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1. 
This invention relates to a heat eXchanger for 

cooling fluids, and more particularly to a heat 
exchanger for cooling liquids such as Water and 
other potable liquids for use in drinking foun 
tains, soda bars, etc. 

In the design of water and soda or carbonated 
water cooling equipment for fountain service, 
space requirements and material costs must both 
be kept at a minimum. In addition, draws of 
water, soda, etc. are intermittent and frequently 
exceed for short intervals the CapaCity of the 
cooler and condensing unit Serving it. This is 
especially true on warm days and during certain 
hours of the day. Under these conditions, it is 
still necessary to deliver the liquids at or below 
a predetermined temperature, for example, 40 
F. This necessitates a rapidly acting cooling 
System. 
In the past, various types of heat exchangers 

and cooling systems have been employed, but 20 
none of these have proved entirely satisfactory. . 
For many years a water bath with submerged 
refrigerant, water and soda coils was standard, 
but such equipment was bulky, unsanitary and 
costly due to the amount of tubing required. 
Double and triple tube COolers have been used, 
but though they operate well at steady flow rates 
Within their rated capacity, they fail on inter 
mittent over-loads, delivering at too high a ten 
perature during such loads. The use of a storage 
tank after the Water cooling coil has proved unSat 
isfactory since during overload operation, the tank 
fills with partially cooled water and it must be 
drawn out completely, before water at the desired 
temperature is again available even though the 
draw rate following such overload is within the 
cooler capacity. 

It is, therefore, an object of this invention 
to provide a heat, exchanger or cooler that Will 
cool liquids to a desired temperature very rap 
idly, supplying the liquid at the desired tem 
perature during periods of temporary draw ex 
ceeding the capacity of the cooler. Another 
object of this, invention is to provide a heat 
exchanger for cooling two liquids simultaneously. 
Still another object is to provide a cooler that 
will cool two liquids wherein the flow of the 
liquids is intermittent and the demand for one 
of the liquids at times exceeds the capacity of 
the cooler. Still another object is to provide a 
heat exchanger for cooling a liquid subject to 
temporary draws exceeding the capacity of the 
cooler having a preCooler, after cooler and stor 
age tank interposed therebetween. Yet another 
object is to provide a cooler for cooling two 
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2 
liquids in which the flow of the liquids through 
the heat exchanger is in counter-flow relation 
With the flow of the refrigerant through the unit. 
A further object is to provide a small, compact, 
and self-contained, unitary structure having no 
moving parts in the heat exchanger and which 
is economical in construction and operation. 
Additional objects and advantages of this inven 
tion will appear as the specification proceeds. 
The invention is shown in an illustrated em 

bodiment by the accompanying drawing in 
Which 

Fig. 1 is a side view of a heat exchanger for 
cooling two liquids in which a portion of the 
coils is broken away; Fig. 2 is an end view of the 
exchanger shown in Fig. 1; Fig. 3 is a schematic 
of the heat exchanger shown in Figs. 1 and 2; 
Fig. 4 is a schematic of a heat exchanger for 
Cooling one liquid in which the direction of flow 
of the liquid in the aftercooler has been re 
Versed. 

Figs. 1, 2 and 3 illustrate a heat exchanger or 
cooler for cooling two liquids such as water and 
a carbonated water or soda useful for fountain 
Service. The unit consists of a tube shaped to 
form a helically wound coil 0 through which a 
refrigerant or coolant fiows and expands through 
the heat exchanger. Each turn of the coil to is 
Separated from the adjacent turns to form a 
Small spacing therebetween. The coil is provided 
with an inlet-fitting and an outlet-fitting 2 
connecting the coil 0 to an expansion walve, con 
denser, and rennainder of a refrigerating or cool 
ing unit which is not shown. Since refrigerating 
units are old and well-known in the art, it is not 
believed that a detailed discussion of such is 
neceSSary. The material from which the coil ) 
is constructed may be of any metal having a high 
thermal conductivity such as copper. In the ill 
lustration given, the flow of the refrigerant 
through the coil it is from the left to the right. 
A helically wound tube forming a water coil 3 

