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5 Claims.

This invention relates to a refrigeration syétein .

and more particularly to an improved evaporator

~ therefor. ’
The efficiency of a cooling or refrigeration in-
g stallation is entirely dependent on the perform-

ance of the evaporator or direct expansion coil.

Where an evaporator is comprised of a plurality
of coil units, each of which consists of a set of
coils placed side by side, certain difficulties are

30 encountered in attaining a high cooling efficiency.
It is well known that a refrigerant follows most
readily the path of coldest flow. It is desirable
therefore, to properly meter the quantity -of re-
frigerant flowing through each coil to aveid a

1§ short cireuiting, or excessive flow of the refriger-
ant through the colder coils, and insufficient flow
through the warmer coils,

The cooling efficiency -of an evaporator is also
greatly reduced by the formation of oil traps in
the coils. . As the refrigerant is compressed, oil
from the compressor suspends jtself therein and
is carried into the evaporator. When a refriger-
ant, such as freon for example, passes through

the low pressure zone of the evaporator it changes-
into a gas, but the oil in the freon undergoes no

change and remains in the liguid state. Since
the liquid oil has a greater density than the gas, it
tends to fall back behind the flow of the gas and
lodge Wherever possible. If the oil is permitted
30 to thus accumulate ‘within the evaporator coils,
the coils in time will become oil-logged and de-
ficient in their heat absorbing capacity.
The cooling efficiency of an evaporator is fur-

ther greatly reduced by an improper distribution

as of the lquid refrigerant throughout the interior
of the evaporator coils. A known quantity of a
refrigerant in the liquid state occupies less vol-
ume than it does in the gaseous state. In the
usual case, where an expansion valve forms a
40 bart of the cooling system, the liquid refrigerant
in passing through the valve is changed from the
liquid state to a mixture comprised in part of a
liquid and in part of so-called flash gas. Since
a temperature difference exists between the mix-
ture and the air to be cooled by the evaporator, a
transfer of heat between the gas of the mixture
and the air will take place until the tempera-
tures of the gas and passing air are equal. How-
- ever, since the liquid in the mixture, per unit of

responding weight of the gas, it will, upon the
absorption of heat from the passing air, com-
mence to boil and expand to a volume many times
greater than its original volume. As a resuit the
§& 8ir is cooled not only by the sensible heat pick-up

weight, occupies a smaller volume than a cor- -

(Cl. 62—126)

of the gas so formed but also by the latent heat
necessary to effect a boiling or evaporization of
the liquid. It is thus seen that the cooling ef-
ficieney of the evaporator would be increased if
only the liquid refrigerant were distributed to ali g
portions of the interior of the evaporator. It is
accordingly one of the objects of the present in-
vention to provide a refrigerant distributor which
will effect a separation of the flash gas and liquid
whereby the liquid may pe uniformly delivered to 16
all portions of the interior of the evaporator.

Another object of the improved evaporator is
found in the provision of a means for metering
the quantity of refrigerant flowing through each
coil in proportion to the work to be done or heat 1b
to be absorbed by such coil. In air cooling instal-
lations employing an evaporator which is formed
of a plurality of coil units each of which consists
of a series or set of coils placed side by side, the
the coils first to contact the air to be cooled will 20

_absorb the most heat and the coils last to contact
the passing air will absorb the least heat. In the
improved construction herein set forth each coil
is provided with a metering means for properly
controlling the quantity of the refrigerant enter- 26
ing such coil. : S :

Yet another object of the improved evaporator
is found in the provision of a means for removing .
the refrigerant from the coils at a rate com-
mensurate to its delivery therein. Each coil is' 30
provided with a different sized outlet ' port, the .
size of the port being dependent upon-the heat
exchange function of such coil and hence to the
quantity of refrigerant delivered to such coil. )

A further object of the improved evaporator is 35
found in the provision for each coil assembly or
unit of a stction header which is formed and ar-
ranged in a manner to procure a proper flow of
the refrigerant. through all the coils of such coil
assembly. The suction header is in functional 49
association with the coil outlet ports and is adapt-
ed to provide a positive draw or pull thereon
whereby to avoid a short circuiting of the re-
frigerant through certain of the coils.

