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This invention relates to improvements in 
containers and is here shown as embodied 
in a container especially adapted for holding 
liquids under pressure. For example, in the 

5 storage of volatile liquids such as gasoline. 
crude petroleum and the like, in open tanks 
there is a certain loss by evaporation. If 
the tank is closed, this loss by evaporation 
may be prevented but there is then created 

10 in the tank a certain amount of internal 
pressure depending upon the vapor pressure 
of the liquid stored. The amount of vapor 
pressure, of course, depends upon several 
factors such as the volatility of the liquid 

15 and the temperature. If the tank or con 
tainer, however, is closed and able to with 
stand the internal pressure created, loss by 
evaporation is prevented. 
One of the objects of 

vapor pressure. Where the container is de 
signed to withstand a certain maximum va 
por pressure, a safety valve, or other suit 
able vent, may be provided to permit escape 

25 of the vapor in the event that the maximum 
pressure should, for some reason or other, 
be exceeded. - 

Obviously, in addition to this vapor pres 
sure, which is the same at all points on the 

80 shell, there is the additional pressure caused 
by the weight of the liquid itself or the 
head. This pressure, obviously depends 
upon the density or weight of the liquid, and 
varies at different points on the container 

85 depending upon the head of the liquid or 
height of the liquid above the particular 
point. 
One of the principal objects of my inven 

tion is to provide a closed container of the 
kind described, for the storage of liquids 
under pressure, of such a shape that the ver 

40 

tical tension is substantially, the same at 
every point on the shell. In a container of 
this type, the horizontal tension is always 
less than the vertical tension. By tension, 
I mean the stress on the shell tending to 
make it part, break, or rip at a particular 
point. There is a great advantage in mak 
ing a container of this kind of such a shape 
same at every point; because when, so made, 
the material of which it is composed may be 
of a uniform thickness. For example, by 
the use of my invention a closed tank may 
be made designed for the storage, for ex 
ample, of gasoline of a certain specific grav 

Y my invention is to 
20 design a container which will withstand such 

that this tension will be substantially the 
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ity with a certain vapor pressure. The 
shape of the tank, if made by the use of 
my invention, would be such that when filled 
with gasoline of the given density, and sub 
ject to an internal pressure equal to the 
given vapor pressure plus the liquid pres 
Sure of the gasoline, the tension or stress in 

60 

a vertical direction on all points of the shell 
would be the same. In such a tank, there 
fore, material of a uniform thickness could 
be used. Since, in a container of this type, 
the horizontal tension is always less than 
the vertical tension, it is sufficient if such 
vertical tension is substantially the She 
at every point on the shell. 
tension is always greater than the horizontal 
tension because, at every point on the shell, 
the radius of curvature in the vertical plane 
is less than the radius of curvature in the 
plane at right angles thereto. The shell 
then must be strong enough to withstand 
such vertical tension, and the horizontal ten 
sion can be disregarded. If such vertical 
tension, which is always greater, is substan 
tially the same at all points on the shell, the 
shell may be made of material of a uniform 
thickness. Since, in making containers of 
this kind, it is necessary to have the material 
thick enough to withstand only the vertical 
or the horizontal tension, whichever is great 
er; and since the leser of these two tensions 
always may be disregarded; hereinafter, in 
using the term tension only, it is to be un 
derstood that I refer always to the greater 
of the two tensions. It is also to be under 
stood, that in containers embodying the fea 
tures of this invention, that the greater of 
such two tensions is always the vertical. In 
speaking of the vertical plane at any point 
on the shell, I refer to such a vertical plane 
passing through a line normal to the surface 

... at such, point; and in speaking of a plane 
at right angles to such vertical plane, I also 
refer to a plane passing through a line nor 
mal to the surface. ?7 7 ? 
One of the features of the invention, is 

the making of the container in such a shape 
that material of a uniform thickness can E 
used throughout. Obviously, the construc 
tion of the shell is thus greatly simplified. 
All that is necessary, is to compute the thick 
ness of the metal necessary to withstand the 
tension at any given point; and this metal 
may be used for the entire shell, provided it 
is made in the proper shape. In the case of 
a container for holding a liquid where there 

