E. W. FRANKLIN ET AL

2,788,641

FREEZING UNIT

April 16, 1957

5 Sheets-Sheet 1

Filed June 19, 1933

~ INVENTORS
LeBeRr W FRANKLIN
GEORGE QVERTON

BY

Aetorngys



April 16, 1957

E. W. FRANKLIN ET AL 2,788,641

FREEZING UNIT

Filed June 19, 1953 5 Sheets-Sheet 2

’

y 2
[}
g 7/,77, 7, f /
oA, .7 DL F 1 1 et [

% ,,/,;’/;”, LR A

0, TN I, Yy,

A I ) o

////// oy /, e e,

,9 /7,
/7, "/ ,/,/ 4
7y u il i
oy i’
//// ’} ’
. // ! |
N7 } B
AL e L
4 ///// e | - 4
7 23
/// 30
25 ,/’/
) /12
—— — 23
24
=
~23
24
— 20
(1
a7/
%’23
7/,
- 9/,/,
/,
24 J V)
///
%
'l //////, / A////
o2\ /| ‘| T_‘ é
T t
il | | _‘15
PO WU X 64
T 'Y\ -
Z L \\
7 67 \5c 6z
/s
/ INVENTORS
ELBERT W. FRANKLIN
7 GEoRGE OVERTON
Z B toitin B
’ Futaricte Yttigrary Datcock
g v/[t’or)zfyzﬁ



2,788,641

E. W. FRANKLIN ET AL

April 16, 1957

FREEZING UNIT

5 Sheets-Sheet 3

Filed June 19, 1953

'{79

3 =
£ 1 Flug Y
K s il ag
\ ] Hl 0w~. )
N T o % | I =HE SR
V) JEl &R
| Qo ¢ S
-, b
: mm X
3 38
~ .
- N
© Y EGY&M
Y
rav ! .
|
) k-
[Ts3
x
$ — &~
- 1) <
1)
—— o
] ~
I N
— ')
T N
1 R
gl Q
& ! 3 \ R
(e = i B
= __A_ = . /lv
] __W.__ [s] N
__T__ O b~ Lt N3
1B 1 S N
HE N ) r
gu_u_:- wa\/_jr
A\ —~—
o
A%
- =) &
7// /
9 S 8
~ ~
@ ¥\ AN

-~



2,788,641

5 Sheets-Sheet 4

E. W. FRANKLIN ET AL
FREEZING UNIT

74
A | /.52

/

/aé' £8,

April 16, 1957
Filed June 19, 1953

== i il
_ f
! I
I A
“ > i
| |
3 ' . I
i i -
\ i ” |
\4— | |H\
B et et e = t'd 1 J
bﬁ t | ~
[3) N __ “ _r ®
n i -
H 9 o =

S f ﬁ _“_ “

° L Dol i
M/ > "_“ “

3 1 h |
N e | M | -
~N T Mn/. _._ | H
\\\.I|l||||‘||””||.'||||||||”” llll __- _ |
f A 1 A !
R ) i i !
1 TR “ !
& " ““ ! M

~ Q 15 |
s 3 8 s{liley _ |
@ “ !
1
— ) ] 1 I
=i I = R |
L = - i i i
=gt | !

i NN N

¢ 5 > =y

" m = \ 2 “ )

RN 3 “

“ - ; | ~
¥ _ 3
N DN P (o S N |
= = | = - _ }

o »J.llflll Ayt - S AN N 7 |
HEL{ i} '
i N
My
= 1
I
)
I
|

gf&/me

o

INVENTORS

ELBERT W. FRANKLIN

GeorGe OVeERTON
At torneys

4

bty

BY

“52'

I._
t]




April 16, 1957 E. W. FRANKLIN ETAL 2,788,641
FREEZING UNIT
Filed June 19, 1953 5 Sheets-Sheet 5

Sy

80
: INVENTORS
| 8t ELBERT W. FRANKLIN
| GEORGE OveRTON
T8 = 3 BY

= 110 Flivito, Wallicgty s Bobeodt
[77 : : ) c/ttorgs




United States Patent Off

2,188,641
Patented Apr. 16, 1957

1CC

1

2,788,641
FREEZING UNIT

Elbert W, Franklin and George Overton, Los z_&ngeles,
Calif., assignors to Freez-Aire Corp. of America, Los
Angeles, Calif,, a corporation

Application June 19, 1953, Serial No, 362,818
14 Claims. (ClL 62—4)

This invention relates to freezing units and more partic-
ularly to an improved home freezer operating at 32° F.
and below and incorporating a forced cold air circulation
system,

Heretofore freezing units used in homes have employed
cold coils within or around the main shell for maintaining
the temperature of the unit at the desired sub-freezing
value. There are certain advantages however in employ-
ing forced cold air circulation refrigeration as opposed
to cold coils. Among the most important of these advan-
tages is the fact that a much more uniform temperature
can be maintained throughout the interior region of the
unit. This is because the cold refrigerating air can easily
pass through all spaces within the unit whereas the cold
coils are necessarily stationary. Even though several cold
coils may be uniformly spaced about the interior walls,
. it is still difficult to maintain a uniform temperature in
the central regions.

