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Our invention relates to the use of holdovers 
in refrigerating apparatus. Holdovers may be 
used where there is a periodic operation of re 
frigerating mechanism and they furnish the re 
frigeration during the period of idleness of the 
refrigerating mechanism. They may also be used 
where there is continuous operation of refrig 
erating mechanism, to augment the mechanism 
during periods of excessive demand. In order 
that the invention may be more readily under 
stood We prefer to describe first an apparatus em 
bodying our invention and will thereafter more 
fully describe the principles involved in Our inven 
tion. 

In the drawing: 
Fig. 1 is a form of apparatus embodying our 

invention; . . . 
Fig. 2 is a modified form of apparatus; 
Fig. 3 is an enlarged detail view of part of Fig. 2; 
Fig. 4 is another modified form of apparatus; 

and 
Fig. 5 is a chart showing roughly certain prop 

In a domestic embodiment of our invention as 
shown in Fig. 1 the refrigerating circuit com 
prises refrigerant line 20 which starts at the com 
pressor 30 and passes thru the condenser 31 to 
the expansion valve 32 and from thence passes. 
thru a holdover box 33 and returns to the com 
pressor 30. The holdover box 33 may be partially 
filled with a composition hereinafter described 
and the volume of this box need be only about 
1/50 of the volume of a box containing ordinary 
brine and having the same holdover capacity. It 
is evident that the holdover box may be a means 
of augmenting the mechanical refrigeration 
during periods of excessive demand. 
In another domestic embodiment of our in 

vention shown in Fig. 2 the holdover may be pro 
vided by a spiral coil 40 shown in dotted lines in 
Fig.2 instead of or in addition to the box 33 of 
Fig. 1 and in solid lines in Fig. 3 placed in be 
tween the coils 41 of a refrigerating circuit some 

This 
modification may be provided with an expansion 
valve 32. Trays 42 for freezing water or other 
ices well known in the art may be provided in 
these installations. The refrigerating mech 
anism shown in Figs. 1 and 2 can be provided 
with a thermostatic or pressure switch 43 to cause 
the operation and stopping of the mechanism at 
the desired temperatures assumed in this case to 
be -5° C. and -10° C. The temperature control 
43 may in this case be a thermostat having a 
bulb 34 placed in or under the influence of the 

i (C. 62-95) 
holdover composition in box 33 or coil 40. This 
bulb. 34 may be connected to an expansion bel 
lows 35 operating snap Switch 36 controlling the 
starting and stopping of motor 37, which drives 
the COmpressor 30. The temperature control. 43 
may be set to start the motor when the holdover 
composition is, in the instance to be described, 
at -5°C., and to stop the motor when the hold 
over composition is at -10°C. In the modifica 
tion of the apparatus shown in Fig. 4, the line 50 
connected to the usual compressor and condenser, 
not shown, delivers liquid refrigerant to a float 
chamber 51. The liquid refrigerant is held at a 
constant level in this float chamber, and fills the 
tubes 52 connected to the float chamber. The 
evaporated refrigerant returns thru line 53 to the 
compressor condenser. - 
chamber 51 and coils 52 may be placed a hold 
over tank 54 partially filled with a cryohydrate 
composition. The temperature control of the 
refrigerating apparatus in this case may be ob 
tained by means of a pressure switch 55 connect 
ed to the return line 53 of the refrigerating cir 
cuit, the pressure in the return line being related 
to the temperature of the mechanism. This 
pressure switch 55 controls the starting and stop 
ping of the refrigerator in accordance with the 
temperature. Trays 42 for freezing Water or 
“ices' may be provided. The holdover capacity 
of the composition 54 at the critical temperature 
hereinafter described is about 50 times that of 
ordinary brine, and the pressure Switch 55 is ad 
justed to start and stop the refrigerating mech 
anism at temperatures slightly above and below 
the critical temperature. 
Our invention will be more readily understood by a description of the properties of the Cryohy 

drate solution of ZnSO4 which may be used in 
boxes 33 and 54, and coil 40, altho it is obvious 
that our invention is in no way limited to the 
use of this particular cryohydrate composition, 
which is described by way of example only, and 
it is obvious that the temperatures are also mere 
ly exemplary. 
. We have discovered that by the Selective use of 
certain cryohydrate compositions a refrigerator 
may be provided with a holdover storage of ex 
ceptional capacity to operate at practically any 
desired refrigerating temperature, and within 
very close starting and stopping temperature 
limits. 

