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UNITED STATES PATENT oFFICE 
2,056,970 

COOLENG SYSTEMI 
Charles S. Leopold, Elkins Park, Pa. 

Application April 18, 1933, Seria No. 666,668 

11 Claims. (CI. 62-141) 
This invention relates to a cooling system and 

more particularly to an arrangement of such 
System Whereby an economy of size and capacity 
Of apparatus is effected. 

In refrigerating systems comprising evapora 
tors, compressors and condensers, it is the usual 
practice to design the equipment to meet the 
peak demand With the result that the System is 
usually operated at much less than full load. 
This, for example, is particularly true in sys 
tems designed for cooling of air in theatres, office 
buildings, or the like, Which are in use only a. 
relatively small part of an entire day and seldom. 
at peak capacity. *= - ) 
As a result of this usual type of design there 

results a decrease in operating efficiency and 
since the apparatus must be sufficient to meet 
the simultaneous peaks, the first cost is there 
fore high. Where refrigeration is applied to air 
conditioning systems it is customary to design 
the refrigerating apparatus to meet the simul 
taneous peaks due to maximum outside tempera 
ture and humidity, maximum heat losses from the 
conditioned space, and maximum heat due to 
the sensible and latent heat given off by the 
occupants of the conditioned space. This com 
bined peak is greattly in excess of the average 
load with the consequent losses just mentioned. 
Tanks to store cold Water during off peak pe 

riods have at times been used to carry the high 
loads of the peak but their use has not proved 
generally satisfactory due to the excessive size 
of the containers Which are required. More re 
cently evaporator coils have been immersed in a 
tank of Water and ice allowed to accumulate 
during the off peak periods to be used to take 
care of the peaks. Due to the high latent heat 
of fusion of ice this resulted in the use of Smaller 
tanks and partially solved the problem. It 
offered, however, the serious objection that at 
certain rates of flow of Water through such a 
tank it is difficut to bring the Water to a tem 
perature close to that of the ice. The exchange 
of heat from ice to Water depends upon the 
velocity of the water and in a system as above 
described even though the Wateris caused to pass 
through a long channel to contact With the ice 
the velocity is very low as the channels must be 
wide enough so that the ice Will not freeze them 
shut when there is a maximum amount of ice on 
the coils. 

Furthermore, When the ice is melting from the 
coils the Water channels Widen With a consequent 
decrease in velocity and in heat transmission. 
There is an additional disadvantage in that the 

ice formation is not open to inspection and that 
if a refrigerating system fully automatic in oper 
ation is used it is difficult to use a controlto shut 
off the machine When a satisfactory amount of 
ice is formed. 

It is the broad object of this invention to pro 
Vide a System for the storage, control, and melt 
ing of the ice Which Will eliminate or substan 
tially reduce the aforementioned objections. 
Specifically the invention is concerned with the e 
formation of ice on cooling surfaces over extend 
ed periods followed by the melting of the ice by 
Water flowing in a film thereover during the 
hours ofuse of the cooling effect so that the sup 
ply of cooling effect canvary to meet the actual 5 
demand Whereas the evaporation of the refriger 
anti proceeds at a substantially constantrate, ex 
Cept as indirectly effected by the thickness of ice 
formation on the coils. Additionally in the pre 
ferred embodiment of the invention the ice is 2o formed on Surfaces cooled below the freezing 
point of Water by the flow over such surfaces of 
a film of Water during the off peak periods. With 
this arrangement the film flow serves at certain 
periods for the building up of ice and at other 25 
periods for its meltingto cool the flowing Water. 

Subsidiary objects of the invention particularly 
relating to the control of ice building upon re 
frigerating surfaces and other details of con 
struction involving, for example, controls of 30 
pumps and the refrigerating apparatus, Will be 
apparent from the folloWing description read in 
conjunction With the accompanying drawings in 
Which: 

Fig. 1 is a diagrammatic view of a preferred 35 
embodiment of the invention, certain of the parts 
being shown broken away to show interior con 
Structions; Fig. 2 is a vertical section through the ice con 
taining chamber; V 40 

Fig. 3 is a diagrammatic view similar to Fig. 1 
but showing an alternative arrangement; 

FigS. 4 and 5 are likewise similar diagrammatic 
shoWings of further modifications; and 

Fig. 6 is a diagrammatic view showing a modifi- 45 
cation in Which the ice is formed in a different; 
fashion although cooling by the ice is effected in 
accordance With the invention. 

