff-lbf) g

(o) ft

Velocity = Traj(
s

time = Traj

P
n:=0..600

IV. Plot of Energy Balance Model: Muzzle V vs. Position

48/60 inches long Barrel Driven by 80 psi Tank

Velocity blue (ft/s), Pressure -Green (psi), Acceleration-red (g), time-pink (ms)

Vinit =

"> Pinit>Vinit-Ffric
Accel = Traj(my, Piyies Vipies Ffrie

(mp>Pinit Vinit-Ffric)
Pressure := T’”aj(m P'nit’ Vinit’Ff”iC

80

800
700" 70
600[~ 60
~ 500( This shows that increasing barréldength 50
Velocityy beyond 40 inches (400 1/10s) does little
Accel,, 400" to increase velocity--------= 40
300 30
200 20
100 10
0 0
0 50 100 150 200 250 300 350 400 450 500 550 600
n
Length of Travel Down 40 inch Long Barrel in units of n = 1/10s of an inch
Velocity blue (ft/s), Acceleration-red (g) as a function of mass (kg)
600 200
550 180
% 500 160
T 450 140
2
= 400 120
= 350 100
=
= 300 80
S 250 60
=200 140
150 120
100 0
0.05 0.08 0.11 0.14 0.17 0.2 0.23 0.26 0.29 0.32 0.35
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VI. Comparison of Four Calculation Methodologies

Unfortunately, the cited reference reports that none of these 4 Methods give very accurate results.
Compressed-Air Spud Cannon and Performance Assessment - Crawford

Length Ly := 60in

m Mass of the projectile, kg my, = 0.15-Ib P P - 147.psi
Po Initial pressure in the air reservoir Pa=P:.o= 80'DSi3 am atm P
Vo Air reservoir volume, m? Vo= Vipis = 200-in , Friction /= Fp;. = 20-1bf
A Cross-sectional area of the barrel 4= Apiston = 0.0021m v=14
7iS0 =04
%SO
5P,V 14 24-L;-P 2Ly-f
070 0 b at. b t
Model 1: V(L) = (1= —] |- - vi(Lp) = 13975
Isothermal My A-Lp+Vy My "y §
Equation V; (Ll_.)_:Proiectile Velocity of an Air Cannon, Rohrbach Model
5 ALy 7
Model2:  V5(Ly) = || Py Vylog| 1+ ——.e|~A-LyPgyy, ~LpyS V5(Lp) = 49058~
Rohrbach my, o s
Isothermal
Model 3: Spudgun Technology Center (STC) Excel Model:
Read Data from STC Model ~ STC := READPRN("SGTech.txt") st :=0..999
a5 m Ly:-st 1 1
V= STCT = Ly = S Py = stV Vs I sa918dt
st 999 ft 998 s s
Model 4:
Energy Balance Model Velocity,, is the Velocity Calculated from Conservation of Energy on Page 2
t t
Length = 600-0.1in = 5-ft Velocity6()0-]; = 439.75-];
s s
Compare Calculated Muzzle Velocity (ft/sec) for the 4 Models
800 800
700
VilL;
1 ( J) 600
/i
o — 500 eod vV
L7 N E I S S S Ll py o TIEC ceecoserocs 1400 SSt
= N T
> VZ(L]) 300 - - Velocityn
i 200
S
----- 100
0 0
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

n
Lefi-12,L-fi-12, Ly ,——
7/ 7/ 3¢’ 120

Barrel Length (ft)
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VII. Dimensionless Velocity & Acceleration Curves - Mungan Paper
Use EBM Model Match These Sim Curves

Internal ballistics of a pneumatic potato cannon, Spud Cannon From Page 3
It has the Same Shape as the Mungan Curves

