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PRELIMINARY STUDY FCOR THE INFLUENCE OF
CONDENSATION DURING A PROJECTILE MOTION

By

Mohamed E1 Naggarx

ABSTRACT

This paper represents an initiation for studying the influence of change
of phase of a water vapour-inert gas mixture that acts upon moving projec-—
tile in a barrel experimentaly sustained by theoretical model.

In this study, the equations expressing the projectile motion and
the change of state of the driving gas are analysed. In addition, the
influence of boundary conditions is discussed. This is carried out for
the purpose of determination of the calculation procedure which can be
adapted in the case of two phase flow, if the condensation may take place
by thearetical expectation. At the sametime,it is also to obtain the seomet-
rical characteristics necessary for the construction of an experimental
set-up for studying the condensation influences.

It was found that the theoretical model expressing the projectile
motion and the change of state of gas, proved its accuracy by comparison
with experimental results. It is proved also that even in these particular
conditions of gas expansion,the condensation of water vapour can take place.
A conclusion that an increase of projectile velocity has been proved if
the water vapour is added to the propelling gas

“Lt. Col. (Ph.D), Dept. of Weapons and Ammution, Military Technical College,
Cairo.
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NOMENCIATURES

Iocal velocity of sound.
Internal barrel diameter.
Length of barrel. '
Projectile mass.

Mass of gas.

Pressure.

Barrel bore area.
Temperature.

Local velocity of sound.
Projectile velocity.
Resistance to projectile motion.
Displacement.

Greek Letters:

Specific heat ratio.
Specific mass.

Sufficies:

Atmospheric.

Behind the projectile.

In front of the projectile.
Initial condition,
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1. INTRODUCTI N

There is no doubt that the study of projectile motion is very import-
ant, specially that one resulting from the action of a compressible gas.
The most impartant domains in this field are those of interior ballistics
of firing weapons and the developement of high muzzle velocity guns.

The purpose here is to introduce the bases of a study for the influ-
ence of water vapour condensition through gas misture acting upon projec-—
tile like that shown by other different application as for example the
condensation through nozzles,

This study proposes eventually the analysis of projectile motion and
the change of state of gas for the following purposes:

1. Definition of an easy applicable calculation procedure in the case
of two phase flow.
2. Obtaining the necessary geometrical characteristics for an experi-

mental set-up showing the influence of condensation on the projec-
tile motion.

The main assumptions considered in this study are:
~ One dimensipnal unsteady isentropic flow.
- Ideal and non viscous gas.

2, FORMULATION (F THE PROBLEM

Consider a projectile at rest inside a barrel or cylinder which sepera-
tes a gas with high pressure behind it and another gas with low pressure or
the atmosphere in front of it. If the mechanism hindering the projectile

motion is released, the projectile will be accelerated till obtaining equal
pPressure on both sides (if it happens).

When the projectile moves, the gas layers in contact with its faces
and initially at rest will obtain the same velocity like the projectile.
The projectile motion can be considered as an infinit number of infinitismal
perturbations called Mach waves propagating in the gas with the sound
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velocity. At first, these perturbations form a simple expansion wave in

the high pressure side and simple compression one in the low pressure
side.

As the projectile continues its motion, the mentioned perturbations
are changing to complex forms as shewn in Fig. (1).

PROJECTILE TRAJECTORY

PARTICLE TRAJECTORY \

HIGH PRESSURE CHAMBER PROJECTILE =t
i 7

N Syt a—— (P ———

Fig.(1) Expansion and compression waves produced by
projectile motion.

3. WORKING EQUATIONS QF THE PROCESS

According to the previously mentioned assumptions, the working equa-
tion are :

a) Conservation of mass.

L3p ap
au _
5 +uaX +p " =0 (1)
b) Conservation of momehtum
, au au Bp _
o( TR )+3x =0 (2)

c) The flow being isentropic, the thermodynamic variables are related
togather by the relations

Y-1

1 s

a_ _ /T _ . .p A 2
a'0_' To‘(po) ZY—( po) (3)

Choosing a and u as state parameters and
the conservation equations may be written as:
3
Qu , 2 L a_ _
a 3% T yoT T3t t u - 0 (4)

X, t as independant variables
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St Ll ox * Y-1 2 3% =0 (5)

Which are valid for both gases in front and behind the projectile.