The vertical 
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is no vapor pressure, or other internal pres 
Sure, except that resulting from the weight 
or head of the liquid itself, the tension on 
the shell is always greater near the bottom 
than at the top. This is due to the increase 
in the weight or head of the liquid toward 
the bottom. In such containers, therefore, 
the shell must be made thicker at the bot 
tom than at the top. In the case of a con 
tainer such as contemplated by this inven 
tion, however, where there is a certain 
amount of vapor or other internal pres 
sure inside of the shell in addition to the 
pressure caused by the weight or head of the 
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liquid itself, I have found that by making 
the container in the proper shape, the ten 
sion can be made to be substantially the 
same at all points on the shell; with the re 
sult that material of uniform thickness can 
be used throughout. - 

It is to be understood, also, that although 
I speak of vapor pressure, I do not intend 
to be limited to this particular kind of inter 
nal pressure. Broadly, my invention con 
templates the construction of a closed con 
tainer adapted to hold a liquid, there being 
confined in said container a certain internal 

the mere weight or head of the liquid. 
This internal pressure may be caused by 
vapor pressure from the liquid itself, or may 
arise from any other cause. For example, it 
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since this space is comparatively small and 
at the top, that any pressure which might 
result from the weight or head of liquid 
therein is negligible. In any event, as will 
be seen hereinafter, in the practice of my in 
vention, in determining the shape of the 
container, it is assumed that the container 
is entirely filled with liquid; with the result 
that, if, in fact, there is a space at the top 
free from liquid, it merely follows that the 75 
pressure or tension of the shell at the top 
and surrounding the space is assumed to 
be slightly larger than it actually is. Since 
the metal is thick enough to withstand the 
tension so computed, it is obvious it is also 
thick enough to withstand any lesser ten 

70 

sions that there might be at the top if the 
tank is not entirely filled with liquid. 

It is obvious that, although a tank be de 
signed for a certain liquid and a certain 85 
yapor pressure, that in actual use there may 
be variations in the density of the liquid 
contained in the tank, the amount of liquid 
in the tank, or in the actual internal pres 
sure. In the practice of my invention, there 
fore, the container preferably should be de 
signed for a certain liquid and a certain 
normal vapor pressure; but should have suf 
ficient rigidity and sufficient excess of ten 
sile strength to permit suitable variations 
from the normal conditions for which the 
tank is designed. Suitable safety valves 

9) 

might be desired to make a container adapt- or vents may also be provided to relieve 
ed to hold water, there being in said contain 
er also a certain amount of air pressure. In 
such case, the weight of the water being 
known, and the air pressure also being 
known, by the practice of my invention, the 
container could be so shaped that the tension 
at all points would be substantially the same , 
thus permitting the use of material of a uni 
form thickness throughout. - 
er for water with additional air pressure 
therein might be used, for example, in con 
nection with water supply systems in which 
the storage tank is located at a lower level 
than the outlets; and a certain amount of 
air pressure introduced into the tank in 
order to cause the water to flow up to the 
outlets at a desired pressure. 

In speaking of a container for a liquid 
having inside an additional internal pressure 
such as vapor pressure, it is to be understood, 
also, that there may be, and usually must be, 
a certain amount of space at the top of the 
container free from liquid. Theoretically, 
sibly eliminated. In determining the shape 
of the container, I am disregarding this 
space at the top which is free from liquid. 
This space may be quite small; and by dis 
regarding the same, it merely follows that 
disregard the absence of pressure resulting 

from the absence of weight or head of liquid 
in this space. It is obvious, however, that 