Carl E Mungan, Eur. J. Phys. 30 (2009) 453457

WVelocity blue (ft's), Accel-red (g). time ms

0.8

I00R &0
B —— o
B . 275 —— 55
speed %
zﬁnl\ . 50
0.6F 195 " PE
e oy b 2
I 200}—N 2 = 40
175 - 35
0.4 time/20 3 / ey
150 i \ - 30
/ A Tk
125 < =125
f \\ "n_,._h
100 . 20
‘\\ 2
acceleration 50{ - 10
)] 4 i i e ——— 25' 5
0 .
! 3 . L . 0 50 100 150 200 250 300 350 400 450 300

dimensionless distance
Distance

Dimensionless speed, acceleration and time as a function of distance for a projectile
propelled along a cylinder by a diatomic gas. The time has been divided by 20 to keep it on scale.
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VIII. Compare Velocity from this Sim to Data from Pollman Video Measurements
Source of Experimental Data: Video measurement of the muzzle velocity of a potato gun, Pollman

Test Conditions for Pollman Pneumatic Cannon Video Muzzle Velocity Paper
Gauge Pressure from 45 to 120 psi, mass from 0.05 to 0.35 kg, Vol = 9040 mL,

Barrel 5.08 cm (2 inches) x 1.8 m (71in) long, Volume =3640 ml (5.08 cm x 1.8m long). Mass from 0.05to0 0.35
kg, Kinetic Friction Force Estimate: Fg;. 1t02N  nvaries from 1.5 to 3.38 mol

Pollman Tank

Volume- VOZ&amk = 9040mL = 551.65-in V. ..= Vol

wanke 2N = 045:1bf  0.lkg = 0.22:1b

Digitize (https:/automeris.io/WebPlotDigitizer/) Data Points from Pollman's Data Points

V129 = READPRN("Video Pollmanred.csv™) o . piy ppRN("Video Pollman BlueTT.csv")

V119 = READPRN("Video Pollman black-csv™) -y, . pi4pprN("Video Pollman Violet2.csv")
V7100 = READPRN("Video Pollman green.csv")

71 inch long barrel => 710th Row for Velocitym Function n:=0.720
Velocity Model for mass, Pressure, and Muzzle Resistance

P V.. Fp.
Pinit Vini Fpric| fi dccl| ML ini i 825.40.¢
Vel| m,, > 400 = 468.47-— P’ psi ” .37 Ibf
P’ psi i b s in
Ve . Fp.
P... V.. Fu. ini * fric
t = . -
Pres| m.. ini , znz, fric 400 = 59.77-psi Velc(mp ,P) : Vel[mp kg,P, — f 710
P psi 7 .37 Ibf in
PSE i
Jji=0,1..15  mpj = 0.025.jj +0.025
Data: Video measurement of the muzzle velocity (m/s) of a potato gun, Anthony Pollman
The experimental data has a large amount of scatter. This plot is a crude approximation at best.
Muzzle Velocity vs Mass Data For Combinations of Pressures and moles of gas, n
200 200
8 Test Conditions
z 180 Dashed-Theory, Solid- Data
& 160 120 psi (n=3.38) Red
= 110 psi (n=3.12) Black
g 140 100 psi (a=2.88) Green
A 120 80 psi (n=2.37) Blue
g 100 45 psi (n=+1_50) Violet —
B 80
2z
2 60
~ 40
N
S 20
=
0 0
0.05 0.1 0.15 0.2 0.25 0.3 0.35

Mass of Projectile (kg)
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Mark D's Simulation Parameters

P V. . 2
init " init s -K-A-mol ft
P. .. = 80-psi ngi=———"——=21744——— Velocityzae— = 117.2
init p old RT kg VR

n
S
my = 0.07 kg

Velocity, Pressure, Mass for a 40 inch Barrel for M. Decker's Cannon:

ot Jt .
Veloczty400-? = 400.71-? Py = 551.58:-kPa P, = 80-psi m,

= 0.07kg  my, = 0.15-Ib

Viniton:= 2-95L

Length of Barrel for Video Test Data: Lenvi 4= 88cm = 34.65-in

Find Volume to Match Pollman Video Paper

Mpew BT kg in3

From Chart Below: 5 =237 V =— V =218 —
new n288 n288

Pinit s2-K-A mol

VXPhysics
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IX. Model Calculations for Velocity and Acceleration from Page 2 and 3

Velocity and Acceleration vs. Mass for Various Chamber Pressures

Definitions of Vm and Am are not shown. They are just the previous v and P Equations with m and Pas variables.

