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UNITED STATES PATENT office 
REFRIGERANT CONTROLLING AND EXPAN 

SON APPARATDS 
Joseph N. Roth, Belding, Mieh, assignor, by 
mesne assignments, to Montcalm, incorporated, 
Greenville, Mich, a corporation of Michigan 

Original application May 17, 1941, serial No. 
394,03. Divided and this application Septera 
ber 15, 1943, Seria No. 59,936 

(C. 62-2) 5 Cairns. 

This invention relates to refrigerant control 
ling and expansion apparatus, and more particul 
larly to a capillary tube and an evaporator of the 
continuous tubing type, with an improved means 
for connecting them. Y 
One feature of this invention is that it pro 

vides improved means for operatively associating 
an automatically controlled capillary tube and 
an evaporator, particularly where the two lie 
primarily on opposite sides of an insulated wall, 
as the back wall of the food compartment of a 
refrigerator; another feature of this invention is 
that it increases the efficiency of the refrigerator 
by preventing frosting back on the inlet side of 
the evaporator; and yet another feature of this 
invention is that the capillary tube and its asso 
ciated receiver may be readily separated from 
the evaporator in the field for Servicing or re 
placement. Other features and advantages of 
this invention will be apparent from the follow 
ing specification and the drawing, in which: 
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be met by the use of an accumulator, but must 
be solved in some other way. . 

I have solved this problem by providing a sec 
tion of straight tubing of small diameter extend 
ing through one of the insulated walls of the food 
compartment and having its inner end connected 
to the evaporator, and by having the capillary 
tube terminate in a straight portion received by 
such section of tubing in a close but removable 
fit, the section of tubing and the capillary, tube 
being removably sealed together, outside of the 
food compartment, by flanges and bolts. 

Referring now more especially to the particus 
, lar embodiment of my invention illustrated in the 
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Figure 1 is a partial vertical cross sectional view 
of a domestic refrigerator of the absorption type; 
Figure 2 is a sectional view along the line 2-2 of 
Figure l; and Figure 3 is a sectional view along 
the line S-3 of Figure 2. 
This application is a divisional of tiny Copend 

ing application Serial No. 394,031, filed May 17, 
1941, which issued as Patent No. 2,334,219 on 
November 16, 1943; and a continuation-in-part 
of my copending application Serial No. 361,629, 
fled October 17, 1940, which issued as Patent No. 
2,339,85 on January 25, 1944. 

Fat plate or "shelf' types of evaporators have 
met with increasing favor in domestic refriger 
ators, yet such evaporators present certain prob 
lems, particularly with respect to uniform cool 
ing over the entire area of the shelf of the evapo 
rator at various refrigeration rates, claims to ny 
improved arrangement in this regard being incor 
porated in the first of my above-mentioned pat 
ents. In addition, where a capillary tube is used, 
with an arrangement for automatically control 
ling the rate of flow through the capillary, the 
subject matter of the second of my above-men 
tioned patents, a problem of considerable in 
portance is presented in arranging a satisfactory 
connection between the evaporator in the inte 
rior of the food compartment and the Capillary 
tube having its major portion outside of the food 
compartment, particularly in a continuous ab 
sorption refrigerator. The primary problem, of 
course, is to prevent frosting back through the 
food compartment wall on the inlet side of the 
evaporator; and where the refrigerator is of the 
continuous absorption type this problem cannot 
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accompanying drawing, a domestic refrigerator 
is shown having a food compartment with in 
sulated walls, including the back wall . While 
the arrangement which is the subject matter of 
this application has advantages in any type of re 
frigerator, it was particularly designed for a con 
tinuous absorption domestic refrigerator, where 
its advantages are realized to the fullest. The 
evaporator is shown at the top of the food Com 
partment and comprises a sheet metal box 2 
and upper and lower loops of tubing, here iden 
tified as 3 and 3b, the tubing extending cons 
tinuously from its inlet to its outlet connection, 
although it is looped in two different planes. 
The particular continuous absorption system 

which I employ for circulating refrigerant is 
shown in a schematic diagram and fully de 
scribed in the second of my above-mentioned 
patents. Accordingly, it is believed sufficient to 
merely briefly describe the system here. 
Rich liquor (a refrigerant-absorbent mixture) 