Such a contain 

pressures which might exceed the mar 
gin of safety. 
In general, the shape of the tank resembles 

the shape of a drop of mercury resting on 
a flat surface such as, for example, glass. 
Or it may be stated that in general the con 
tainer will have somewhat the same shape 
that would naturally be assumed by a con 
tainer with a flexible wall if filled with a 
given liquid and also containing the given 
vapor or other internal pressure. That is, 
it is spheroidal in shape with a flattened 
bottom, or, it may be described as being a 
flattened sphere with a flat circular bottom. 
It is also a solid of revolution about a ver 
tical axis. The relative proportions of the 
tank will vary depending upon the weight 
of liquid it is to contain and the amount 
of vapor or other internal pressure inside 
of the tank. It may be stated, in general, 
that increasing the vapor pressure tends to 
make the container somewhat higher in pro 
portion to its width; and increasing the 
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this space may be exceedingly small and pos- weight of the liquid inside tends to make 
it somewhat wider in proportion to its 
height. In other words, the particular 
shape will depend upon the particular 
liquid and particular vapor pressure con 
sidered as normal for which the tank is 
designed. I will show how the particular 
shape for any tank can be determined for 
any liquid and any vapor or other inter- 80 
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nal pressure which may be chosen as nor 
mal. . . . . 

After the shape has been determined, the 
tank may be built in a number of ways; 

5 preferably, by riveting, welding, or other 
wise fastening together plates, each of 
which has been previously formed to the 
required curvature for its position in the 
completed structure. 
In the accompanying drawings, Figure 1 

is a diagrammatic central vertical sectional 
view showing the shape of a container de 

- signed for a liquid weighing 36 pounds per 
cubic foot and a vapor pressure of 10 pounds 

ls per square inch, Fig. 2 is a similar view 
showing the shape of a container deigned 
for a fluid weighing 36 pounds per cubic 
foot and a vapor pressure of 50 pounds per 
square inch, Fig. 3 is a similar view of a 

20 container for fluid weighing 144 pounds per 
cubic foot and a vapor pressure of 10 pounds 

, per square inch, Fig. 4: is a diagrammatical 
yerical section of a completed tank made 
in the shape shown in Fig. 1, Fig. 5 is a 

25 view in perspective of a container similar 
to the one shown in Fig. 4, Fig. 6 is a 
diagram showing a graphical method of 

O 

determining the shape of a container em-º 
bodying the features of my invention, and 

30 Fig. 7 is a table showing the properties of 
the curve shown in Fig. 6 and the theoret 
ical stresses on a container shaped accord 
ing to such curve. 
I will now describe more 

method of determining the curvature or 
shape of a tank embodying my invention, The density or specific gravity of the liquid 
to be stored is known. The yapor pressure 
or other internal pressure (in addition to 

40 that caused by the weight of the liquid) 
which the tank is to withstand as normal is 
also known. Assume that this vapor pres 
sure is ten pounds per square inch and that 
a cubic foot of the liquid weighs 36 pounds. 
In designing the tankit may be assumed that 
it is full or substantially full of liquid as 
a normal condition. These are the condi 
tions assumed in plotting the curve shown 
in Fig. 1. The line A-Z indicates the ver 
tical central axis of the tank extended down 
wardly. A therefore indicates the topmost 
point of the tank. On the line A-Z there 
is laid off the line A-Y which is the radius 
of curvature at A. This radius may be 
taken any desired length and determines the 
capacity of the tank. As the capacity is 
made larger, however, the tension on the 
shell increases and consequently stronger 
material must be used. The radius A-Y is 
chosen, therefore, to give the desired ca 
pacity provided the material has sufficient 

5 5 

(6) 

strength to withstand the resulting tension. 
Since the completed tank is in the shape of 
a spheroid, there are obviously at each point 
two curvatures in planes at right angles to 

in detail the 

each other. At each point I will represent 
the two radii of the curvature by r, and r, 
respectively. , indicates the radius of the 
curvature lying in the plane of the paper 
(the vertical plane of the tank), and rin 
dicates the radius of the curvature lying 
in a plane at right angles to the paper (it 
being understood that both of such planes 
pass through a line normal to the surface 
at such point). Since the tank is a solid 7 
of revolution, r, in each case will be the 
length of a line normal to, the curved sur 
face at any point on the surface from such 
point produced until it meets the line A-Z. 
In other words, for any points on the sur 
face r will be equal to r, produced until 
it intersects the line A-Z. At the point 
A obviously r, and , will be equal. Under 
the assumed conditions the pressure at A 
will be ten pounds per square inch since 
this was taken to be the normal internal 

