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The combination of a liquid container adapted to trans- 
port liquid from one site to another and a floating slosh 
and swirl alleviator carried on the surface of the liquid 
wherein a retention mechanism will maintain and guide 
the floating slosh alleviator on the liquid surface as the 
surface moves relative to the top of the tank and will 
minimize liquid vibration, agitation, slosh and swirl when 
shock inducing forces are imparted to the container and 
as the liquid is drained therefrom. 

The invention described herein was made by an em- 
ployee of the United States Government and may be man- 
ufactured and used by or for the Government of the 
United States without payment of any royalties thereon or 
therefor. 

This invention relates to a slosh and swirl alleviator 
system for damping the slosh and swirl normally occurring 
in a liquid container as the container is transported from 
one site to another and as the liquid is drained from the 
container. The invention relates, in particular, to a system 
for inhibiting liquid propellant vibrations, agitation, slosh 
and swirl when shock-inducing forces are imparted to the 
tanks of liquid propellant rockets and as the liquid pro- 
pellant is consumed therefrom during rocket flight. 

Liquid sloshing is somewhat of a problem in trans- 
porting of any liquid material from one site to another 
and is a particular problem in liquid-propellant rockets 
wherein sloshing of the liquid against the tank wall can 
cause the rocket to deviate from its normal course of 
flight and may impair or nullify an otherwise successful 
space mission. In addition, in liquid propellant rockets, 
as in most liquid containers, as the liquid is drained from 
the bottom of the container and, in particular when 
the liquid supply becomes relatively low, the movement 
of the liquid tends to be in a somewhat circular or swirl- 
ing motion which motion is transmitted throughout the 
liquid remaining in the tank and exerts a turning moment 

2 
the liquid with complex and weighty controls being em- 
ployed to maintain the cap in paition as the liquid level 
changes. Other prior art systems for damping and con- 
trolling liquid fuel slosh in liquid fuel rocket tanks have 
employed floating damper cage arrangements including 
flexible washer-like baffles projecting inward from the 
cage and movable with a retarding motion of the liquid 
fuel, and a plurality of floating cap arrangements with 
submerged baffles extending from the floating cap. Al- 

lo though each of these prior art devices has proved adequate 
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to- the tank. Aithough liquid swirl is normally a minor 50 
problem, it is quite an important factor to be considered 
in long-range space missions where a slight turning mo- 
ment imparted to the tank of the liquid propellant rocket 
might cause the space vehicle to deviate from its pro- 

Presently, the use of bulky and heavy slosh baffles 
attached to liquid fuel tank sidewalls at various stations 
along the length of the fuel tanks hatre proved quite ade- 
quate to alleviate or dampen liquid fuel sloshidg but at 
a severe weight penalty. As liquid fuel drains from the 6o 
tank the baffles above the liquid surface cease to function 
as they are no longer in contact with the fuel and the 
installation of a sufficient number of bafffes to a large 
liquid rocket tank adds excess weight which, in turn, re- 
duces the rocket payload capability. In addition, the baf- 65 
fles of this type that are positioned far below the surface 
of the liquid are of little value until the fuel level reaches 
them since the slosh modes are more prevalent along the 
surface of the liquid. 

slosh of liquid in a container has involved capping of 

grammed course of flight. 55 

Another prior art system for damping or controlling 70 

€or the purposes intended, the inherent disadvantages 
thereof, in some of them from a weight standpoint, and 
in others in the free movability of the floating arrange- 
ments and no provisions therein to adequately control 
or inhibit liquid swirl, demonstrates the need in the art 
of a simple, lightweight and efficient slosh and swirl damp- 
ing system which may be useful for liquid propellant 
rockets and the like. 

Accordingly, it i s  an object of the present invention 
to provide a lightweight, reliable system for alleviating 
liquid slosh and swirl normally caused by vehicular move- 
ment and drainage of the liquid from the tank. 

Another object of the present invention is the provision 
of a floating slosh and swirl alleviator system for liquid 
propellant rockets wherein slosh modes will be damped 
at all fuel levels and the fldating baffle arrangement i s  
always prevehted from moving above the normal surface 
level of the liquid fuel. 

