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herein described are particularly useful as toys. 
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» Our invention relates to multiple stage rockets. More 
particularly it relates to a two-stage rocket propelled by 
noncombustible propellants. Because of the utilization of 
noncombustible propellants, rockets of the general type 

How 
ever, rockets of this type may also be used for other 
purposes, such as the safe- and inexpensive testing of 
equipment for use on rockets ‘of greater range and 
power than toy rockets. Accordingly, while our inven 
tion will be described as applied to. av realistic two-stage 
toy rocket,'it-wi1l-be understood that ‘it may also be 
applied to rockets used for many other. purposes, includ 
ing rockets using combustible fuels. '7 

Heretofore rockets using noncombustible propellants 
have been of the single stage type. In general they 
comprise a rocket shaped vessel, usually substantially 
cylindrical in shape in the central portion, witha nose 
section shaped as an ogive. The tail section of the rocket 
tapers to a nozzle or ori?ce through which ?uid under 
pressure is expelled to provide thrust. Stabilizing ?ns 
are usually attached to the tail section to insure a reason 
ably stable ?ight. ' 

In use the interior of these rockets may be partially 
?lled with a liquid, which may be water, when the rocket 
nose is in the downward position. The rocket is then 
turned so that the nose is pointed upwardly and the space 
de?ned by the upper surface of the liquid and the upper 
walls of the rocket is pressurized. During pressurization 
the ori?ce in thetail section is sealed and the rocket is 
restrained to the launchingv mechanism._ When it is de 
sired to launch the rocket, the restraint is removed and 
the thrust resulting from the expulsion of ?uid from 
the nozzle in the tail section propels the rocket in the 
desired direction. 7 

It is well known that. multiple stage rockets can 
achieve greater velocities and higher trajectories than the 
single stage type heretofore described. In rockets utiliz 
ing combustible propellants, the second stage is arranged 
to ?re after the thrust of the ?rst stage has been ex 
pended. Means are also usually provided, either-in con 
junction with the ?ring of the rocket motor, or sepa 
rately, for blowing the second stage away from the ?rst 
with a controlled explosion. However, this is not desir 

' able in a safe rocket utilizing noncombustible propel~ 
lants. Also, any mechanismfor controlling the time of 
?ring of the second stage is extremely complex and ex 
pensive, and not adapted for use in rockets designed as 
toys. Thus, there has not ‘heretofore been available a 
multiple stage rocket utilizing a noncombustible propel 
lant. As a toy such a rocket would have appeal as being 
more nearly like the rockets currently in use for military, 
scienti?c and satellite purposes. For other purposes, such 
as equipment testing, the higher velocities and trajec 
tories which could be achieved with a multiple stage 
rocket would more nearly simulate conditions which 
might be encountered in a rocket using combustible pro 
pellants. _ '. . 

Accordingly, it is a principal object of our invention 
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to provide a multiple stage rocket’utilizing noncombus 
tible propulsion means. Another important object~~of 
our invention is to provide multiple stage rockets utiliz 
ing nonexplosive means for separation of the stages 
thereof. - - 

Another object of our invention is to, provide a rocket 
of the type- described in which release of each succeed 
ing stage takes place after the thrust of the prior stage 
has been substantially diminished in order to‘take maxi 
mum advantage of the thrust of the prior stage. _ 
A further object of our invention is to povide a rocket 

of the type described having a release mechanism'which 
will maintain the vtwo stages of said rocket in engagement 
during pressurization, but which will permit‘ the second 
and subsequent stages to separate from the prior stage at 
the appropriate time. .. ' ' 1 

Still another object of our invention is to provid'e'a 
rocket of the type described wherein the weights and 
operating pressures of each stage are so chosen, with 
respect to each other, that the second and additional 
stages will remain in contact’with the ?rst stage for an 
appreciable time after the rocket is launched, jwithout 
the provision of special apparatus for holding them ‘in 

.. engagement. , 

25 _ 

rocket of the type described which is simple, safe and 
A still further object of our invention is toruproyide a 

reliable in operation, and rugged in construction so that 
it may conveniently be embodied in a toy rocket or re 
usable test equipment. ' _ 

Yet another object of our invention is to provide a 
rocket of the type described which is economical of 
manufacture. Other and further objects of 'our invention 
will in part be obvious and will in part appear hereinafter. 