A still further object of the improved evapo- 45
rator is found in the provision of a main suction
header, which is arranged in operative association
with the suction headers and formed in a manner
to draw substantially the same quantity of re-
frigerant from each suction header during a sim- 5o
ilar unit of time. " c

‘A still further object of the improved evapo-
rator is found in ‘the provision of a gravity oil
drain which -operates to effectively drain the
oil from the evaporator when the coils thereof g5
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are mounted.in either a horizontal or vertical

position.” A maximum flow of the refrigerant is

thus attained in the coils at all times and oil
-logging, which materially reduces the heat ab-
'8 sorbing capacity of the evaporator is substantially
eliminated.

Other objects and advantages of the present in- -

.Yention will become evident from the following
detalled description of parts and operation taken
10. in connection with the accompanying drawings,
in which: : )

Fig. 1 is a diagrammatic view of a refrigeration
system showing in part an elevational view of the
- . distributors and evaporator; Fig. 2 1s an enlarged
15, elevational view of the evaporator showing & por-
tion of a distributor; Fig. 3 is a bottom plan view
of a distributor taken along line 3—3 in Fig. 2;
Fig. 4 is a sectional plan view of a suction header
and its associated coils taken along line &—4 in
20 Fig. 2, and Fig. 5 is a reduced elevational view of
the evaporator showing a vertical mounting. of
the coils.

Referring to the drawings by suitable char-
acters of reference, numeral 10 designates gen-
26 erally a compressor which forms a part of the
“refrigeration system shown in Fig. 1. The com-

pressor 10 is operated by a motor Il which is

-automatically controlled by suitable thermostatic
means (not shown). The refrigerant as a vapor,

30 is forced from the compressor under ‘high pres-

" sure, through a pipe 12 into a condenser 14 where
1t is suitably cooled and liquified in a well known
manner. The liquid refrigerant leaves the con-
denser through a pipe 1§ and passes into a re-

. 88 ceiver 16 which serves to store the refrigerant

and also to change the fluctuating high pressure
. of the refrigerant, caused by the compressor, into
& high pressure of substantially constant value.
The receiver is provided with a refrigerant outlet

‘40 pPipe 18 which joins and forms substantially a

T Joint with a pipe 9. The pipe (9 has its
branches 20 and 22 respectively, in communica-
tion with similar distributors 23 and 24, to be
hereinafter more fully described, through. ex-
43 bansion valves 26 and 21 respectively; the valves
being disposed in the branches 20 and 22 where-
by the refrigerant from the pipe 18 is divided to
flow substantially equally through each valve 26
.- and 21. It is to be noted, however, that the
50 equal division of flow through the expansion
* valves into similar distributors is one of prefer-
ence, since the distributors may vary in size.
The lquid refrigerant after passing through
the expansion valves 26 and 27 is at a relatively
of a mixture of liquid
of & refrigerant, such
as freon for example, if the flash ga8 were per-
mitted to enter and fill the evaporator coils, a
transfer of heat between the gas and the air to
60 be cooled would only continue until the tempera-
: turesofthegasandpasdngairbecameequal.
However this sensible heat pick-up by the flash

ga8 is very small as compared to the heat trans-

- fer effected by the lquid refrigerant. When the
65 liquid refrigerant enters the evaporator colils, a
transfer of heat is necessary to change the liquid
into a gas, and the gas so formed continues to

take on heat until it reaches a temperature equal

to the temperature of the passing air. ' Thus it
70 15 seen that the liquid’ refrigerant in the coils
effects both a sensible heat pick-up and a latent
heat extraction from the alr passing about the
evaporator; the effective work of the evaporator
being accomplished when the liquid changes to
18 &28. ‘The presence of substantially an all liquid

from one ora plurality of coil

2,165,004

refrigerant in the coils provides in effect an in-
crease in the surface area of the coil, for the
heat absorbing capacity per unit of volume of
the liquid refrigerant is many times greater than
that of a corresponding unit of volume of the
flash gas. In the present invention a substan-
tially all liquid refrigerant is attained in the
evaporator colls by means of the distributors 23
and 24 hereinabove noted and now to be fully
described. 8ince the distributors are substan-

10

tially simflar in structure only one of them, say

24, will now be referred to.