Another important advantage of the cold air circulation
system results from the constant air circulation through-
out the interior of the unit whereby the cold air is forced
into  direct heat transfer contact with all of .the food
products within the unit. Additionally, the. air circula-
tion system permits a higher relative humidity to be
carried.

A further advantage of the cold air circulating system
is the elimination of complex coil piping systems thersby
rendering the defrosting problem enormously simplified.

It is a primary object of the present invention accord-
ingly, to provide a home freezer unit incorporating a cold
air circulation system for maintaining a substantially
uniform temperature below 32° F. entirely throughout
the interior region of the freezing compartment or cold
storage cabinet and yet keep food thérein free from
frost. A feature of the invention additionally provides
means for passing a greater quantity of cold air across
the upper levels than across the lower levels of the cold
storage cabinet whereby the temperature gradient tend-
ing to exist from the lower levels to the upper levels is
compensated.

Another object is to provide means in the freezer unit
cold storage cabinet for preventing blocking of the air
circulation by food products placed therein.

Another principal object of the invention is to provide
a cold air refrigeration apparatus incorporating an im-
proved expanding capillary tube system in the evaporaior
in place of more complex expansion valves, including
novel means for insuring uniform expansion of the liguid
refrigerant in the evaporator from the end of the capil-
lary tube.

Another- object is to provide a freezer unit which is
well adapted to automatic defrost of the evaporator coils.

An auxiliary object is to increase greatly the efficiency
of the cold air refrigeration apparatus by placing the
various apparatus components in positions to effect effi-
. cient heat exchanges.
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Still another object. of the invention is to provide a
completely automatic defrosting system adapted to. be
placed in operation ‘in response to thé -amount of frost
that has built up on the evaporator. In the past, such
automatic defrosting has usually been effected periodi-
cally by timing clocks. In such systems the defrosting
mechanism would operate regardless of whether defrost-
ing were actually necessary. In the present invention,
the defrosting system only operates when actual defrost-
ing is necessary to insure continued efficient operation.

Yet another important object is to provide a novel
system for disposing of the defrost condensate. Hereto-
fore such defrost condensate liquid would collect in a pan
and have to be emptied periodically.

These and additional objects and advantages of the
invention will be better understood by referring to:the
accompanying drawings illustrating a preferred embodi-
ment of the freezer, in which:

Fig. 1 is a perspective view of the cold storage hous-
ing or cabinet and the refrigeration apparatus with cer-
tain portions cut away to expose various components.of
the unit; :

Fig. 2 is an elevational cross-sectional view of the
freezing unit illustrating the cold -air circulation system;

Fig. 3 is an enlarged view of the portion enclosed by
the circular arrow 3 in Fig. 2;

Fig. 4 is a cross-sectional view of the cold storage
cabinet as seen along the line 4—4 of Fig. 2;

Fig. 5 is a highly schematic layout of the various
components of the refrigeration apparatus useful in ex-
plaining the operation of the system;

Fig. 6 is another cross-sectional view as seen along
the line 6—6 of Fig. 2;

Fig. 7 is an elevational view partly in section as seen
looking in the direction of the arrow 7 in Fig. 6;

Fig. 8 illustrates a portion of the evaporator unit in
the cold air refrigeration apparatus; :

Fig. 9 shows another view of the evaporator unit as
seen along the line 99 of Fig. 8;

Fig. 10 is an enlarged view of thé portion enclosed
by the circular arrow 10 in Fig. 9; and

Fig. 11 is another schematic view showing a portion
of the electrical system for automatic defrosting of the
refrigeration apparatus.

In the several drawings, like components are desig-
nated by like reference numerals. Figs. 1 to 4 relate
generally to the cold air circulation system and Figs. 5
through 11 relate to the cold air refrigeration apparatus
and defrosting system.

Referring to Fig. 1, the freezing unit comprises a cold
storage housing or cabinet 10 provided with a door 11 for
easy access and two vertical sidewalls 12 and 13. The
cabinet 10 is preferably of the upstanding type and in-
cludes in its base support the refrigeration and defrosting
apparatus designated generally by the numeral 14.

Cold air circulation system.—To maintain the interior
of the insulated cabinet 19 at a substantially uniform sub-
freezing temperature, there is provided a cold air circnla-
tion system comprising. a blower 15 disposed in the base
of the cabinet and adapted to pass cold air through the
interior of the cabinet in a closed circulation path.