Referring first to Figs. 1 and 2 there is illus 
trated at 2 a heat insulated chamber in the base 50 
of Which there is provided an open tank 4 for 
the reception of Water. As Will be obvious here 
after this tank 4 need not necessarily forma part 
of the chamber 2 but may be arranged to receive 
water therefrom eitherby gravityflow or by the 55 
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use of an auxiliary pump. Located in the upper 
portion of the chamber 2 are refrigerating coils 6 
in which refrigerant is evaporated in the usual 
fashion to reduce their temperature below the 
freezing point of the liquid used in the System 
Which Will be described herein as Water although 
it Will be understood that other liquids such as 
a queous Solutions, or even non-aqueous liquids, 
may be used in accordance With the invention for 
Various purposes. The coils 6 form a part of a 
conventional refrigerating System including a 
suitable compressor and condenser. It is on the 
outside of these coils that ice is built up as indi 
cated at 8 preferably in the fashion indicated in 
the draWings so as to completely imbed the coils 
in off peak periods as Will be obvious hereafter. 
A conduit 0 joins the lower part of the tank 

4 with the inlet of a Water pump 2, the outlet 
of Which is Connected to a conduit 4 in Which 
there is interposed an upwardly opening check 
Valve 6 and a restricted orifice 8. Wateris de 
livered by the conduit to a System of Spray noz 
zles indicated at 20 located above the coils 6 and 
designed to spray Water thereon So that it Will 
flow over the coils in heat exchange relationship 
therewith eitherby direct contact with the me 
tallic coils or, as partial freezing takes place, over 
the icebuilt up thereon With the result that either 
more ice is formed or, if the Wateris Warm, a cer 
tain amount is melted. 
A float 22 located in the tank 4 controls a switch 

24 which is arranged to open the circuit ener 
gizig ne motor f2 When the float drops to a 
certain position corresponding to the minimum 
height of liquid in the tank. An OverfloW 30 is 
arranged to prevent the liquid from rising too 
high, as in a, dehumidi."ing System the moisture 
taken from the atmosphere is continually added 
to the total Water in the System. 
On the pump side of the orifice 8 there com 

municates With the conduit 4 a tube 26 connect 
ed to a pressure controlled switch 28 Which con 
trols the circuit of the refrigerant compresSOr in 
the refrigerating system. This arrangement is 
such that as long as the pump 2 is operating, by 
reason of the restricted orifice there will be a 
pressure on the pump side thereof Sufficient to 
maintain the Switch 28 closed and the compressor 

- running. When the flow through 4 ceases this 
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pressure is no longer maintained and the sWitch 
28 is automatically opened stopping the com 
presSOr. 
This arrangement, provides safety for the com 

pressor since it insures that the compressor Will 
not operate when there is no water passing over 
the coils from which heat may be absorbed. 
Wateris drawn from the tank 4 through a pipe 

32 and an outwardly opening check valve 33 into 
one port of a three-way valve 34. This valve is 
such that, depending upon its operation, the Wa 
terwill bereceived from the pipe 32 or alternative 
ly from the pipe 40 and delivered through the 
connection 36 to a pump 38 by which it will be 
delivered in the form of a spray into a chamber 
42 through the pipe 44 and spray nozzles 46. The 
spray produced in the chamber 42 is traversed. 
by air flowingto a bloWer 48 and discharged there 
by through a conduit 50 to the point ofuse. While 
there is-illustrated specifically in this modifica 
tion an air conditioning apparatus it will be ob 
Vious that the invention is applicable to cooling 
Systems in general in Which cooled Water Or other 
liquid is passed in lineat exchange relationship 
With a Warmer medium to abstract heat there 
from. It happens that the systemis particularly 

2,056,970 
useful in connection With air conditioning appa 
ratus in view of the fact that this involves the 
imposition of Various loads and consequently uti 
lizes the advantageous features of the System. 
The three-Way valve 34 which may be of con 

