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' This invention relates to a tank for storing low tem 
perature liquids in ambient surroundings and more par 
ticularly to the storage tank which includes both means 
for cooling the low temperature liquid and means for 
maintaining the outside surface of said tank at about 
ambient temperature in order to prevent the formation 
of excessive frost on the exterior of the tank. 
When a low temperature liquid, such as liquid hydro 

gen, is utilized as fuel for a non-air breathing engine 
or in other processes, it is necessary to store the low tem 
perature liquid .without excessive evaporation. Also, 
when the liquid is utilized in ambient surroundings, a 
considerable amount of frost will normally form on the 
exterior surface of the container because of the low 
temperature of the liquid. In the liquid storage tank 
disclosed in pending U.S. application Serial No. 417, 
658 tiled March 22, 1954 by Randolph Samuel Rae, the 
cold evaportaed gases are recirculated around the low 
temperature liquid container in order to maintain the 
liquid at about the liquitication temperature. Also, as 
disclosed in pending U.S. application Serial No. 457,173 
filed September 20, 1954 by Randolph Samuel Rae, it is 
possible to utilize arseparate refrigerant of lower tem 
perature than the liquid being stored in order to prevent 
excessive evaporation of the liquid. By the present in 
vention, two separate passage means are provided around 
the container for the low temperature liquids. The tirst 
passage ̀ means is for vthe recirculation of the evaporated 
gases in order to continually cool the liquid within the 
tank and these recirculated gases are cooled to a low 
temperature by passing through a heat exchanger con 
nected to the low temperature liquid supply. In the 
second passage means, a quantity of the evaporated gas 
is circulated around the outer shell of the tank and is 
heated to about ambient temperature in order to main 
tain the outer skin of the tank at about ambient tern 
perature and thereby eliminate the formation of frost 
on the exterior of the tank. The gas circulated in this 
passage means can be heated by the engine exhaust or 
by burning a portion of this circulate gas in a com 
bustion chamber. Also, provision is made to supply gas 
to the second passage means from the ñrst passage 
means when the pressure in the iirst passage means ex 
ceeds a predetermined value. The tank of this inven 
tionis particularly suitable for storage of liquid hydro 
gen which, in gas form, can be combusted to heat the 
outer skin of the tank. 

. It is therefore an object of the present invention to 
provide a storage tank for low temperature liquids which 
has its outer skin continually maintained at about am 
bient temperature in order to prevent the formation of 
frost on the outer skin. c 

Another object of the invention is to provide a tank 
for storing low temperature liquids in which the evapo 
rated liquid is recirculated around the inner container 
to prevent excessive evaporation and a portion of the 
evaporated liquid is supplied to a heating cycle which 
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maintains the outer skin of the tank at about ambient 
temperature. 

Another object of the invention is to provide a liquid 
storage tank having inner passage means associated with 
the inner container to maintain the low temperature 
liquid with minimum evaporation and having an outer 
passage means containing evaporated gas at about am 
bient temperature in order to prevent formation of frost 
0n the exterior of the tank. 
These and other objects of the invention not spe 

cilically set forth above will become readily apparent 
from the accompanying description and drawings in 
which, . 

Figure 1 is a perspective view of the storage tank 
of the present invention illustrating the shape of the 
tank. ` ` 

Figure 2 is -a transverse vertical section along line 
2-2 of Figure 1 illustrating the inner and outer pas~ 
sages for the tank and the baffles for the tank. 

Figure 3 is a vertical section along line 3--3 of Fig- 
ure 2 illustrating the apparatus associated with the tank 
for cooling the low temperature liquid and for heating 
the outside skin of the tank. . 

Referring _to Figure l, the tank is illustrated as having 
a cylindrical center section with dome shaped ends. The 
tank is formed of an inner container 5 which can be 
constructed of’any suitable material, such as steel or 
plastic, and an outer skin 6 which can likewise be con 
structed of any suitable material. The inner contain 
er supports a pair of vertical bañies 7 and 8 which 
have openings 9 and 10, respectively, in order to permit 
some movement of the liquid within the tank. Also, 
a horizontal bafñe 11 is supported by the inner con 
tainer and has openings 12 for permitting some vertical 
movement of the liquid within the tank. An inlet pas~ 
sage 13 passes through the outer skin and the inner con 
tainer and is secured to a fitting 14. The inlet passage 
discharges near the bottom of the tank and has a _cap 
15 to seal the passage when not in use. The outer shell 
and inner container are separated by an insulating mem 
ber 16 in which is formed a plurality of inner passages 
17 and a plurality of outer passages 18. The outer pas 
sages 18 are closed by the outer skin 6 of the tank while 
the inner passages 17 are in contact with an insulating 
layer 19 of uniform thickness which surrounds the in~ 
ner container 5. Each of the passages 17 and 18 pass 
completely around the tank and are separated from one 
another by projections 20 and 21, respectively, of mem 
ber 16. The passages 17 all communicate with a header 
space 22 at one end of the tank and with a header space 
23 at the other end of the tank and these header spaces 
are closed by circular enlargements 24 and 25, respec 
tively, formed at each end of the member 16. The outer 
skin 6 has circular extensions 26 and 27 at opposite dome 
ends of the tank and these circular members are larger 
in diameter than the enlargements 24 and 25, respective 
ly, in order to form header spaces 28 and 29 at the end 
of the tank with which the passages `18 connect. ' 