As more clearly shown in Fig, 2, this air circulation is
accomplished by providing a vertical passage 20 in the
first sidewall 12 through which cold ajr may pass from
the blower 15 to the interior of the cabinet, and a second
vertical passage 21 in the wall 13 for returning the air
to the blower, A horizontal passageway 21a leads from
the bottom of return passageway 21 to an evaporator
through which the air passes before returning to the
blower 15 as will later be described. As shown, the
various levels of the cabinet interior may be sectioned
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‘off-by. means-of shelves-22. “The first passage 20 is pro-
~vided with a-series of vertically spaced -openings 23 com-

municating with the interior of the cabinet, each opening

being provided with a spaced baffle member 24, the

purpose for which will be described shortly. ~ Similarly,
-~ the second wall passage 21 includes a plurality of vertically
-disposed openings 25 provided with similar baffle plates
+26." The lowermost level of the cabinet interior may be
" provided with drawer 27 adapted to be pulled out for
~"€asy. access.

- As shown clearly in Fig. 3; the baffle plate 26 is dimen-
~sioned to cover. the opening 25 but is provided. with a
“series of openings 30 permitting air to pass therethrough.

The plate is “also spaced from' the opening by supports
~ 31 permitting- air to pass around the edges of the plate
“-into -the opening as well as through™ the holes 38, The
- several baffle plates as shown.in both Figs. 1 and 2 prevent

the blocking of the warious openings. by food products
~placed on the shelves and also tend to distribute the cold
_-air more uniformly,

“In a-freezing unit having a.substantial .vertical height
as in the present case, there is a tendency for the ¢old air
to migrate to-the lower levels of the -interior and the

- 'warmer air to- collect in*the upper levels. In order ic
-overcome' this' temperature gradient increasing from the
lower to the upper levels, the first air passage 20 may be
~partitioned by a partition wall: 40 to’ form first and
second “vertical "air passages 41 and 42 as clearly seen
~in-Fig. 4.
Referring again to Fig. 1, it will be seen that the first
--vertical passage 41 has two vertically spaced openings 23
communicating with’ the lower half-of thé interior of the
cabinet, while the second vertical passage 42 has two
-openings communicating with*the upper half. An addi-
tional opening in the first- vertical passage 41 is also pro-
- -vided communicating with the upper half of the interior
whereby there are a total of three openings in. the: upper
*levels as' compared to only. two_openings .in .the lower
levels. The-baffle plates 24, however, are. adapted to
~cover the same area on either side of the partition wall

40 to provide a symmetrical appearance. Thus, there

~are actually no openings behind certain portions of some
of the baffle plates, these points being designated by the
letters'D in Fig. 1. From the above described construc-
tion it will be. readily apparent that more cold air is
- permitted to enter the upper regions of the cabinet in-
~terior-than the lower regions. .
In the operation of the air circulation. system, the
blower 15, as shown in" Fig. 2, will pass cold air up
- through-the first wall passage 20 to pass. out the various
-openings* 23 and across the interior of the cabinet at
~-various levels as indicated by the arrows. This air will
then pass into the openings 25 in the second .sidewall
~passage 21 to pass down this passage back to the blower
+15." Since there are more openings .at_the npper levels
~+than-at the' lower levels,-more cold.air will be passing
“across the upper regions to compensate for the referred
“-to-temperature gradient which tends to exist. As.a result
the temperature is substantially uniform throughout the
—entire vertical' length of the cabinet. It should also be

-noted: that-the air is circulated in a closed path, and thus

-alk-of the air within the storage cabinet is forced to move
- continuously.

< Cold - air-refrigeration  apparatus—Referring. now . to
Fig. 5,-the cold. air, refrigeration .apparatus,. designated
sgenerally-by the numeral 14, in Fig. 1 is shown.in a

-schematic layout for purposes of clarity. This apparatus
-comprises -a compressor. 50 _driven by a -motor 51 -and
connected “through. an outlet. conduit- 52..past. a.. defrost
evaporator the_purpose .of - which. will-be explained :sub-
sequently. Conduit 52 then passes through condenser
53 and _into a balancing.tank 54. -A:capillary: tube: 55
. communicates with. the-balancing. tank.54: and. follows. .
-windipg path-ferminating in:.an-evaporator:56 provided

4

with suitable cooling fins 7. The outlet conduit 58 from

- the~evaporator ‘56 passes-into a liquid trap-59-as shown.

(>4
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From the liquid trap 59 there is provided a return conduit
69 passing back to the compressor 50. The evaporator
57 includes a plurality of coil turns 61 connected between
the termination point of the capillary tube 55 and the
evaporator outlet conduiti58.

