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SYMBOLS

e = weight rate of flow of water
weight rate of flow of propellent

A = Propellent flow rate

Q
i

Drag coefficient

F
E; = Average specific heat at constant pressure - calories per mass
of gas %K
T = Average specific heat at constant volume - calories per mass of
v ox
gas
cx = Poly
m

D = Drag of a streamlined body

Dp = Dreg of a submerged body including fin drag

P = Specific thrust, pounds, per pound of propellent per second
£ = fineness ratio of torpedo %

£i = frietion coefficient for pipe flow

ft = throat area of nozzle

g = acceleration of gravity - 32.2 ft. per second per second

hf = friction pressure loss in a pipe, feet

MNE = Enthelpy chenge of the gas concerned between temperatures Tl
end Tz, kilocalories per mass of gas

K = Cavitetion psrameter

L = Length of the torpedo

m = Mass of ges, grams

p = pressure on a submerged body

Py = static-pressure at & given submergence

Py, = vapor pressure of water st & glven submergence
Pe = Chember pressure, pounds per sqguare inch absolute

Pg = Exhaust pressure, pounds per square inch sbsolute
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Py = Pressure loss in pipe due to friction, pounds per square inch

Qaveilable = Heat released from the reaction, kilocalories per mass
of gas formed

Qf = Heat of formation, kilocalories per mole

R = Reynolds number

ry = Yonopropellent system-retio of weight of water to weight of pro-
pellent, Bi-propellent system~ratic of weight of oxidizer to weight
of fuel

r_. = Ratio of the weight of water to the weight of oxidizer

2
Iy = pressure ratio = pc/ﬁs

S = %-, in torpedo body equaticn

S = Surfece area in drag calculation
TC = Chember tempereture

Te = Bxheust tempersture

v = Torpedo volume

Ve = Chamber volume

ve = Exheust velocity, feet per second

v, T Torpedo velocity

X = Distence from nose of streamlined body

Y = 1/2 diemeter of circumscribing circle
z=21
_d

f = Average ratio of specific heats

dc l}_d()l

p = Density
& . .
Ty = Reletive roughness of a pipe

= Propeller efficiency
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SULRARY

In this report it is shown that water injection into the rocket
motor of a rocket propelled torpedo increases the range at & given
speed, For a 5000 1b. torpedo having a 1750 1b. warhead, the use
of a hydrogen peroxide~-nitromethane-water combination yields a range
about 50 percent above that which would be obtained by the use of
nitromethane or of acid-aniline propellants,

Theoretically, the use of water injection increases the specific
thrust, i.e., thrust per unit mass rate of flow of propellant carried,
The specific thrust is increesed by water injection up to 18.5 percent
for nitromethare and up to €9.1 percent for liquid oxygen and octaneg
the specific thrust for acid and aniline, at a mixture ratio of 3,
is increased up to 27.1%.

Date calculeted from experimental work in connection with gas
generation hes shown thet the increase of specific thrust for nitro-
methane is up to about 11.7% at L* = 868; the specific thrust measured
in connection with gas generation work using acid and aniline, at a

mixture ratic of 3, is increased 24, 8%,
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INTRODUCTION

In this peper, it will be shown thet theoretically it is possible
to increase the range, &t a given speed, of & given torpedo or other
under~-water body, thet is propelled by & rocket motor, by the injection
and mixing of sea water with the products of combustion of the rocket
fuels. By using this method of increasing the range, or speed, of &
given rocket propelled torpedo, use could be made of the present day
kmowledge of rocket propellants, pumps, and other rocket devices,

Cther uses of the date presented in this paper would be in conjunction
with pressurizing of vessels and for gas production in conventional
missiles for turbines used for pumping.

For the purpose of this report, a rocket motor using rocket
propellants with water injection for the purpose of increasing the
thrust per pound of propelleant, based on propellant consumption alone,
is defined as a hydrojet. In this report, F is defined as the specific
thrust referred to the weight of the propellant carried and all the water
consumed is assumed to be pumped from the surrounding medium. F may
be considered a pseudo specific impulse.

The primary use of rocket propelled btorpedoes will probably be
as short range, high speed underwater missiles. Due to the high rate
of propellant consumption in a rocket type of motor, underwater missiles
employing this type of propulsion are, of mnecessity, limited to re-
latively short ranges. For aerial torpedoes, experience in World
War II has shown that for & majority of purposes, long renge is not

always necessary because they are usually dropped at a relatively

o COMEADENEAdtee—
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short range, However, high speed is extremely desirable, since the
high speed of the torpedo, coupled with its short running time,
minimizes the effectiveness of the target's evasive meneuvers.