? - 

SU 

pressure. There being no height of liquid . 
above A, or head, the only pressure at A 
will be ten pounds. r, at A is taken as the 
distance A-Y which, as stated before, may 
be any desired distance depending upon the 
capacity desired. Since r is equal to r 
at A, , at A is also represented by the dis 
tance A-Y. 
The vertical tension at any point on the 

shell equals the pressure at that point di 
vided by 8 

"2 .. * Y 

that is, 
(2 

T = P 
?+ 2 r, " " (?)* 

where P represents pressure and T. the ver 
tical tension which, as has been stated above, 
is the greater tension. Since the pressure 
at A is 10 pounds per square inch, 

10 

- , ' ?? " (ri)” 
As stated, r, at A is the chosen length and 
in Fig. 1 this length is taken as 50 feet, or 
600 inches. At A, r, and rare equal in 
length, consequently, the tension at A may 
be expressed by the equation 

10 . 
1 600 

600' (600) 
Solving this equation gives T=3000. The 

T 

tension being known, the proper thickness 
and size of material can be chosen to with 
stand such tension. With the radius r, at 600 
and the center at Y, a short arc A-B is 
drawn. It will be seen that the point B is 
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somewhat lower than the point A. The dis 
tance A-Y represents 600 inches. The 
height of the point B can be determined by 
measurement. Assume that point B is 
found to be .50 foot lower than point 
A. Then the pressure at B will be 10.125 
pounds per square inch. This figure is 
found in the following manner. Under 
the assumed conditions the internal pressure 
or vapor pressure is ten pounds per square 
inch and this is the same at all points 
on the shell. Under the assumed condi 
tions, also, the weight of the liquid in the 
shell is .25 pound per square inch for each 

5 foot of head or height of the liquid. The 
head at B is .50 foot. Consequently, the 
pressure from the head alone at B is .125 
pound per square inch. The total pressure 
at B is ten pounds plus .125 pound or 10.125 
pounds per square inch. The vertical ten 
sion at any point in the container may be 
expressed by the equation 

T- . . . 
22 

72 ? (r)? 

The are A-B was drawn with r talkem at 
600 inches. This was the correct radius for 
the arc A with the tension at A equal to 
3000. Since the container is to be in such 
a shape that the vertical tension or T shall 
be substantially constant at 3000, it will be 
seen that r, at B does not equal exactly 600 
but is slightly shorter. The exact length 
of r, at B can, however, be calculated from 
the formula 

in which IP equals the pressure at B. TI 
wish to keep T substantially constant at 
3000. Pat B equals 10.125. r, at B is the 
length of r, extended until it intersects the 
line A-Y. This distance is substantially 
600 inches. Substituting these known values 
in the equation just given, and we get the 
equation 

0.125 

7, T (600)? 

y 

Solving this equation for r, we find that 
r, equals 540 inches at B. We find then 
that at point B the true value for r is 540 

With this distance as the exact 
radius the arc B-C is then drawn. In 
drawing this arc, the center is taken on the 
line B- Y at a distance from B equal to 540 
inches. This point is indicated on the draw 
ing at Y. r, at C may now be found by 
extending the line C-Y until it intersects 
the line A-Y. The true length of r, at C 
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may now be determined by the same for 
mula; namely, v 

where P equals the pressure at C. The 
pressure at C will be 10 pounds per square 
inch, (the internal pressure which is the 
same all over) plus the pressure due to the 
head at C. By measurement, it will be 
found that at C there is approximately 3 
feet of head. This will give a pressure of 
.75 pound per square inch due to the head 
so that the total pressure at C will be 10.75. 
T is to be kept constant at 3000. ', may be 
measured an 
tially 562 inches. Using the same equation 
as before and solving for . ', gives , at C 
equal to 499 inches. With this as a radius, 
the arc C-D is then drawn taking the center 
on the line C-Y. This center may be re 
ferred to as Y. The true value of r at D 
is then calculated in the same manner and 
the arc D-E drawn. In a similar manner 

?? T 
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-will be found to be substan 