is Wound parallel to the refrigerant coil along 
the outer Surface thereof and in thermal contact 
with the Surface of the coil 9. The coil 3 is 
divided into two Sections or components, a pre 
cooler 3d and aftercooler 3b. The direction of 
flow of the liquid through the coil 3 is in coun 
terflow relation to the flow of refrigerant through 
the coil 0, at least in the precooler component 
of the coil 3. 
The Water coil 3 is provided with an inlet 

fitting 4 and an outlet-fitting 5. Water is in 
troduced through the fitting 4 into the coil 3 at 
the right end or precooler component 3a, as seen 
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more clearly in Fig. 3. When a draw is nade, the 
water in the precooler 3a flows through the 
turns, entering the turn 6 from which it flows 
through the pipe into a storage tank 3. The 
Water is drawn from the opposite end of the tank. 
8 and flows in the opposite direction, that is, 

in the same direction as the refrigerant, flow, 
through the aftercooler component. 3b of the coil 
3, or from the left to the right in Figs. and 3 
and through the turn 9 which is connected to 
the Water out-fitting S. Any Suitable retal 
having a high thernal conductivity Such as Cop 
per may be used to form the coil 3. 

in fountain service, water is often Subject to 
temporary overdraws exceeding the capacity of 
the heat exchanger. The tank 8, therefore, pro 
vides a reserve of chilled water to maintain de 
livery of water at the desired temperature dur 
ing the time interval required to start the re." 
frigerant flowing through the coii E. Any Suit 
able material may be used to for in the tank 3. 
A plug 2 is provided at the withdrawal end at 
the bottom of the tank 8 for draining the lic 
uid theirefroii during cleaning. The tank 8 is 
separated from the inner coil 28 by spacers 22. 
The spacers 22 are provided at approximately 
90° intervals about the Surface of the tank & 
and extend longitudinally along the tank to inain 
tain it, in spaced-apart relation with the inner 
coil 25. The Water out-tube 23 inay have an 
aperture. 2 is in cine wall at a point in the upper 
portion of the tank to purge air from the system. 
The tube forning the helical coil 2 is Wound 

so that each turn is Spaced-apart fron) the adm 
jacent turn by a distance permitting the coil 
turns to be gositioned along the inner Side of 
the refrigerant coil Within the SpacingS pro 
vided between each turn of the refrigerant coil. 
Positioning the carbonated water or Soda Coil 
2 in this manner has been found effective in 
obtaining the desired cooling since it periits 
contact with the refrigerant coil along two 
sides of each turn of the Soda, coil 2. The coil 
2 is preferably made of a non-corrosive ma 
terial. Such as stainleSS Steel or inlonel inletal 
and the therinal conductivity of Such aetals is 
relatively low. Thus, permitting each turn of 
the coil 2 to contact two turns of the refrigerant 
coil tends to compensate for the lower ther 
mal conductivity of these metals. 
The coil 23 is provided with an inlet-fitting 

25 and an outlet-fitting 28. Soda is not general 
ly subject to overloads or overdraws as is water, 
and it is not necessary to provide a Storage taYnk. 
for the storage of soda. It has been found that 
sufficient cooling is had when the flow of Soda, 
through the coil 20 is in counter-flow relation 
with the flow of refrigerant through the coil 
9, that is, from the right to the left of the ex 

changer shown in Figs. 1 and 3. All of the turns 
forming the coils 3 and 26 are SWeated to the 
coil 8 to insure a good thermal coupling. The 
inlet and outlet fittings are securely fastened to 
a junction plate 2 to assure proper alignment. 
The buowells 28 and 29 are inade of a metal 

having a high thermal conductivity Such as cop 
per and form respectively receptacles for the 
temperature sensitive portion of the control to 
start the condensing unit, and for the ten 
perature sensitive portion of the thermal coin 
trol on the refrigerant suction line controlling 
the operation of the expansion valve in the feed 
of refrigerant into the coil . The bulbweil 28, 
receiving the bulb for the control which starts 
and stops the condensing unit, is positioned in 
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4. 
thermal contact with the first few turns of the 
precooler coil i3 and also in thermal contact 
With the input line 3G of the soda, coil 28. Either 
the incoming warm Soda. Or the inconing Warm 
water will then cause the temperature control 
to start the condensing unit. When liquid is not 
being drawn from the unit, the chilled water 
firon the tank 8 will cool the bulbwell and there 
by render the refrigerant condensing unit inop 
erative. The bulbwell 29 receives the thermal 
bulb controlling the thermal expansion valve in 
the refrigerant, feed line, and is positioned in 
theinal contact with the first few turns of the 
precooler i3a. 
The ratio of turns in the precooler and after 