In installations with ordinary brine, the hold 
over capacity of the refrigerator is ordinarily lim 
ited to the specific heat of the brine. No latent 
heat of fusion is used. When it is attempted to 
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use such latent heat by varying the concentration 
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of brine so that freezing may occur at a given 
temperature, water is frozen out of the solution, 
and the concentration of the remaining solution 
is varied. This in turn varies the freezing ten 
perature of the remaining solution. It is thus 
impossible to freeze substantially the entire hold 
Over Solution within small desired temperature 
limits of operation. 
By Selecting a Suitable Soluble substance and by 

dissolving this substance substantially to a criti 
cal degree of concentration to form what we pre 
fer to call a cryohydrate composition, it is pos 
sible to obtain a composition which freezes and 
crystallizes completely at a desired fixed tempera 
ture. 

Taking, by Way of example ZnSO4, the cryohy 
drate composition of this substance is obtained, 
according to Groeber, by dissolving 27.2% by 
weight of the anhydrous salt in 72.8% by weight 
of water. This composition freezes and crystal 
lizes at the constant temperature of -6.55° C., 
and has a latent heat value of 50.9 kilogram cal 
Ories per kilogram. A method of obtaining the 
Cryohydrate composition may be by establishing 
a Saturated Solution at a higher temperature and 
thereafter cooling the Solution until a constant 
freezing temperature is reached. The cryohy 
drate composition may be formed in the refrig 
erator by introducing into the holdover compart 
ment Water and an excess of ZnSO4. The cool 
ing of the Solution to the critical temperature 
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40 

will automatically form the cryohydrate compo 
sition and the excess of ZnSO4 will precipitate out 
of the Solution, as will be more fully explained. 
With this cryohydrate composition of ZnSO4 

it is possible to provide a refrigerator with tem 
perature control set to Snap on and off at hold 
over temperatures slightly on either side of -6.55° 
C. A holdover compartment can be provided in 
which the cryohydrate composition is placed. 
This composition by the operation of the refrig 
eration mechanism is frozen and gives up its 
latent heat of fusion to the mechanism. The re 
frigerating mechanism ceases to operate after the 
Cryohydrate composition has been entirely frozen, 
after which the melting of the composition fur 
nishes the desired refrigeration until the cycle is 
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started again. It is evident therefore that when 
it is desired to operate a refrigerator within nar 
row temperature limits on either side of -6.55 
C., the use of the cryohydrate composition of 
ZnSO4 permits such operation with approximately 
1/50 the amount of ordinary brine for the same 
holdover capacity. 
In order to prevent the holdover compartment 

from bursting it is desirable to add to the cryo 
hydrate composition some substance which pre 
vents the composition from freezing in a solid 
mass. By Way of example, some colloidal sub 
stance, Such as gelatine, may be used. Another 
type of substance, which may be used is a soluble 
Organic substance, such as glycerine, diethylene 
glycose and the like. When such a substance is 
added to the cryohydrate composition, the com 
position freezes into a mushy Substance Which 
does not burst the holdover compartment since a 
slight expansion space may be provided therein, 
and the freezing composition can flow into the 
expansion space. 
While we have described somewhat fully the 

use of ZnSO4 cryohydrate solution, our invention 
contemplates the selection of any proper Cryo 
hydrate which gives a constant desired freezing 
temperature. The cryohydrate compositign of 