With present day designs, it appears that the top speed of the
conventional gas-turbine-propeller driven torpedo is limited to about
sixty knots by propeller cavitation. The top speed mey be increased
slightly by incressing the propeller diameter and lowering the rota=-

tional spesed to prevent excessive cavitabion of the blade, especisally

ct

at the tips, However, since the horsepower needed to drive the tor-
pedo at increased speeds increases very rapidly with speed it is
necessary to maintein a high proveller rotational speed to enable the
horsepower required to be delivered. Increasing rotational speed

and lerger propeller dismeters again cause cavitation of blade tips
to become an important factor. It is believed by personnel at the
Teylor iodel Basin in Washington, D. C., that it is possible to design
and build a torpedo propeller that will operate at a torpedo speed

of seventy knots, but that this propeller will operate in a partially
cavitated condition. In this case, it appears as if the question
reduces to one of maintaining a high enough propeller efficiency %o
allow a gas turbine and gear trazin to be designed thet will transmit

the large quantity of power required, ©Since the vower output of the

propeller is P_

out = Pin(’z)’ any reduction of n due to cavitation

requires a corresponding increase in P;, to maintain Pout,constant.

Extreme design problems will be encountered as the horsepower

output of the turbine gear train is increased. Because of this,

r'\ngNH\BtFBLHA\kW



and the simplicity of the rocket propulsive system, it appears de-

]

sirable to investigate the rocket type of propulsive system. Any

vy

sthod that can be employed to increase the renge, at a given speed,

of this type of system which carries o given propellant weight, should
also be carefully investigated,

On figures 17 and 19, the performance of a straight liquid pro-
nellant rocket torpedo snd & hydrojet torpedo, both of 5000 pounds
gross weight are compered. Assuming a 1750 pound war heed for each,

the straight liquid propellant torpedo has a range of 3850 yards at

50 knots, and the hydrojet torpedo using hydrogen peroxide and nitro-

R

A

methane &s & propellant has a range of 5600 yards at the same speed,
nis is an increase of 45,5% in renge over the straight liquid pro-

nellant rocket, At seveuty knots, the liguid propellant rocket tor-

pedo has a rangs of 2800 yards, the hydrojet torpedo & range of 4250

P

=7

ards; an incraase of 51,87,
« s

speed torpedoes are drag
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e
3
=
e
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Problems concerned directly wi
and cavitetion. Present torpedo shapes cavitate at feirly low velo-
cities. Once cavitation has set in, the drag increases very repidly,
and is difficult, if not impossible, to compute. To prevent a low
cavitation speed, & streszmlined body of the tyne described in the main

body of the report is necessary. In this report, a streamlined bedy

of the sbove tvpe is sssumed in all computations.
LY AN L
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5.

The chemical propellant systems computed for this report are as
follows, with the maxirmum values of thrust per unit vrovellent

weight flow, i.e., F given:

CHZUICAL SYSTEM F, 1b = sec/1b PERCENTAGE OF REACTAXNTS
Oxi 4. Fuel sgter
Hzo2 - CH,OH - Hy0 . 286.0 1bs. (Figure 1) 32,72  10.28  57.0
1 - N.H, - - H 9 Fi 5 . . 5Y,
Hy0p = HH, + H,0 - H0 259.0 1bs. (Figure 5) 27.9 20.5 51,6
H - ] V - H 5 - 'F. > . L ] .. L
H,0, = CHgiO, 20 301.5 1bs., (Figure 2) 17.75 21,25 61.0
- - H s. (Fi 4, . .
L0, = CgHyg = HO 405.0 1bs. (Figure 6) 24,12  6.88 .0
N H, « HilQ, +(CE,) 241.9 1bs. A solid propell-
24 3 2/x ; .
ent (Figure 8) 49,78 1.22 49,0
- H0
2
CEy KO, - H,0 256,5 1bs, (Figure 3) 53.0 47,0
RFNA-Aniline—H?O 279.5 1bs, (Figure 9) 30.0 10.0 60.0
Ballistite - H0 302 1bs. & solid propellant 44,0 56.0

(Figure 7)

Although the LO, - Cebyg - H, 0 system gives by far the highest

2

value of F, it was not used in computing the sample torpedo speed renge

2

curves, since it is considered impracticable at the present time to
handle licuid oxygen in aircraft torpedoes., The use of liquid oxygen
would necessitate the filling of the torpedo immediately before take
off, and would require a short flying time to arrive at the target with
any eppreciable amount of liquid oxygen left in the torpedo. The use
of liguid oxygen in submarines snd surface craft is also believed to
be extremely hazardous and undesirable,

The chmeical systems used to compute the sample torpedo speed

range curves were h202 - CHsmOZ-hzo and ﬂ202 - ChSOH - dzo. A value of

SRR DENTiALres—
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of 301.% pound seconds per pound was used for the EZO - CHZNOZ - H O
< [

2
system, at 60,0 vercent water and a F of 286 1bs, at 55 percent water

for the Hy0,~ CHZOH - HzO system, instead of higher percentages of

< (%}
~

water at approximately the ssme I to obtain & higher temperature for

vaporization of the water sand mixing of the vevor with the combustion

v

gases, It is believed thet the higher the temperature Tc’ the nore
complete will be the vaporization end the better will be the mixing,

L combustion and mixing chember similar to that shown in Figure 20
would be necessary for this type of propulsion, with the water injected
radielly at the throst of the accelerating nozzle.