90 
the curve is completed. For example, K-- 
Y is a for the arc K-L. This distance 
is 267 inches, r, for the arc K-L is the 
line K-Y produced until it intersects the 
line A-Y which is 384 feet or 462 inches. 
By making the arcs A-B, B-C, C-D, 
. . . . K-L, L-M, M-N, etc., very short, 
the accuracy of the curve may be increased. 
It will be seen that as the curve proceeds, r', 
becomes shorter and r becomes longer until 
it reaches infinity. It will be seen, there 
fore, that as the curve comes around to 
points P, Q, and R, it becomes horizontal 

... and thus indicates the bottom of the tank. 
If desired, the curve can be constructed 

from a mathematical equation instead of 
graphically as shown. If this is done, the 
equation or formula of the curve will have 
to be derived from the equation 

P 
T---r,” 

r, " (r)? 
in which T is the vertical tension at any 
given point, P the pressure at that point, r, 
the radius in the plane of the paper at that 
point and, r, the radius in a plane at right 
angles to the paper at that point. 
The equation 

T= - 
22 

( 
is derived in the following manner: In such 
equation T is the vertical tension which is 
the greater. In such a container 

Tr 
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where T, is the horizontal tension, r, the 
radius in a plane at right angles to the paper 
and r, the radius in the plane of the paper. 
lin a container of this kind we note that at 
any one point - 

–T T2, 
?”I ?2 

where: T? equals the horizontal, tension and 
T, the vertical tension, and , the radius of 
curvature in a plane at right angles to the 
paper and r, the radius of curvature in the 
plane of the paper. 

T, -922, 

The approximate shape of the curve can 
also be found by using the equation 

40 

60 

in which T is the tension, at any point, 
assuming the vertical and horizontal ten 
sions to be the same. This is the equation 
for expressing the surface tension in a drop 
of liquid, such as, for example, in a drop 
of mercury and from it, the shape of the 
drop can be computed. This equation is 
theoretical, however, and is not exact for de 
termining the shape of a steel or other 
container. 
In Fig. 2, I have shown the shape of a tank. 

found in the same manner, assuming that the 
liquid weighs 36 pounds per cubic foot and 
that there is a normal vapor pressure of 50 
pounds per square inch. w 
In Fig. 3 I have shown a form or shape 

for a container constructed in the same 
manner but designed to hold normally a liquid weighing 144 pounds per cubic ?????? 
and to contain an internal vapor or gas 
pressure of ten pounds per square inch. 
From an examination of the curves in 

Figs. 1, 2 and 3, it will be seen that as the 

sule of 10 pounds. 

internal pressure in relation to the density 
of the liquid is increased, the tank becomes 
more spherical. As the weight or density 
of the liquid is increased relatively to the 
internal pressure, the tank flattens out. 

In Fig. 4 there is shown a diagrammati 
cal vertical cross-section view of an actual 
tank of the shape shown by the curve in Fig. 
1. It will be seen that the curvature of the 
tank conforms to the curvature shown in the 
graph in Fig. 1. The tank here shown is 
built to normally hold aliquid weighing 36 
pounds per square foot with an internal pres 

The radius of curvature 
at A is taken at 50 feet or 600 inches. The 
tension at A is therefore, 3,000 pounds. 
Since the curve is constructed as described 

75 

80 

above, the vertical tension is likewise 3,000 pounds at any point in the shell assuming 
the tank to be substantially full of the liquid 
with an internal pressure of 10 pounds. 
Since the vertical tension is the same at all 
points, metal of uniform thickness may be 
used. It should, of course, be strong enough 
to withstand the given tension. If the ten 
sion is too great, the radius of curvature at 
A may be made less with the result that the 
tank will be smaller in capacity and the ten 
sion less. The radius at A may be chosen 
as desired to give the requisite capacity pro 
vided metal of requisite strength is used. 
The tank as actually constructed may also 
contain a central vertical pillar or strut at 
A as indicated by the reference numeral 50 
and also other vertical struts 51 at or near 