Another object of the present invention is the provi- 
sion of a simple, lightweight retention mechanism em- 
ployable with a floating slosh alleviator for liquid fuel 
rockets. 

Another object of the #resent hvefitidn is a simple, 
lightweight and easily rhanufactufed &d reliable slosh 
and swirl alleviator system for liquid ptopellant rocket 
tanks. 

A further object of the present iritenf'lon is a slosh 
and swirl alleviator system wherein swirl inodes induced 
in the liquid fuel as the fuel is consumed are minimized. 

According to the present invehtion the foregoiiig and 
other objects are attained bf' providing, in cofnbinafion 
with a liquid fuel tank, a slosh arid swirl alleviator unit 
adapted to remain On the surface of the liquid fuel at 
all fuel levels. The slosh and swirl alleviator unit of 
the present invention is provided with smctute along 

unit as the qumtity of liquid fuel in the 

coacting stfilcture on the alleviating unit and fuel tank, 
in One embodiment of the present 
form of a number of integral tabs 
circumference. of the alleviating unit 
number of grooves disposed in the sidetjttdl o l  the tank. 
The interior of the 16ngitludinal grooves extending 
throughout the length of the fuel container, in one em- 
b s t e n t  of B e  present iinvention, is provided with a 
suitable rack or ratch arrangement with the points thereof 
directed toward tlie base of fie fuel tank. The end por- 
tions of each of the individual tabs on the slosh alleviator 
unit may also be provided with sharp serrated edges 
adapted to freely slide by the rack as the fuel level is 
reduced in the tank but in the event shock-inducing forces 
are imparted to the tank so as to tend to slosh the liquid 
fuel, the motion thereof will cauSe the tabs to be cammed 
into engagement with the side walls of the tank grooves 
and thereby prevent reverse movement of the slosh a h -  
viator. Thus, the skosh alleviator unit of the present in- 



3,426,79 1 
3 4 

vention acts essentially as a cap for the liquid to thereby 
inhibit liquid vibrations, agitations or slosh. 

At the discharge port of the liquid fuel tank, at least 
a pair of vertically extending projections or fingers are 
disposed at diametrically opposed stations about the port 
and extend into the tank cavity for a short distance. 
These projections or fingers tend to limit the movement 
of the liquid fuel passing through the discharge port to 
the two side areas thereof and thereby inhibit any initial 
swirling motion being imparted to the liquid. The slosh 
alleviating unit is designed with suitable openings extend- 
ing therethrough so as to accommodate the projections 
or fingers therein when the liquid level is reduced to such 
an extent that the slosh alleviating unit is in proximity 
to the projecting fingers. 

In another embodiment of the present invention an 
additional swirl inhibiting arrangement is provided by 
constructing the groove surfaces along the interior of 
the fuel tank in a s~iral  fashion. In this resoect. although 

ent invention, the fuel level in tank 11 of FIG. 1 is 
shown at less than full capacity. 

Tank 11 is provided with a plurality of longitudinally 
extending grooves extending throughout the length there- 
of and as designated by reference numerals 15, 17 and 18 
for the three ,grooves shown in F,IG. 1. The purpose of 
these grooves will be more clearly apparent as the descrip- 
tion progresses. 

Referring now to FIG. 2, a more complete appreciation 
and better understanding of the uses of grooves 16, 17, 18 
and 19 will be readily apparent, As shown therein each of 
the grooves is constructed to accommodate a tab or in- 
tegral projection extending from the circumference of 
float 15 with the tabs being designated respectively by 

15 reference numerals 28, 22, 23, and 24. The tab-groove 
combination serve to guide the movement of float 15 
upon changing liquid levels in tank 11. Floating structure 