1,957,838 
Sodium sulphate, strontium nitrate, barium chlo 
ride and potassium chloride each gives a different 
constant freezing temperature within the range 
of ordinary domestic and commercial refrigera 
tion. Under certain conditions the use of Sub 
stances such as nickel Sulphate, which Would re 
act with free hydrogensulphide might be used 
in an exposed condition to keep the refrigerator 
more SWeet. 
The term cryohydrate, as herein used, may in 

clude compositions which have no water. It is 
possible that a solution in a substance other than 
water may be selected which will have a constant 
freezing temperature within the range of Ordi 
nary domestic and commercial refrigeration. 
We are aware that the freezing of holdovers 

has been contemplated but in no case, with the 
exception of water, has it been thought desirable, 
for holdover purposes, to select a certain Sub 
stance and to produce therefrom a solution of Such 
critical strength that substantially the entire so 
lution will freeze at a constant desired tempera 
ture. Our invention opens the entire domestic 
and commercial refrigerating temperature range 
to the use of a constant-temperature totally 
freezing substance, thus making available a large 
volume of holdover capacity with a small volume 
of substance, in any particular case, within nar 
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row temperature limits of operation. 
By way of example, we give herein Some of the 

many cryohydrate substances which may be 
chosen under certain conditions and which oper 
ate at various temperatures. The values given 
are by well recognized authorities. 
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Substance 

115 

Na2SO4.10HO---------------- -1.2 
KaSO4------------------------ -I. 55 
Na2CO3.10H2O.-------------- -2. 
KNO3--------- -3.0 
ZnSO.7HO- 55 

-15.8 
-17.5 
-18.5 

120 

CaCl.6H2O.------------------ 125 

It will be seen that the freezing temperature 
of the cryohydrate composition of CaCl2-6H2O, 
the brine ordinarily used for holdover purposes, 
is -54.9° C. Such a temperature would ordi 
narily be too low for domestic or commercial 
refrigeration now in use. At no other tempera 
ture than -54.9 could the pure CaCl-6H2O 
brine be completely frozen and at no other tem 
perature will that brine maintain a constant 
freezing temperature. Its use as a cryohydrate 
composition has not heretofore been contem 
plated. 
Should one attempt to freeze the entire hold 

over solution of CaCl2.6H2O to take the maxi 
mum advantage of the latent heat of fusion, 
and at the same time it should be desired to 
operate between the temperature ranges of -5° 
C. and -10° C., it would be impossible to fulfill 
these requirements. In order to obtain any freez 
ing at all in the CaCl2 holdover liquid, the brine 
would have to be in a dilute condition. When a 
slight amount of water in the holdover liquid 
should freeze, then the concentration and there 
fore the freezing temperature of the remaining 50 
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Solution would change. When the minimum de 
sired temperature of -10° C. should be reached 
a large per cent of the holdover brine would still 
not be frozen, and therefore advantage of the 
high latent heat of fusion from the entire solu 
tion could not be obtained. However, if instead 
of CaCl2.6H2O the holdover spaces were filled 
with ZnSO4 cryohydrate composition, the entire 
holdover composition would freeze at -6.55° C. 
(well within the required range of -5 to -10 
C.) and then the maximum advantage of the la 
tent heat of the composition would be obtained 
and the holdover space could be materially re 
duced to about 1/50 of that of CaCla brine. 
By the use of our invention it is possible to set 

thermostatic or pressure controls to start and 
stop the refrigerating mechanism within narrow 
temperature limits, and because of the high heat 
storage capacity of the latent heat, the time be 
tween starting and stopping of the refrigerating 
mechanism will be greatly lengthened. 
While we have disclosed binary cryohydrate 

compositions formed of a liquid and a salt, it is 
possible that we may use ternary and other cryo 
hydrate compositions formed of one or more 