90 

00 
the periphery of the flat circular base of the 
tank. The strut 50 alone may be used, or 
the struts 51 alone or both together in order 
to give any desired extra rigidity or strength 
to support the tank when empty or partially 10 empty or when the normal internal pressure 
is exceeded or the tank contains a liquid having a weight or density greater than that 
for which the tank is normally designed. . 
The upper ends of the struts 50 and 51 may 
be attached directly to the shell or such 
upper ends may be joined by curved mem 
bers 52, 52, upon which the upper plates of 
the shell may rest. The members 52, if de 
sired, may be joined to the shell by brackets 
53, 53 as shown. , 

It is to be rioted that a tank shaped in 
accordance with my invention has a that 
bottom as indicated by 61 so that it may 
rest on a flat surface and be entirely self 

O 

12) 

supporting thereon. When thus resting, and 
filled with liquid at the normal internal 
pressure, the greater, or vertical tension at 
all points will be the same and there will 
therefore be no undue stresses or strains at 25 

any point. The tank may be built, there 
fore, without the use of any outside posts 
or members to support the same. 
In Fig.6 I have shown another graphical 

method for determining the shape of a con 130 
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5 horizontal section at that point. 

eas 

tainer in the practice of my invention. I am 
here showing, as in Fig. 1, the shape for a 
container adapted to normally contain liquid 
weighing 36 pounds per cubic foot and an 
internal vapor pressure of ten pounds per 
square in1ch. As in Fig. 1, I lay out a center 
line A-Y and produce the same up 
wardly. On this line with point Y as a 
center a radius Y-A is taken, A lying at 
point 1 at the center of the top of the con 
tainer. With this radius the arc. 1-2 is 
described. X equals the horizontal radius 
at any point. For example, X is a horizontal 
radius from 1 to a vertical line produced up 
wardly from point 2. d equals the vertical 
distance from the top of the tank at any 
point. For example, d is the vertical dis 
tance from point 3 to a horizontal line pro 

r", equals the radius 
of curvature a, any joint in a plane perpen 
dicular to the paper. equals the radius 
of the curvature at any point in the plane 
of the paper. P equals the pressure at any 
point. PA equals the average upward pres. 
sure on the horizontal section at any point. 
Tequals the vertical tension or stress at any 
point. T, equals the horizontal tension or 
stress at any point. 
In Fig. 6 the volumes are indicated by tha 

shaded areas as follows: Volume A when ex 
tended as far to the left as a vertical line 
from a given point represents the volume of 
the given liquid whose weight equals in 
amount the total upward gas pressure on a 

Wolume B 
when extended as far to the left as a vertical 
line from a given point represents the total 
upward pressure from the weight or head. 
of the liquid at that point. Volume C when 
extended as far to the right as a vertical 
line above a given point represents the down 
ward force or pressure from weight or head 
of the liquid on a horizontal section at that 
point. That is, for example, volume A for 
the point 3 is represented only by that por 
tion of the rectangle indicated “Volume A' 
lying to the right of the line 3-3. Like 
wise, for example, volume B for the point. . . 
5 is represented only by that portion of the 
area marked “Volume B” lying to the right 
of the line 5-5. Likewise, for example, 
volume C for the point 10 is represented 
only by that portion of the area marked 
“Volume C” lying to the left of the line 
produced upwardly vertically from the point 
10. All actual volumes are computed by re volving the represented area about the ver 

60 
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tical central axis. 
For ??? on the upper portion of the 

curve the total upward force equals volume 
A plus volume B. For points on the lower 
portion of the curve the total force-in a 
vertical direction is volume A plus volume 
B minus yolume C. When volume A plus 
volume B equals volume C there is no verti 

1,?22,787 

cal force and the curve becomes tangent to 
the bottom. 
In making the curve, as stated before, an 

arbitrary radius, for example, 50 feet is taken 
for the distance A-Y and a short arc 1-2 
described. At this point 2, then, volume A 
and volume B can be determined graphically 
as above described. There can, therefore, 
be calculated for point 2 volume A and vol 
ume B. Volume A represents the internal 
vapor or gas pressure. This is here shown 
as equivalent to an additional head or 
height of liquid of the same density as con 
tained in the container. Under the assumed 
conditions the gas pressure is ten pounds per 
square inch and the liquid weighs 36 pounds 
per cubic foot. Consequently, a gas pres 
sure of ten pounds per square inch would 
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be equivalent to an additional head or height 
of liquid of 40 feet. Consequently, the line 
AA' is laid out as being 40, feet in length. 
Since volumes A and B can be determined 