coole' of the water coil 3 Should be of Such 
length (or Surface) as to reduce the tempera 
ture of the incoming water to the desired de 
livery temperature. It has been found that re 
sults are good where the ratio of turns in the 
precooler to the aftercooler is approximately 
equal to the product of the inverse ratio of the 
average temperature difference between the re 
frigerant and water in the pre to after cooler, 
times the ratio of the cooling loads in the pre 
to after cooler. 

For example, if the temperature of the incom 
ing water is 80° F. and it is desired to reduce 
the temperature of the liquid feed to the Storage 
tank S to 45 F. through the precooler and to 
furtheir reduce the tenperature of the iduid 
through the aftercoolei to a 40°F. delivery ten 
perature, the ratio of the loads or temperature 
reductions in the pre and after coolers is 7 to 1. 
However, if the temperature of the refrigerant 
flowing through the coil it is 34 F., the ratio of 
the difference between the average temperature 
of the liquid in the precooler and the refrigerant 
to the difference between the tenperature of the 
liquid in the aftercooler and the refrigerant, is 
3 to 1. The ratio of the number of turns in the 
precooler to the aftercooler is determined as the 
product of the ratio of the average temperature 
difference between refrigerant temperature and 
the temperature of the liquid in the after to pre 
Coolier ( to 3), times the ratio of the cooling 
loads in the pre and after coolers (7 to 1). The 
product then is 7/3, or 7 turns in the precooler for 
every 3 turns in the aftercooler. - 

It has been found that satisfactory results are 
obtained in reducing the temperature in accord 
ance with the values above indicated where a 
refrigerant coil of 23 turns having an inner diam 
eter of approximately 5.4 inches, and a water 
coil with a like aumber of turns having 7 turns 
included in the aftercooler portion are used. 
Sodia is reduced to a corresponding temperature 
by using a coil having approximately 23 continu 
OuS turn.S. 
The above temperature reductions were ob 

tained using the coil dimensions stated where the 
flow of Water was intermittent at a rate of 40 
gallons per hour for 7% seconds, Zero flow for 
7/2 seconds, and then repeated; flow of soda was 
15 galions per hour for 7% seconds, zero for 74 
Seconds, and then repeated; tank capacity was 
% gallon; refrigerant tube size sufficient to give 
a refrigerant gas outlet velocity at full load of 
about 2,000 feet per minute; and the condensing 
unit control Set to start the condensing unit be 
fore the third Six ounce draw. The number of 
turns in each coil and the direction of fow of 
the fiuids therethrough in accordance with the 
above Specific example can best be seen by 
reference to Fig. 3. 
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Fig. 4 illustrates a modification of the cooler 
shown in FigS. 1, 2 and 3. In the modified form 
illustrated, only a single liquid is cooled to the 
desired temperature. This unit would have par 
ticular utility in water cooler drinking fountains, 
The function of the cooler and construction is 
generally the Same as the heat, exchanger dis 
cussed above. However, the water coil 3' is 
placed along the inner Surface of the refrigerant 
coil O in a position so that each turn of the coil 
3' is in thermal contact with the refrigerant 

coil along two surfaces. This, of course, facili 
tates heat exchange. - 
The direction of flow of the liquid has bee 

changed from that shown in Fig. 3 through the 
aftercooler section 3b of the coil 3, and is 
delivered through the aftercooler in a direction 
of flow counter to the flow of refrigerant through 
the coil. G. Changing the direction of flow 
through the aftercooler is not a necessary modi 
fication in the water cooler, and the flow of 
liquid through the aftercooler may be in the 
direction of refrigerant flow as shown in Fig. 3. 
Likewise, the direction of flow through the after 
cooler of Fig. 3 could be reversed. So that Water 
would be delivered through the aftercooler in 
a direction opposite or counter to the flow of 
refrigerant through the coil 0. 
The primary purpose of using counter-flow 

in the precooler and placing the precooler at 
the exit end of the refrigerant coil is to insure 
a high superheat in the outgoing expanded re 
frigerant whose last pass is in heat exchange re 
lation with the warm incoming Water. This also 
places the aftercooler at the inlet end of the 
refrigerant coil. So that in case. Of heavy over 
draw, the aftercooler gets refrigerant first and 
in sufficient quantity to lower the precooled 
Water stored in the tank to the Wanted tempera 
ture. 

