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6 Claims. 
1 . 

My invention relates to a drier, and particu 
larly, to a clothes drier. One purpose is to pro 
vide a drier in which the articles to be dried are 
tumbled in a drying zone in which they are sub 
jected to an elevated pressure. 
Another purpose is to provide a drier in which 

the ‘condenser and evaporator of the type of 
system often used in refrigeration is employed. 
Another purpose is to reduce the amount of 

electrical energy which is necessary to produce 
drying in a given length of time. 
Another purpose is to prevent an undue in 

crease in the humidity of the air within the 
room in which the drying is being e?’ected. 
Another purpose is to decrease the wear in the 

fabric being dried, which ordinarily results from 
tumbling fabrics against screens or other sur 
faces. 
Another purpose is to e?ect complete drying 

at a temperature which will be perfectly safe for 
delicate fabrics. 
Another purpose is to provide an electrically 

operated drying assembly which does not neces 
sitate special house wiring. 
Other purposes will appear from time to time 

in the course of the speci?cation and claims. 
The invention is illustrated more or less dia 

grammatically in the accompanying drawings 
wherein: 
Figure l is a front view with parts broken 

away and parts illustrated in skeleton relation 
ship: 

Figure 2 is a‘section on the line 2-2 of Fig 
ure 1; 

Figure 3 is a section on the line 3-3 of Fig 
ures-2 and 4; 

Figure 4 is a section on the line 4-—4 of Fig 
ure 3, on an enlarged scale; 

Figure 5 is a section on the line 5—5 of Fig 
ure 2; 

Figure 6 is a sectional detail on the line 6-8 
of Figure 1; 
Figure 7 is an enlarged section on the line 1-1 

of Figure 1; 
Figure 8 is a development along the line 8-8 

of Figure 7; ' 

(Cl. 34-76) 
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Figure 9 is a development of the cylindrical 4 
evaporator employed; and . 

Figure’ 10 is a development of the cylindrical 
condenser employed. ' 

Like parts are indicated by like symbols 
throughout the speci?cation and drawings. 
Referring to the drawings I illustrate a gen 

50 

erally cylindrical tumbling barrel El having a 55 

side or end 54a. The cylindrical portion of the 
barrel and its end 54a may advantageously be 
formed of wood, but any suitable material hav 
ing a relatively low thermal conductivity may 
be employed. I illustrate the barrel or tumbler 
as mounted upon the shaft I at one end, and as 
supported at the other end by a plurality of 
rollers 45 which engage the neck 20b which may 
be secured to or be integrally formed with a 
suitable cylindrical metallic lining 213, which, as 
will later appear is or includes the condenser of 
a mechanical refrigeration system. Any suit 
able outside enclosure' may be provided for the 
tumbler or barrel 55. I illustrate for example 
the stationary hollow walled closing member 22 
which may be provided with any suitable lid or 
end closure 48 with a gasket ?ll. As will be clear 
from Figure 2 the circumferential cylindrical 
wall of the member 22 has associated therewith 
a second circumferential cylindrical wall 22b, the 
two walls being sealed together at their ends to 
provide an evaporator space in which a volatile 
refrigerant may be evaporated. Thus I employ 
concentric and relatively rotatable cylindrical 
condenser and evaporator elements, the con 
denser element assisting in lining the tumbling 
space within the tumbling element or drum 5d, 
the evaporator being ?xed in position about, and 
spaced outwardly from the drum which it sur 
rounds. The condenser wall 24 is shown as hav 
ing an outer wall component 25a, the space be 
tween the two walls as at 23 serving as a con 
denser coil. ' As will be clear from Figures 9 and 
10 the inner and outer walls of the evaporator, 
shown in Figure 9 and the condenser shown in 
Figure 10, are so related as to de?ne a tortuous 
path and so as to form a coil through which the 
refrigerant may ?ow, during condensation in the 
condenser, and during evaporation in the evapo 
rator., The lid member 48 is secured not'only 
to the above described evaporator structure, but 
to an outer housing 58; which surrounds the en 
tire drier structure and which includes or serves 
as a supporting base which may rest on the 
?oor or any other suitable surface and which 
houses the below describedmechanisms. 
The member 48 is shown as outwardly slightly 

conic, and as surrounding an access aperture 
located in line with the axis of the shaft I and 
the drum 54. During the drying operation this 
access opening is tightly closed. I illustrate for 
example a lid 21 shown as generally spherical 
but as terminating in a short cylindrical portion 
I'Iband an outwardly ?ared ?ange 21c. A seal 