' The invention accordingly comprises the features of 
construction, combinations ‘ of elements, and arrange 
ments of parts which will be exempli?ed in the construc 
tions hereinafter set forth, and the scope ot the invention 
will be indicated in the claims. , 

For a fuller understanding of the nature and objects 
of our invention, reference should be had to the follow 
ing detailed description taken in connection with-the 
accompanying drawings in which: 7 Y ; -, 

Fig. 1 is a pictorial representation of ‘the exteriorwof 
a two-stage rocket made according to our invention;_ 

Fig. 2 is a fragmentary sectional view of the rocket 
and, the launcher associated therewith with the two 
rocket sections separated, and illustrating one type of 
release mechanism; ' 

Fig. 3 is a fragmentary longitudinal section showing 
the manner in which the ?rst and second stages of the 
rocket are engaged'during pressurization, using the re 
lease mechanism of Fig. 2; 

Fig. 4 is a view similar to Fig. 3 showing-the relative 
positions of the ?rst and second stages immediately 
after release of the holding means. ' ., 

Fig. 5a is a fragmentary plan view of the nozzle end 
of the second stage of a rocket utilizing a second type 

Fig. 5b is a fragmentary side elevation of the; nozzle 
portion of the second‘stage shown in Fig. 5a; ’ 

Fig. 6 is a fragmentary section of the upper end of 
the ?rst stage illustrating the construction of this stage 
when a release mechanism of the second type is used, and 

Fig. 7 is a detail of the slideway of Fig. 6. V 
In general, two-stage rockets using noncombustible 

propellants made according to our invention include a 
relatively large ?rst stage, generally indicated at 10 in 
Fig. 1 and a substantially smaller second stage, generally 
indicated at 12. Both stages are provided with the 
usual stabilizing ?ns, indicated at 14 and 16 respectively. 
‘Each stage is hollow, so that pressurized ?uid may be 

placed therein and ‘includes a nozzle ‘at the lower end 



' 2,93,73,93 

for discharge of the propellant. Prior to launching of 
the rocket we provide means for holding the second 
stage to the nose portion of the ?rst stage. The second 
stage may be sealed by the holding means if desired, 
but‘we‘ prefer to allow va passage to‘ exist between the 
first and second- stages ‘as will be explained more fully 
hereinafter. The holding means permits both ‘stages to 
be pressurized, but prevents them ‘from separating prior 
to launch. To accomplish this holding and separation, 
a slight. amount of relative longitudinal travel is per 
mitted ‘between the ?rst and second stages. The o‘iifer 
.ence ‘in pressure between the inside and the outside of 
the second stage produces a' relative force which holds 
the second stage at one end of this travel against the 
holding means.‘ However, when the ?rst stage is 
‘launched, the inertia of the second stage causes it to 
move to the other end of this permitted travel. In 
moving from one end of this. permitted travel to the 
other, the holding means is uncoupled, and the’ second 
stage is free to push away from the" ?rststage when the 
relative force previously mentioned is suf?cient to over 
come the inertial force created by the ?rst stage which 
tends to hold the second stage against its nose. 
As previously mentioned, we provide a passage be 

tween the ?rst and second stages for simplicityof pres 
surization. 'Utilizing a rocket whose interior is. partially 
?lled with liquid, both ?rst and second stages may be 
pressurized simultaneously. This construction, because 
of its. extreme simplicity, makes multiple stage rockets 
which are made according to our invention very economi 
cal of manufacture. ’ 
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More speci?cally, as shown in Fig. 2, the ?rst stage ' 
It), includes an elongated cigar-shaped body 1% having 
a nozzle 20 formed at its lower end. A ?ange 22 is 
provided at the lower end of the nozzle for purposes to 
be hereinafter described. A bulkhead 24 is provided 
in the interior of the body 18 near the upper end thereof 
and a small opening 24a is formed in this bulkhead. 
An upstanding tube 26 is a?ixed to the upper surface of 
the bulkhead, the bore 26a of the tube registering with 
the opening 24a in the bulkhead. The body 18 of the 
rocket, the bulkhead 24 and tube 26 may be made of 
metal or a plastic having su?icient tensile strength to 
withstand the internal pressures within the closed cham 
ber formed ‘by the body ‘18'and the bulkhead 24. An 
opening 18b is formed in the upper end of the body 18 
for the coupling of the second stage. ' 

In Fig. 2 it will be observed that the nozzle 28 of the 
second stage is elongated. and has an internal diameter 
vsu?icient to slip over the outside of the tube 26. An 
O-ring 29 or other conventional sealing device is se 
cured to the tube 26 to insure a ?uid-tight seal between 
the second‘ stage nozzle and the tube when the second 
stage is coupled thereto. The remainder of the second 
stage is also an elongated hollow ?uid-tight body, whose 
only opening is the nozzle 28. If more than two stages 
aroused, the nose of the second stage could ofcourse 
be constructed in the same or similar fashion to that of 
the ?rst stage. I 