It is to be understood that the ratio of turns 
in the pre to after cooler, total number of turns 
of all of the coils, storage tank size, etc. may 
be varied to correspond with condenser and re 
frigerant capacity to yield the particular ten- - 
perature reductions desired. If desired, the 
whole heat exchanger may be tin-dipped after 
fabrication to increase the heat exchange ca 
pacity of the unit. 

During operation at or below the rated 
capacity of the heat exchanger, the Storage tank 
8 will be at the temperature of the liquid de 

livered by the precooler, or in the specific ex 
ample, 45° F. at full load and down to about 38° 
F. at low load. When water is drawn, the after 
cooler will further cool the Water delivered from 
the tank 8 to 40° F. at full load or to a value 
below 38° F. at low load. If the following draw 
is above the capacity of the system, Water Warmer 
than 45° will be delivered from the precooler 
and fill the tank 3. However, the aftercooler 
will be operating at a much higher mean tem 
perature difference, refrigerant to Water ten 
perature, and the water delivered from the after 
cooler will further be reduced to a temperature 
very close to 40°F. Since periods of heavy or 
full loads are temporary, the tank water is very 
generally below 40° F. 
The positioning of storage tank 8 within re 

frigerant coils 3. not only makes the water cool 
ing assembly more compact, but also results in a 
surprising increase in the capacity of the storage 
tank to prevent wide fluctuations in output water 
temperature with varying rates of discharge even 
though the storage tank is of comparatively small 
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Volune. This is apparently due to the fact that 
the refrigerant coils maintain the temperature 
Of the air Surrounding the Storage tank about Or 
slightly above the coolest temperature which the 
Water will reach in the storage tank. Thus, at 
low rates of flow the storage tank becomes filled 
with water at a temperature approaching the 
minimum temperature which can be produced by 
the refrigerant With the established heat trans 
fer capacity, and in intervening periods of non 
use the temperature of the water in the storage 
tank does not appreciably increase because it is 
Surrounded by the refrigerated air. It is, there 
fore, unnecessary to insulate the storage tank, 
which permits the storage tank to be manufac 
tured of relatively thin metal Without insulating 
coverings, etc. A further reduction in cost is 
achieved by this arrangement in that the storage 
tank can be of relatively small volume while 
achieving the desired result of preventing wide 
fluctuation in output water temperature. In 
consequence, the storage tank need not even ex 
teni for the full length of the refrigerant coils, 
as indicated in the figures of the drawing. When 
a tank of shorter length than the refrigerant 
coils is employed, it is preferred to position it, 
adjacent, the upper portion of the refrigerant 
coils, Which in the illustration given is the por. 
tion surrounded by the aftercooler 3b. 
While in the foregoing specification I have set 

forth Specific structure in considerable detail for 
the purpose of illustrating an embodiment of the 
invention, it will be understood that such details 
finay be varied widely by those skilled in the art 
without departing from the spirit of my inven 
tion. 

claim: 
1. A heat exchanger for reducing the tempera 

ture of a fluid, comprising a tube forming a coil 
for the flow of a refrigerant therethrough, a sec 
Ond tube forming a coil in heat exchange rela 
tion with said refrigerant coil for the flow there 
through of the fluid to be cooled, said second 
rentioned coil forming a precooler component 
adjacent the downstream end of said refriger 
ant coil and an aftercooler component adjacent 
the upstream end of said refrigerant coil, and a 
tank for the storage of precooled fluid inter 
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posed between Said precooler and said aftercool 
er for receiving the precooled fluid after the pre 
Cooling thereof. 