- The distributor 24 is, by preference, mounted
above the evaporator, denoted generally as 32,
and is comprised of a cylinder portion 28 having
-8 top cover 30 and a bottom plate 31 suitably
attached thereto. The pipe 19 connecting the
valve 27 with the distributor 24 has its end 22
secured near the upper portion of the cylinder
28 whereby the heavier liquid particles of the
refrigerant mixture entering the distributor from
the valve may fall to the bottom of the dis-
tributor out of the way of the incoming mixture.
The gas thus separated from the mixture rises
to the top of the distributor and is-carried.to
the suction line 70, through a bleeder pipe 29.
The liquid refrigerant which has dropped to the
bottom of the distributor flows into tubes 34 un-
der the combined effects of the compressor draw
in the expansion coils and the gravitational force
acting on the liquid. The tubes 34, which are
circumferentially arranged in the bottom of plate
31 (Fig. 3) and. suitably secured thereto are
adapted to supply the liquid to the coil units
35 and 38 and hence to the coils 41; while similar
tubes 88 from the distributor 23 supply the liquid
to the coll units 88 and 40, and. hence to the

15

colls 42. Each tube 34 is provided with a valve

81, which is graduated in a manner to meter a
definite quantity of liquid into the tube "with
which it is associated. The quantity of lic-id
thus metered into each tube is dependent upon
the heat exchange requirement of the particular
coil in communication with such tube, as will
be hereinafter more fully described. It is seen
therefore that each coil assembly 35, 36, 39 and
40 is provided with a substantially liquid refrig-
erant which is properly metered through all the

“coils 41 and 42 whereby the cooling efficiency of

the evaporator is greatly increased. .
The liquid refrigerant in the coils 41 and 42,
upon the extraction of heat from the air to be

40

cooled and consequent evaporation process, tends -

to expand to a volume many times greater than
its original volume. The gas formed in this man-
ner. is removed from the coils at a rate corre-
sponding to the various metered quantities of
liquid entering the coils from the distributors 23
and 24. It is thus apparent that a tive cir-
culation of the refrigerant in all of ‘the coils #1
and 42 is necessary for the efficient operation of

tine construction is employed, a positive circu-

- the evaporator. Where a single coil of serpen-

lation is readily attained since the coil has & -

single suction outlet upon which the compressor °
‘may draw. - However in air cooling installations

& series of at least three coils is usually provided
to obtain the

proper dew point for effectively .

extracting heat from the air. It is thusseen that .

the compressor draw or pull may be satisfied
_ suction outlets,
which are 4t varying distances from the com-
pressor. If the rate of flow of the liquid in the
colls is improperly controlled, the compressor will

. tend to draw the liquid through the coils of cold-
L . :

10
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est flow, thus negativing the tunction of the
metering valves 37 and causing the expansion
valve in circuit with the coils. to be actuated to
a closed position before the coils of warmer flow
have received their proportion of the liquid. It
is apparent therefore that the quantity of liquid
delivered to each coil by the metering valves 37
and the rate of flow of the expanded gas leaving
each coil are mutually dependent factors, .the

- proper operative coordination of which deter-

mines the cooling efficiency of the expansion coils.
That is to say the maximum cooling efficiency of
each coil is attained when the quantity of re-
frigerant delivered to such coil corresponds to its
heat exchange requirement and when such heat
exchange requirement is maintained substantial-
ly constant, for-a particular operating condition,
by a proper extraction of the gas from the coil
at a rate proportional to its formation within the
coil. A build up of pressure within the coil by
the expanded gas is thus avoided and the incom-

ing liquid refrigerant is permitted to flow freely

into the coil. >

In the present preferred illustration the evap-

orator 32 is shown (Fig. 2). as formed of four
coil assemblies 35, 36, 39 and 40, each of which
is comprised of a set of four serpentine coils, suit-
ably disposed in corresponding paraliel alignment
as shown in Fig. 2. Since each coil assembly is
substantially similar in operation and structure
only one assembly, say 35, will now be described
in detail. For the purpose of convenience of de-
‘scription, the four coils in the assembly 35 will
be designated as 43, 44, 46 and 41 respectively.
. Let it be assumed that the air to be cooled by

the evaporator flows through the evaporator in'a .
- direction from right to left as indicated by an
arrow. With the air flow as shown in PFig, 2, it is

seen that the coil 43 which is the farthest from
the compressor will be the first to come in con-
tact with the passing air while the coil 41 which