Vm(mx,P) = Vel| mx-kg,P,

V. .. Fg.
znzt, fric 400 Viir F e {
in3 Ibf A, (mx ,P) = Accl| mx-kg ,P,——

3 Ibf 400;

in

NOTE: The number of moles for this Model was adjusted to approximately match the number moles in test data

150
140

130
Vi (mx,120) 120

Vu(mx,110) 110

v, (mx,80) 100
— 90
-VT(-mx, 45) 20
70
60

50
0

Velocity (m/s) and accel (g)

Adiabatic Plot: y=1.4

Velocity blue (ft/s), Accel-red (g) vs. mass (kg) 40 inch Barrel

Test Conditions
120 psi (n=3.65)
100 psi (n=3.04) A
80 psi (n=2.43)
45 psi (n=1.37)

800

700

600 A, (mx, 120)

500 4, (mx,110)

1400
A, (mx, 80)

300
Ay, (mx,45)

200777

100

.------\f---------- ------ N W NN g peagpgpangp

mx

mass of projectile (kg)

Isothermal Plot: y =04
Velocity blue (ft's), Accel-red (g/10) vs. mass (kg) 40 inch Barrel

150
140
) 130
(o, 120) 120

P, 110) 110

v, (mx,80) 100

Velocity (m/s) and accel (g)

! Test Conditions
120 psi (n=3.65) ]
1100 psi (n=3.04)
180 psi (n=2.43)
145 psi (@=137) |

A— 9%
T [sa]
70 [ M ':"'.”"h-""n L
h“ --n.-:‘.---
60 | - ""--"-----..,=|
50 L Clvsa
00 008 011 014 017 02 023 026 0290 032 0.
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mass of projectile (kg)

400

0

.05 008 0.11 0.14 0.17 02 023 026 029 032 035

200
800
700

Ay, (mx, 120)

o600 ——
A (i  110)
500 _™

Apy (mx, 800)

1300 Ay, (o, 45)

Accel g

Accel g
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X. Variation of Pressure and Acceleration vs. Initial Chamber Volume

Ffric 1
PV(mx, V) := Pres| mx-kg,80,V ,—— | — AV(mx, V) = Accl| mx-kg,80,V

Py(0.35,200) = 79.47
3

Py(035,600)

Pressure (psi)

VXPhysics

40
Py(0.35,200)
n

Ibf ) psi

A(0.35,200) = 243.11
1

Initial Pressure = 80 psi, Mass of Spud = 0.35kg (0.77 Ibs)
Pressure and Accel with Initial Volume vs Barrel Length (in)

300

80

70

60

50

30

20

10

0

240

180

120

60

0 5 10 15 20 25 30 35 40 45 50 55 60

n
10
Barrel Length (inches)

2

Ff_ji
Ibf ) g

Ay (0.35,600)

Ay (0.35,200)

Acceleration (g)
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X. Analytic Expression for the Spud Trajectory for Initial Velocity

The trajectory equation for a projectile fired at an angle 6 with initial velocity, vinit, can be obtained from
the parametric equations of motion under constant acceleration due to gravity. For an angle of 45 degrees,
these equations become:

Note: The Final Muzzle Velocity is the Initial Velocity for the Beginning of the Trajectory

. . t 1
Final Muzzle Velocity y. .. := Velocity400-% Vipit = 400.71-% Vinit = 122.14%