Referring to Fig. 6 the.relative position of these various
components is shown in & preferred arrangement, the

ccoiled turns 6% in-the evaporator-56-being’ clearly:shown.
:in Fig. .7, which sillustrates <the scomponents. shown in

Fig. 6 looking in the direction:of the arrow’ 7, there is
shown. the .condenser- housing. 53 within which. the con-
duit'52 is coiled. A motor 71 adapted to drive a fan 72
is disposed adjacent the :condenser .53 to blow air over
these coils. The balancing tank 54, as shown in Fig. 7,
comprises an clongated closed chamber having its inlet
opening for the conduit 52 disposed at a level higher than

-the ‘outlet opening for the capillary tubé 55. ~ As shown,

this balancing tank is partially filled with a compressible
gas such as a gaseous refrigerant.

Figs. 8 and 9 show, in greater detail, views of ‘the
evaporator 56 -and liquid trap '59. It will be seen that

25‘ the outlet conduit 58 from the coiled turns 61 in the

evaporator terminates in the liquid trap 59 adjacent the

“top ‘thereof, the return coinduit’ 66 also communicating

with the upper portion of the liguid trap. ~This arrange-
ment permits any liquid dripping from the end of the
outlet- conduit. 58 from getting into the return conduit
63, such liquid collecting at the bottom of the liquid trap

- 59.

40
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"The terminating end of the capillary tube 55 in the
evaporator 56 is shown -enlarged in Fig. 10, the ter-

‘minating ‘end of ‘the capillary ‘tube projecting into the
~coiled turns 61 of the evaporator a given distance whereby

liquid refrigerant passing out the end of the capillary

- tube will expand into the-coiled turns.

Referring once again to Tig. 5 the operation of the

~cold air refrigerating apparatus is as follows:

A -suitable refrigerating gas is compressed by the

~compressor-50 causing-the temperature of the compressed

gas to rise to a value of about 150° F.  This hot com-
pressed gas is passed through the conduit 52 surrounding

- a portion of the defrost evaporator housing into the con-
45,

denser 53 where it is cooled by the fan 72 blowing cold
air across the ‘various’ turns ‘of -the ‘conduit 52-within the

~condenser housing. * This-cooling' causes the compressed

gas to liquify, the liquified- refrigerant “passing “into ‘the

--balancing tank-54. - From the balancing tank 54 the lig-

uid refrigerant passes through ‘the” capillary tube 55 ter-
minating -within--the coiled  turns 61 -in- the ‘evaporator
56. The expansion of the liquified refrigerant: in ‘the
evaporator is ordinarily controlled by an expansion typs
valve:in order to keep ‘the expansion uniform.

I accordance with a -feature of the invention ‘this ex-

-pansion valve is replaced by the- capillary tube ‘55 from

the end of:which an-expansion of thé liquid- refrigerant
takes place. Tt has been found however, that the use of
a capillary tube for expanding the liguid-refrigerant re-
sults' in- erratic ‘expansion and in-order to render -the
expansion ‘more uniform, - there is provided the - pre-
viously referred to balancing tank 54 between ‘the con-

~denser 53 and the capillayy tube 55. This balancing

tank serves  to cushion or accommodate .small erratic
variations in the expansion pressure.at the end of the
capillary tube. This cushioning effect results from a
volume of gaseous refrigerant filling the upper portion of
the balancing tank. Thus, referring again to Fig. ‘7,
variations in the pressure at the end of the capillary tnbe
55 will cause the level of the liquid refrigerant 78 to
vary, such- variations being ‘taken up by the compressi-
bility of the gasecus refrigerant above this level.” The
effect of the balancing-tank is therefore to iron out small
variations in the pressure and render the liguid vefriger-
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ant expansion at the end of the capillary tube substan-
- tially uniform.

Throughout the various coiied turns 61 in the evapora-

tor 56, the liquified refrigerant will evaporate thereby

- absorbing considerable heat from the surrounding cooling
fins 57. Air is caused to flow over these cooling fins 57
before returning to the blower 15 and is therefore cooled
down to a temperature substantially below freezing before
passing through the vertical passages in the cabinet walls.
The expanded gaseous refrigerant, which is at this time
itself quite cold being in the neighborhood of —30° F.,
passes through the liquid trap 59 and the return conduit
60 to the compressor. This gas is then recompressed
by the compressor and the cycle repeated.

1t will be noted in the various figures that the capillary
tube 55 leading from the balancing tank 54 is wrapped
around the return conduit 60. This arrangement pro-
vides a heat exchanging means whereby the cold re-
frigerant gas passing back to the compressor through the
conduit 60 will absorb heat from the relatively hotter
liquified refrigerant passing through the capillary tube
55. Such heat exchange insures the maximum heat ex-
change efficiency and is a further safeguard against any
refrigerant being in the liquid state when it is returned
to the compressor.