2,495,035 

ing ring 4|, which is shown as of circular cross 
section, is mounted about the cylindrical section 
211). It is preferably of relatively soft and resili~ 
ent material such as rubber or a rubber sub 
stitute, and is ?tted tightly about the cylindrical 
portion 21b and against the ?ange 210. 
The sealing ring 4| also bears against a plane 

face 48a on the inner circumference of the lid 
member 48. Thus when air is evacuated from the 
space within the cover 48 the atmospheric pres 
sure against the lid 21 forces the cover 21 axially 
toward the drum and compresses the sealing 
ring 4| tightly between the flange member 210 
and the inner portion' 48a of the enclosing lid or 
cover 48. In order that the sealing ring 4| may 
initially be held with sufficient tightness so that 
the amount of air leaking in may be less than the 
volume which is being removed, I provide a hor 
izontally projecting ring 40 which is rigidly fast 
ened to the lid or cover 48, and surrounds the 
sealing ring 4|. Attached to the ring 48 are a 
plurality of outwardly projecting pins 4%, as 
shown for example in Figures '7 and 8. These are 
adapted to engage in camming relationship with 
three helical strip members 43, which are fast 
ened to a ring 39 of annular section. The ring 
39, which is illustrated for example in Figures '7 
and 8 is supported by a ring 5l carried upon 
spokes 25, the spokes being integral with a spider 
hub ll rotatably supported upon a stub shaft or 
axle 2B which in turn is mounted on the remov 
able closure 21. Handles 42 are mounted on the 
ring 39, whereby the ring 38, the ring 5l and the 
entire spider assembly may be rotated in order to 
obtain a camming locking action between the 
pins 40b and the helical projections or strips 43. 
This camming action causes a movement of the 
entire lid assembly including the closure 21, along 
the axis of the drum, and powerfully urges the 
?ange 210 against the sealing ring 4|, hermeti 
cally closing the central opening of the cover or 
front wall member 48. , 
Mounted at the end of the stud 25 is a separ 

able clamp 31 which receives two vertical rods 34 
mounted on gate members or radius bars 30. The 
assembly thus provided is pivotally supported by 
the brackets 33 which are ?xed on the front lid or 
member 48, and which receive the pivot shaft 34a. 
Bearing bushings 32 are provided, for continuous 
lubrication. Stop sleeves 3| are provided to 
maintain proper vertical adjustment of the part. 
The collar 36 is effective to maintain the support 
of a portion of the weight of the lid assembly up 
on the upper gate member or radius bar 30. 

It will be understood that means below de 
scribed are employed to exhaust air from the 
space within the cylinder 22 and the front mem 
ber 48. 
The shaft I, upon which the drum or tumbling 

member 54 is supported, is secured by a plate or 
disc l6 which is fastened to the inner face of the 
wall 54a by any suitable securing means. An 
outer cover plate I9 is provided to surround the 
end of the shaft l and to protect the fabric being 
tumbled from whatever securing means are em 
ployed. As shown in Figure 4, I illustrate screws 
lib which are of such size and shape as not to 
damage the articles being tumbled. 
With reference to Figures 3 and 4 the shaft l 

is provided with two longitudinally extending 
canals lb and lo, these canals having drilled con 
nections or apertures Id and le at the end of the 
shaft engaged by the plate It. These communi 
cate with similarly drilled holes If and lg in the 
plate It, as shown in Figure 5 to provide inlet and 
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outlet for the refrigerant which is to be condensed 
within the space 23 of the condenser 24, 24a. 
The ?anged plate l8 is-held, by any suitable 

means, against rotation in relation to the shaft l; 
the clearance between the member l8 and the 
shaft l is sufficiently small so that there is only 
a minute leakage of refrigerant passing through 
the above connections. It is of vital consequence 
that there be no leakage of refrigerant to the 
evacuated chamber surrounded by the evapora 
tor 22 and the lid or cover 48. I therefore provide 
resilient packing rings l8, as shown in Figure 4, 
which surround any suitable shaft portion lm, of 
reduced diameter. The seal is maintained by the 
sliding ring H on the portion lm, which is locked 
in position by the castelated nut 2| ‘threaded on 
the extension lm, tightly screwed into position, 
and held for example by a cotter pin 2 lb. 
The shaft I also carries an enlarged double 