for point 2, the average pressure on a hori 
Zontal section at this point can be deter 
mined. In drawing the arc 1-2, the arbi 
trary radius of 50 feet was used for r. At 
this point, from the average pressure at 
point 2 caused by volumes A and B at this 
point, the exact length of r, can be com 
puted so that the vertical tension at 2 will 
not exceed that at 1. With this length as a 
radius and point 2 as a center strike an arc 
so that it intersects the line A. Y. The line 
between this intersection and point 2 will 
be the new . By new r, I mean the r, for 
the portion of curve 2-3. The intersection 
of the r for the curve 2-3 with the r for 
the curve 1-2 will obviously determine the 
center of curvature and therefore the (r) 
for the portion of the curve 2-3. The 
shape can then be extended to the point 3 
by drawing the arc 2-3. The process is 
merely repeated for the remainder of the 
curve. The determination of the correct 7', 
at each point can be found by the use of 
the engineering formula 

in which T, is the vertical stress at the point, 
PA is the average unit pressure on a hori 
zontal section in an upward direction, and 
r, is the radius of curvature at right angles 
to the plane of the paper. 
After point 8 is reached, the pressure at 

any point, for example, at point 9, is found 
by taking the sum of volumes A and B for 
such point and 
volume C at such point. 
In Fig. 7 I have shown a table indicating 

the properties of the curve shown in Fig. 6, 
and the theoretical stresses at the different 
points thereon in accordance with the method 
just described. 
While I have shown and described certain 

subtracting therefrom 

90 

95 

00 

5 

25 

30 



y 1,822,787 

understood that it is capable of many modi 
i fications. Changes, therefore in the con 
struction and arrangement may be made 
without departing from the Spirit and scope 
of the invention as disclosed in the appended 
claims, in which it is my intention to claim 
all novelty inherent in my invention as 
broadly as possible in view of the prior art. the first mentioned plane and also passing 
What I claim as new, and desire to secure 

by Letters Patent, is: . . . . . 
1. A closed container substantially in the 

shape of a solid of revolution about a ver 
tical axis and having a supported bottom, 
said container so shaped that when substan 
tially filled with a normal liquid and con 
taining a normal internal or vapor pres 
Sure, the radius of curvature at each point 
on the shell above the supported bottom in 

o a vertical plane, through a line normal to 
the shell at that point, equals the vertical 
tension at such point times the square of the 
radius of curvature in a plane at right 
angles to the first mentioned plane and also 

25 passing through said normal line, divided 
by the pressure at such point times the 
Square of said second mentioned radius 
minus said vertical tension times said first 
mentioned radius. 

30 2. A closed container substantially in the 
shape of a solid of revolution about a ver 
tical axis, so shaped that at each point on 
the curved portion of the shell the radius 
of curvature in a vertical plane, through a 

35 line normal to the shell at that point, is less 
than the radius of curvature in a plane at 
right angles to the first mentioned plane and 
also passing through said normal line. 

3. A closed container substantially in the 
40 shape of a solid of revolution about a ver 

tical axis, so shaped that at each point on 
the curved portion of the shell, the radius 
of curvature in a vertical plane, through a 
line normal to the shell at that point, is less 

45 than the radius of curvature in a plane at 
right angles to the first mentioned plane 
and also passing through said normal line; 
and in which the radii of curvature at suc 
cessive points from the top of the shell to 

50 ward the bottom on the curved portion of 
said shell in a vertical plane, through lines 
normal to the shell at such points, are suc 
cessively shorter. V 

4. A closed container substantially in the 
55 shape of a solid of revolution about a ver 

tical axis and having a supported bottom, 
said container so shaped that at each point 
on the shell above the supported bottom the 
radius of curvature in a vertical plane, 

60 through a line normal to the shell at that 
point, is less than the radius of curvature 
in a plane at right angles to the first men 
tioned plane and 
normal line. 