In this method of increzsing F of & rocket propellant, c¢cnly the
propellants ere carried in the torpedo body., The water is pumped
into the torpedo from the surrounding ocean, and thus may be looked
upon as more or less "free propellsnt". The injecticn of sea weter
into the combustion .chamber decreases the exhaust velocity of the
exhausted gases, but tﬁe total momentum change of the system is in-
creased due to the grestly increased mass flew through the system,
The effect of the salt in sea waber on the operation of the hydrojet
is not known.

While no experimentel work wes carried out in cennection with
this problem, the experimental date obtained with work on ges genera-
tion by the Aerojef Corporation and the JPL GALCIT are given in
Figures 4 and Table 1, The ferojet work was done with nitromethane
plus water end the JPL GALCIT work was done with acid-eniline plus
water, Since the JPL GALCIT work wes done at an acid=aniline mixture

ratic of spproximately 3, the computations in this repert on acid-



aniline plus water were done at the came mixture retio to enable &

comparisen to be mede between the experimental work and the theore

4
W

o=

<

the hydroducet or the hydropulse,
will undoubttedly require meny years of experimentation and cdevelepment,
the hydrojet type of vpower plent for torpedoss sppears to be worthy

of further study. Since all comnonent perts have been situdied end

developed, the +timc and energy involved in developing a torpede of

this general type would be grestly reduced.
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LIST OF ASSUMPTIONS

The assumptions made in this revort are:

1.

That the oxidation of the fuel when fuel and oxidizer are present

in stoichiometer proportions is complete. This assumption was justi-

fied by calculations,

2.

That only the water-gas equilibrium wes considered in the calcula-

tion of systems having mixture ratios richer in fuel than stoichiometer,

for temperztures below 2500°K,

3.

All gas compositions were frozen upon expansion through the nozzle.
The torpedo is running at a depth of 25 feet,
That thermodynamic equilibrium is established in the reaction chambers.

HES 4016 Ballistite will give approximately the same performence

as JPN Ballistite,

7.

8.

The hydrogen peroxide used is pure hydrogen peroxide.

It is not practical at the present time to use liquid oxygen

operationally in torpedoes.

9.

the

10.

11.

12.

13.

That the salt in the sea water injected will not adversely affect
operation of the motor,

Cooling of the rocket motor will not be a problem.

A streemlined shape is used for the torpedo.

The torpedo density is 100 pounds per cubic foot.

The torpedo speed is below the cavitation speed, and the bare hull

drag can be computed using C; values obtained from airship hulls,

14,

15,

The fin and interference drag is ten percent of the bare hull drag.

Removel of water from the stagnation point of the torpedo does not

affect the pressure distribution of the streamlined body.

16.

A turbo-rocket type of pump is used for propellants and water.

2y Yiatlataid nak
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ASSUNMPTIONS AND DESCRIPTION CF THE MITHOD OF CALCULATION

The chemical systems were celculated, where possible, cn the
basis of stoichiemetric proportions, fuel and oxidizer. It is
believed that this ratio will give the greatest energy output per
pound of fuel, which is desirable in this case., Ffor the fully oxidized
systems considered, it was assumed that the only products of combustion
were water, carbon dioxide, and nitrogen. Seversl sample celculetions
were made at various roints to check this assumption, and while some
carbon mcnoxide and hydrogen were formed due to the water gas equili-
brium, the smounts formed were negligible, and were assumed to be
entirely absent, Also, since the portion of the curve of thrust
versus percent water in which we are interested in this report is in
the low temperature region, it is believed that the sbove assumption
is entirely valid, The three under-oxidized systems were computed
using the water gas equilibrium at all points., All systems were
assumed frozen as far as the water gas eguilibrium was concerned upon
expansicn throughthe nozzle, i.e,, no change in chemical composition
wes assumed to occur during expansion,

The calculations were made using standard thermochemi cal methods,
using data from Refs, 1, 2 and 3.

The equations to determine the chamber temperatures are:

Q’available- = ig’f pTO(‘lU cts 7 Z Q‘f reactents (“"Q' 1)
A He =g - SA HTc ducts (8q. 2)
‘200 ‘availsble =200 procuc q.