5 is also provided with a central ovening extendine 

the direction of swirl normally cannot be predicted, a iy  
tendency of liquid swirl would act against the submerged 
portion of the slosh alleviator which would retard the 
swirl motion or otherwise cause the slosh alleviator to 
spin. Inasmuch as the slosh alleviator is prevented from 
spinning more than that permitted by the tab engagement 
with the tank grooves, the direction of swirl would natu- 
rally be converted to the direction of the grooves with 
the movement of the slosh alleviator. The swirled liquid 
would then follow the course of least resistance, this 
course being dictated by the direction of the grooves in 
the fuel tank. Since the direction and amount of swirling 
movement imparted by the depleting fuel can thus be 
predicted, it is a simple matter to make appropriate 
compensation in the flight program to offset this force. 
A more complete appreciation of the invention and many 
of the inherent advantages thereof will be more clearly 
understood by reference to the following detailed descrip- 
tion when considered with the accompanying drawings 
wherein: 

FIG. 1 is a part sectional view of a liquid container 
or fuel tank for use with the slosh alleviator system of 
the present invention; 

FIG. 2 is a section taken along lines 2-2 of FIG. 1; 
FIG. 3 is an enlarged section of one tab and tank 

groove for the slosh alleviator system shown in FIGS. 1 
and 2 and taken along lines 3-3 of FIG. 2; 

FIG. 3a is a view similar to FIG. 3 and showing an 
alternate form of the tank groove surface; 

FIG. 4 is a broken, part sectional view of the tank 
and slosh alleviator shown in FIG. 1 illustrating the 
slosh alleviator approaching its terminal position with 
novel swirl alleviator structure disposed adjacent the tank 
discharge port, and 

l?IG. 5 is a broken, part sectional view of a liquid con- 
tainer or tank employing spiral grooves for the guide 
therein of a modified form of the slosh and swirl alle- 
viator of the present invention with the alleviator in its 
terminal position. 

Referring now to the drawings wherein like numerals 
designate identical or corresponding parts throughout the 
several views, and more particularly to FIG. 1, there is 
shown a liquid container or tank 11 containing a liquid 
12 therein. Tank 11 may be of any particular constant 
diameter configuration and may serve as the fuel tank 
for liquid propellant rockets, or the like, or for any other 
liquid tank which is adapted to be transported from one 
site to another and in which liquid slosh might prove a 
handicap to successful transportation thereof. In this 
FIGURE, a floating structure, designated by reference 
numeral 15, is disposed on the surface of liquid fuel 12 
to comprise one form of the slosh alleviator system of 
the present invention. In actual operation, container 11 
would initially be completely filled with fuel 12 and the 
floating structure 15 would be maintained against the top 
of the tank. However, to more clearly illustrate the pres- 

through the iength thereof, as designated by rgference nu- 
20 meral 26. Any particular material suitable for the purpose 

may be employed to construct floating structure 15, such 
for example, foamed plastics, metals, inflatable structnres, 
or the like. The only essential requirements being that the 
material making up bhe composition of structure 15 must 

25 be buoyant and chemically inert to the liquid carried by 
the tank. As shown more particularly in FIG. 2, the float- 
ing surface of %at 5 is designed so as to essentially con- 
form in shape to the internal cross-sectional area of tank 
11. The central opening 26 in float 15 may be of s ac i en t  

30 size to accommodate fuel or oxidizer lines that tare adapted 
to pass through the center of tank 11, as so desired. 

Referring now more particularly to FIG. 3, an enlarged 
part section of a single tab end stwcture and the adja- 
cent groove coacting parts is shown. As shown in this 

35 figure, tab 21, illustrative of all the tab structures of float 
15, is provided with a pair of angularly disposed teeth 

nce numerals 28 and 29, respec- 
are angularly directed in the ap- 

ward direction and serve to bite against the groove side- 
40 wall when floating structure 15 is forced lagainst the side 

of the groove and in an upward direction to thereby pre- 
vent sudden movement of the structure 15 in the upward 
direction. The remaining end tabs and grooves are of like 
construction and are not shown in the interest of simplic- 

45 ity. The tip portion of teeth 28 and 29 may also be pro- 
vided with serrated surfaces, not shown, to insure better 
contact with the groove sidewall, when so desired. 