faced shoulder member in which is preferably 
integral with the shaft l, is of hard material, and 
has its opposite faces perpendicular to the axis of 
the shaft I. These faces are plane and smooth, 
to a limit of the order of three millionths of an 
inch. Engaging-with the opposite faces of the 
member In are sealing rings SI and SH), of any 
suitable long wearing self-lubricating and non 
porous material. The opposite sides of the seal- . 
ing rings have a 'surface'which constitutes the 
truncated segment of a sphere, as will be clear 
from Figure 4. One segmental surface bears 
against a soft ring 98 which is supported in a 
conical socket or aperture in the member 85. 
The other is opposed to a similar soft ring 98a 
which is provided with an outward extension 90b 
abutting against the inner face of the evaporator 
end wall 22. It will be understood that said end 
wall 22 is suitably apertured. The seal portion 
98b is held against the opposed part of the wall 
22 by any suitable conic socket plate 89. The parts 
are locked together by screws 81 which pass also 
through a reinforcing ring 88 and are provided 
with heads 81a and nuts 81b. Since it is desired 
to have a rigid mounting, six of the screws 81 may 
be employed, and the reinforcing ring 88 is of 
substantial diameter and thickness. The sup 
porting bearing member 85 has opposite conical 
sockets one of which receives the soft ring 90 and 
the other the corresponding and opposite soft 
ring 980, opposed to the sealing ring Blc. The 
sealing ring 9|c has an outer bearing face op 
posed to the thrust member ll which is in the 
form of a ring having a highly ?nished plane 
surface perpendicular to the axis of the shaft l. 
The ring is axially thrust toward the above'de 

. scribed sealing assembly by a packing ring I2 
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provided with a packing l3. The packing ring I2 
is thrust into position against the packing by the 
pressure of the coil spring l4, one end of which 
presses against the packing ring- l2 and the 
other against a groove 92a. in the driving wheel 
92. The wheel 92 is rigidly secured to the shaft l, 
for example by the taper pin 93. The member 85 
is also supported on the screws 81 by ears or 
?anges 86a on the sockets 86. The center of the 
radius of the circumferential surface of the hear 
ing member is maintained strictly on theaxis of 
the shaft l, but a limited angular movement of 
the member 85 and the shaft l is permitted. The 
socket members 86, which support the member 
85, are held in position by means of positioning 
springs l5 which are compressed between the 
nuts 81b and the washers 81c held by the 
castelated nuts 8111 on the screws 81. This spring 
restraint permits limited axial movement of the 
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sockets and bearing upon the screws 21 while 
providing a firm support for the bearing mem 
ber 55. 
The bearing member 55 is provided with in 

ternal grooves 85b and, tie connected respectively . 
to the ducts or tubes 95 and “b, which form part 
of the duct system for the below described re 
frigeration unit. As shown in Figure 4 the groove 
55b connects to the interior of the sealing ring‘ 
9|b, and therethrough to the aperture If. This 
aperture is drilled to the passage lo and com 
municates thereby through the shaft aperture le 
and ?ange aperture lg and the condenser duct 
23b to the condenser space or coil 23. 
The groove 850 is connected to the inside of 

the sealing ring iilc and thereby with the aper 
ture Us to the channel It. Thus is provided a 
connection to the aperture 1 ,f in the ?anged mem 
ber it which communicates with the condenser 
duct 23c and therethrough to the condenser space 
or coil 13, thus providing an'inlet tube and an 
outlet from the condenser, the flow being in the 
direction of the arrows as shown in Figure 4. 
The sealing ring Sic has a ring face which is 

in contact with the highly ?nished face of the 
plane ring H, the plane ring being ?nished and 
smoothed to the order of three millionths of an 
inch. ~ 

Any temporary or permanent deformation of 
the soft rings 90, 90a and 900 will be accompanied 
by the longitudinal movement of the various ele 
ments between the double faced shoulder in and 
the wheel 92, the expansion of the spring ll be 
ing effective as a takeup means. At the same 
time the parts will be properly and tightly posi 
tioned in relation to the end wall 22 by the 
springs I5. However rotary motion of the shaft 
0 is permitted, but with a closure so tight that 
a partial vacuum may be obtained in the interior 
of the tumbling chamber. 

It will be understood that the chamber formed 
within the evaporator 22 and its end wall and the 

_ front 48 and its closure constitutes a completely 
enclosed chamber from which air may be evacu 
ated. I provide for example a vacuum pump is 
driven by a motor 50. ' 

The tumbling barrel 55 may be rotated through 
the wheel 92, by any suitable drive, from the 
motor 55 through a speed reducing means 55a. 
Both motors, together with the pump 49, and the 
drives involved, are housed within the outer hous 
ing 58. 
Permanently secured to the lid 27 is a perfor 

ated closure 28, adapted to retain in the barrel 
or tumbler 54 the material being tumbled there 
in, while permitting a free flow of vapor from 
within the chamber. . 