GONFIDENFiAL:=——
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The equation used to determine the exhaust veloecity is:

(Eq. 3)

The exhaust temperature was solved for by a trisl and error method
which consisted of assuming an exhaust temperature, solving for

. . T - .
T,» using the equation T_ = O (2q. 4), and correcting

(rp)I;liL
the assumed Ty until it agreed with the computed T.. The exhaust
pressure in all cases was assumed 25,8 pounds per sguare inch absolute,
corresponding te & depth of torpedo run of 25 feet,

The thrust of the system per unit weight of propellant per second
P, which corresponds to a pseudo specific impulse, was computed from
the reletion F = v (1 + a) (&q. 5).

The chemical systems computed were as follows, with the maximum

velue of F for each system given:

SYSTEM r PERCEUTAGE OF EDACTANTS

Oxidizer TFuel liater

H,0, - CH,OF - H,0 286.0 1bs, 32.72 10.28 57%
Hy0, = NpH, * HgO - H,0 259,0 1bs, 27.9 20.5 51,8
0 = CHgNO, - H,0 301.5 1bs. 17.75 21.25 61
L0y = Cgihyg - H,0 405,0 1bs. 24,12 6.88 69
N2H4 * HHOg + (CHZ)x - H,0  241.9 lbs, 49,78 1.22 49
CH,NO, = H,0 ’ 256,5 1bs. (Ref. 4) 5% 47
RFlA-iniline = H,0 279.5 1bs, (def, 5) 30 10 60
Ballistite - E,0 302 1bs, 44 56

4

From the velues of maximun F given, it is seen that substantial

gains in fuel economy cen be obteirned by the use of water injection.,

o CANEIDENL A



¢ on gas generation has produced

-, o 4 o3 P | . e | -
exverimente]l values thet ars

Fal

corouted cnes, For exemple, ot a water ratio of 45,77 with acid~

of

aniline, the effective exhaust velocity, Vopps besed on propellan
consuniotion only, experimentelly is 7090 feet per second, T
this value should be 8850 feet per second, A4lso, at a wa
30, Ox Por nitromethane experimentelly is 3000 feet per second at Lx = 868;

theoretically bthe value of C* 1s 3770 feet per second, The fact that

the sbove experimentel values are only approzimately hty percent
k7 a i
¢ the calculated ones is probably due to poer motor design, lloter

design could undazbtedly be improved with greater expsrience with this

tyne of motor, and this would bring the expsrimeatel resul

Systems 1, 2, 3, 4, and 5 were cormputed on the stolichiometric

ratic of oxidizer to fuel., The zcid=-sniline~water system was com=

“imentel values

* For values of L* commonly used in present day motors,

oL @@&L AMX ﬁgﬁd—““"
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Project Design Charts, The experimental results for the acid-aniline
table were %eken from JFL GALCIT report i 4=-27.

In 8ll underoxidized systems, the low tempersture poinits were
checked for carbon depcositicn, and the lowest chawber temperetures

shown on the curves are sbeove the peint where carbon starts teo deposit,
Semple calculations for a fully oxidized system, an underoxidized
system, minor compounents and for carbon derosition are shown at the
end of the report., (4ppendices &, B, C and D),

s .

n this study, it is assuwmed thet sea water is the wabter injectad

L

into the combustion chember, &%t the present time, it is not known
whether the salt present in the sea water would adversely alter the

3 . Ll
the jet motor. The effect of the salt would have to be

determined experimentelly., In the propellsnt calculations, fresh watler

D

o water entrance hole size, to be discusse

later, a volume of ses wabter sufficient to get the mass of fresh watber
needed was used,

Since the values of maximum thrust per pound of propellant
all occur a® fairly low chamber temperatures, and since large quentities
of water are svallable for cooling, the cooling of the rocket motor
should not be a problem,

In computing the performence of the two sample torpedoes, data
was teken from Ref. 9. This debe referred to a certain streamlined
shape, (Fig 10), volume and surfece aree of this shape, (Figs. 11 and

12), and structursl weights as o percentage of gross weight based on

Loy

. . Ianr PROWR, B .
a study of existing torpedoes, (Iig The streamlined body used

the sample nerformence caleculations is defired by:
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wes saosumed, and assuming an

torpedo of £000 pound

. /4 .
per cuble foot (besed on a

average torvedo density of 100 pounds

gtudy of present day torpedoes) and a fineness retio of 10, the

sad surface ares of the torpedo can be computed.

i

dismeter,
The bare hull drag on this bedy below the cavitation speed can
nyy 4 Fal 4 L P TS Y fo. T 2a B \
be computed from the relastion D = Up 1/20 V™9 (8q. 9)
where Cp is & function of the Reynolds number, and is glven in Fig. 1lé.
The velues of Cp used in Sguation ¢ are from an experimentally deter-
mined eurve mode from test on bare airship hulls., These hulls were

streamlined bodies of th eneral type es that defined by fquation

(6]
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» 1 . . . . ¥ e . The
g, It will be seen that this curve, labeled "eirship hull" in Fig, 14