A ?ange 30 is formed at the lower end of the nozzle 
28 having an annular groove 30a formed on the upper 
surface thereof. This groove, together with the holding 
means generally indicated at 34 serves to hold- the two 
stages of the rocket together during pressurization. In 
the embodiment illustrated in Figs. 2, 3 and4, the hold 
ing means includes an L-shaped rod 36 having a hook 
36a formed on the upper end of the vertical leg 36b 
of the L. The rod is pivoted in the bracket 38, which 
is ?xed to the bulkhead 24, the pivot point being close 
to the bend in the L. In Fig. 2, we have shown the 
rod as being pivoted on its horizontal leg, but it will 
be obvious that it might also be pivoted on the vertical 
leg 36b. 
‘The horizontal leg 36c extends outwardly through an 

vopening .18c5f0rmedd in the side of the body, 18 above; 
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the bulkhead 24, where it may readily be grasped by the 
operator. A spring 40 or other resilient means. is con 
nected between the horizontal leg 36c and the bulk 
head to bias the rod 36 in the position illustrated in Figs. 
2 and 4. 
To operate the rocket, the ?rst stage is held nose 

downward and the amount of water or other ?uid which 
it is desired to use in‘both the ?rst and second stages 
is fed into the ?rst. stage through the nozzle 20. The 
water ‘does not flow out the opening 24a and tube 26, 
while the nozzle. 20 is. sealed, since the bore of tube 26 
is preferably of a sufficiently small-diameter so that the 
water or other ?uid utilized to propel the rocket will 
not ?ow'through it. ' For example, because of capillary 
and surface tension effects, water will not flow out of 
an otherwise sealed container through a tube having a 
diameter much less than % of an inch when the tube 
is made of glass or of certain plastic materials. 

After the water is placed in the interior chamber and 
while the ?rst stage is in the inverted position, the nozzle 
28 of the second stage is slid upwardly around the tube 
26 of the ?rst stage. The operator then grasps the arm 
36c and causes the rod 36 to pivot so that the hook 
‘36a. engages. the groove 3.0a in the ?ange 30 formed. on 
the base. of the second stage, thus holding the second 
stage in position. against the nose portion of the ?rst 
stage. 
A pump, or other pressure generating device, gen 

erallyindicated at 42 in Fig. 2 is then attached to the 
first stage nozzle. As illustrated, the pump includes a 
body 44 having the usualv piston therein. A ‘handle 4-6 
is attached to the piston rod 48 in conventional fashion. 
An outlet 50, whose outer diameter is substantially the 
same as the inner diameter of the nozzle 20 is formed 
on the pump, and an O-ring or other conventional seal 
is secured to the outer surface of the outlet tube to in 
sure a ?uid-tight seal between the pump and nozzle. An 
L-shaped ?tting 52 is pivotally attached to the pump 
body as by a bracket 54. The catch 52a formed on 
?tting 52 engages the upper surface 22a of the ?ange 22 
to restrain the pressurized rocket prior to launch. 
A lanyard 56 ‘is attachedto the ?tting 5?; to pull it out 

of the engagement with’ the ?ange 22 when the rocket is 
ready for launching. . 
.After attachment of the- pump or other pressurizing 

mechanism tothe ?rst stage, and with the ?rst and second 
stages pointing downwardly, the pump is operated to 
pump ?uid from the ?rst into the second stage. When 
sui?cient ?uid is in the second stage, :both stages are 
turned to the “nose-up” position; continued pumping 
provides pressure for propulsion. Because the interiors 
of both stages are connected by the tube. 26, the pres 
sures in the interior of both the ?rst and second stages 
will be substantially equalized. it will .be understood, 
of course, that the two stages may be separately pres 
surized, in which case, the pressures in the interiors of 
the two stages will not necessarily be equal. 
When the ?rst stage ‘is restrained, the second stage 

will exert a relative force with respect to the restrained 
first stage because of its internal pressure as previously 
described. This force causes the second stage to push 
away from the ?rst stage and locks the hook 36a in the 
annular groove 343a as shown in Fig. 3. Also, as shown 
in the same ?gure, the spring 4G is extended and pulling 
on arm 36]). Note that the second stage can proceed 
farther down the tube 26 before it reaches the limit of 
its travel. 
The appearance of’ the rocket immediately after launch 

is shown in Fig. 4. As illustrated therein, the second 
stage, because of its inertia, has slid down the tube 26 
until its guiding ?ns 16 have engaged the nose of the 
?rst stage. The hook 360 having been freed from the 
annular groove 39a has been retracted by the action of 
the spring 4%. It will be obvious that other means than 
the engagement of the second stage ?ns by the nose of 



‘ tact. 