Stated generally, I provide a tumbling area 
within the condenser 22, in which the articles to 
be dried are positioned while still wet. They are 
therein subjected to or maintained in a rari?ed 
atmosphere by the operation of the vacuum pump 
49, connected to the interior of the housing by 
the suction pipe 490,- effective to reduce the pres 
sure of the space involved to less than the at 
mospheric pressure. The goods being tumbled 
are subiected to the tumbling action caused vby 
the rotation of the drum 54 by the motor 55. 
However the drum is lined by the condenser of 
a refrigeration system which includes the motor 
compressor unit 56. 
Evaporation of the refrigerant takes place, in 

response to the operation of the motor compresser 
unit 56 operated by the motor 51. Evaporation 
of the refrigerant begins within the annular 
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6 
space 22b thereby chilling the cylindrical evap 
orator 22. The heat of evaporation is carried by 
the vapor issuing from the evaporator chamberI 
to the compressor 55, where it is compressed. 
The compressed gas is conducted along the tube 
94b, to the bearing member 85, to the groove 850, 
through ducts lk, lb, Id, If and 230, into the 
space 23 in the lining or condenser member 24. 
The heated gas there comes in contact with the 
circumferential condenser wall 24 traveling in a 
tortuous passage completely around the wall or 
liner 24, and returning by means of the tube or 
duct 231:, the ducts lg, le, I c and la‘ to the groove 
85b and the duct 94. Then it passes by means of 
the groove 85b and the duct 94 to the expansion 
valve 940, where the pressure is reduced and the 
liquid is returned for evaporation to the interior 
of the cylindrical evaporator member 22. The 
nature of the tortuous passage through the evap 
orator 22 is illustrated in Figure 9, where the 
liquid refrigerant admitted to the central top 
inlet passage 22:: flows in opposite directions 
about the cylindrical evaporator to escape from 
the opposite bottom outlet aperture 22y, one half ' 
of which is shown at each end of Figure 9. The 
passage of the refrigerant through the condenser 
is similarly illustrated in Figure 10, from the in 
let passage 230 to the outlet passage 231). Thus 
it passes almost completely around the cylin-' 
drical condenser structure. 
By means of this procedure, the heat required 

to bring the moisture in the clothes to the tem 
perature of vaporization and the heat of vapor 
ization are supplied by the metallic lining. 
The vapors and their contained heat are then 

drawn by the vacuum pump through the perfor 
ated closure 28 and brought into contact with the 
cylindrical evaporator 22 which reduces thetem 
perature to a point below the dew point of the 
vapor. The moisture thereupon condenses upon 
the evaporator 22 and is accumulated at the bot- ' 
tom of the chamber formed by the evaporator 22, 
until the drying has been completed. The mois-v 
ture, in condensing upon the surface of the evap 
orator 22, yields the latent heat of evaporation, 
which is absorbed by or transferred to the evap 
orator to cause the evaporation of the refrigerant 
within the interior evaporator space 2%. This 
heat is carried by the vapor of the refrigerant to 
the compressor 55. The identical heat, to which 
has been added the heat of compression from the 
compressor, is again led ‘ through the sealing 
members above described, to the condenser 23 
and the metallic condenser lining 25, where the 
process is accumulatively repeated until the sen 
sible moisture has been removed from the en— 
closure or surrounded space. Thereafter the 
dried clothes are removed by opening the lid 2?, 
and the condensed moisture is released from the 
bottom of the chamber enclosed by the evaporator 
22, by means of any suitable valved outlet 59. 
I wish to emphasize that by relying upon the 

heat of the condenser to dry the article that is 
to be dried, and by relying upon the colder temper 
ature of an'evaporator to precipitate or congeal 
the moisture, I am able to dry'clothes at substan 
tially low temperatures which may, for. example, 
under a suf?ciently high vacuum be substantially 
below freezing. My invention, therefore, permits 
drying of delicate fabrics, such as rayon, at tem 
peratures far below those at which such fabrics 
become spoiled. It is known, for example, that 
articles of rayon are likely to be ruined when 
subjected to the high temperatures of the clothes 
dryers of the type which take out the moisture by 
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means of a heating element or by the ?ow of 
heated air. To a somewhat less degree woolen 
fabrics are also subject to deterioration or shrink 
age, when subject to heating during drying. Em 
ploying my method and apparatus I can remove 
moisture from fabrics at relatively low tempera- ' 
tures, even in some cases below freezing, and the 
moisture in suspension canbe precipitated as 
frost upon the evaporator, and later removed. 
While it is true that the temperature of a 