Ventional type actuated by fluid, the flow of which 
under pressure is controlled by a thermostat or 
other sensitive instrument, is arranged to be 
operated by a thermostat located, for example, 
either in the water accumulating from the spray 
in chamber 42 or the air after passing through 
the Water Spray. Its control is such that if the 
temperature at the thermostat is high it will pro 
vide communication between 32 and 36 shutting 
off the line 40. On the other hand, if the tem 
perature at the thermostat is loWit Will Shut off 
the connection 32 and open communication be 
tween 40 and 36 with the result that a circulation 
of liquid Will be maintained without cooling. In 
general, it is desirable that the three-way valve 
be capable of assuming intermediate positions so 
that the fioW may be apportioned, part of the liq 
luid passing to the pump 38 being received from 
32 and the remainder from 40, the proportions 
depending upon the demand indicated by the 
thernOStat. 
A pipe 52 Whose open end Within the chamber 
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42 is located at a level higher than the open end 
of the pipe 40 provides for the flow of liquid from 
chamber 42 to nozzles 54 located adjacent the noz 
zles 20 and also arranged to discharge water upon 
the Coil 6, 
The apparatus so far described Will incorporate 

not only the elements already mentioned but also 
manually Operated Valves and SWitches desirable 
for use in shutting down and re-starting. The 
arrangement of these, however, depends on the 
convenience of the operator of the installation 
andare not described since they form no essen 
tial part of the automatic system. The operation 
of the system may be described asfollows: 
ASSUming a peak load, in Which case the valve 

34 Would provide communication between 32 and 
36 and close off 40, liquid Would be drawn from 
the tank 4 and sprayed into 42, thus cooling the 
air, and would then return through the pipe 52 
and nozzles 54 over the coils 6 by whichit Would 
be, cooled Whence it Would drop again into the 
tank 4. If the conditions were such that dehu 
midifying Was taking place there Would be no 
necessity for adding further water. In fact, even 
tually the amount might increase so that overflow 
through 30 would take place. If evaporation 
occurred Water Would be added to the tank 4 either 
automatically or at intervals by manual opera 
tion. At the same time during such peak loads 
further cooling Would be effected by the flow of 
Water caused by the pump 2 With the resulting 
additional spray through the nozzles 20. By rea 
son of the flow through the orifice 8 the pres 
sure in 28 Would be maintained and the refrig 
erating apparatus kept operating. Thefloat 22 
Would of course beraised With the result that 
the pump 2 Would continue to produce such 
floW. 

If now a decreased demand on the apparatus 
Was made, evidenced by a loWered temperature 
of the Water collecting in the bottom of chamber 
42, the valve 34 would be operated to decrease 
or even cut off the flow through 32 and permit 
flow through 40. In such case a recirculation of 
the spray from the nozzles 46 would occur without 
addition of cool Water through 32 until the cir 
culated Water temperature would rise. Under 
Very low demands Such as might occur, for ex 
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2,056,97o 
ample, in off hours, orif the externa temperature 
was low so that the Water spray Would be used. 
for air Washing alone, no flow through 32 Would 
take place. At the same time, by reason of the 
free flow through 40 the level in the bottom of 
42 Would drop So that no Water Would pass through 
the nozzles 54. Underthese conditions the pump 
12 would continue to operate to circulate cold 
Water from the tank 4 through the nozzles 20 and 
Over the refrigerating coils 6. . As the temper 
ature Would continue to fallice Would build up 
upon the coils. As the formation of ice con 
tinued the amount of liquid in the circulating 
system would decrease and consequently the 
liquid level in the tank 4 Would drop. Eventul 
ally it would drop to such extent that the float 
22 would open the switch 24 stopping the pump 
2 and, by reason of the occasioned drop of pres 
Sure at 28, also the refrigerant compressor. 
The function of the float 22 Will now be obVious. 
It is so arranged that it Will interrupt further 
circulation of Water When the liquid level in the 
tank drops to an extent corresponding to the 
maximum desired coating of ice upon the coils 6. 
In this Way the thickness of the ice coating is 
definitely limited and there is definite insurance 
against the closing off of the passages between the 
coils by a solid cake of ice. 

If the demand on the System is then increased, 
the valve 34 Will again open the passage 32 and 
warm Water Will be sprayed from the nozzles 54 
upon the ice. This water flowing in a film over 
the ice Will gradually melt the Same acquiring a 
temperature approximately that of the freezing 
point of the liquid. In this fashion the amount 
of liquidi in the tank 4 again increases With a con 
sequent rise of the float 22 closing the switch 24 
and restarting pump 12 and the refrigerant com 
pressor. 