. is the nearest to the compressor will be the last

60

‘47 sinee the air in

to contact the passing air. The coil 43 therefore
would extract more heat from the air than coil
passing each coil 43, 44, 46
and 471 becomes gradually cooler and  the tem-
perature difference between each coil and the
passing air becomes decreasingly smaller as the
air moves from coil
to be noted that since the coil 43 is the greatest
distance away from the compressor, the com-

pressor draw or pull on the outlet of coil 43 will-

be less than that on the outlet of coil 41, whereby
the velocity of flow in coil 471 will tend to be
greater than the velocity of flow in coil 43. It is
to be noted also that if there were no metering
valves 37 and all the coils were to receive an
equal quantity of refrigerant, the coil 47 after a
period of operation, would be much cooler than

the coil 43 sand the refrigerant from the distribu-.

tor 24 would tend to feed through the coil 41,

- leaving the remaining coils 43, 44 and 46 partially

65

70

75

or totally starved. The operating temperature of
the refrigerant in each coil and hence the quan-
tity of refrigerant in each coil as controlled by
the valve 31 is therefore dependent upon the com-
bined effects of the amount of heat absorbed from

the passing air and the magnitude of the com-
pressor draw or pull on the coil outlet.

It is preferred in the present example to main-
tain the cross sectional areas of the coil inlets
48, 50, 51 and 52 substantially equal and to
vary the cross-sectional areas of the coil outlets
54. 55, 56 and 58 in direct proportion to the
heat exchange requirement of each coil 43, 44,

43 to coil 41. However it is
" thest from the compressor and that the coil as- go

3,
46 and 47 and to the distance each. coll is from
the compressor or source of suction. The cross-
sectional areas of the coil outlets 54, 65, 56 and
58 are varied by inserting therein bushings 59
(Fig. 2) which are provided with different sized §
ports or internal bores. It is seen that the coil ‘
43, which performs more work and is farther
from the source of suction than any of the other
coils'in the assembly 35, has an outlet 54 propor-
tionately larger than the outlet 55 which in turn 10
is proportionately larger than the outlet 56; the
outlet 58 being the smallest of the coil outlets.

Tt has been noted that a suction or draw of
variable pressure exists at each coil outlet and
that corrections have been allowed for this con-
dition. However since the area of each coil out-
1et 54, 55, 56 and 58, and hence the rate of flov
in each coil 43, 44, 46 and &7 is dependent upon
the particular suction pressure acting on such
outlet, it is necessary to provide for a distribution
of the suction pressure whereby the entire area
of each coil outlet will be subjected to the actior
of the suction pressure. That is to say there
must be a full draw or pull on the entire area
of each coil outlet to obtain the predetermined .25
metered quantity of liquid to flow through each
coil. 'The proper pull on each coil outlet occurs
when the suction header 60, in operative associa-
tion with the- coil assembly 35, is provided with a
cross-sectional area substantially equal to or 30
greater than the summation of the coil outlet
areas or port areas in the bushings ,59. There
is thus attained in each coil, of the coil unit 35,

a removal of the expanded gas therefrom at a
rate corresponding to the metered quantity of 38
refrigerant delivered to such coil whereby a short
circuiting of the refrigerant through certain of
the coils is substantially eliminated and a high -
cooling efficiency of the evaporator coils is at-
tained. :

- The preper quantity of refrigerant flowing in
the coils of the coil units 36, 39 and 40 is pro-
vided for in a substantially similar manner. Since
the air conditions about each coil unit are the-
same, each coil unit will perform a substantially ¢
equal amount of work, whereby the quantity of
refrigerant flowing through each coil assembly
per unit of time will be substantially the same.