is boiled in a still by the application of heat, and . 
the refrigerant vapors are passed through ana 
lyzing and rectifying means to remove any en 
trained water vapors, then liquified in an air 
cooled condenser. From the condenser the re 
frigerant is delivered (in liquid slugs separated by 
refrigerant vapor) to a receiving chamber or cap 
illary tube housing 4 at the back of the food 
compartment, Liquid refrigerant in this receiver 
passes through a capillary tube 5 and is deliv 
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ered to the inlet end of the lower Section of 
evaporator tubing 8a, the details of this con 
nection being described more fully hereafter. 
The liquid refrigerant vaporizes in the evapo 
rator tubing, in a manner more fully described in 
the first of my above-mentioned patents, and 
then passes out through the outlet and a pipe 6 
to an absorber, where it is reabsorbed (at low 
pressure) in the absorbent. liquid. In the case 
of my particular system, the refrigerant is am 
monia and the absorbent water. 
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The still and condenser of a water-ammonia 
absorption system operate at high pressure, gen 
erally from 150 to 250 pounds per square inch; 
and the evaporator and absorber operate at low 
pressure, generally from 10 to 20 pounds per 
square inch. In order to maintain the desired 
quantities and concentrations of liquid through 
out the system, it is necessary to have a liquid 
circuit between the absorber and the still, mov 
ing weak liquor from the still to the absorber 
and rich liquor from the absorber to the still at 
intervals. This is accomplished by an interme 
diate transfer chamber which receives liquid from 
the absorber at low pressure and is then raised 
to high pressure to deliver it to the still. This 
basic system was fully illustrated and described 
in a number of issued Schultz patents, a rep 
resentative One in this regard being Patent No. 
1,414,527, which issued May 2, 1922. 
While the particular view shown in the accom 

panying drawing is a side elevation, and there 
fore does not make the continuity of the evap 
orator tubing perfectly obvious, it will be under 
stood that there is a single continuous refrig 
erant flow path from the receiver to the outlet 
pipe 6. ' While for purposes of manufacturing 
convenience, this single continuous flow path may 
be formed by Welding together various sections 
of tube, in finished form it is in effect a single 
tube leading from its connection with the re 
ceiver to the lower horizontal plane, looping back 
and forth in that plane, passing up to and loop 
ing back and forth in a higher plane parallel to 
but spaced from the first-mentioned plane, and 
then connecting to the pipe 6. It will be noted 
that, in the arrangement shown here, all of the 
active or Operative part of the evaporator is above 
the level of the receiver 4. This complicates the 
problem of making a connection on the inlet side 
which does not frost back through the insulated 
wall, since all of the refrigerant delivered to the 
evaporator must, in effect, be forced up-hill from 
the point of delivery. 

If all of the capillary tube were placed in the 
food compartment, on the inner side of the in 
sulated wall, the problem would be greatly sim 
plified. On the other hand, if the capillary tube 
could be split in the middle when it was desired 
to open the connection, trouble with frosting back 
might also be more easily overcome. The first 
of these alternatives is undesirable, however, be 
cause it is desirable to have the major portion of 
the capillary tube coiled in a helix (here identified 
as 5a) and lying within the receiver. The sec 
ond is impracticable because any separation of a 
capillary tube throughout its course would result 
in almost inevitable plugging up of the tube when 
the parts were reconnected. 
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4. 
fully described in the second of my above-men 
tioned patents, the level of liquid in the receiver 
is a function of the rate at which refrigerant is 
delivered to the receiver and the rate at which 
it leaves it through the capillary tube; and varia 
tions in these rates cause variations in the height 
of the liquid in the receiver, automatically caus 
ing the rate of delivery of refrigerant through 
the capillary tube to be the function of the rate 
of delivery of the refrigerant to the receiver. 
This is a very important factor in an absorp 

tion refrigerator, and has for the first time en 
abled the use of a capillary tube in such a re 
frigerator. This desired automatic flow regula 
tion can only be achieved where the receiver is 
hot, at substantially condenser temperatures; and 
the receiver cannot be kept hot unless it is on 
the outside of the insulated wall , and not with 
in the food compartment, where it would be 
cooled. 

In order to enable the receiver and the major 
portion of the capillary tube to be located out 
side the food compartment wall, and to deliver 
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refrigerant to a continuous tubing evaporator lo 
cated above the level of the receiver, so that re 
frigerant works up through the evaporator to get 
the desired uniformity of cooling in the manner 
brought out in the first of my above-mentioned 
patents, I have devised the connection arrange 
ment which is the subject matter of this appli 
Cation. 
The inlet side of the evaporator tubing has a 

Straight section 20 of small diameter, this sec 
tion passing through the insulated wall f. The 
Outer end of this Section is provided with a flange 
2f permanently connected to it as by welding, 
Soldering and the like. As may be best seen in 
Figure 3, one end of the receiver 4 is provided 