Referring now to the cooling system including passages 
17, the gases evaporating from the level 30 of the low 
temperature liquid are led through passage 31 to the 
center passage 17. Passage 31 is protected by a plate 
32 secured to the underside of the inner container 5 and 
by bafñes 33. These evaporated gases pass to header 
space 23 where they are intermingled with previously 
evaporated gases received from all of the passages y17. A 
passage 34 extends through enlargement member 2'5 and 
connects with header space 23 and is also connected to 
a passage 35 through a litting 36. Passage 35 connectsv 
with the outer chamber 37 of heat exchanger 3‘8 and the 
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hesiter ’ze -thïòúgh pà’s‘sá'gess and brewer 4o.___'n1_e 
blower 40 serves to continually recirculàte the cooled 
evaporated gases through the heat exchanger 38 and 

' through the passages 17. The 4lowu temperature _liquid 
within the nner container -sV is withdrawn atraiga pas: 
_sage-41 containing a pump 42 and the passage 41._lea‘ds" 
to _the inner chamber '43 of heat exchanger 38 which in 
tutti is connected by passage 44 to the point _of use, 
_such as non-air breathing engine or other process. _The 
low temperature liquid will be evaporated in inner cham# 
ber _43 by the heat absorbed from the recirculated Vgases 
in chamber ‘37 and the recirculated gas in passage 39 
will be at about the liquilication temperatureof the low 
temperature liquid. By recirculating the cooled evapo 
rated gases around the inner container of the tank by 
blower 40, the amount of gas which will evaporate from 
the liquid will be substantially reduced. __ _ 

Since the liquid will continuato evaporateto form 
incre gas, it is necessary to permit a portion of the gas 
from the cooling passages~17 to escape. ___For this 'pur 
pose, a passage 45 _connects with fitting 36 and has an 
enlarged portion 46 which contains apacking _47, the 
enlarged portion being connected with a passage 48 
through a ñtting `49. The packing 47 acts as aresistant 
to the flow of evaporated gas throughpassage 4S to' pas 
sage 48 and permits flow only when the pressure of the 
gas in passage 45 exceeds a predetermined value. There 
fore, the packing serves as a release valve to prevent the 
pressure in the cooling passages 17 from exceeding a 
set va_1ue.__ _ _ _ _ _ 

The heating system which serves to- maintain the outer 
skin of the tank at about ambient temperature, will now 
be described. The passage 48 connects with the _dis 
eharge header 29 and with the outer chamber 50 _of heat 
exchanger 51. The outer chamber 50 is also conneeted 
with the inlet header 28 through passage 52 which con 
tains blower 53 to maintain circulation of the gases 
through passages 18. The inner chamber 54 of heat ex 
changer 51 is connected to iitting 55 through passage 56 
and. two alternate passages are connected with fitting 55 
in order to supply heating gases through passage 5_6 to 
chamber 54. In the event the low ltemperature liquid, 
such as hydrogen, is utilized as a fuel fora non-_air 
breathing engine, the exhaust of the engine can be con-Y 
nected Vto fitting 55 through passage 57 which contains 
avalve 58 for regulating the amount of exhaust sup~ 
plied to the chamber 54. Also, a combustion chamber 
'59 is connected to fitting 55 and is supplied with oxygen 
gas or other oxidant through passage r60 which contains 
a' valve 61 for regulating the supply. The fuel supplied 
to the combustion chamber is withdrawn from passage 
52 through passage 62 which also contains a valve 63 
for regulating the fuel supply to the combustion chamber. 
When the valve ‘58 is closed and the valves 61 and 61'»y 
are regulated, a portion of, the evaporated gas in the 
heating cycle is continually withdrawn and combusted 
in combustion chamber 59, and the combustion products 
are discharged to atmosphere through a passage 64, which 
contains a release valve 65 in order to prevent the pres 
sure in the combustion chamber from exceeding a prede 
termined value. By continually combusting a portion 
of the evaporated gases in the heating system, the pres 
sure in this system including passages 1'8 will be con 
tinually relieved. _ _ _ 