2. A heat exchanger for reducing the temper. 
ature of a fluid, comprising a tube forming a 
coil for the flow of a refrigerant, therethrough 
and having an inlet and an outlet, a second tube 
forming a coil in heat exchange relation with 
Said refrigerant coil for the flow therethrough of 
the fluid to be cooled, said second-mentioned coil 
forming a precooler component adjacent, the out 
let of Said refrigerant coil and an aftercooler 
Coimponent adjacent the inlet of said refriger. 
ant coil, and a tank mounted within said coils 
for the storage of precooled fluid and being in 
terposed between said precooler and said after 
cooler for receiving precooled fluid after the pre 
cooling thereof. 

3. A heat exchanger for reducing the temper. 
ature of a fluid, comprising a tube for the fiow 
of a coolant therethrough shaped to form a coil, 
a second tube for the flow of a fluid therethrough 
Wound in heat exchange relation with said cool 
ant coil and forming a second coil, said second 
coil forming a precooler component adjacent the 
downstrean end of Said coolant coil and an aft 
ercooler component adjacent, the upstream end 
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of said coolant coil, the direction of flow of the fiuid through said precooler component being in 
counter-flow relation to the direction of the cool 
ant flow through said coolant coil, and a tank 
for the storage of precooled fluid interposed be 
tween said precooler and said aftercooler for re 
ceiving precooled fluid after the precooling 
thereof. 

4. A heat exchanger for reducing the temper 
ature of a fluid wherein the flow of fluid through 
said heat exchanger is intermittent, comprising 
a tube for the flow of a refrigerant therethrough 
shaped to form a coil and having an inlet end 
and an outlet, end, a second tube for the flow of a 
fiuid therethrough wound in heat eXchainge rela 
tion with said refrigerant coil and forning a Sec 
ond coil, said second coil forming a precooler 
component at the outlet end of said refrigerant 
coil and an aftercooler component at the inlet 
end of said refrigerant coil, and a tank, for the 
storage of pre-cooled filiid interposed between 
said precooler and said aftercooler Inounted 
within said coils in spaced-apart relation there 
with. - 

5. A heat exchanger for reducing the tempera 
ture of a liquid wherein the flow of liquid through 
said exchanger is intermittent and at times in 
excess of the heat exchanger capacity for short 
intervals, comprising a tube for the flow of a 
refrigerant, therethrough shaped to form a sub 
stantially helical coil having an inlet Section and 
an outlet section and the turns of Which aire in 
spaced-apart relation, a second tube for the flow 
of a liquid therethrough wound to form a second 
coil having each turn thereof in thernal contact 
With two adjacent turns of Said refrigerant coil, 
said second coil forning a precooler component 
at the outlet section of Said refrigerant coil and 
an aftercooler component at the inlet section 
of Said refrigerant coil, the direction of flow of 
the liquid through said precooler component be 

-ing in couinter-flow relation to the direction of 
the refrigerait flow through said refrigerant, coil, 
ind a talk concentrically mounted within said 

coils and spaced-apart therefrom for the storage 
of precooled liquid, said tank being interposed 
beft:yeen said precooler and Said aftercooler. 

6. A heat exchanger for water coolers and the 
like wherein the flow of liquid through said ex 
changer is internittent and at times exceed 
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exchange relation with said refrigerant coil and 
forming a second coil, said Second coil having a 
precooler component at the outlet section of 
said refrigerant coil and an aftercooler compo 
inent at the inlet section of said refrigerant coil, 
a, third tube Wound to form a third coil in heat 
exchange relation with said refrigerant coil for 
the flow therethrough of the Second fluid, and 
a tank interposed between said precooler and 
aftercooler for the storage of precooled fluid 
therein after the precooling thereof. 

8. A heat exchanger for reducing the ten 
perature of two fluids comprising a tube for the 
flow of a refrigerant therethrough shaped to 
form a coil and providing an inlet Section and 
outlet section, a second tube for the flow of One 
of the fluids therethrough Wound in heat eX 
change relation with said refrigerant coil and 
forming a second coil, said second coil having a 
precooler component at the outlet Section of Said 
refrigerant coil and ain aftercooler component 
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ing the capacity of said exchanger for short in 
tervals, comprising a helically wound tube 
forning a coil for the expansion of a refrigerant 
therein and having an inlet and Spaced there 
from an outlet, a second tube wound parallel 
With Said refrigerant tube and in thernal con 
tact therewith and forming a second helical coil 
for the fiow of a liquid therethrough, said sec 
ond coil forming a precooler component at the 
outlet of said refrigerant coil and an after 
cooler component at the inlet of said refrigerant 
coil, the direction of flow of the liquid through 
Said precooler component being opposite to the 
direction of the refrigerant flow through said 
refrigerant coil, and a tank interposed in the 
liquid flow path from said precooler to said after 
cooler for the Stoltage of precooled liquid, said 
tank being mounted Within Said coils at the in 
let section of said refrigerant coil. 