40 

50 

55 

The slugs of refrigerant are delivered to the 
receiver 4 from the condenser through a pipe 
7 and a filter 8. When the refrigerant reaches 

the receiver 4 the liquid and vapor separate, 
as may be best seen in Figure 3, the liquid occu 
pying the lower part of the receiver and the va 
por the upper part. Refrigerant in the receiver 
passes through another filter f and enters the 
inlet end of the capillary tube f, passing through 
the coils sa, and then along the straight por 
tion 5b in which the capillary tube terminates. 
Heat transfer to the liquid refrigerant passing 
through the capillary tube tends to gasify it and 
retard its flow; and practically all of the heat 
transfer is from condensation of hot refrigerant 
vapor in the upper part of the receiver on the 
exposed portions of the capillary coils. As was 
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With a flange 4a adapted to be removably fas 
tened to the flange 2, as by the bolts 22. The 
straight end portion f 5b of the capillary tube 
projects through an opening in the center of a 
plate member 23, the capillary tube being per 
manently sealed in this opening in any appro 
priate manner. When the parts are assembled, 
the capillary tube-plate-filter combination is 
placed in the position shown in the drawing, 
with the straight end portion of the capillary 
tube slipped into the straight section of tubing 
20. Then the receiver 4 is brought into place 
Over the outer end of this combination and the 
flanges joined together, gaskets 24 preferably 
being used to provide a good seal. 
The straight portion 5b of the capillary tube 

is preferably a close but sliding fit, with only a 
Very few thousandths of an inch difference in 
the external diameter of the capillary tube and 
the internal diameter of the section 2.0. The 
Space between the outer wall of the capillary 
tube and the inner wall of the section 20 of 
tubing should be so small that refrigerant will 
not pass through it. Under these conditions re 
frigerant is delivered from the outlet end of the 
capillary tube (the left-hand end in Figure 3) 
to a larger diameter section of the evaporator 
tubing, and at a point well within the food con 
partment, to the inner side of the insulated wall 
f. The fit of the straight portion of the capillary 
tube in the section 20 of evaporator tubing, how 
ever, is so close the liquid refrigerant does not 
back down to the outside of the insulated wall; 
yet the connection is such that it is readily re 
movable, and unbolting the flanges enables the 
capillary tube to be removed and replaced, the 
filter 9 to be serviced, and the like. 
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While I have shown Sind described certain en 
bodiments of my invention, it is to be understood 
that it is capable of many modifications, 
Changes, therefore, in the construction and ar 
rangerent may be made without departing from 
the spirit and scope of the invention, as disclosed 
in the appended claims. 

clan: 
1. In combination with a refrigerator cabinet 

with a food compartment having insulated walls e 
and an evaporator therein having an inlet, refrig 
erant controlling and expansion apparatus, in 
cluding: a section of straight tubing of Small 
diameter extending through one of the insulated 
Walls, the lane end of said section opening into 
the zalet of the evaporator; and a capillary tube 
having the major portion thereof outside of said 
One insulated Wall and terragating in a straight 
portion received by said section of tubing in a 
close it, the iner exad of the capillary, the 
extending within said insated wall. 

s 

2. In combination with a refrigerator cabinet 
with a food corpartinent having insulated Wats 
and an evaporator therein having an inlet, re 
frigerant controlling and expansion apparatus, 
including: a section of straight tubing of small 
diameter extending through one of the insulated 
Walls, the in Ener end of said Section opening into 
the inet of the evaporetor; a chamber outside 
of said he islated Wall assipted to receive liquid 
refrigeist; and a cagliary tube having the 
ana or position thereof ira Sidi charaber 8ind ter 
aminating in a straight portion received by said 
section in a close but renovatoie fit, the inner end 
of the capillary tube extending within said in 
stated 73. 

3. Apps: as of the character claimed in claim 
2, "Whereira tiase outer exact of Seii section of tubirag 
is provided with a fagge & Sete is a cooper 
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atting member peasanently connected to the 
capillary tube and renovably connected to the 
first aerationed large, 

4. In combination with a refrigerator cabinet 
with a food compartment having insulsted walls 
and an evaporator therein having an inet, re 
frigerant controling and expansion apparatus, 
including: 3 section of straight bing of small 
diameter axtending through one of the insulated . 
walls, the iner end of said Sectio opening into 
the inlet of the evaporator and at least the outer 
end thereof. eras oyser than the eyagorator, the 
outer end being provided with a fiarage; S cham 
ber outside of said one insisted WEll adapted to 
receive liquid refrigerant; and a capillary tube 
having the nator portion thereof colled in said 
chamber and terrainsting in s staraight portion 
received by said section in a close out resinovable 
fit, the inner end of the capillary tube extending 
within aid insulated was, the chamber being 
provided with a fage, the capiliary the being 
provided with a pate inexacer through which 
the straight go of the cagiary tape pron 
jects as to which it is essagaeatly coalected, 
this neaker being regaoyasily sealed between said 
fisages. 

5. In combination with a refrigerator cabinet 
with a focal congartaert having insulated Walls 
and at evgorator cody, thereign, Said evapo 
rator congprising part of the low pressure sportion 
of the refrigerator agai are being & conduit 
in the higi pressure gotia, refrigers at flow . 
controlling appa's correcting Said conditats, 
including: a capiary ae having a portion 
snugly but reiraovay excised within a reduced 
portion of the evapotatioE cradua, the retinainder 
and Ransox goaica of the capasy tube being 
encloses: giaire he jaiga 323s are capadaat. . . 
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