~

ie parellel to, but slightly above, the Cp vs, R curve for & flst
plete. § is the total wetted ares of the bare hull, In this paper,
the fin and interference dreg was assumed to be ten nercent of the
dreg of the stresmliuned body. By using the sbove streamlined shepe,
the drag can be comput&& with pood accuracy, since the nressure dreg
is smell, end needs oculy to be checked by experiments., With the pre-
sent day torpedo shapes, this is not the case, since the pressure

ten to fifteen percent of the total drsg.
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In computing the seample range speed curves for the assumed torpedo,
an attempt has been made to assume weight values consistent with those
chosen in reference 9 for the componsnt parts. In this way a direct
comparison can be drawn between the hydrojet torpedoes (“ig. 17,8 18)
and the straight liquid propellant torpedo (Fig, 19). The me. jor
difference between these two types of torpedoes is that the straight
liquid propellant torpedo is assumed to be gas pressurized by a gas
generator, while the hydrojet torpedoes are assumed to be of the turbo-
rocket type, since pumps are needed in asny case to pump the water
into the reaction chamber. The liquid propellant rocket torpedo of
reference 9 is based on an "average™ propellant of types now in use,
Going to a pump system would probably not decrease the totzl weizht
of the dry torpedo, since a heavy structure is needed for strength
purposes, especially in an aerial ftorpedo where it is launched at
high speeds and from fairly high altitudes.

4 teble of the performaence characteristics for ssveral service
and projected torpedoes from Ref. 9 is shown in Table 4 for general
interest,

Just prior to the completion of this report, Ref. 8 was published
by the Massachusetts Institute of Technoiogy, which deals with the

ssme subject matbter as the first part of this report.
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CONCLUSION

From the data presented in this report, it may be concluded that
it is theoretically vossible to increase the performance of a Jet
propelled torpedo by injecting water from the surrounding ocean,

It is not known if the salt in the sea water would alter the operation
of the rocket motor, but it is believed that any effect would be

small, and would not adversely affect the operation., The effect of

salt on the motor performence would have to be determined experimenteally.

Since a large percentage of the jet exhaust is water vapor that
should condense shortly after coming in contact with the cool sea
water, & torpedo of this type should have - much less wake than
present day torpedoes. The noise level éf the propulsive system
would have to be determined by tests.

Any type of rocket propelled torpedo would probably be limited
to a high speed and relatively short range due to the high specific
propellant consumption of rocket units, It would seem impractical
to go to this type of propulsion for low speeds and long ranges for
torpedoes éf the sizes used today.

The best propellant system from the point of view of thrust per
pound of propellant consumed per second (F) investigated in this report
is the liquid oxygen-octane system, However, it is belisved impractical
to use liquid oxygen at the nresent time due to handling difficulties.
Objection may be raised to the other systemsinvestigated due to the

fact that hydrogen peroxide and aitromethane under certain conditions

GONFIDENsE—



NN R = = ' o
LSS Gincetiea—

maey become highly explosive, However, experience has shown that with
proper handling technigues all of the chemicals investigated mey be
handled and stored safely. All of the propellants in use today have
certain desirable and certein undesirable characteristics, The pro=-
pellants selected for any particular use would be based on a compromise
between the desirable and undesirable characteristics of & given
propellant for a given application.

In computing semple torpede sveed range curves it was showm
that at 70 knots the range of the hydrojet torpedo using the 3202 -

CH?NO? - H,O propellant system can be inereased 51,8% over the range
Vo :

2
of the straight liguid propellant rocket torpedo, The range of a
hydrojet torpedo using the HZOZ - CHSOH - HZO propellant system is
increased 44,6% over the range of the liquid pfopellant rocket
torpedo at 70 knots,

Since present day torpedo shapes begin to cavitate at rela%ively
low speeds, fubure high speed torpedoes will probably have to assume
a stresmlined form., Once cavitation hegins, the drag increases rapidly.
The drag of these streamlined shapes can be computed quite accurately
by computing the skin frietion drag using velues of CF that have
been experimentally determined for streamlined bodies. Even the
streemlined body begins to cavitate at about 70 to 80 knots.