Tt is seen that the coil assembly 35 is the far-

sembly 40 is the nearest to the compressor, where-

by the suction pressure acting. on the outlets-of
the coils in assembly 40 will be greater than the
pressure acting on the outlets of the coils of as-
sembly 35. The velocities of the refrigerant flow- 5§
ing in the coil assembly 40 will therefore tend to
exceed the velocities of the refrigerant flowing
in the coil assembly 35, but since the coil as-
semblies are to pass substantially the same quan-
tity of refrigerant per unit of time, the ports of gg
the bushings 62, which are inserted in the coil
outlets of the coils of unit 40, will be proportional-

ly smaller than the ports in the corresponding
bushings 59 of the unit 35 so as to compensate
for the higher velocities of flow. It will be seen g5
therefore that the coil units 36 and 39 which
are located between the coil units 35 and 40 are
provided with bushings 63 and 64, respectively,
having openings proportionally smaller in size
than the corresponding openings in bushings 59, 7o
and proportionally larger in size than the cor-
responding openings in bushings 62. Thus as is
clearly shown in Fig. 2, each coil assembly 35, 36, °

.39 and 40 is provided with coil outlets having
areas graduated in proportion. to the heat ex- 74
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. and suction headers.

- uid.refrigerant is formed into a gas,

b6

co

76.

4

‘to or greater

‘the gas so formed and the

change requirements of each coil and to the dis-
tance each coil is from the source of suction,
whereby each coil unit will perform substantially
the same amount of work. As hereinbefore noted
the proper pull on each coil outlet in a coil unit
is attained when the suction header, in opera-
tive association with the coil unit, is provided
with a cross-sectional areg substantially equal
than the summation of the respec-
tive coil outlet areas. Therefore since the cor-

responding coil outlet areas or port areas of the -
bushings 58, 62, 63-and 64 of the coil units 38, -

36, 39 and 40 are graduated respectively in a
descending order, due to their approaching near-
er to the compressor, the suction headers 60, 66,
67 and 68 in operative association with the respec-
tive coil units 35, 36, 39 and 40 are graduated in
a corresponding descending order (Figs. 1 and 2).

Where 'a single coil assembly forms the total
number of coils in the evaporator, it will appear
evident that the cross sectional area of the suc-
tion header will be equal to the cross sectional
area of the main suction header or line connect-
Ing the suction Header ‘with the compressor.

z5 However where an evaporator is comprised of a

plurality of coil units such as 36, 36, 39 and 40
of the present case, the cross sectional area of
each such suction header 60, 66, 67 and 68, forms
only a proportional part of the cross sectional

- area of the main suction header or line 10. The

Cross sectional area of the main suction header
is substantially equal to or greater than the sum-
mation of the cross sectional areas of the respec-
tive headers. The suction headers 60, 66, 67
and 68 are graduated so that their capacities are
in proportion to the distance that each header
is from the source of suction pressure. Since the
quantity of refrigerant flowing through each
header per unit of time is substantially the same,
it will be further seen that the velocity of flow in
each varies directly with the suction pressure
acting on such header. .

- To assure a full capacity and metered flow of
the refrigerant through all of the coils and suc~
tion headers of the evaporator it is necessary to
bprevent the formation of oj] traps in the coils
Where a refrigerant, such
is used in the cooling sys-

between the lquid freon

as -freon for example,
tem, an affinity exists

- and the liquid oil, and the refrigerant has a
tendency to entrain oil particles and carry the.

same through the entire system. When the lig-
in the man-
ner hereinabove noted, the oil suspended in the
Mquid undergoes no material change and re-
mains in the lquid state, The affinity between
oil is less than the
affinity between the liquid refrigerant and the
oil, whereby that portion of the oil not taken up
by the gas separates from the gas. . Since the oil
So separated has a greater density than the gas
and oil mixture, it tends to flow slower than the
Imixture and collect wherever bossible. If this
oil is permitted to accumulate in the coils or

. suction headers, a condition will be reached, after
‘a period of operation, where the flow of
will be impeded to the extent of seriously inter-

the gas

fering with the cooling efficiency of the evap-
orator and in some instances the refrigerant flow
in the coils or suction headers may be shut off
entirely. 'In order to maintain at all times a
high' cooling ‘efficiency .in the evaporatar, it is
hecessary therefore to provide for a constant
drainage of the separated oil from: the coils and

suction headers whereby to substantially prevent

2,165,004

the formation of objectionable oil accumulations.
This is accomplished by arranging the cotls of
the evaporator to effect a gravitational flow of
oil from each coil 42, into the suction headers 69,
66, 67 and 68 and thence through the main
suction header 70 into the compressor 8. .