... liquids combined with One or more salts, when 
such compositions have a constant freezing tem 
perature within the range of ordinary domestic 
and commercial refrigeration. In order that the 
advantages of cryohydrate compositions may be 
more fully brought out, reference may be had to 
Fig. 5 in which the vertical scale is a temperature 
Scale and the horizontal scale indicates the per 
cent by weight of the anhydrous salt. Since, in 
this case, the temperatures of O C. and -6.55 C. 
are the only ones of particular interest the inter 
mediate curve is only roughly indicated and is 
not intended to be used for intermediate values. 
By reference to this chart, it will be seen that 0% 
solution, or pure water, freezes at 0° C. and that 
a 27.2% solution of anhydrous salt of ZnSO4 
freezes at -6.55. A weaker Solution, Say 10%, 
WOuld start freezing at Some intermediate tem 
perature and at first substantially pure H2O 
would solidify and the remaining solution would 
therefore become more concentrated. This re 
maining concentrated solution, say 20% solution, 
would then have a freezing temperature lower 
than the 10% solution. When the degree of con 
centration reaches 27.2%, however, the freezing 
temperature remains constant until the entire re 
maining substance is frozen. If On the other 
hand a Solution of 30% should be chosen, then 
upon the lowering of the temperature some of 
the salt would crystallize first and the solution. 
would be weakened as the temperature drops 
until the critical value of 27.2% is reached. It is 
therefore obvious that the critical concentration 
in this case is 27.2%. Since the lowering of the 
temperatures to a point near the critical tem 
perature will reduce the solution to the proper 
concentration it would be possible to use initially 
a solution of slightly different concentration than 
the cryohydrate value, and the lowering of the 
temperature of the solution would bring part of 
the solution automatically to the proper cryohy 
drate value. When the temperature starting and 
stopping limits are not required to be extremely 
close, the initial solution need not be a true cryo 
hydrate composition, as it would then be possible 
to rely on the automatic formation of cryohydrate 
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the critical temperature. 
cipitation of the Substance is very small as com 

3 
composition during the operation of the refrig 
erating mechanism. Especially, it would be con 
venient to start Out with a saturated Solution of 
the substance at room temperatures. The re 
duction of the temperature would then auto 
matically, form the cryohydrate composition at 

Since the heat of pre 

80 

pared with the latent heat of freezing of water, 
the excess of the substance will be precipitated 
without the absorption of a large amount of heat, 
and therefore the temperature of the mixture 
during the freezing operation would remain es 
Sentially constant. A close temperature control 
can therefore be obtained with an excess of the 
substance in the liquid. The disadvantage in 
this case would be that the latent heat capacity 
of such a substance might not be as great as the 
perfect Composition and that the temperature 
limits of operation would have to be farther 
apart. Such a use of a solution near the Cryo 
hydrate value is contemplated in our invention. 
Under certain conditions, the refrigerating 

mechanism may be continuously operative, and 
the holdover cryohydrate composition may be 
used to augment the refrigerating capacity of the 
mechanism during periods of excessive demand, 
being frozen during periods of inferior demand. 
This invention is of particular value when it 

is desired to furnish refrigeration of very accu- 105 
rate and close temperature limits and in ice 
cream cabinets where the temperature of the ice 
cream is a material factor of its quality. - 
While the form of embodiment of the present 

invention as herein disclosed, constitutes a pre- 110 
ferred form, it is to be understood that other 
forms might be adopted, all coming within the 
scope of the claims which follow. 
What is claimed is as follows: 
1. A refrigerating apparatus comprising a 15 

sleeve, a removable receptacle in said sleeve 
adapted to contain substances to be refrigerated, 
means in thermal contact with at least opposite 
sides of said sleeve and containing a 'cryohydrate 
composition, said cryohydrate composition hav- 120 
ing a melting point below the freezing point of 
said substances, and an intermittently operating 
refrigerating system automatically controlled to 
maintain temperatures below the freezing point 
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100 

of said substances and to maintain said cryohy- 125 
drate composition in a frozen condition at least 
during part of the Operating time of said sys 
tem and in an unfrozen condition at least during 
part of the idle time of Said System. 

2. A refrigerating apparatus comprising a re-130 
ceptacle removable from a freezing zone and 
adapted to contain substances to be refrigerated, 
means surrounding at least a portion of the pe 
riphery of said ZOne and containing a cryohy 
drate composition, said cryohydrate composition 135 
having a melting point below the freezing point 
of said substances, and an intermittently operat 
ing refrigerating system automatically controlled 
to maintain temperatures below the freezing 
point of said substances and to maintain said 40 
cryohydrate composition in a frozen condition at 
least during part of the operating time of said 
system and in an unfrozea condition at least 
during part of the idle time of said system. 

FRANCIS RUSSELL BICHOWSKY. 
HARRY B. BUL. 

145 

6. 

150 