Defrosting system.—Referring once again to Fig. 5,

" the defrosting system for removing coatings of frost
which tend to accumulate on the coils of evaporator 56
thereby insulating it and rendering the refrigeration ap-
paratus less efficient, includes a conduit 62 coupled
through a T-joint 63 to the conduit 52 bearing hot com-
pressed gas from the compressor 50 to the condenser 53.
The conduit 62 passes under a defrost condensate collect-
ing container or pan 64 and terminates in an opening 65
in the coiled turn 61 in the evaporator, as clearly shown.
in Fig. 10. The condenser and capillary tube 55 are
thus bypassed by this conduit 62.

From the defrost condensate collecting container or
pan 64 there is provided a conduit 67 serving to pass the
defrost condensate into the defrost evaporator 68.

As shown more clearly in Fig. 6, the defrost evaporator
comprises a semi-closed housing partially surrounded by
a portion of the compressor outlet conduit 52. This
portion of the conduit 52 is designated by the numeral
52’ and is turned back on itself to cover a substantial
arca of the lower portion of the housing. The defrost
evaporator housing is open at the top at 68 and is
adapted to be lifted from the cradling conduit portions
52’ for cleaning.

Disposed in the conduit 62 is a solenoid operated valve
V normally closing the conduit and adapted to be oper-
ated to initiate the defrosting system in response to the
quantity of frost built up on the evaporator.

This valve V is connected by a pair of conductors 73
to a switch S adapted to be thrown in different positions
by a pressure bellows 74 operable in response to the
amount of frost on the evaporator 56. This actuation
is effected by a small capillary tube 75 terminating in a
thermally responsive temperature bulb 76 as shown in
Fig. 5. Input power lines 77 also connect to the switch S.

In the operation of the defrosting system, assume that
a sufficient coating of frost has built up on the evaporator
as .to render the cooling of air blown thereover less
efficient. Due to the insulative effects of the ice coating,
the expanded refrigerant passing out of the evaporator
outlet conduit 58 will be at a somewhat lower tem-
perature than normal. This lower temperature serves to
contract fluid in the thermal bulb 76 disposed against the
outlet, such contraction being communicated through
the small capillary tube 75 to operate the bellows 74.

" Operation of this bellows throws the switch arm to the
dotted line position shown in Fig. 5 to connect the power
line to the valve V opening the normally closed conduit
62.

~ Because the conduit 62 is substantially larger in diam-
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eter than the small capillary tube 55, most of the hot
compressed refrigerant gas from the compressor 50 will
pass through this tube 62 bypassing the condenser 53
and capillary tube 55 to pass directly into the evaporator.
The high temperature of this hot gas will effectively
defrost any frost coating on the evaporator, the defrost
condensate dropping into the collector container 64. As
soon as the evaporator reaches a temperature of 36° ‘to
40° F., which indicates a complete elimination of frost
on the evaporator, the temperature of the refrigerant gas
in conduit 3% will have increased sufficiently to cause
expansion of the fluid in the thermal bulb 76 thereby
operating the bellows to throw the arm of switch S back
into its solid line position. The solenoid operated valve
V is thereby closed and hot compressed gas from the
compressor 30 will pass through the conduit 52 and
capillary tube 55 to restore the refrigeration apparatus
to normal operation.

The water from the frost collected in the container 64
passes by gravity out the conduit 67 to the defrost evap-
orator housing. In Fig. 7 the relative positions of the
defrost evaporator 68 is shown disposed at a lower level
than the other components, whereby this gravity flow
may take place.  Because of the relatively high tem-
perature in the defrost evaporator due to the conduit
portion 52’ disposed adjacent thereto, the defrost con-
densate liquid will be evaporated, passing out the top
opening 68’ into the surrounding atmosphere. The ar-
rangement thus permits the complete disposal of the
defrost condensate liquid, and periodic emptying of the
collecting pan or container 64 is avoided.

It will be noted that the normally closed bypass con-
duit 62 is bonded to the collector pan 64. The hot com-
pressed gas passing through this conduit will therefore
serve to raise the collecting pan temperature to 33° F.
or above, thereby causing the condensate to remain in
a liquid state and flow through the drain conduit 67 to
the defrost evaporator 68.