Since the efficiency of propellers operatiag under cavitated

conditions decreases rapidly as cavitation increases it may be impossible

to use a gas-turbine-propeller torpedo propulsion system at speeds
much above 50 knots, at which speed cavitation on prectically all

designs has slready begun, At high speeds jet propulsion may be the

.y
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only kind of pronulsicn that can be used. The water injection type
of propulsion system presented in this report is one type o
sulsion for torpedoes thet could be vroven and developed, if practical,

very rapidly, since all of the component narts of this system have

heen studi end developed to a fairly high degree., The propellants,

high spsed npumps, gas turbines to drive them, and the gas generating
systems have all been used in other applications, The main problems
in developing a water injection torpedo would be the study of the

effects of the salt In the sea wabter on performance, the noise produced

by the jet, and the fitting of the varlous previously developed

somponents together into an operating toroedo.
The control of any high speed torpedc ls & oroblem that will

have ©o be solved no mabtbter what propulsion system is used,
Cooling of the rocket motor and any other parts that mey need
|

to be cooled could be readily accomplished by the large quentity of

water needed in the operation of the hydrojet,
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Experimental results show that an increase of up

ol

(]

in © can be obtained with acid~sniline and water, and an increase in

F up to 11.7 percent can be cbteined with nitromethane and water,
Figures 3 and 4), and (Teble 1). Theoretical calculations show that
for acid-aniline and water, ¥ is increased up to 27.1 percent, and

for nitromsthane, T is increased up to 18,5 percent by use of water

injection, The expsrimentel results zrobably could be brouzht into

5]

closer arreement with the theoretical results by improved mobtor design,
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INCREASE OF TERUST WITH WATER INJECTION
(Teble VIII of Reference 5)
RFlA=-iniline

No. ry r, % A o - Cis 7%

Tests H,0 #/sec F,% Fg# % F Ft/sec w' ap wsp  COp
A 4 .16 3,51 45,7 1.324 292 234 24.8 7090 .00454¢ -19.6 1.32
B 4 3.02 3.72 48.0 1,309 - 283 232 22.0 6970 .00468 -18,0 1.30
c 9 3.01 3.66 47.86 .998 216 177 22.0 6960 .004863 -18,0 1,30
D 8 3.03 4,06 50,0 .763 163 135 20.7 6870 00469 =-17,0 1,31

A throat injecting internozzle ( _Y_C_!_) . L 24

B Rearwerd injecting internozzle (j’;ﬁ) 2‘-'1\: 24

C Resrwsrd injecting internozzle (;ﬁ) 21}: 33

D PRearwsrd injecting internozzle (zg) Zik 42
w

Note:
1. All data are averaged

2, Normal conditions for this scale, reactant mixture ratio, and chamber pressure

are: _ y
C = 5700 ft/sec, W_=.,00565 i sec
P # F
Cp = 1.30 * .03
"
Thus Fyy = — W where W' =w_+w or W= W
N P d
. 00565 ©
5. %oF=1007"Fw, #Aw, =100 ¥sp - Vsp
- Ty Wsp
4, T2 -= WH0
Waniline
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TABLE 2

COMPOSITION OF JPN AKD HES 4016 BALLISTITES

Components JPH, Percentagel HES 4016, Percentagez
Composition Composition
Nitrocellulose (13, 25% N) 51, 50 54,0
Nitroglycerin 43,00 43,0
Ethyl centralite 1.00 3,00
Diethyl Phthaleate 3,25 0
Potessium Sulfate 1.25 0
Carbon Black (0. 20) 0
Methyl Cellulose (0.1) 0
Candelille Vax (0.078) 0
100, 00% 100, 00%

1., "Rocket Fundamentels" - OSRD Report o, 3992, Pg, 119,

2. University of Minnesota Report No. 26, January 9, 1945,
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Maximum Velues of ¥ for Chemical Systems

System F 1lbs, Percent Water Figure Heferences
HZOZ - CHSOH - HZO 286.0 57.5 1 1,2,3
5202 - CHBJOZ - Hs0 301.5 60,0 2 1,2,3
CHSNOz - HZO 286, 5 47,0 3 1,2,3,4
H0, ~ N, H0 - H0 259.0 51.5 5 1,2,3,12
LO2 - 08H18 - 320 405 65.5 & 132,3,7
Bellistite = HZO ‘ 302 56,5 7 1,2,3,13,14,15
L, meoz;\-(crlz)x - 0 241.9 48.0 8 1,2,3,11
A'{A=Aniline - H?O 279,58 60,0 S - 142,3,5,8
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APPENDIX A

Semple Calculation for a Fully Oxidized
Water Injection System

Component Moles Qp, Kilcal/mole Qp, Totel

H,0 16 68.37 1093, 92 wp = 512
H,0, 3 45, 20 135, 60 wp o 512
i W, 224
CH, O, 2 27, 60 55. 20 P
© = 2,285
Total 1284,72 (’ = 18 x 16
. 2 102
Products = 2,82
.0 22 57.86 1272.92
co, 2 94,45 188,90
W, 1 0 | 0