’ the two'stages are to remain in contact, i.e.: 

‘or 

‘ the artisan ' as be provided to time: downward 
jtr'avel of the second stage‘. For example, the‘ end of the 
second stage nozzle might bearranged to‘ engage-bulb 
"h'ead24. ‘ ' ' ‘ _ I a _ 

Thus‘ the second‘ stage is now-,pn'o longer restrained 
relative to thel?rst stage. However, the second stage 
vwill not separate immediately because the acceleration of' 
the entire assembly forces the second stage againstthe 
?rst stage.‘ ‘Asthe ?uid continues to be expelled from the 
?rst stage, the pressure therein drops resulting in a de 
creasing thrust'trom the ?rst stage. When the ac 
celeration of the entire rocket decreases su?iciently due 

' to diminution of the thrust from the ?rst stage, the. sec 
,ond stage separates therefrom. ' ' 

It is apparent that ‘the hold and release mechanism 
, herein described will operate for a two-stage rocket where 
,the?separate stages are separately pressurized and no 
passage is provided between the two stages. It is also 
apparent that a third stage could be added to the con 
struction herein described by merely providing the sec 

‘ ‘0nd stage with an opening in the nose thereof and a re 
'yleasehrnechanism similar to that ofrthe ?rst stage. The 
-, third stage, and subsequent staged-may be vseparately 
'pressurizedif-desired. , ' a 

We have? found that‘to obtain'a ‘multiple "stage rocket 
ninrwhich ‘at least two‘ stages'remain' in contact for some 
time after’uncouplingas a result of the‘ acceleration of 
the rocket, and then separate as the acceleration of the 
?rst stage diminishes, ‘certain relationships must be main 

Vjtained between the nozzle areas, the pressures and the 
weights of the two stages which are to remain in con 

_ These relationships‘ may be determined as fol 
lows: ,If p2 is the gage pressure in the second stage at 
the time of uncoupling and A2 is its nozzle area, then 
the relative pressure force tending to separate the two 
stages prior to their actual separation is pzAz. 

After launch this relative pressure force must be less 
vthan the force resulting from rocket acceleration and 
gravityactingon the mass M2 of the second stage if 

‘(1) 
(1a) 

‘ where is the acceleration of the ?rst stage and g is the 
‘ gravitational acceleration.v : , ' ‘ ‘ 

The thrust T of the ?rst stage at the-time of uncou 
pling equals the total mass of ‘both stages multiplied by 
their acceleration, i.e.: . ‘ ‘ 

where M1 is the mass of the ?rst stage ‘at the time the 
I stages are uncoupled. 
" Solving Equation 2 for yields: , 

T, "_ . ' .”_[<Mt+Ml)g 1]” l2“) 
Substituting Equation 2a in 1a, ‘ 

. T - V 

" m’irl‘tftwegiw?l l3) 
‘W1 and W2 .being equal respectively to Mg “and Mg 
éandlbeing-the values'ofthe weight of each stage at the 
l time of uncoupling. ' ' 

“1f: Equation 3' may be‘further simpli?ed to;v _ 

A 3a 
,1” K . Wt+WQ ( ) 

‘which indicates that for the two stages to remain in con 
‘ tact after they are otherwise free to separate, the rela 
tive pressure force tending to separate them, pzAg, must 
be less than the ratio of the second stage weight to the 
total rocket weight multiplied by the thrust, T. The 
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the ?rst stage and Vj'is" the"'average' velocityof the ?rst 75 

, stage '_ jet 'over the cross "sect1on.' _'-It, ‘is known that 
‘n‘11=pV,‘A,, where .p is the ?uid densityin the ?rst stage 
,and' A; is'the' area ofthe ‘jet being‘. emitted from the ?rst 
stage. A‘, is related to the nozzle area of the ?rst stage. 

‘ A1 by a nozzle coe?‘icient C whichidepeuds upon nozzle 
shape. *Thus ,Aj=CA1- ' The nozzle coefficient C is de 
?ned and representative values are given for various 
nozzle con?gurations on page 157 of Hunsaker and Right 
mire, “Engineering Applications of Fluid Mechanics” 

. (1947). 

Thus, the thrust T at the time of uncoupling may be 
determined as _ ' T ' ' " ' 

It is well known in ?uid mechanics that 

(V.>Z=2(%) to 
where 121 is the pressure in the ?rst stage; at the time of 
uncoupling. ' 

' Substituting Equation 5 in4, ~ 

. , . .. T=2CA1P1 ‘(6) 

If Equation 6 is now substituted in Equation 3a 

_ V -PaII12_<-(W—H_TW;)2CA1P1- f (7) 
and rearranging terms, we have, _ . . ' 

e '<-—-—“’2 ra- 8 A1<2O W1+W2 p2 ( ) 
Equation 8 de?nes‘the necessary: conditions for the 

second and any additional stages of a multiple stage 
rocket made according to our invention to remain in 
contact with the ?rst stage after the two stages are un 
coupled, i.e., vfree to separate, measured in terms'of 
areas, weights and pressures. I 
Where a passage connects-the two stages of the rocket 

for ease in pressurization and the stages are uncoupled 
substantially at the time of launch (as previously ex 
plained), 121122 will be substantially equal and Equation 
8 simpli?es to: 

A3 ' W2 
A: Wri- W2) (9) 

It will be observed that the greater the inequality 
given by Equations 8 and 9 the more securely the two 
stages will remain in contact. It will also be notedthat 
by substituting for W2 in these equations the weight of 
all additional stages, the equation may be readily .ap 
plied to multiple stage rockets having more than two 

_ stages. 