7. A heat exchanger for reducing the ten 
perature of two fluids comprising a tube for the 
flow of a refrigerant therethrough shaped to 
forin a coil and providing an inlet Section and 
an outlet section, a second tube for the flow of 
one of the fluids therethrough Wound in heat 
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at the inlet section of Said refrigerant coil, a 
third tube wound to for in a third coil in heat ex 
change relation with said refrigerant coil for the 
flow therethrough of the Second fluid, and a tank 
interposed between Said precooler and after 
cooler for the storage of precooled fluid therein 
after the precooling thereof and being mounted 
Within Said coils. 

9. A heat exchanger for reducing the tem 
perature of two fluids, comprising a tube for 
the flow of a coolant therethrough shaped to 
form a coil having inlet and outlet Sections, a 
second tube for the flow of one of the fluids 
therethrough wound in heat exchainge reiation 
with said coolant coil and forming a second coil, 
Said Second coil having a precooler conponent at 
the outlet section of said coolant coil and an 
aftercooler component at the inlet section of 
Said coolant coil, the direction of flow of the 
fluid through Said pregooie component being in 
Counter-flow relation to the direction of the cool 
ant flow through said coolant coil, a third tube 
Wound to form a third coil in heat exchange re 
lation. With said coolant coil for the flow of the 
other fluid therethrough, the direction of flow 
through said third tube being in a direction op 
posite to the flow of coolant, through said coolant, 
coil, and a tank interposed between said pre 
cooler and aftercooler for the storage of pre 
COOled fluid therein after the precooling thereof. 

10. A heat exchanger for reducing the tem 
perature of two fuids wherein the flow of said 
fuids through said exchanger is intermittent, 
comprising a tube for the flow of a refrigerant 
therethrough shaped to form a substantially 
helical coil and having inlet and outlet sections, 
a Second tube for the flow of a fluid therethrough 
wound in heat exchange relation with said re 
frigerant coil and forming a second coil, said 
Second coil forning a precooler component at 
the outlet section of said refrigerant coil and 
an aftercooler component at the inlet section of 
said refrigerant coil, a third tube helically wound 
and forming a third coil in heat exchange rela 
tion with said refrigerant coil for the flow of 
the Second fluid therethrough, the direction of 
flow through Said third coil being in a direction 
Opposite to the flow of refrigerant through said 

70 refrigerant coil, and a tank for the storage of 
precooled fluid interposed between said precooler 
and said aftercooler mounted within said coils 
in Spaced-apart relation thereWith. 

11. A heat exchanger for reducing the tem 
perature of two liquids wherein the flow of liq 

: 
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luid through said exchanger is intermittent and 
the flow of one of said liquids is at times in 
eXceSS of the heat exchanger capacity for short 
intervals, comprising a tube for the flow of a re 
frigerant therethrough shaped to form a sub 
Stantially helical coil having the turns thereof 
in spaced-apart relation, a second tube for the 
flow therethrough of the liquid subject to tem 
porary over-draws wound to form a second coil 
having each turn thereof in thermal contact 
With Said refrigerant coil, said second coil form 
ing a precooler component at the outlet section 
of Said refrigerant coil and an aftercooler com 
pOnent at the inlet Section of Said refrigerant 
coil, the direction of flow of the liquid through 
Said precooler component being in counter-flow 
relation to the direction of the refrigerant flow 
through said refrigerant coil, a third tube for 
the flow of the second liquid therethrough wound 
to form a helical coil having each turn thereof 
in thermal contact with two adjacent turns of 
Said refrigerant coil, the direction of flow through 
Said third coil being counter to the flow of re 
frigerant through said refrigerant coil, and a 
tank concentrically mounted within said coils 
in Spaced-apart relation for the storage of pre 
Cooled liquid, said tank being interposed between 
Said precooler and said aftercooler. 