In view of the accumulation of the ice upon the 
coil in off peak periods it will be obvious that the 
refrigerating apparatus need only be designed for 
a little more than the average twenty-four hour 
demand rather than for the large peaks of short 
duration as might occur, for example, at mid-day 
in a restaurant or the like. By reason of the 
high latent heat of fusion of water there will in 
general, except When long eXtended peaks occur, 
be ice upon the coils 6.. This by its gradual fusion 
reinforces the refrigerating action of the coils 6 
during peak periods. There is thus, in general, 
an equilibrium condition reached at any time 

i either resulting in a slow building up orslow melt 
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ing down of the ice on the coils 6.. The refriger 
ating apparatus of small size may thus run at its 
maximum efficiency over extended periods and 
take care not only of peakloads but also of periods 
of loWorno demand during Whichit Will prepare 
the apparatus for peaks. 

Referring now to Fig. 3 there is illustrated 
therein a modified arrangement resemblingrather 
closely that of Fig. 1. In this case all the parts 
are the same with the exception of the return to 
the chamber 2 from the chamber 42 Whereinheat 
exchange takesplace. The conduit 56 in this case 
is connected at 58 to the conduit 4 so that the 
returned liquidis sprayed through the nozzles 20 
as well as the liquid passing from the pump i 2. 
In this case it is Only neceSSary that the head in 
pipe 56 be sufficient to insure that the fiow will be 

, downwardly and through the nozzles 20 rather 
than in a reverse direction. The orifice 8 of 
course assures a relatively low pressureat 58 due 
to the pump 2, so that the desired equilibrium 

75 condition is readily attained. The operation is 

i Which the conduit 

3 
in all respects substantially identical with that 
described above With the exception of the specific 
path of the returned liquid. 
In Fig. 4 there is illustrated an arrangement in 

4 communicates with one 
branch of a T 60. Another branch of this T 
communicates With a pipe 62 leading to a heat 
exchange device indicated conventionally at 64 
which may, as before, be an air conditioning ar 
rangement, but may be of any type Wherein cool 
ing is to be effected. The liquid from the ex 
changer 64 returns through pipe 66 to a three 
way valve 68, one opening of which has commu 
nication through connection 70 With the third 
branch of the T 60. The other port of the three 
Way valve communicates through 72 With the 
nozzes 20. 
In this arrangement the Valve 68 may be 

thermostatically controlled, in this case so as to 
cause a flow through 4, 62, 64, 66 and 72 during 
peak loads and through 4, 60, 70 and 72 during 
periods of no demand, the flow through the heat 
eXchanger at the latter time being completely 
interrupted by closure of the outlet of the conduit 
66. For intermediate demands, the flow is appor 
tioned by intermediate conditions of the Valve 68. 
In this apparatus the pump 2 functions not only 
to proide the recirculation in the refrigerating 
chamber but also to Supply the flow to the heat 
eXchanger. The operation of building up and 
meliting down the ice is substantially that here 
tofore described. 

Fig. 5 represents a further development along 
the lines of Fig. 4 but embodying a recirculation 
through the heat exchanger in addition to that 
through the refrigerating apparatus. In this 
case the connection 0 between the tank 4 and 
the pump 2 contains an outwardly opening check 
valve 4. The conduit 4 connects With one 
branch of a T 76. Anotherbranch of this T com 
municates through 78 with the heat exchanger 80 

O 

5 

20 

25 

30 

35 

40 

from Which discharge takes place through 82 to . 
one branch of a three-Way valve 84. Another 
branch of this valve is connected by 86 to the 
third. branch of the T T6. The third. branch of 
the three-Way valve 84 connects through 88 With 
One branch of the T 90, a Second branch of Which 
delivers to the nozzles 20through pipe 92. The 
third branch of the T 90 communicates With a 
T 98 connected in the line O between the check 

45 

50 
valve T4 and the pump 2 through a pipe 94 in 
Which is interposed a thermostatically controlled 
Valve 96.. The valve 84 is controlled in the Same 
fashion as the valve 68 of Fig. 4 and corresponds 
thereto, valves 84 and 96 apportioning the flow by 
their partial closures of the respective conduits. 
The valve 96 is then thermostatically controlled 
by the temperature in the space to be cooled or by 
a thermostat, say in the pipe 78, with the result 
that it wili permit a circulated flow of partially 
warmed water so that the water entering the 
pump is made up of cooled Water from the tank 
4 as Well as a certain amount of this partially 
Warmed Water. When heat transfer is not re 
quired in 80, valve 84 stops circulation through 
the heat exchanger 80 and valve 96 is closed so 
that the building up of ice on the coils takes place 
until the operation is automaticallystopped when 
sufficient has been built up by the fall of liquid 
level in the tank 4. 
In Fig. 6 there is illustrated another embodi 

ment of the invention in which, however, the 
building up of ice upon the coils 6 does not take 
place entirely by the flow of a film thereover. 
In this modification the coils 6 are immersedia 
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4 
a tank 00. At the bottom of this tank communi 
cation is furnished through 02 to a tank 108, the 
passage being controlled in the present instance 
by a hand operated valve 04 which, as will be 
pointed out later, may be automatic. An over 
fioW06 extends from the upper end of tank I00. 
and connects With 02. 
At the bottom of the tank O8 an outlet pipe 