Further, if uncoupling takes place substantially at the 
‘ time of launching, as has been discussed in connection 
with the release mechanism illustrated inFigs. 2, 3 and , 

’4, the W1 and p; are the initial values of weight and 
pressure of the ?rst stage. If uncoupling takes place 
after launch, W1 and p1 can be readily determined since 
they are functionally related. W2 and p2 of course remain 
at substantially their initial values until after separation 
occurs. . _ 7 

Turning now to Figs. 5a, 5b, 6 and 7, we have here 
illustrated an alternative . coupling mechanism which 
,might be used in place of themechanism illustrated in 

65, Figs. 2, 3 and 4. As shown in Fig. 6, the bulkhead 24’ 
which forms the nose end of the‘interior chamber of 
the ?rst stage 10, has a circular well 70 formed therein 
to receive the nozzle 28' of the second stage of the rocket. 
An opening'24a' is provided in the bulkhead and a tube 
26', only a portion of which is shown in Fig. 6 Whose 
bore registers with the opening 24a’ is attachedv thereto; 
an O-ring (not shown) or other sealing device is secured 

‘to the tube 26'. The tube and the sealing device perform 
»_ the same ;.functions as described in connection'with the 
‘previous embodiment. ‘ 

v 

(4) ' 
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_It will be observed that no ?ange is’ provided on the 
second 'st'age nozzle inIthis construction. Rather, a slider 

' 72, having theishane shown in “Figs.- 54 and 5b is formed 
thereon. This. slider engages. the slideway 74'f0r1ned 
iri'thegcircular' wall of the ‘well 70. Fora better under 
standing'of'the operation of the slider and slideway, ' 
reference should be had to Fig. 7, which represents a, 
vertical section through a circular wall of the well 70 
which has. been '“unrolled” or developed for explanatory 
purposes. The slideway'74 consists of a tortuous passage 
formed in the side-wall of the well 70 having substantially‘ ' 
the shape shown in Fig. 7. _ _ 

In use, the nozzle 28' of the second stage 12 of the 
rocket is inserted in the-well 70 with the tube 26' passing 
into the nozzle ori?ce 28a’. As a. result of this insertion, 
the slider 72 enters the passage 74a and follows the pas 
sage downwardly until the sloping lower surface 72a of 
the slider engages thelower surface 74b of passage 74a. 
The force exerted in putting the two stages together 
causes the slider to follow the sloping surface 74b down 
wardly until the vertical surface 72b of the slider engages 
the vertical surface 740 of the passage. With the two 
stages in this position pressurization may be started. 
As the pressure in the second stage builds up, the sec 

ond stage tends to push away from the restrained ?rst 
stage as previously described and the slider moves up 
wardly along the vertical surface 740 until its upper 
sloping surface 720 engages the vsloping surface 74d. 
The space between the upper end of surface 740 and the 
surface 74:! immediately above it is slightly greater than 
the extent of the surface 72b. Thus the pressure will 
cause the slider 72 to travel up the sloping surface 74d, 
until the slider’s vertical surface engages the short vertical 
surface 74a. The second stage is locked in this position 
(illustrated by the sectional view of the slider in Fig. 7) 
by the relative pressure force previously mentioned which 
tends to separate the two stages and the second stage 
remains in this position during pressurization. 
Upon launching of the multiple stage rocket, the second 

stage will ‘be forced downwardly toward the ?rst stage, 
as a result of the acceleration as previously explained. 
As a result of the motion of the second stage, the surface 
72b of the slider will be disengagedfrom the surface 74a 
and its lower surface 72awill engage the sloping surface 
74f. The carnming' action of the two sloping surfaces 
will cause the slider to move until itsv surface 72b en 
gages the vertical surface 74g. The second stage will 
remain in this position ready for release, while the ?rst 
stage continues to accelerate. When the thrust of the 
?rst stage diminishes enough for the second stage to 
separate therefrom, the second stage moves upwardly 
away from the ?rst stage. As it does so, the upper sur 
face 720 of the slider engages the sloping surface 74h of 
the passage and causes the slider to enter the substan 
tially vertical passage ‘74f. When the slider is in the 
passage 741', the second stage rocket is free to separate 
from the ?rst stage. 

Inthis fashion, the second stage is coupled to the ?rst 
stage during pressurization, it is uncoupled by the move 
ment of the second stage toward the ?rst stage upon 
launching of the rocket, and ?nally separates from the 
?rst stage when the ?rst stage thrust has sui?ciently di 
minished. It Will’be understood, ofrcourse, that’ the con 
struction described herein, the lateral movements of the 
slider 72 in the passage 74 as described in connection 
with Fig. 7 will actually be movements along the circum 
ference of a circle, with accompanying rotation of the 
second stage with respect to the ?rst stage. 