Alternative to the temperature responsive thermal ele-
ment for operating the defrosting system solenoid valve
V in the normally closed conduit 62, there may be pro-
vided a pressure control means. Referring to Fig. 11,
the bellows 74 may be actuated by a small capillary line
110 connected into the return conduit 60 by means of
the T-joint 111, When a large coating of frost builds
up on the evaporator, the pressure in the return conduit
60 of the cold refrigerating gas will drop, actuating the
bellows 74 to throw the switch S into the dotted line posi-
tion to start the defrosting cycle as previously described.
After the evaporator has been completely defrosted, the
pressure in the line will build up, actuating the bellows
74 to bring the switch back to its mormal solid line
position.

It is to be noted at this point that the novel defrosting
system- herein described is not necessarily limited to use
with the particular refrigeration apparatus described.. It
may be used on more complex types of commercial re-
frigeration and in multiple unit installations.- Because
it is operable in direct response to the amount of frost
on the cooling coils it is more positive and efficient than
any prior types of automatic defrosting systems.

Cold control system.—As shown in Figs. 5 and 11
there may be provided an additional switch for control-
ling the operation of compressor 5¢ and blower 15 in
accordance with the temperature within the refrigeration
cabinet. To accomplish this automatically there is pro-
vided a pair of conductors 78 tapped from the main power
input conductors 77 connecting into a switch 80 from
which additional conductors 79 pass to the compressor
motor and blower. ‘

The switch 80 is adapted to be controlled in response

- to the temperature within the upper rear portion of the

refrigeration cabinet by means of a small capillary line
81 connecting to a thermal bulb 82. The actual dis-
position of the switch 80, capillary tube 81, and bulb 82 is
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w-shownin ‘Fig: 1. .. The switch' 86 wili usually be of ‘the
“itype” having avmantial:-contrel so-thatthe :temperature
“of:the>cabinet: may- be: maintained at' a“desired level
=of.scold.

«When the temperature’ withinthe cabinet reaches a
i-predetermined. low:value the switch 8¢ will automatically
::open’ im-response- to: the temperature sersitive bulb 82
~:t0'stop-the: compressor and-blower. ~:As soon as the tem-
" pérature 'within ' ‘the - cabinet rises to* a “predetérmined

-value,the thermally ‘operated-switch 80 will automatical-
:ly-close to-start the compressor ‘and -blower.
~ Theifivention thus ‘provides &: forced cold air circula-
~tion‘freezing unit for ‘use in'the homs 'whick is defrosted
-automatically and provided with means for automatically
~disposing-of the-defrost condensate liquid. Fufther, the
-particular’-arrangement -illustrated insures that there will
““be: & -substantially uniform-low ‘temperature throughout
the entire region of the interior of the storage ccabinet
vand-‘that such «uniform’ temperature «will be maintained
within-¢lgse-limits in a folly -automatic: manner.
Various''modifications of 'the ‘apparatus’ incorporating
- features-falling within"the-spirit' of the’ present invention
will-occur to:those skilled in the art. The invention is
“therefore not to be thought of ‘as-limited to the particular
:embodiment ‘disclosed -and -described.

~We:claim:

1.4 a freezing unit*including a cold storage chamber,

~a forcedcold- air circulating:system for maintaining a
substantially uniform: temperature at -all 'levels in the
‘chamber:comprising: a-forced cold air refrigerating appa-
ratus disposed.‘at'the lower. end: ‘of the ‘chamber; first and
second vertical side ‘'walls having ‘aii passages therein:com-
+municating: with- the refrigerating’ apparatus; a partition
“~dividing the air passage in ‘the first wall into two vertical
“passages, eachr having: openings‘communicating with the
‘chamber interior;~said-second’ wall air passage having a
- serfesiof vertically spaced openings communicating with
the chamber interior; and means for passing ‘coid air up
“said two'vertical passages, ‘out said openings, acréss the

-ichamber-interior, into the second  wall passage openings,’

- and down the second wall passage, thereby distributing the
“cold. air :equallyin thefront and rear portions of the
cabinet and ‘causing vthe ‘storage ‘compartment and food
““to~be free from frost: while maintaining a temperature
~below 32° F., said first vertical passage includes at least
-one additional opening communicating with the tipper half
‘of “thé chamber interior permitting more cold air to enter
“the wpper portion ofthe ichiamber to ¢ompénsate for the
increasing temperature ‘gradient which tends to exist from
the:lower to the upper-levels in said chamber.
2. The subject’matter of claim 1 in which theré is pro-
-'vided: a* baffle' plate member for €ach opening and means
supporting each baffle plate in spaced relation to'its cor-
“responding-opening: and -within said chamber wheteby air
-passing through ‘the:opening passes dbout all of the edges
= of the:baflie plate in 4 divided flow.
3.0n g freezing unit including & tompressor for com-
“pressing -Tefrigerating gas, a conidenser, a conduit for
“passing ‘comipiressed pas to the condenser for condensation
into: a:liquid; and ad evaporator communicating with“the
condenser for evaporating the liquid réfrigerant; a’ defrost-
*ing system for remioving frdst tefiding to  acciumulate on
" the evaporator Comprising: a-normally closed conduit for
“passing’compressed: gas fromi the ‘compressor’ directly to
“the evaporator whereby: said condenser is bypassed, and
“'means- for dpening*said- normally closed conduit auto-
-matically ‘operating in response-to'a given ‘temperature of
“the refrigerant passing out of the evaporator and including
“femperature sensitive means dispoced adjacent the outlet
of the evaporator.
‘4. The subject'maiter of claim 3, in‘which said means
-comprises an electric circuit inchiding a solenoid operated
valve-arid-a thermal switch Tesponsive to close the electric
circtiit-to atuate the solenoid.
5.0 a'freezing-unit incorporating a forced cold air