X direction is distance  x(¢) = v;,;,t-cos(45deg)

. . 1
y direction is up and down (1) := v, . t-sin(45deg) - Eg.tz
cos(45deg) = 0.71 sin(45deg) = 0.71

x(1sec) = 283.35-ft y(lsec) = 81.46m

To eliminate time t and get v as a function of x, we solve for t from the x(t) equation
and substitute into the y(t) equation

x()
Vinis €os(Odeg)

2
x 1 X
x,0) =v. .-sin(6deg) - =&
%4> 0) init$(&-deg) (vmit-COS(ﬁ-deg)j 28 [vmit-cos(é’-deg)j

time(x, 0) =

Calculate the Cannon Trajectory for a Spud with Air Drag

Note: The Final Muzzle Velocity is the Initial Velocity for the Beginning of the Trajectory

At = 0.01-s
Drag Coefficient Density of Air Drag Force for Frontal Area of Spud
._ ._ &m .
Cd =15 Pair = 1-293'7 Ddrag = O'S'IOair'ApiSton'Cd
i . . Jt m
Final Muzzle Velocity: VIMUZ 3] = Velocitygono— VIMUZ 314 = 134.04 —
s s

Initial Trajectory Velocities: va(vmuz’ 9) =V €os(6-deg) vOy(vmuz’ 9) = Ve Sin(6-deg)

VXPhysics
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XI. Program to Calculate Trajectories for Different Launch Angles

VXPhysics

Given the Final Muzzle Velocity, v,

fi

nm =600 i:=1.nn Xq = 0—

Tr(vmuz, 19) =

s
Y0 < x0 < X

Vx < VOx(Vmuz’ ‘9)
vy € VOy(Vmuz’ 6’)
for iel..nn

2 2
Ve [V +vy

~Diyag vy
o _dragVV

"p
D dragVVy
a,< —-g— ———=
y m

p
2
xi <= xj—1 + v At +0.5-a,- At
2
Vi< Vi1 + vy-At + O.S-ay-At

Ve vt ax-At

yO = O?

Note: No barrel friction after launch

-D -Vmuz 2
drag " final :—527.34ﬂ2
m, p
D vmuz 2
drag !
_ drag " fina =—537.14ﬂ2
mp s
14



XIII. Plots of Trajectory Positions, Velocities, and Accelerations

NOTE: Air Drag reduces Spud Range and Final Velocity by 56%

Vertical Axis is Height in Feet. Horizontal Axis is Distance in Feet

Given Initial Pressure of 80 psi, Volume of 200 in3. and Barrel Length 40 inches. the final muzzle velocity is:

Final Muzzle Velocity: Viuz = 4OOJi
K

Velocity in X Direction Acceleration in X Direction
4
X (O = Tr(vmuz, 9)<0> AX (6O) = Tr(vmuz, 9)< )
Y(6) = Tr(Vypyyz 9)<1> Timg; = i- At-10
— 2 ;
VX(6) = Tr( vy 9)< > VX (30)400"L- = 13.35-mph
3 s
VY (6) = Tr(vmuz,ﬁ)
2 2 ft
Viotal(0) = \/VX(H) + VY (6) "total(?’o)l'? = 262.86-mph
Jt

% 30 — = 35.37-mph
total( )400 p P

Spud Trajectories, Velocities & Accel w Air Drag at Angles of 40,30,20,10 deg

\100 "
&
188 3
o
5
<-==Velocity in the X Directio 5OVXQ30); 2
g
; 63 VTG0
£ L N N N ] :
£ VX(20); 8
= 50 — a
e (- 104Y); %
an) 38 =-=e-- g8
Time; Z
------ 2
25 ©
>
3
13 3
(&}
<
A=Ground Level,

150 175 200 225 250 Y =0

X (30);,X(20);,X(10);,X(5);, X (30);,X (30);,X(20);,X(30);, X (30);

Distance in Feet
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