When it is desired to heat the gases in the heating 
system by engine exhaust only, the valves 61 and _63 are 
closed and the valve yS8 is regulated to supply the de 
sired amount of heat to heat exchanger _51, and theex# 
hau‘st gases are exhausted to atmosphere through passage 
6_4 and the pressure of the exhaust is__rnaintained_a_t_`the 
desired value by release valve 6_5. _ When both valves __61 
and ̀ 6.?) are closed, _there willbe Vno evaporated gas _withf 
drawn from the heating _system and _therefçre a _release 
Valve' 66 is placed in passage 48 in'order _td _prevent___the 
pressure in the heating system; from exceeding ‘a pre-ï> 
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selected value. In operati-on of the heating system, a 
portion of the evaporated ‘gas is supplied 4to this system 
through passage 45 to passage 48 and the gases are heated 
in heat exchanger 51 to about ambient temperature. The 
circulation >of these heated gases through passages 18 
serve to maintain the outer skin 6 of the tank at about 
ambient temperature so that frost will not form on the 
outer skin of the tank. _It is understood that the heated 
gases entering header 28 will be at somewhat higher 
temperature than the gases leaving header 29_ and that 
the heat exchanger 51 can be _regulated _to rnaiiitaintliê 
average temperature of the outer skin at about ambient 
temperature. The formationof frost, of course, is_un 
desirable since it adds weight to the tank and *makes it 
difficult to utilize the tank in eonnectionwith other struc 
ture. The oxygen supply passage 60 can connect with 
any available oxygen supply and the heat exchangers 
can beof any desired construction, 0f course,_ both 
engine exhaust and the combustionchamber 59,_`c_an he 
used at the vsante time by proper regulation of valves 
58, 61 and 6 . _ _ _ _ _ -_ 

_ __While the tankhas been describedas containinv4 a low 
temperature liquid, it is _apparent that this low temper 
Vture substance must be in the form of a fuel, lsu‘ch as 
liquid hydrogen, if combustion vchamber y59 is to' _be 
utilized. By the present invention, a storage tank for a 
low temperature liquid _has been provided _in _which the 
inner container of thetank is continually_._cooled byëold 
gases evaporating from the liquid and these gases are' 
further cooled by the low-temperature liquid itself._._ `Iii 
addition, the tank is supplied with aheating system "cli 
warms «the outer skin of the tank to about ambient _'ternl 
perature and prevents the formation of frost on the tank.' 
This heatingcycle can utilize either the exhaust'frofrnf 
an engine or can continually utilize a portion 4ofthe 
evaporated gases in a combustion chamber.l Itis under"-1 
_stood that the only heat transferred bo the low~ tempera; 
ture liquid in the inner container will be from these 
ambient vgases in the passages 18 and the insulating niernéy 
bers 16 and 1‘9 resist such heat transfer._ ,Various types 
o'f passage constructions can be provided between the' 
outer skin and inner container and the shape and sizeof 
the tankcan be varied in accordance with the use _of the 
tank. Various other modifications are contemplated 4by 
those skilled in the _art without departing from the spirit 
and scope of the invention as hereinafter defined by the 
appended claims. 
What is claimedís: - _ _ ' _ 

_ l. An apparatus for storing ga‘s _material in _the forni 

of a low temperature liquid comprising a tank having inner container forhousing said liquid and an outer skin, 
a uniform layer of insulation covering said _inner __eon 
tainer, an insulation member positionedbetween said uni; 
form layer and said outer skin and having a plurality of 
inner passages on its inner surface__and aplurality of 
outer passages formed on its outer, surface adjacent said 
outer skin, separate header means formed at each end of 
said tank for said inner passages and for said outer pas 
sages, means for passing the gas evaporating from said 
liquid to said inner passages, means for circulating said 
gas from one header means to the other header means 
for said inner passages and through said inner passages, 
heat exchanger means for cooling said circulated gas in 
said inner passages with the low temperature liquid _with-l 
drawn from said inner container, means for supplying 
evaporated gas to said outer passages from said inner 
passages and containing a pressure relief vals'ie tocontrol 
the pressure in said inner passagesgand ineans for heat'- 
ing the gascirculated in said outer passages to maintain 
said outer skin at about ambient temperature. _ 

2. An apparatus as defined _in claim 1 havingeonibus` 
aan 'chamber' 'means utilizing s tiefsten-_òf the gas Ain ‘snit-_A 
este „Passages as f_“eh and' „Sepà?atè niéa'fßrrfßfßirrrïvi~ssf 
an' oxidant to said combustion' chamber means, said comav 
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bustion chamber means supplying high temperature heat 
ing medium to said heating means. 

3. An apparatus as defined in claim 1 wherein said 
heating means receives a high temperature gas supply as 
the heating medium, said heating means being exhausted 
to atmosphere through a conduit containing a release 
valve for maintaining the desired pressure within said 
heating means. 