12. A heat eXchanger for fountain service 
adapted to cool two liquids wherein the flow of 
One of the liquids through said exchanger is 
intermittent and at times exceeding the capacity 
of Said exchanger for short intervals, comprising 
a helically Wound tube forming a coil for the ex 
pansion of a refrigerant therein, a second tube 
Wound parallel with said refrigerant tube along 
the Outer Surface thereof and in thermal contact 
thereWith forming a Second helical coil for the 
flow therethrough of the liquid subject to tem 
porary overdraws, said second coil forming a pre 
cooler component at the Outlet Section of Said 
refrigerant coil and an aftercooler component at 
the inlet section of said refrigerant coil, the di 
rection of flow of the liquid through said pre 
cooler component being opposite to the direction 
of the refrigerant foW through said refrigerant 
coil, a third tube for the flow of the other liquid 
therethrough Wound along the inner Surface of 
said refrigerant coil and forming a third coil in 
which each turn thereof is in thermal contact 
with two adjacent turns of Said refrigerant coil, 
the flow of the fluid through said third coil being 
in a direction opposite to the flow of the refriger 
ant through said refrigerant coil, and a tank 
interposed between said precooler and aftercooler 
components for the storage of the precooled liq 
luid, said tank being Concentrically mounted with 
in said coils at the inlet Section of Said refriger 
ant coil. 

13. The structure of claim 5 in which the ratio 
of the number of turns in Said precooler to the 
number of turns in said aftercooler is substan 
tially equal to the product of the inverse ratio of 
the difference between the temperature of the 
refrigerant and the average temperature of the 
liquid in said proooler to the difference between 
the temperature of the refrigerant and the aver 
age temperature of the liquid in Said aftercooler 
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10 
times the ratio of the temperature change of the 
liquid in said precooler to the temperature change 
of the liquid in Said aftercooler. 

14. The structure of claim 9 in which the ratio 
of the number of turns in said precooler to the 
number of turns in Said afterCooler is Substan 
tially equal to the product of the inverse ratio of 
the difference between the temperature of the 
refrigerant and the average temperature of the 
liquid in said precooler to the difference between 
the temperature of the refrigerant and the aver 
age temperature of the liquid in said aftercooler 
times the ratio of the temperature change of the 
liquid in said precooler to the temperature change 
of the liquid in Said aftercooler. 

15. A hieat exchanger for reducing the ten 
perature of a fluid, comprising a tube forming 
a coil for the flow of refrigerant therethrough, a 
second tube forming a coil for the flow there 
through of the fluid being cooled and being in 
heat exchange relation. With Said refrigerant 
coil, said second coil forming a precooler con 
ponent and an aftercooler component, and a tank 
for the Storage of precooled fluid interposed be 
tween said precooler and said aftercooler for re 
ceiving and storing the precooled fluid after the 
precooling thereof. 

16. A heat exchanger for reducing the telm 
perature of two fluids, comprising a tube provid 
ing a conduit for the flow of a refrigerant, there 
through and being shaped to form a coil, a second 
tube providing a conduit for the flow of one of the 
fiuids therethrough and being wound to form 
a Second Coil in heat exchange relation with said 
first-mentioned coil, Said Second-mentioned coil 
having a precooler component and an aftercooler 
component, a third tube forming a third coil and 
being in heat exchange relation with said first 
ninentioned coil and providing a conduit for the 
flow therethrough of the second fluid to be cooled, 
and a tank interposed between said precooler and 
said aftercooler and in the fluid flow path there 
between for storing the fuid foWing therein 
after the precooling thereof. 

17. A heat exchanger for reducing the temper 
ature of a liquid, comprising a precooler and an 
aftercooler each providing a continuous passage 
for the flow therethrough of the liquid to be 
cooled, a storage tank interposed in the flow path 
between said precooler and said aftercooler for 
receiving and storing liquid therein after the pre 
cooling thereof, and a refrigerant expansion coil 
in heat exchange relation. With Said precooler and 
aftercooler whereby the refrigerant expanding 
through said coil reduces the temperature of the 
liquid flowing through said precooler and said 
aftercooler, said refrigerant coil being spaced 
from Said Storage tank. 
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