Total 1461.82

-5Qp = 1461.82 - 1284,72= 177.1 Kileal

Saveilable = ¢ prroducts reactants

ARS8 = 22(7.211) + 2(9.291) + 1(5.907) = 182,99 Kilcel
1000 \ "
Alisoo = 22(6.208) + 2(7.976) + 1(5.118) = 157.77 Kilcal

2

Tg = 1000 + 100 18:33 = 1000 + 77.4 = 1077°K
25.02

Assume Te = 700°K

AETO = 22(3.380) + 2(4,232) + 1(2.840) = 85,7 Kilesl

300
077
.Afﬂﬁgo = 177.1 - 85,7 = 91.4 Kilecal
Cb 9;;300 = 242,5 calories

CONDEN oo —
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4

T, = 242.5 - 25(1.986) = 242.5 - 49,6 = 192,9 calories

{ = 2%2.5 -1 258
192.9

: 300 psia _ 11. 62
p 28.8 psia

T = Ig = T¢ = 1077 - g500%

A HSSS = 22(2.938) + 2(3.625) + 1(2.476) = 74,48 Kilcal

Z&ng;g = 177.1 = 74.5 = 102.61 Kilcal

T = 102600 calories = 240,0 c&l
P 427°K og
C, = 240.0 - 49,6 = 190.4 cal/°K
{\ = 240 = 1.26
190.4
= T = Tg = %9%15 = 650°K
. 26 . 2065 . 65
(g ()

5 . X 5
= ég g VB x 102.6 x 4.186  _ ég 1.675 = 4240
. 512 -5

)
1}

4240 | 2'285) = 300.5
32,2

S ONEIDEN gt —
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APPENDIX B

Sample Computation of an Under Oxidized
System Using Lcid-Aniline

Reactant C H N 0

Cg Hg NH, 100 gms 6.4434  7.5173  1.0739 ---
H,0 500 gms  =--- 55,5554 --= 27,7777
HNQ;  274.5 gms === 4,3558  4.3558 13,0674
§O, 19,50 gms = =a- - . 4238 .8476
Ho0 6.00 zms -— . 6660 — . 3330
Total 6.4434 68,0945 5,8535 42,0257

2 onotonts = 1.0739(-7.338) + 27.771(68.37) + 4,3558(41,658)

+ ,4238(-6,111) + ,3333(68,37) = + 2092.86

. 2 ~ - - 1 s N
(8-1) my + (2¢-0+H) +(0-¢C- £y ty = 2c -0+ =0 (sq &)
&

H = 88,0945 (2¢ - 0 + H) = 38,9556
%.= 34,0472 (©-¢- %J = 1,5351
C = 6.4434 )

(2¢ - 0 + ) = 4,9083
0 = 42,0257 2

Assuming T, = 900°K, K, = ,4546

1
Solving Bquation A with Ky = ,4546

Ny = 3,4

H, °

. = 8w = =y = ‘
.L\aHzo = -2—- NHZ = 3%.05 - 5.4: - 30. 65

4,908 - 3,4 = 1,81

L]

Neg = (20~ 0+ %) -'NHZ

]
g
.
=
1]

N002 = 1.54 + 3,4 = 4,9%

Yg, = 2,93

o, N RN qaneetied——
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Uvaileble = 2% - £

products reactants

30.65 (57.86) + 1,51 (26.84) + 4.94(94,45) - 2092.,86 = 187,66

ZXHZgg = 3.4 (4.212) + 20.65(5,234) + 1,51(4.386) * 4.94(6.692)

+

203(4,343) = 226,31

Assuming T, = 800°K
Kl = , 2478
Solving BEquetion A with K1 = ,2478;
i) = 4,
HZ 4, 70
NHZO = 29,35
Ngop = .21
Ncoz = 6,24
N = 2,93
Nz
Quvailable = 29.35(57.86) + 21(26.84) + 6.24(94.45) - 2092.86

200,34 Kilcalories

zsﬂigg = 4.70(3.502) + 29.35(4.202) +.21(3615) + 6.24(5.441) + 2.93(3.582)

= 187,64 Kilealories

- . . : To -
Interpolating until hSOO = Qgyailable
= 0
To = 825°K
BTC = Q. :i1aple = 197.2 Kilcalories
300 ’ v

Assume Te = 500°
[§11588 = 4.70(1.393) + 20.35(1.641) * .21(1.404) + 6.24(1.970) + 2.93(1.399)
3

= 71,40 Kilcealories
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828 .
AE = 197.2 - 71.4 = 125.8 Kilocalories

500

- _ 128,800

C = =—4—— = 386.5 calories/°C

p 325

E; = 386,5 - 43,43(1.986) = 38€.5 -~ 86.3 = 300.2 calories/OC
¥ - 3865 . o

300, 2
T = I¢ = 825 - 4000k

1325;29/1.29 1.962
Assume Te = 415%K

zxnfég = 4,70(.800) + 20,35(.938) +.21(.801) + 6.24(1.096) + 2.93(.802)