4. An apparatus for storing gas material in the form 
ot' a low temperature liquid comprising a tank having an 
inner container and an outer skin, iirst passage means 
surrounding said inner container of said tank and con~ 
nected with the gas evaporating from said liquid, means 
for recirculating evaporated gas through said first pas 
sage means to thereby insulate said liquid, second passage 
means surrounding the outer skin of said tank and con 
nected with gases evaporating from said tank, heat ex 
change means connected with said second passage means 
for raising the temperature of the gas in the said second 
passage means, and means for recirculating evaporated 
gas through said second passage means and said heat ex 
changer means to maintain said outer skin at about am 
bient temperature. 

5. An apparatus as deiined in claim 4 having means 
for removing the low temperature liquid from said tank, 
a heat exchanger connected with said first passage means 
and with said removing means for cooling the gas recir 
culated through said iirst passage means with the liquid 
removed from the tank. 

6. An apparatus as deiined in claim 4 having means 
connecting said iirst passage means with said second> pas 
sage means for supplying evaporated gas to said second 
passage means. 

7. An apparatus for storing gas material in the form 
of low temperature liquid, comprising a tank, first means 
for collecting cold gas evaporating from said liquid and 
recirculating said gas around said low temperature liquid 
in said tank to insulate said liquid, second means for 
circulating a heating medium around the outer surface 
of said tank to heat said surface and prevent the forma 
tion of frost thereon, said evaporated gas being com 
bustible, combustion means supplied with said gas and an 
oxidant for maintaining combustion therein and pro 
ducing heat, and heat exchanger means connected with 
said combustion means and with said second means for 
raising the temperature of said heating medium. 

8. An apparatus as defined in claim 7 wherein said 
liquid and evaporated gas is hydrogen. 

9. An apparatus for storing gas material in the form 
of a low temperature liquid comprising a tank having an 
inner container for housing said liquid and an outer skin 
separated from said inner container, first passage means 
positioned adjacent said inner container, means for con 
necting said íìrst passage means with gas evaporated from 
Said liquid in order to insulate said liquid, second pas 
sage means positioned adjacent said outer skin, means 
for connecting said second passage means with a heating 
medium, means for heating said medium in said second 
passage means to maintain said outer skin at about am 
bient temperature and prevent the formation of frost, 
said evaporated gas being combustible, said heating 
means comprising combustion means supplied with evap 
orated gas and an oxidant for maintaining combustion 
therein and producing heat and heat exchanger means 
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connected with said combustion means and with said 
second passage means for raising the temperature of said 
heating medium. 

10. An apparatus for storing gas material in the form 
of a low temperature liquid comprising a tank having an 
inner container for housing said liquid and an outer skin 
Separated from said inner container, first passage means 
positioned adjacent said inner container, means for con 
necting said iirst passage means with gas evaporated 
from said liquid in order to insulate said liquid, second 
passage means positioned adjacent saidzouter skin, means 
for connecting said second passage means with a heating 
medium, means for heating said medium in said second 
passage means to maintain said outer skin at about am 
bient temperature and prevent the formation of frost, 
said heating medium comprising evaporated gas, and 
means for supplying said evaporated gas to said second 
passage means from said vfirst passage means. 

l1. An apparatus as deñned in claim 10 wherein said 
heating means comprises a heat exchanger connected 
with said second passage means, and combustion means 
for combusting gas received from said second passage 
means to supply heat for said heat exchanger. 

’ 12. An apparatus as defined in claim 10 wherein said 
supply means comprises a conduit means containing a 
relief valve for controlling the pressure in said ûrst pas 
sage means and the flow of gas from said ñrst passage 
means to said second passage means. 

13. An apparatus for storing gas in the form of a 
low temperature liquid comprising an inner container 
for housing said liquid, an outer skin separated from 
said inner container, substantially the entire space be 
tween said container and skin containing only ñrst and 
second passage means separated by insulation means, 
said insulation means enclosing said inner container, 
said ñrst passage means being located at one side of and 
inwardly of said insulation means and positioned adja 
cent said inner container, means for connecting said ñrst 
passage means with gas evaporated from said liquid in 
order to insulate said liquid, said second passage means 
being located at the other side of and outwardly of said 
insulation means and adjacent said outer skin, means 
for connecting said second passage means with a heat 
ing medium, and means for heating said medium in said 
second passage means to maintain said outer skin at about 
ambient temperature to prevent the formation of frost. 

14. An apparatus as deñned in claim 13 having heat 
exchange means connected with said tirst passage means 
and with said low temperature liquid in said inner con 
tainer, and means for recirculating the evaporated gas 
in said ñrst passage means through said heat exchange 
means to cool the gas in said ñrst passage means with 
the liquid withdrawn from the inner container. 
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