When the groove walls are provided of a softer surface 
than that of the tabs, the teeth 28 and 29 will bite into 

50 the surface to prevent reverse movement of flotation unit 
15. This would occur, for example, when the grooves are 
lined with a thin layer of relatively soft and chemically in- 
ert plastics, Teflon, or the like. The biting engagement of 
the teeth 28 and 29 would not be of such an extent tu 

55 prevent movement of iloat 15 as the liquid level decreased 
further, however, since the suction forces of the liquid, 
as the level decreases, on flotation unit 15 would be suf- 
ficient to overcome any biting engagement of teeth 218 
and 2.9. In most instances, however, the grooved sidewall 

60 wiU be less pliable than the tab teeth and teeth 28 and 29 
will tend to flex and adhere to the sidewall, momentarily, 
to prevent reverse movement of the flotation unit. 

From the above description, it is readily apparent that 
as the liquid level 12 is decreased in tank 1P, floating struc- 

65 ture 15 ,will be maintained on the liquid surface thereof in 
a floating condition to thereby alleviate any slosh move- 
ment that might be induced in liquid fuel 12 by shock- 
i6ducing forces that could be presented against the tank 
11. Thus, as shock-inducing forces are applied to tank 11, 

70 due to sudden turning of the rocket vehicle, or the l ie,  
the liquid fuel 12 will be agitated or vibrated and will 
tend to slosh above the normal level thereof but any slosh- 
ing movement will have to force floating structure 15 out 
of its normal position to cause sloshing of the fuel. This 

75 movement of structure 15 is prevented by the tabs 21, 22, 



3,426,791 
5 6 

23 and 24 &ereon being c a m e d  lagainst and engaging duced forces exerted upon the tank dl tend to cause %ita- 
tbie d e  4 their respective grooves 16, 17, 18 and 19. -tion or mbulent movement of the liquid tontained there 

More specifically, referring to the embodiment ilhs- in. This agitation is exerted against floating structure 45 
trated in FXG. sa, when tanik 11 is subjected to shock-in- which 'resists movement by the liquid and damps or re- 
ducing foroes during movement thereof, floating struc- duces the tendency of the liquid to slosh above its normal 
We 15 dl be e a r n e d  against the side of one or more level in the tank A plurality of diametrically disposed pa- 
Q€ the grooves and the teeth 28 and 29, €or example, will forations 54 are prwided through the depending structure 
engage rack teeth 27 in the groove with any tendency of of float 45 to permit passage of liquid therethrough as the 
floating struchre 15 being suddenly moved upwardly above float moves with changing liquid levels. As in the prervi- 
tlre surface of the liquid being prevented by the engage- ously described embodiment, in the n o m 1  drain af my 
meat of these teeth and thereby serve to inhibit or damp liquid from a container through an annular orifice, there 

moment induced into liquid 12 by the shock- is a tendency of the liquid to undergo a swirling motion 
inducing forces. which can be highly disadvantageous in rooket flight and 

Referring now more partidarly to FIG. 4, the base the like. En the present invention, this tendency of the 
portion of tank 11, its exit port 31 and discharge conduit 15 liquid to swirl, although the direction of swirl cannot be 
3.8 are shwn. A pair of vertically extending projections predicted, will be transferred to the base of floating struc- 
or fingers 34 and 35 are disposed on dimetrioally opposed ture 45 wherein spiral grooves 48 therein will tend to con- 
&des of exit pmt 31 and serve as swirl alleviating struc- vert the initial swir$ing motion in the direction of groove 
ture for this embodiment of the present invention. Fingers pitch. However, inasmuoh as the pitch of grooves 42 and 
34 and 35 may be of parallel, arcuate or any other suit- 20 43 are opposite to that of groove 48, and &acing struc- 
able configuration, the only requirement being that the ture (45 will be turning in the direction of pitch of grooves 
liquid in tank 11 is prevented from entering into the exit 42 and 43 as the fuel supply is depleted, this swirling 
port 31 at 'all sides thereof. hasmuch as projections 34 motion will be nullified or cancelled by the two coacting 
and 15 permit liquid entry only on diametrically opposed forces. Thus, no swirling will be imparted to the fuel 
side areas of port 31, any swirling moment that might be 25 tank and no correction is required in the flight program 
induced into the liquid Bow as it exits tank 11 is prevented. of the rocket vehicle of which tank 41 forms a part there- 
T h i s  is in contrast to the normal liquid action experienced of. Althwgh the pitoh of grooves 42 and 43 is very slight, 
when a liquid is drained from a container through a nor- they offer sufficient resistance to reverse movement of 
mal circular opening therein. floating structure 45 to damp or nullify any swirl mode in 