It will also be understood that a number of connected 
passages similar to passage 74 may be formed about 
the periphery of the well 70 as illustrated in Fig. 7. Thus 
in the event that the slider 72 isinserted in the passage 
741,‘, its lower surface 7241 will'engagethe sloping surface 
'75apof the passage'75 and willthereby be properly posi 
tioned for the release cycle to ‘take, place. 'If connected 
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8 
passages are formed about the entire prepihery of well 70, 
theslider may be inserted ‘in any of them. If they donut 
extend continuously about the periphery, then the exit 
passage, corresponding to passage 74i, of the last con 
nected passage, is marked to indicate that slider 72 ‘should 
not be inserted therein. ' . 

It-will thus be seen that we ‘have provided a simple and 
extrernley inexpensive construction for a multiple stage 
rocket‘ utilizing noncombustible propellants. Rockets 
made according to our invention have been described 
particularly with respect to two different embodiments 
of two-stage rockets, but it will be obvious to those skilled 
in the art ‘that additional stages may be added utilizing 

: the‘ same constructions. 
In our constructions, the second and ?rst stages both 

consist of hollow vessels having a nozzle at one end 
thereof. They are secured together by a coupling means 
which permits a small amount of relative travel between 
the stages. During pressurization, the force tending to 
separate the two stages of the rocket holds the second 
stage at one end of the travel, locking it in position. 
Upon launching of the rocket, the second stage is forced 
to the otherend of the travel, which releases thecoupling 
means; the second stage is then free to separate from 
the ?rst stage when the thrust of the ?rst stages dimin 
ishes sut?eiently so that the relative force between the 
two stages can overcome the inertial force tending to 
hold the two stages together. i‘ 

In order to permit ready pressurization of the. two 
stages, we also provide a narrow passage connecting 
them. This passage is su?ciently constricted to prevent 
.the how ,ofan appreciable amount of propellant through 
said passage from the second stage in the small time 
required for the ?rst stage to complete its period of ac 
celeration, thus permitting the propellant in the second 
stage to seal the passage after pressurization. 
We have also found that certain relationships must 

exist between the ?rst and second stage nozzle areas, 
pressures and weights at the time of uncoupling, if the 
two stages are to remain in contact as a result of rocket 
acceleration. When these relationships are observed, 
the second stage release is determined by the time the 
entire rocket acceleration diminishes to a value less than 
that required to hold the second stage to the ?rst. 

It, will thus, be seen that the objects set forth above, 
among those made apparent from the preceding descrip 
tion, are efficiently attained and, since certain changes 
may be made inthe above constructions without depart 
ing from the scope of the invention, it is‘ intended that all 
matter contained in the above description or shown in 
the accompanying drawing shall be interpreted as illus 
trative and not in a limiting sense. 

It is also to be understood that the following claims 
are intended to cover all of the generic and speci?c fea 
tures of the invention herein described, ‘and ‘all state 
ments of the scope of the invention which, as a matter 
of language, might be said to fall therebetween. 
Having described our invention, what we claim as 

new ‘and desire to secure by Letters Patent is: 
l. A rocket including at least two stages comprising, 

in combination, a ?rst stage including a storage vessel 
for pressurized ?uid, said vessel having a discharge 
nozzle for propelling said rocket formed in a portion 
thereof, a second stage including a storage vessel for 
pressurized ?uid said vessel having a discharge nozzle 
for propelling said stage formed in a portion thereof, 
means associated with said rocket for holding said ?rst 
and second stages in engagement after pressurization, 
with said ?rst and second stage nozzle not in engage 
ment, means for releasing said holding means, the ratio 
of the nozzle area of said second stage to the nozzle 
area of said ?rst stage being selected such that said 
second stage is held in engagement with said ?rst stage 
after release of said holding means by the force resulting 
frslasascslsratisn qtsaitt?rst stage 



._ rocket is so designed that: 

.- i Thecombinatidnjde?nediin’claim- 21 in'which said 
‘rocket is so designed that: ' _ 

where: A2‘, is the nozzle area;_of said second stage, A; v 
is the nozzle, area of‘ said?rst ‘stage, C is the nozzle 
coefficient cf‘said ?rst stage,'W1 is the weight of .said 

_ ?rst :stagevat‘ the time of release of said holding means,‘ 
Wars the weight of said second stage at the time said 
holding means?is ‘released, p1‘ is the gage‘ pressure in 

‘cinemas 
Lber ‘adapted to tenclosrej?uid under 'press‘urefa discharge’ 

. nozzle formed in one part of said chamber-for discharge ' 

10 

said ?rst stage at the time of, release .of said holding‘ '. 

at the time said holding means is‘released. 
‘3; A rocket including at'least two stages comprising,r 