Il 10 communicates through an outwardly open 
ing check valve i 2 With One branch of a thermo 
statically controlled three-Way valve il 4 corre 
sponding to the valve 34 of the modification of 
Fig. 1. Another branch of this valve communi 
cates with a pump i 16 which delivers water to 
the heat exchanger 20 through a pipe 22 con 
nected With nozzies 24. A bypass connection 
28 in which is interposed a shut-off valve i 26 
connects 22 With the pipe 30 Which delivers 
Water to the nozzles 20. A pipe 32 connects the 
chamber 20 With the pipe 30 being equivalent 
to the pipe 56 of Fig. 3. This pipe 32 opens in 
the chamber 20 above the level of the pipe 8 
Which is connected to the third branch of the 
valve i 4. 
A thermoStat 34 extends through the Side Wall 

of the chamber O0 insuch position thatice form 
ing on the coils 6 Will Surround. it. It is adjusted 
so as to interrupt the operation of the refrigerat 
ing mechanism providing refrigerant for the coils 
6. In this manner the thickness of the ice ob 
tained is limited. 
When the apparatus of Fig. 6 is in its idle con 

dition the chamber 100 contains Waterso that the 
coils 6 therein are submerged, the valve f 04 at 
this time being closed. The refrigerating appa 
ratus is then operated to bring the coils 6 below 
the freezing point Whereupon ice begins to build 
up on them until the operation is interrupted by 
the thermostat 34 which is adjusted so as to 
stop the refrigerant compressor when itis covered 
to a predetermined extent by the ice which in its 
interior will have a temperaturebelow the freez 
ing point. When this condition is attained the 
valve 04 may be manually opened although 
it may alternativelybe automatically opened also 
by the operation of thermostat. The remaining 
liquid in 100 is thus discharged into the cham 
ber O8. 
When cooling in 20 is desired the Valve i 4 

will open 8 or O, or both, as the conditions 
may warrant and valve 26 may be closed or 
partly opened so as to apportion the flow and ob 
tain the desired cooling action by the flow of the 
liquid in the form of a film over the ice Within the 
chamber 00. At the same-time the refrigerat 
ing unit is put into operation so that a double 
cooling effect is obtained. It will be seen that 
the apparatus of Fig. 6 lends itself to the produc 
tion of ice coatings in the same fashion as those 
previously described. Its advantage lies in the 
fact that the circulating pump need not be used 
during the ice formation, for example, overnight, 
although ice may be formed during off peak 
periods at certain times by the flow of liquid over 
the pipes 6 as heretofore described. 

It will be seen that the various arrangements 
indicated above provide a Sufficiently rapidi circu 
lation of Water to obtain an excellent heat trans 
fer so that the water supply either in the tank 
4. of the first modifications or the tank 08 of the 
modification of Fig. 6 may be maintained very 
close to the temperature of the ice. This is 
essential in air conditioning Systems Where low 
dewpoints are required. 
While more power is recuired to produce a 

in heat interchange with said surface Whereby. 

medium. and returning it to the System. 

V 
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given refrigerating effect at 32º than at higher 
temperatures, and the present system may thus 
require more power per ton of refrigerating effect 
this is more than offset by the great decrease in 
Size of the apparatus and the lower cost of elec 
trical energy for the supply of Smaller peaks and 
use over longer periods. 

It Will be noted that the invention embodied 
in this application is applicable to the system de 
Scribed and claimed in my application, Serial No. 
658,370, filed February 24, 1933. I 

It Will be clear that various changes may b 
made in the embodiments of the invention With 
Out departing from the Scope thereof aS defined 
in the folloWing claims. 
What I claim and desire to protect by Letters 

Patentis: 
1. In combination, means for holding a supply 

of liquid, means providing a surface cooled below 
the freezing point of the liquid, means for pro 
ducing a flow of liquid from the supply in heat 
interchange With said surface in the form of a 
film, and back to the supply, whereby there is 
built up on said surface a coating of frozen liquid 
Over Which the liqui?i film flows, and means for 
interrupting said flow when the liquid in the 
supply decreases below a predetermined amount, 
Whereby the thickness of coating is limited. 