3

3

“eirculation: system, the-combination~comprising:an insu-

lated cabinet having first and second vertical!side 'walls

-“eachincluding air passages with'openings spaced Vvertically

o

“along theside walls' for placing different 1evelsof:'the

cibinetinterior:in communication with ‘said ‘passages; one

‘of 'thepassageshaving more dpenings commitnicating with

" the ‘'upper intérior ‘portion of the cabinet ‘than the Tower
“intetior portion; a’ blower’for passing cold air up-said

i
<

1

“one passage to pass through the intefior of‘the ‘cabinet
“ind’down the'other waif passage; & cold air réfrigerating
- apparatus including a' coinpressor; a“cordefiser; a‘conduit

" for passing hot' compressed’ reffigerdting’ gas from ‘the

comptessor to the cotidénser; a balanding tank tomprising
an elongated vertically ‘disposed container Havingan inlet

“Opehing abovd its 1ower end’ cormmuicating with 'thé ‘con-

denser; an evapsratol-including & fiibing' coil’ disposed ‘ad-

jacent said Liower Whereby airis passed Gver the éVipo-

~rator by the. blewer; a‘¢apillary tibé ‘commuhicating with
- the Jower end of the balancing tank and‘tsrniitiating within

20

said tubihg-Coil in"the évaporator “whefeby' liglid “re-

* frigérant formed in the' condeiiser passes: into the balanc-
“ing tank filling - the /tank"t6 a Variable liquid level inter-

- ‘miediate the i

r-and lower ends of thetink, there being

--eompressible -gaseous ‘refrigerant above “said figuid  level,

25

said liquid refrigerant passing through' the*“capillary to

-expand 'frémi-the ‘énd of ‘the capiliaty in' thé evdporator,

30

“saild “expansion béing ‘rendered substantially ‘uniform by
the action of the ‘balaseing ‘tank; o Tiguid trap; the ‘cutput
- of the-eviporator ‘passing into’ the: upper portion’of ‘the

tiquid trap; a“réturn conduit connected: to the upper por-

“tion of thé' liqiid trap ‘#ad to- the’ compressor foi" passing

cold ‘evaporated refrigerating gas back o the compréssor,

“+said capillary tube being wrapped around ‘the retdrn’ con-

* duit-whereby ‘a heat exchange” béfween the refrigerant'in
35 offecte

the capillary “tibe- and’ retiirn” cénduit will ‘bé effected; a

defrosting ‘system- for rémoivng ‘coatings’ of frost'tending
to coliect on the evaporator intluding a normally’ closed

" bypass- conduit-adapted to' pass ‘said’ hot cémpréssed gas

40

directly from the compressor through the ‘evaporator tb-
ing coil;'means ¥ésponsive td'the"amoﬂnt of frost built

- up-on the evaporator for opening the normally ¢losed con-

duit; and ‘means for disposing of ‘defrost’condensate com-

* prising: a collecting container; a Hiousing vented ‘externajly;

said’ conduit- passing hot' compressed’ gas” from the 'com-

“pressor to the condenser ‘surrcunding” a’ ‘portion of the

housing‘to heat ‘the same; and a conduit- passing défrost

- ‘condensate from the container to the housing wheréeby the

“defrost ¢ondeénsate is evaporated,

6. The subject matter of claim 5, in which” 4id ‘means
responsive to the amount of frost built itp o the ‘evapo-

" rator‘includes an electric ciiciit; 4 solériofd actlidted valve
* 10 said circuit, ‘and’ a switch'in the circuit ‘tésponsive ‘to

60
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“container "disposed below ‘the

the evaporated refrigerant passing from thé evaporator'to

‘the' Coriiptessor thiough' said’ ¥etiirn conduit for dlectri-

cally  actuating the solenoid opérated valve t6 open the

‘Hormally closed conduit,

7. 'The subject matter of ¢laini 6, in Which said switch
is responsive to a ‘given tériperature of the refrigérant.