. m combination, a?rst stagein'cluding a storage vessel 
for pressurized ?uid, saidv vessel having aj discharge 
nozzle for propelling said rocket'form'ed ‘in a portion 
.thereof, a second stage including ‘a storage vessel for 
‘pressurized ?uid, said vessel'having a discharge nozzle 
for propelling said second‘ stage formed inv a portion 
thereof, means associated with said rocket for holding 
said ?rst and second stages in engagement-after‘ pres 
surization, with said ?rst and second stage nozzles not 
“in engagement, a passage interconnecting‘said ?rst and 
second stages when said‘ stages are‘held'in engagement, 
means for releasing saidholding means, the ratio of the 
nozzle area of said second stage to the nozzle area of 
said ?rst stage .being ‘selected such‘ that said second 

-. stage is held in engagement with said ?rst stage after re- ' 
lease’ of said holding means by the force resulting from 
acceleration of said rocket. ' ' ' 

4. The combination jde?ned in claim 3 in which said 

where: A: is the nozzle area of said second stage, A1 is 
the nozzle area of said ?rst stage, C is the nozzle coef? 
cient of said ?rst stage, W1 is the weight of said ?rst 
stage at the time saidholding means is released, W2 
is the weight of ‘said second stage at the time said 
holding means is released, p1 is the gage pressure in 
said ?rst stage at the time of release of said holding 
means and 12,, is the gage pressure in said second stage 
at the time said holding means is released. 

5. A rocket including at least two stages comprising 
in combination, a ?rst stage,hincluding a storage vessel, 
the walls of said vessel de?ning a hollow interior cham 
ber adapted to enclose ?uid under pressure, a discharge 
nozzle for propelling said stage formed in one part of 
said chamber for discharge of said ?uid, a second stage, 
said second stage also‘ including a storage vessel, the 
walls of said vessel de?ning a second hollow interior 
chamber adapted to enclose ?uid under pressure with 
a discharge nozzle for propelling said rocket formed in 
‘one portion thereof, means for coupling said ?rst stage 
and said second stage in ?xed relative relation with the 
nozzle of said second stage directed toward a non 
nozzle portion of said ?rst stage prior to release of said 
rocket, means responsive to the acceleration of said 
rocket after launching thereof .to'release said coupling 
means and thereby free said second stage for separation 
from said ?rst stage. ' , 

6. The combination de?ned in claim 5 which includes 
a passage interconnecting the storage vessels of said ?rst 
and second stages when said. stages are in engaged rela 
tionship. ' > 

7. The combination de?ned in claim 5 in which said 
coupling means are released by the acceleration of said 
rocket which occurs substantially at the time said rocket 
is launched. 

8. A rocket including at least two stages comprising 
in combination, a ?rst stage, including a storage vessel, 

' the walls of said vessel de?ning a hollow interior cham 

_. means and ‘p: is the gage pressure ‘in said second stage, ' 
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of said- ?uid to propel said rocket, a‘ second stage, ‘said 
second stage also including‘a- storage vessel, the ‘walls 
‘or said vessel de?ning a second hollow interior chamber 
adapted to enclose ?uid under pressure with a discharge 
nozzle for said?uid to propel said second stage Iformed 
m. one portion thereof, means for coupling said ?rst 
stage and said'secondistage in ?xed relative relation‘ 
with the nozzle of said second stage directed toward a. 
non-nozzle portion of said ?rst stage prior to release of 
said rocket, said coupling means permitting a small travel 
of said stages with respect to'each other, and said cou 
pling means being locked‘ when said second‘ stage isIat 
one end of said travel, the acceleration of ~said rocket 
upon launching causing said second 1, stage to‘ move to 
the other end of said travel to thereby uncouple‘said 
second 'stageland permit said second stage to separate 
from said ?rst stage. , v ' ‘ > 

9. A rocketincluding at least two stages, comprising, 
in combinatioma' ?rst stage including an elongated stor 
age vessel, the wallsof said vessel de?ning a hollow in 
terior chamber ‘adapted tojenclose' ?uid under pressure, , 
a discharge?nozzle for propelling .said rocket formed in 
one end of said vessel'for discharge of said pressurized 
?uid, a second stage including an elongated storage 
vessel with a discharge nozzle for propelling said‘ second 
stage formed at one end‘thereof, means for coupling 
said ?rst stage and said. second stage together in end to 
end relationship, with the nozzle of said' second stage 
engaging the non-nozzle end of said ?rst stage prior to 
launching said rocket, said coupling means, permitting a 
small longitudinal travel of said stages with respect to 
each. other,,said coupling means being locked when 
said second stage is at the end of said travel most‘ dis 
tant from said ?rst stage, the launching of said ?rst 
stage causing said second stage to move toward said 
?rst stage to the other end of said travel, thereby uncou 
pling said second stage and permitting it to separate 
from said ?rst stage. 