2. In combination, means for holding a supply 
of liquid, means providing a surface cooled below 
the freezing point of the liquid, means for pro 
ducing a flow of liquid from the supply in heat 
interchange With said surface in the form of a 
film, and back to the supply, whereby there is 
built up on said surface a coating offrozen liquid 
over Which the liquid film flows, means for in 
terrupting said flow when the liquid in the supply 
decreases below a predetermined amount, where 
by the thickness of coating is limited, and means 
for restarting said flow when the liquid in the 
Supply again increases. 

3. In combination, means providing a surface 
cooled below the freezing point of a liquid, means 
for recirculating the liquid in the form of a film 
in heat interchange with said surface whereby 
there is built up on said surface a coating of 
frozen liquid over which the liquid film flows, 
means for interrupting said recirculation when 
the thickness of the coating attains a predeter 
mined amount, and means for interrupting at 
the Same time further cooling of said surrace. 

4. In combination, means providing a surface 
cooled below the freezing point of a liquid, means 
for recirculating the liquid in the form of a film 

there is built up on said surface a coating of 
frozen liquidover which the liquid film flows, 
means for interrupting said recirculation when 
the thickness of the coating attains a prede 
termined amount, means for interrupting at the 
Same time further cooling of said surface, and 
means for simultaneously resuming the recir 
culation and further cooling of the surface when 
the thickness of the coating decreases. 

5. In combination, a circulatory system includ 
ing means providing a surface cooled below the 
freezing point of a liquid and means for recircu 
lating the liquid in the form of a film in heat in 
terchange with said surface whereby there is 
built up on said surface a coating of frozen liquid 
over which the liquid film flows, and means for 
abstracting cooled liquid from said system, pass 
ing it in heat interchange with another warmer 
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6. In combination, a circulatory system in 

cluding means providing a surface cooled below 
the freezing point of a liquid and means for re 
circulating the liquid in the form of a film in 
heat interchange with said surface whereby there 
is built up on said surface a coating of frozen 
liquid over which the liquid film flows, a second 
circulatory System including means for produc 
ing a flow of liquid and means Whereby the liquid 
is brought into heat interchange With another 
warmer medium, and means Whereby cooled 
liquid may pass from the first System to the 
second and Warmer liquid may return from the 
Second to the first. 

7. In combination, a circulatory System in 
cluding means providing a surface cooled below 
the freezing point of a liquid and means for re 
circulating the liquid in the form of a film in 
heat interchange With said surface whereby there 
is built up on said surface a coating of frozen 
liquid over which the liquid film flows, a second 
circulatory system including means for produc 
ing a flow of liquid and means Whereby the liquid 
isbrought into heat interchange With another 
Warmer medium, and automatically controlled 
means Whereby cooled liquid may pass from the 
first system to the Second and Warner, liquid 
may return from the second to the first. 

8. In combination in a Water cooling device, a 
conduit, a pump for producing a flow of water 
through the conduit, fixed flow restricting means 
in the conduit, and a pressure controlled deVice 
communicating with the conduit on the pump 

5 
side of the flow restricting means Whereby the 
preSSure on Said presSure-controlled device de 
pends upon the rate of flow of Water through 
the conduit. 

9. In combination, means providing a Series 
of Surfaces cooled belloW the freezing point of a 
liquid, means for recirculating the liquid in the 
form of a film in heat interchange With and be 
tween said surfaces whereby there are built up 
on said surfaces spaced coatings of frozen liquid 
between and over which the liquid flows in the 
form of a film, and means Whereby the thick 
nesses of the coatings are limited to avoid closing 
of the passages between the coatings. 

10. In combination, means providing a series 
of surfaces cooled below the freezing point of a 
liquid, means for contacting liquid With Said Sur 
faces Whereby there are built up on said surfaces 
Spaced coatings of frozen liquidi, and for recir 
culating liquid in the form of a film between and 
over said coatings, and means for limiting the 
thicknesses of the coatings to avoid closing of 
the passages between the coatings. 

11. In combination, means providing a series 
of surfaces cooled below the freezing point of a 
liquid, means for contacting liquid with said sur 
faces Whereby there are built up on Said Sur 
faces spaced coatings of frozen liquidi, and means 
for limiting the thicknesses of the coatings to 
avoid closing of the passages between the coat 
ings, Whereby the passages are open for the pas 
sage of fluid between and over said coatings. 
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