condenser of a refrigerator under atmospheric 
conditions cannot be reduced below that of the 
surrounding atmosphere, nevertheless, by the use 
of a sufficiently high vacuum I am enabled to 
reduce the temperature of the material below 
the freezing point. Even though heat is sup 
plied for vaporization or sublimation, the im 
portant thing is that by bringing the vacuum 
down I may lower the temperature of the air 
and contents inside the housing 23 so that it will 
pick up water from the clothes by sublimation, 
and that moisture will be condensed on the evapo= 
rator, provided the temperature of the evaporator 
is, as it must be, below the temperature of the 
condenser 23. 

I claim: a 
1. In a drier, an outer housing including a cir 

cumferential, generally cylindrical wall, a closed 
end wall, and an opposite end wall having a gen 
erally axial access opening, a refrigerant evapo 
rator included in said cylindrical wall, a closure 
for said access aperture,4means for closing it in 
substantially air-tight relation to said outer hous 
ing, an inner rotatable drier housing mounted 
for rotation within said outer housing about 
a generally horizontal axis generally concentric 
with the axis of the cylindrical wall of the outer 
housing, and means for rotating it, an access 
opening in said drier housing, co-axial with the 
access opening of the outer housing, said rotatable 
drier housing having a generally cylindrical cir 
cumferential wall in which a refrigerant con» 
denser is included, an air pervious closure for 
the access opening of an inner housing, means 
for rotating the inner housing, and for thereby 
tumbling the articles undergoing drying while 
they are being heated by the refrigerant con 
denser, means for cycling a volatile refrigerant 
through said evaporator and condenser, and for 
thereby maintaining a relatively high tempera 
ture at said condenser and a relatively low tem 
perature at said evaporator, means for with 
drawing condensed moisture from the space with 
in said outer housing but exterior to said inner 
housing. 

2. The structure of claim I characterized by 
and including means for maintaining the air 
within said inner and outer housings at sub 
atmospheric pressure. 

3. In a drier, a tumbling element for articles 
to be dried, and means for rotating it about a 
predetermined axis, said tumbling element in 
cluding the condenser of a refrigerating system, 
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an outer housing in which said tumbling element _ 
is housed, an evaporator for said refrigerating 
system, surrounding but out of contact with the 
tumbling element, and in heat exchange relation 
ship with air in said outer housing which receives 
moisture from the articles being dried in said 
tumbling element, and means for cycling volatile 
refrigerant through said evaporator and con 
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denser, and for causing evaporation in said evapo 
rator, and condensation in said condenser. 

4. In a drier, a tumbling element for the ar 
ticles to be dried, and means for actuating it, 
said tumbling element including the condenser 
of a refrigerating system, an evaporator for said 
refrigerating system, surrounding but out of con 
tact with the tumbling element, and in heat ex 
change relationship with air which receives mois 
ture fromthe articles being dried in said tumbling 
element, and means for cycling a volatile re 
frigerant through said evaporator and condenser, 
and for causing evaporation in said evaporator, 
and condensation in said condenser. , 

5. In a clothes drier, a cylindrical inner hous 
ing having a wall adapted to receive clothing, 
an outer housing enclosing, spaced from, and 
generally conforming to, the contour of the inner 
housing, a removable closure for the outer hous 
ing, an end wall of the cylindrical housing being 
ported in communication with the outer hous 
ing, a refrigerant system including a condenser 
in the wall of the inner housing and an evaporator 
in the wall of the outer housing, the wall of the 
inner housing being insulated from the air space 
between it and the outer housing. 

6. In a clothes drier, a cylindrical inner hous 
ing having a wall adapted to receive clothing, an 
outer housing enclosing, spaced from, and gen 
erally conforming to, the contour of the inner 
housing, a removable closure for the outer hous 
ing, an end wall of the cylindrical housing being 
ported in communication with the outer hous 
ing, a refrigerant system including a condenser 
in the wall of the inner housing and an evaporator 
in the wall of the outer housing, the wall of the 
inner housing being insulated from the air space 
between it and the outer housing, a vacuum pump, 
a connection between it and the interior of the 
outer housing at a point far removed from the 
port joining the inner and outer housings, and 
means for withdrawing condensed liquid from the 
outer housing. . 

WILLARD L. MORRISON. 
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