L}

40, 80 Kil calories

AE?5 = 197.2 - 40.6 = 156.6 Kilooslories

415
T = 156,600 _ 382 calories
P 410
E; = 382 -~ B86.3 = 295,7 calories
¥ =382 . 288
295.7
T = TC = 825 - 42101{
8 2;53:288/1.288 1,968

A Hfié = 4,70(.842) + 29.35(,986) + ,21(.846) + 6,24(1,158) + 2.93(,844)

42,77 Kilccelories

[\Higf = 197,2 - 42,8 = 154.4 Kilocalories
162 2 x 154.4 x 4.186 = 102
c =200 : . = 2% (1.2) = 3960 ft/sec
30. 5 _ 900 30,5
P = 3930 (Eﬁiﬁi) = 274,5 1bs.
52. 2

UGB s
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APPENDIX C

Sample Computstion of Carbon Deposition
Using Ballistite HE 4016 with 56.5 percent Water Added

~3
"

T 844°K

271°%K

=3
i

Gas composition at 900°K; K, = 2,04
NH2 = 12,24 moles
Hy = 72,75 moles

20

NCO = 1,34 moles

NCOZ = 17,54 moles
Ly = 5,48E moles
2
- P 12.24 x 1.2 67.5

7.19 > 2,04, therefore no carbon deposits at 900°K

Gas composition at 8009K; KC = 28.3

12.7¢ moles

i}

NHZO 72, 20 moles

0. 79 moles

=
Q
(@]
i

oo, = 18.09 moles

5,485 moles

=

i

4]
[}

Kg= 20 K = 72.20 (109.25) = 11.6
NHZ . N@O P W i9 o ! (87, 5)

11.6 < 23.3, therefore carbon deposits st 800°K

cg%}?%fﬂﬁ@ﬁ§@$?§ié%ened
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APPENDIX D

Sample Computeation of Minor Components
Using the Hp0p - CH; NO, System Tith do Vater

Solving the following system of equations simultenecusly with the
K's given as known functions of temperature, gives the gas composition
end chamber temperature listed bélow ,

P\P )
co “H
0 "Hao _ :

= fpp TN
0 = 2Ngo, * Ngp * Nha0 ™
2 .

P, (P, ) ) N ,
02 H2 - Kg NOH + gﬁoz + hO + NNO
(g, )?

20

P

-

10

Hop

Por Pg = K4 Ky
p

p .
H2 0

PHp

Composition of Gases at Ty = 2958°K

N’H . 321 moles Nyo .06l moles
Nﬁzo 5.418 moles N02 . 267 moles
Nogg  + 623 moles Nog +347 moles
NCOZ 1.377 moles NH .0681 moles
NNz . 970 moles Ng  .043 moles

gl RD R e e
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Al = Qavailable = 268,1 Kilocslories

The exhaust temperature, assuming the above composition to be frozen,
was solved for by the trial and error method shown in Appendix A
and was found to be 2090°K,
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APPENDIX B

SAIPLE COMPUTATIONS OF THE SPRSD RANGE CURVES OF A HYDROJET

Torpedo Gross wt. = 50004, fineness ratio = 10
Propellent System - [0, - CHgNO,, ~ H,0 (100% H,0,)
F=301.5 at &,0% HZO

Torpedo volume = 50 ££% (Assume Torpedo density of 100 1bs/Tt5)

Charge Weight 2500 1750 1000
Structurel Wt, (33%) 1lbs, 1665 1665 1665
Wt, of motor 1bs. 150 180 180
Wt, of pump, gas turbine, 250 | 280 250
ges generator, ete, 1lbs,

000 oblo 1510]515)
Dry Weight 1bs.
Totel Ffropellant W, . 1bs, 435 1188 1935
3% Propellsnt Wt, 13 38 68
Propellant for Dro%9181on 422 1149 1867
d = 25"
L = 20.85 ft.
S = 106 ft.z
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Assume v = 20 ft/sec

A= 2291 = 01455
20

£A
d =12\ 7 = 13.52 A = 1,630 in.
f = ,0150 (PFigure 16)
Assuming 20 foot pipe

2
h. = .015 <f§12&!£1 ) (20)° = 13.7 £t head lost

f 1. 630 2e
_13.7 x 64  _ 9
Pp ¥ 2w = 8,09 1lbs/in,
£ m /

pr = g * 1/% (v,2 - v,%) - pp

25.8 + ,995(126.8% - 20°%) - 6.09 = 127.9 1bs.
144

fl

Use 1,630 inch dismeter hole,