Supposing perfect sealing between the projectile and barrel, the
equation of projectile motion is

dv _
M = " S (Pb Pf) R (6)

The boundary condtions at both terminals of the barrel are:
at x =0 u=20

(7
ab x = L P =P,
According to the classical method of analysis [4], the system of
equations (4 + 6) has a correponding family of characteristics having
slope at every point given by the equation

dx 2 dx 2 2 < .
( — ) 2—7 +(u a ) =20 (8)
and the two corresponding families of characteristics @1 and XZ have the
following relations in the (x,t) plane:
dx
T T

. # - : + =
The state characteristics C and C are designated by I' and I hence:

2
du :' T_—I- da =0 (9)
or
u + _Y_l a = aq (10)
and 2

u -

v~ a =V (11)
where ¢ and 7:1 are constants.

4. SOLUTION BY THE METHOD OF CHARACTERISTICS USING A CONSTANT STEP OF TIME

Two computational techniques are utilised Fig. (2): _
- The first made by Harter and developped by Mary Lister [3Jand calculates
the change of parameters at determined stations chosen in advance.
= The second is proposed by Chow[zjcalculates the evolution of parameters
along the particle trajectory. This method is adapted in calculations
due to the absence of interpolation for determination of trajectory.

Knowing the state variables at the distributed points on the base
line t=ty , the step of time can be determined using the stability condi-
tion:

A

A t<At = max |u+a | (12)
In the calculations, the following relation is adapted:

At = 0.9 & (13)
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4,1, Calculation of Parameters at ordinary Point

As shown in Fig., (2) the variables are known on the base line t=ty.
For calculation of parameters, the following relations are used:

Xp - xXp = hlpB At along BP, (14)
Xp - X, = [i1+a]pGAt (15)
2 —
- (up - uG) +Yr:T_ (ap aG) = 0 along PG (16)
Xp -x, - &-aJAt (17)
(uP - uD) - TF%T. (ap - aD) = 0 along PD (18)

The iteration procedure can be applied for the solution of these
equations if the values between square brackets are known. For the Cirst
appraximation, it is sufficient to replace these values by the correspon-
ding values at point B. The iteration process is repeated using the mean
values till the convergence ofr results.

4.2. Calculation of Projectile Trajectory

The projectile trajectory is determined using the following system
of equations:

- Equation of projectile trajectory

xgrm xp = M|pgat (193
- Equation of projectile motion
Av
Mg = 0.5 {(pye- ppr) + (pp - pF)} S - R (20)
- Equations of characteristics as shown in Fig. (3)
2

(uh UG) +T:1_ (aE'- aG) =0 (21)
xEn— XG =[u + a ]E*GAt along EG (22)

and 2
(uF"— UD) VI (aF"— a, )=0 (23)
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= = — * F D
Xpa~ X lp a]F DAt along )

This system of equations ( 19 - 24) can be transformed into one equa-

tion in p_ under the form Y(p) =0, for which the solution is obtained using
Newton iteration mathod:

_ N Y(p)
Eaal ™ Py (3 P) )a

where Y'(p) = 31%52))

The first iteration is started bz giving the pressure its value at
point E. Thus the pressure at point E is known and the other variables

are calculated at both projectile faces. The process is there repeated till
the convergence of results.

(25)
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Fig. (3) Calculation of projectile trajectory.

4,3, Calculation of Parameters at Barrel Ends

In the studied case, there are two ends for the barrel influencing
the reflection of compression and expansion waves. For the muzzle of the
barrel where the pressure is atmosptheric one, the scheme of calculation
is shozn in Fig. (4) and the necessary equation are:

P
R /| &t
A G/B
Yo
[ e
Y
x=L

Fig. (4) Calculation of parameters at the barrel muzzle.
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Along PG

xp - X = lh % a] pGA £

2
(up - uG) t T ( ap = ag ) =0

and the iteration procedure is started using the values at point B for
obtaining the point G. The same procedure is applied for the closed end
of the barrel (chamber base) but the condition at this end is zero flow
velocity.

5, EXPERIMENTAL STUDY

An experimental set-up was built for studying the projectile motion.
The main dimensions of this installation were obtained on the bases of
theoretical results. The scheme of this set-up is shown in Fig. (5) and
it comprises:

e ~ 2350 MM
9 _7/[;]03 ' w-mg_gg 12 20 .2 u
. 0l AR i 2 L
o L N—
o 1 7_'—""’—'—'—'__?'_'——' L T S SE—— —""'_T"Trﬂ
'8 |4 : \ie 18/ Nz
VYUY
biévgl. High pressure chamber 12, Photocell units
2. Low pressure chamber 13-16 Air heating and control units
3. Pressure pick-up 17. Triggering photocell
4, Amplifier 18. Projectile with membrane
5. Oscilloseope 19,20 sheilding covers with isolation
6. Thermocouple 2]1. Mecahnism controlling Projectile
7. Digital voltmeter motion.
8. Value

9,10 Manometers
11, Time counters

Fig. (5) layout of the experimental set-up.