Fingers Mand  35 am provided with individual supports the liquid due to swirl inducing forces imparted to the 
35 and 37, respectively, which serve also as a rest for liquid in tank 41. 
floating stmcture 15 when the fuel level is diminished to From the above description, it is neadily apparent rhat 
such a degree that the floating structure will come in con- the invention described herein provides a system which 
tact therewith. Central opening 26 in floating structure greatly reduces the weight of previous baffle systems in 
15 or other suitable openings therein serve to receive h- 35 liquid transporting containers and a system that i s  reliable 
gers 34 and 35 prior to float 15 coming to rest on supports in use and cheap and easy to manufacture and maintain in 
36 and 37. Thus, it is readily seen that the liquid in operative condition. Although specific materials have not 
h n k  11 will be diverted from a normal swirling path into been described for constmction of tanks 11 and 41, it is 
annular opening 31 to a dual sidewise entranceway into readily apparent that any liquid container that is presently 
the port by the structure of fingers 34 and 35 and there- 40 used to transport liquid from one site to another, and in 
by prevent any undue swirling OCCUlTing in the liquid 12 which slosh-inducing forces might be important thereto, 
as it is drained from tank 11. This elimination or reduc- are readily adaptable for use with the present invention. 
tion in swirl prevents any undesired turning moment be- the same light, no specific material has been designated 
ing exerted on tank 11 during depletion of the fuel supply for the floating structures 15 and 45 described and s h m n  
and thereby eliminates or minimizes what otherwise could 45 herein, it being understood that any fiutation material, 
be a serious impairment to a normal, long-term space mis- such for example, idatable structures or other buoyant 
sion when tank 11 is employed as a rocket fiuel supply (means may be employed as the float units in the emb0d;i- 
for a long-term space vehicle. ments described with the only essential requirement being 

Referring now more particularly to FIG. 5, an alter- rh,t the material used to constmct the floats must, by 
nate em'bodiment of the slosh and swirl alleviator of the the very nature of the systems to which they are to be 
present invention is shown. In this embodiment, a suit- employed, be chemically inert to the liquid on which the 
able fuel tank 41 is provided with a pair of spiral grooves floating structures are adapted to be maintained. 
along the length thereof as designated by reference nu- . In each of the embodiments of the present invention, 
merals 42 and 43. The floating structure $45 is shown in its the tanks are designed so that in the beginning operation 
terminal position as it would be when all, or essentially 55 thereof, the tanks may be completely filled with liquid fuel 
all, of the fuel in tank 41 has been drained therefrom. with the floating structure therein being maintained adja- 
Floating structure 45 is provided with a pair of diametri- cent the top surface of the tank. As the liquid level de- 
cally opposed integral tabs 46 and 47 which are adapted creases due to fuel consumption and the like, the liquid 
to be maintained, respectively, in grooves 42 and 43 as level will move away from the top of the tank structure 
the floating structure 45 moves along the length of tank creating a void which normally causes or presents an area 
41 during changes in liquid he1 level therein. The pitch that permits sloshing of the liquid fuel. The buoyant anti- 
of grooves 42 and 843 are such that floating structure 45 slosh system of the present invention is maintained on 
makes less than one complete turn during movement from the surface of the liquid at all levels and damps or inhibits 
the top of tank 41 to the terminal portion thereof, the any sloshing or swirling tendency by retarding all liquid 
position Yhown in FIG. 5. motion, should the level surface of the liquid tend to be- 