10. The combination de?ned in claim 9 which includes 
a passage interconnecting the storage vessels of said ?rst 
and second stages when said stages are in engaged rela 
tionship. ' 

11. A rocket including at least two stages, compris 
ing, in combination, a ?rst stage including an elongated 
storage vessel, the walls of said vessel de?ning a hollow 
interior chamber adapted to enclose ?uid under pres 
sure, a discharge nozzle formed in one end of said ves-v 
sel for discharge of said pressurized fluid, a second stage, 
said second stage being smaller than said ?rst stage and 
including an elongated storage vessel with a discharge 
nozzle formed at one end thereof, a ?ange formed on 
the periphery of said nozzle, means for coupling said 
?rst stage and said second stage together in end to end 
relationship, with the nozzle of said second stage en 
gaging the non-nozzle end of said ?rst stage prior to 
launching said rocket, said coupling means including an 
arm pivotally attached to said ?rst stage having a hook 
on one end thereof, said hook being adapted to engage 
the ?ange on said second stage nozzle as said arm is 
rotated about said pivot, resilient means biasing said 
arm to a position of non-engagement with said ?ange, 
and a handle attached to said arm whereby said arm 
may be rotated about said pivot to engage said ?ange, 
said hook being held in engagement with said ?ange 
against said resilient means by the relative pressure force 
tending to separate said ?rst and second stages prior to 
launch, launching of said ?rst stage causing movement 
of said ?rst and second stages toward each other, to 
thereby cause said ?ange to disengage from said hook, 
said arm thereby being retracted by said resilient means. 

12. The combination de?ned in claim 11 in which 
an annular groove is formed on the inner surface of 
said ?ange. 
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1,3. .rsgltat .isslssling lit least. two stages csinptis 

ring, in. combination a. ?rst stage including an elongated 
‘storage vessel; thewallsnof said vessel de?ning'a hollow 
interior chamber adaptcdvito enclose ?uid under pres 
sure, a discharge nozzle for propelling saidrocliet forrned _, 
in one endv of saidlvessel for discharge of, said. pres 
surized‘ ?uid, a bulkhead forirnzed across’ the ~non~noyzzlc 
end of ‘said-?rst stage, [an opening formed in said bulk 

. head, a tubular member secured to theoutcr'surfacelof I 
said bulkhead, the passage in said tubular member reg 
istering with the opening formed in said bulkhead, a 
second stage, said second stage including an elongated 
storage‘vessel with a discharge nozzle formed at one 
end vthereof for propelling said second stage, the inner 
diameter of said second stage‘ nozzle being slightly 
greater than the outer diameter of said tubular member, 
whereby said second stage nozzle may be slid over said 
tubular rnernber during pressurization, thereby pertnit 
ting both said ?rst stage and said second stage to‘ be si 
multaneously pressurized. 

14. Thev combination defined in claim 13 which in 
cludes sealing means between said second stage noz 
zle and the tubular member of said ?rst stage. 

15. The combination de?ned in, claim 13 in which an 
O-ring sealissecurcd to the outer surface ofisaid tubu< 
lar nieruber, to thereby seal the nozzle of said second 
stage and said tubular member. 

16. The combination de?ned in claim 13in which the 
‘diameter of the passage formed in said tubular 'mem 
her is su?iciently small so that liquid in said second stage, 
will not ?ow therethrough when said'second stage is 
otherwise sealed. , 

17. Av rocket including at least two stages, compris 
ing, in combination, a ?rst stage including an elongated 
storage vessel, the Walls of said vessel defining [a hollowv 
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.istsrist =9h§§1b§12 ,asisptsd. tbkncl'qss aq?uid .uéldqf pres 
sure, a discharge nbz’zle‘ formedin ‘fend. st'saiid 'v_e_s* 
sel for discharge of said pressurized fluid, a'seco'nd'stag'e, 
said second stage.v including an elongated storage vessel 
having a discharge nozile formed‘ at one end thereof, 
means adapted} tocouple said ?rst'tand second stagesvto~ 
gather in ?nedvlrelatiye relation, said coupling means in 
cluding a protruding slider vformed on one vof said stages 
anda'tortuous passage formed in the other of said stages, 
said passage torrning ta slideway for ‘said slider when 
said stages are in ‘engagement, said siideway including 
an inlettpassage for said slider, when ‘said stages ‘are 
placed inengagement,pressurization of said stages caus 
ing said slider to move fromvsaid inlet passage to a locked 
‘position in saidslideway, and the acceleration of said 
rocket after, launching, thereof ‘causing said slider to 
moverfrorn said‘, loclged position to an outlet passage of 
saidslideway, said L?rsta'n'd second stages being free to 
separate when. said slider is in said outlet passage. 

‘ l8, combination de?ned in claim 17 in which a 
‘plurality of said tortuous passages are formed on ‘one 
'of-fsaid stages, theioutlet passage of one slideway being 
the inlet passage of the‘next succeeding slideway. 

19_. The combination de?ned in clairn 17 in which a 
passage 'imerqonsasts the. .stqrass vessels vfwsaid ?rst 
and , second stages when said stages are in ' engagement. 
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