8. The subject ‘matter of ¢laim 6 i which said swifch
is responsiveto’ 4’ given pressure of the’ refrigerant.

9. The subject-maiter of claim 3, including a collecting
evaporator for collecting
defrost condensate and a defrost evapetator comprising a

~ housing vented externally, a portion of the housing being

surrounded by a ‘portion of the conduit carrying com-

‘pressed gas from the compressor to the condenser whereby

said housing' is heated; and a condnif for pasSing defrost
condensate”liquid from the collecting container to” the
housing.

10. The subject matier of claim 9 in which said nor
mally closed conduit is bonded to said collecting container

"whereby defrost condensate in the containet will be heated

during the defrosting cycle.
11. In a freezing unit including a compressor for ¢oth-
pressingrefrigerating gas, a “condeunser, a’' conduit for
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passing compressed gas to the condenser for condensa-
tion into a liquid, an evaporator for evaporating the liquid
refrigerant and a connecting conduit between said con-
denser and said evaporator; a defrosting system for remov-
ing frost tending to accumulate on the evaporator compris-
ing: a normally closed conduit for passing compressed gas
from the compressor directly to the evaporator whereby
said condenser is bypassed, said normally closed conduit
being of substantially larger size than said connecting con-
duit, and means for opening said normally closed conduit
automatically operating in response to a given temperature
of the refrigerant passing out of the evaporator and in-
cluding temperature sensitive means disposed adjacent the
outlet of the evaporator.

12. In a freezing unit, a forced celd air circulation sys-
tem comprising: an upstanding cabinet having first and
second vertical side walls each having a passage communi-
cating with the interior of the cabinet through a series of
vertically spaced openings; and means for passing cold air
through one passage, out its openings, across the cabinet
interior, through the second wall passage openings, and
through the second wall passage, there being more open-
ings in the first side wall passage adjacent the upper in-
terior portion of the cabinet than adjacent the lower in-
terior portion whereby more cold air passes into the upper
levels of the cabinet than the lower levels, a baffle plate
member for each of said openings and means supporting
cach baffle plate member in spaced relationship to its
corresponding opening and within said cabinet whereby air
passing through an opening passes about all .of the edges
of the baffle plate member associated with such opening
in a divided flow.

13. In a freezing unit, a forced cold air circulation sys-
tem comprising: an upstanding cabinet having marginal
walls defining a vertically elongated interior chamber, at
least one of said walls carrying a discharge passageway
leading upwardly from the bottom of the cabinet, said
discharge passageway having aperture means placing said
discharge passageway in communication with said cham-
ber, said aperture means providing a predetermined total
cross-sectional flow area from said discharge passageway
into said chamber with a first predetermined portion of
said flow area being disposed adjacent the lower end of
said chamber and a second predetermined portion of said
flow area being disposed adjacent the upper end of said
chamber, said second predetermined portion being greater
than said first predetermined portion to provide for in-
creased air circulation from said discharge passageway
into the upper portion of said chamber than occurs in the
lower portion of said chamber to maintain a uniform tem-
perature gradient within the chamber, at least one of said
walls carrying a return passageway leading downwardly to
the bottom of the said cabinet, said return passageway hav-
ing return aperture means placing said return passageway
in communication with said chamber to provide a prede-
termined cross-sectional flow area from said chamber into
said return passageway, and means mounted in the bottom
of the cabinet for passing cold air upwardly through the
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discharge passageway and out through said aperture means
into said chamber, through said chamber and into said
return aperture means and said return passageway in a
closed circulation path.

14, In a freezing unit, a forced cold air circulation sys-
tem comprising: an upstanding cabinet having marginal
walls defining a vertically elongated interior chamber, at
least one of said walls carrying a discharge passageway
leading uwpwardly from the bottom of the cabinet, said
discharge passageway having a plurality of upper discharge
openings disposed adjacent the upper end of said chamber
and at least one lower discharge opening disposed adjacent
the lower end of said chamber, said upper discharge open-
ings providing a larger cross-sectional flow area than the
cross-sectional flow area of said lower discharge opening
to provide for increased air circulation from said discharge
passageway into said chamber in the upper portion of said
chamber than occurs in the lower portion of said chamber
to maintain a uniform temperature gradient within the
chamber, at least one of said walls carrying a return
passageway leading downwardly to the bottom of said
cabinet, said return passageway having return openings
placing said return passageway in communication with
said chamber to provide a predetermined. cross-sectional
flow area from said chamber into said return passageway,
and means mounted in the bottom of the cabinet for pass-
ing cold air upwardly through the discharge passageway
and out through said discharge openings into said cham-
ber, through said chamber and into said return openings
and said return passageway in a closed circulation path.
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