- high pressure chamber where the high pressure gas is introduced. Before
the introduction of this gas, a vacum pump is used for the extraction
of air which is necessary for the introduction of water uapour when when
studying the influence of condensation.

— Low pressure chamber from glass tube where the piston moves. This chamber
(tube) is isolated from the high pressure one by means of a membrane
attached to the projectile for securing of sealing.

- The trigger mechanism controlling the projectile motion.

The mentioned installation is accompanied with measuring devices
permitting the definition of initial state and the evolution of some param-
eters during projectile motion.

The temperature of gas is measured by means of a system of thermocouples
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distributed along the high pressure chamber before every firing. The static
pressure in the high pressure chamber is measured using high precision
manometer. while its change during projectile motion is realised by means

of membrane type pressure pick-up with strain guages mounted on the chamber
base.

The displacement of projectile is measured by means of photocell stat—
ions distributed along the low pressure tube and connected to time counters.

An example of the obtained experimental results is shown in Fig. (6)
representing the change of pressure on the bottom of high pressure chamber.

Fig. (6) Registered pressure on the bottom of chamber
gas: N,, p = 1l atm, TO=340°K, M= 19.36 8,x_=0.595 m,
d = 25 mm.

6. THEORETICAL AND EXPERIMENTAL RESULTS

The theoretical calculations were carried out on a digital computer
model IRIS-80 equipped with tracing unit Benson at INSA-Lyon France. An
example of theoretical results is shown in Fig. (7). The evolution of £as
pressure and temperature at the bottom of chamber and on the base of projec-
tile has sudden rates of change. These changes could be easily explained
by the diagram of wave front motion shown inthe (x,t) plane of projectile
displacement.

A comparison of theoretical and experimental results is shown in
Fig. (8) in the case of N, propelling gas. Similar results were obtained
using Helium and Argon. From these results we can deduce an excellant
agreement between them. So; utilizing the introduced theoretical model for

analysing the change of gas parameters and the determination of projectile
motion parameters gives good results.

The study of projectile motion indicates that it depends mainly on
the following dimensionless group:
. P

M a2

B =

The influences of this group on the projectile velocity and gas temperature
are shown in Fig. (9,10). It is clear that the increase of the value of
this group increases projectile velocity and acceleTration and decreases
more rapidly the gas temperature.
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Fig. 7. Correlation between the diagram of wave front and
the evolution of gas parameters.
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Fig. (8) Comparison of theoretical and experimental gas
pressure change at the chamber bottom data written
on Fig. (6).
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Fig. (9) Variation of projectile velocity with displacement in

dependance of the dimensionless group

2
=35 P Xo/ Mag .
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Fig. (10) Variation of gas temperature behind the projectile with
time in dependance of dimensionless group

2
=5 P, %, / Ma_

It can be concluded that for obtaining more rapid cooling of gas temp-
erature, i.e. more favorable conditions for condensation, it is necessary
to increase the value of this dimensionless group .

It is noted that there is an important decrease concerning the gas
temperature which ensures the supersaturation of water vapour g] in the
gas mixture. Another criterion favorising the condensation is the time
duration of the process which can be obtained by lengthening the low
pressure part of the barrel.

Considering the previous studies concerning the condensation U,6,84
it is to be mentioned that they were carried out in other condensation
conditions of expansion as those through nozzles and shock tubes where the
rate of cooling is controlled by the parameters appearing in the dimensio-
nless group .

7. CONCLUSION

The homogeneous condensation takes place usually at temperatures below
the saturation ones. The essential condition for occuring this phenomena
is to obtain a surfficient cooling of the gas. The experimentation and
computation show [J,6,8] that it depends specifically en the rate of cool-
ing. A second condition is eventually the duration of saturated state so
that the condensated phase has the time for developement and releasing a
significant heat.

The analysis of previous theoretical and experimental results permite
the definition of the best choice satisfying the last mentioned conditions.

The temperature drop of the driving gas necessary for obtaining favora-
ble conditions of condensation is obtained by increasing projectile accele-
ration. On the other hand, the prolongation of the saturation state can
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be attained by permitting longer projectile motion insider the barrel.

The mentioned data gives an imagination about the main features of
the experimental installation for studying the influence of water vapour
condensation. These conclusions encourage us to proceed the work for
theoretical and experimental investigation of the condensation phenomena
in these special conditions.
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