In many air cooling installations it is desir-
able to have the coils mounted in a vertical
plane, as shown in Fig. 5. From the breferred
arrangement of the coils as shown in Figs. 2 and
5 it will appear evident that the evaporator will
effect a proper drainage of the oil when the coils
are mounted in either a horizontal or vertical
plane, : :

A preferred embodiment of the present inven-
tion has been illustrated and fully described, but
it is to be understood that certain structural

-’changes may be made in the organization herein

set forth without departing from the spirit and
full intendment of the invention as deflned in
the appended claims,

- I claim:

1. In an air cooling system, an air duct, an
evaporator comprising a plurality of independ-
ent coils extending transversely in said duct and
arranged sequentially in the path of air flow
whereby said coils are contacted consecutively
by the air flowing through said duct, a distrib-
uter common to said coils for supplying lquid
refrigerant thereto, an exhaust header at the
discharge end of said coils, and means at the
discharge end of each of said coils for controlling
the rate of flow of vaporized refrigerant there-
from to said exhaust header.

2. In an air cooling apparatus including an
alr duct, an evaporator comprising a plurality
of independent coils extending transversely of,
and arranged sequentially in the path of afr flow-
ing through said duct whereby said coils are con-
tacted consecutively by the moving air, a distrib-
uter common to said coils for supplying lquid
refrigerant thereto, an exhaust header for va-
borized refrigerant connected to the discharge
end -of said coils, said colls having discharge
ports, graduated in size, opening into said head-
er, the coll first to contact the moving air having
the largest discharge port. .

3. In an air cooling apparatus including an
air- duct, an' evaporator comprising a plurality
of independent coils disposed in said duct and
arranged to be contacted sequentially by the alr
flowing therethrough, a distributer for supply-
ing liquid refrigerant to said coils, means asso-
ciated with each of said coils for controlling the
rate at which refrigerant is supplied thereto, a
suction header at the discharge end of. said coils
for relieving . the coils of vaporized refrigerant
and means at the discharge ends of said coils
for controlling the flow of vaporized refrigerant
therefrom to said suction header, said supply
and discharge control means jointly serving to
graduate the rate of refrigerant flow through

" sald coils so that the coil first ¢ontacted by the

oncoming air has the greatest rate of ‘refriger-
ant flow and the coil last contacted by the on-
coming air has the lowest rate of refrigerant
flow., -

4. In an air cooling apparatus, an air duct, an

evaporator comprising a plurality of independent.

coils arranged sequentially in the path of air flow

“through said duct whereby said coils are con-

tacted consecutively by the moving air, a distrib-
uter connected to the inlet end of said coils for
supplying liquid refrigerant thereto, an-exhaust
header connected to the outlet ends of caoils for

1

8i

3
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recelving vnporlned re!rl:erant therefrom, means
for controlling individually the supply of refrig-
erant to said coils, the outlet openings of said
colls being graded in size, the foremost coll hav-
ing the Iargest outlet opening, and & conduit for
conducting vaporized refrigerant formed in said
distributor directly to said exhaust header.
5. In an air cooling apparatus, an air duct,
an evaporator comprising a series of independent

10 coils arranged sequentially in the path of air -

flowing through said duct, a distributer for sup-

plying lquid refrigerant to said colls, an exhaust
header, said colls having discharge openings at
their outlet ends of graduated size communicat-
ing with said exhaust header, the coll disposed
foremost in the path of the oncoming air hav-
ing the largest discharge opening, said exhaust
hesder having an outlet opening equal to or
lmterthmtheeomblnedarmotthecon dis-

charge openings.
THOMAS B. R. PETERS.
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