65 5. A closed container substantially in the 
also passing through said 

? 

tical axis and having a supported bottom, 
embodiments of my invention, it is to be shape of a solid of revolution about a ver 

said container being so shaped that at each 
point on the shell above the supported 
bottom the radius of curvature in a ver 
tical plane, through a line normal to the 
shell at that point, is less than the radius 
of curvature in a plane at right angles to 

through said normal line; Said container 
also being so shaped that the radii of curva 
ture at successive points on the shell from 
the top thereof down to the supported 
bottom in a vertical plane, through lines 
normal to the shell at such 
cessively shorter. 

6. A closed container substantially in the 
shape of a solid of revolution about a verti 
cal axis and having a supported bottom, 
said container so shaped that at each point 
on the shell above the supported bottom 
the radius of curvature in a vertical plane, 
through a line normal to the shell at that 
point, is less than the radius of curvature in 
a plane at right angles to the first mentioned 
plane, and also passing through said normal 
line; said container also being so shaped 
that the radii of curvature at successive 
points on the shell from the top thereof 
down to the supported bottom in a vertical 

points, are suc 

plane, through lines normal to the shell at 
Such points, are successively shorter; and 
said container also being so shaped that the 
radii of curvature at successive points on the 
shell from the top thereof down to the sup 

SO 
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ported bottom, in planes at right angles to , 
said vertical plane, and also passing through 
lines normal to the shell at such points, are successively shorter from the top of said 
shell down to the point of its i greatest hori 
zontal diameter, and successively longer from 
said point down to the supported bottom. 

7. A closed container substantially in the 
shape of a solid of revolution about a verti 
cal axis and having a supported botton, 
said container being so shaped that the radii 
of curvature at successive points on the shell 
from the top thereof down to the supported 
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bottom in a vertical plane, through lines 
normal to the shell at such points, are suc 
cessively shorter; said container also being 

5 

so shaped that the radii of curvature at suc 
cessive points on the shell from the top 
thereof down to the supported bottom in 
planes at right angles to said vertical plane, 
and also passing through lines normal to the 
shell at such points, are successively shorter 
from the top of said shell down to the point 
of its greatest horizontal diameter and from 
such point are successively longer down to 
the supported bottom. 

8. A closed container substantially in the 
shape of a solid of revolution about a verti 
cal axis and having a supported bottom, said 
container being so shaped that the radii of 3) 
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curvature at successive points on the shell 
from the top thereof down to the supported 
bottom in planes at right angles to a vertical 
plane, and passing through lines normal to 
the shell at such points, are successively 
shorter from the top of the shell down to the 
point of its greatest horizontal diameter and 

O 

from such point are successively longer 
down to the supported bottom. 

9. A closed container for a volatile liquid 
substantially in the shape of a solid of revo 
lution about a vertical central axis, every 
vertical central cross-section of which is an 
area bounded by a curve the bottom portion 

5 

20. 

of which is flattened and of which the arcs 
from the flattened portion to the top central point have successively longer radii, the 
whole curve being a function of the weight 
and pressure of a liquid for which the con 
tainer is designed substantially as set forth. 

10. A closed container for a volatile liquid 
substantially in the shape of a solid of revo 
lution about a vertical central axis, every 
vertical central cross-section of which is an 

1,622,787 
area bounded by a curve the bottom portion : 
of which is flattened and of which the arcs 
from the flattened portion to the top central 
point have different radii, the whole curve 
being a function of the weight and pressure 
of a liquid for which the container is de 
signed substantially as set forth. 

11. A closed container for a volatile liquid 
- substantially in the shape of a solid of revo 
lution about a vertical central axis, every 
vertical central cross-section of which is an 
area bounded by a curve the bottom portion 
of which is flattened and of which the arcs 
from the flattened portion to the top central 
point have different radii, those of the upper 
arcs being substantially longer than those 
of the lower arcs, the whole curve being a 
function of the weight and pressure of a 
liquid for which the container is designed 
substantially as set forth. 

In testimony whereof, I have hereunto 
set my hand this 2 day of November, A. D., 
1925. v, , 

GEORGET HORTON. 