floating surface of floating structure 45 is of tapered con- Although the tank grooves have been shown and de- 
figuration wi& a plurality of wide, spiral grooves being scribed as being formed integrally within the tank side- 
disposed along the exterior surface thereof as designated walls, this is to be considered as illustrative only and not 
by reference numeral 48. The pitch of grooves 418 is op- 70 limiting on the invention. As will be readily apparent to 
posite to that of grooves 42 and 43. A suitable discharge those skilled in the art, in some instances it would be more 
conduit 52 is provided in connection with tank 41 at exit economical and practical to form the grooves in a sleeve 
port 53 therein and serves to transfer the liquid in the tank or similar strucbure to be inserted and fastened within 
to the utilization structure of the rocket motor or the like. $he tanks. Where weight is a problem, as in liquid propel- 
As the liquid fuel is drained from tank 41, any slosh-in- 75 lant tanks for rockets, the grooves may be formed with in- 

The base or depending structure extending from the 65 come disturbed by sloshing or swirling modes. 
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dividual rod or bar members and these members secured includes at least a pair of fingers extending from said tank 
within the tank to perform the dual function of groove base, said fingers being of arcuate configuration and 
guide mechanism and strengthening structure for the tank. diametrically disposed about said discharge port. 
Also, although a specific number of tabs and grooves are 4. The combination of claim 1 wherein said guide 
shown in each of the illustrative embodiments, it is to be 5 means includes at least a pair of spiral grooves within 
understood that the invention is not so limited and any said tank wall and said tabs on said floating means being 
number, more than one, of tabs and corresponding groove equal in number to and slidably received by said spiral 
structures is considered within the scope of the present grooves, said guide means serving to produce rotative 
invention. These and numerous other modifications and movement to said floating means as the level of said liquid 
variations are considered possible in the light of the above changes, and depending structure extending from the 
teaohings. floating surface of said floating means into said liquid 

It is therefore to be understood that the invention n a y  and serving to resist rotative movement of said floating 
be practiced othemise than as specifically described. means. 

What is chimed as new and desired to be secured by 5, The combination of claim 4 wherein said depending 
Letters Patent of the United States is: 15 structure tapers from said floating means to a substan- 

1. The combination of a liquid containing tank and tially frusto conical point, said structure being provided 
mechanism to alleviate liquid slosh during movement of with an external spiral grooved surface with the pitch of 
said tank from one site to another, the improvement said grooved surface being opposite to the pitch of said 
therewith comprising: spiral grooves within said tank. 

(1 ) floating means disposed within and having parts 20 6. The combination of claim 5 wherein said depending 
thereof conforming in shape substantially to the in- structure is provided with at least one diametric perfora- 
ternal cross-sectional area of said tank, tion therethrough. 

(2) guide means disposed in said tank and cooperating 7. The combination of claim 5 wherein said tank is 
with said floating means and said tank to guide provided with a substantially central discharge port at 
movement of said floating means upon change in 25 the base thereof and said point of said depending struc- 
liquid level in said tank and serving to maintain ture is adapted to engage said port when essentially all 
said floating means substantially level in said tank of the liquid has been drained from said tank. 
and to resist movement of said floating means above 
the level of said liquid when said liquid is agitated References Cited 
during tank movement, 

13) said guide means including at least a pair of verti- 
cal grooves formed within said tank wall and tabs 
integrally formed on said floating means and equal 
in number to and slidably received by said grooves, 
said tabs being provided with notched ends adapted 
for engagement with said groove surfaces upon slosh- 
ing movement of said liquid surface to thereby resist 
movement of said floating means above the level of 
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2. The combination of claim 1 wherein said tank is 40 

provided with a substantially central discharge port at 22,528 6/1948 Finland. 
the base thereof, stop means extending vertically from 19,113 211911 Great Britain 
said tank base adjacent said discharge port, said floating 
means being provided With aperture means therein 
adapted to receive said stop means when the liquid level 45 D, M. yASIcH, Assistant Exminer. 
reaches a predetermined minimum, said stop means also 
serving to reduce swirl of the liquid as it passes through 

3. The combination of claim 2 wherein said stop means 
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