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EVAPORATOR AND REFRIGERATION
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Casper W Merrlll Legan, Utah N
Apphcatmn May 23, 1949, Serlel No. 94 793

" This invention relates to re'frlgere;tmn systems

- wherem a fluid refrlgerant is mechanically circu-
~lated through a closed refrigerating circuit, go-
- ing through repeated llqmd end gaseous pheses

- in the process, if required. g |

. Such systems eustomanly me,ke use of brme

- ' as an intermediate agency for applying the re-
- frigerating aetmn of the refrzgerant dlrectly to
o -'useful purpose e |
It is common pre.etlce te SO construet the hea,t- |
o .exchange apparatus employed in the system. for
" transfer of heat from the brine to the flmd Te-

~ frigerant, that a large body of brine is necessary
 ‘compared to the area of heat-interchange sur-

o '__"--face seperet:tng the fluid refrigerant from the
. brine.
~ 'are very slow in reaching required operating tem-
~ peratures, and their efficiency is far from. satis-
This is pertlculerly true in instances of

Accordmgly, many conventionsal systems

(Cl 62—--—153)

In the refrlgeratmn system of the mventmn,

" a brine liquid is mechanically circulated through
“a closed
- includes, by way of equipment, principally, an

circuit. This circuit: advantageously

evaporator assembly consisting of a heat ex-
changer embodying a plurality of elongate tubes.

 The heat exchanger is provided with an entry

- compartment or header ‘at one end thereof and .

10

an exit compartment at the. other ‘end.” Both

the entry compartment and the exit compart-

- ment open into a freezing conduit that: des1rab1y
- surmounts the two compartments. - -

In one of the eompertmente for example, the

 exit compartment, is a circulation device, such

15 a5 a serew propeller, located so as to motivate a

brine liquid through the tubes of the heat ex-

", brine - tank equipment commenly employed to

 freeze various food items, such as certain com-
- -mercial ice cream and water-lce products m the

.:' '..”'neture of lollypops.

© . In connection. mth these eonventmnel sys-
o 'tems it is usual to employ surge tenks for the
~ gaseous phase of the eperetmg cycle, so there
" will be no undue occurrence of the condition
 commonly known as “frost- back” along the line culation thereof, ‘heat IS abstracted frem the
'f-'-*lea,dmg fmm the evaperator or heat exehenge . e |
".'--_equlpment where gaelﬁeetmn ef the liguid ‘re-
i Such frost-
. frigerant circuit.

 frigerant occurs, to the compressor..

" o beck: cendltmn is a result of 1mperfeet drymg of

. the ﬂu1d refrigerant vepers following the evapo-
| Droplets of the
. liquid | refueemnt pass into the line leedlng to
- the compressor, and these. dissipate their use-
 fulness by creating a frost along. such line..
A principal object of the present mventmn is

o --';--a,-;ite eliminate the excessively large. bodies. of semi-

stegnant brine employed by conventmnal Sys-

tems of -the type .concerned,. and . provide .for
. a-more nearly equal T
. of brine utilized. and- the extent of operable heat-
" interchange surface in-the evaporator part of the

ratio between the quenmty

. _system. - An object is. to provide for constant

. usual time.

-~ An ebJect 1s to ehmmete the need fer a cen--_
o ventmnel surge tank. |

" “"An object is to’ eccomphsh the above by a

" “simple and compact construction which is com-

> ‘paratively low in- coet end economical - to op-— s

erete a,nd mamtam SRR 'j e 'j ._f'f.

50

- duit.
20

- changer, from entry compartment to exit com-

pertment and, thence, through the freezing. con-
A tray or other container for items to
be frozen is disposed’ in preferably coextensive,

" intimate relationship with the freezing conduit,

~-as, for exemple n supemmpesed pos:ttlen there-

30
_W1th1n a closed housing forming part of the re-

In eperatmn as the brme peeses through the

25 tubes of the heat exchenger the: 1efr1gerent ab-

stracts heat therefrom.. As the cooled liquid

flows back along the fr eezmg conduit in the cir-

items to be frozen. :
- The tubes extend substantlally herlzentally

Liquid refrigerant enters at

'_ * the bottom of the housing, forming a body main-
~ tained, by meens of suitable controls, at a depth

35

o ture.

predetermmed in accordance with the tempera-
Ve.pormed refrigerant rising in the hous-

~ ing passes in intimate contact with the outer

- surfaces of the heat exchanger tubes, thereby
- continuing to abstract heat from the brine and'

40

: : 'pos1t1ve circulation of substantially the entire
~ “body of brlne, to the end that freezmg tempera- _
~ tures are obtained in a smell fraetmn of the :

_eecemms:r more gaseous in the process:

- 'The upper pertxon of the housing is free of

”tuhes forming a drying or eccumuleter zone
'Whereln pr ectleally all’ remaining droplets of

liquid - vaporize. The dry, gaseous refrigerant

‘passes from the top of the housing through a
‘line leading to the COmMpressor of the system.
- Accordingly, pursuant to the invention-there
~are ‘two constantly active, closed- circuits em-
- bodying flowing fluid refrigerant and flowing
brine liquid, respectively. The brine. cireuit is
" s0 -constituted that substantially all the brine

' liquid is constantly on the move; whereby. par-

~ ticularly efficient heat -exchange between . re-
- frigerated brine, on the one hand, and brme and
.1tems to be frozen, on the other, 1s achleved In




the present system, a far smaller ratio of brine
volume to heat-exchange area exists than in
former systems.

For example, 1:1 for a pre--

2,620,238

ferred embodiment of the present invention as

compered to 1:10, or even greater, f01 oerto,m-

prior systems.

Tt is preferred that the volume of brine in the-
© freezing conduit portion of the brine circulit be

- greater than -in:the remaining portions of the.
circuit, and that there ke a differential between
the inside cross-sectlonel area of the freezing

o 4 . :
the tubes in the fourth row counting from the
bottom, may be manually, electrically, or ther-

‘mostatically controlled in any usual manner.

In case of electrical control, a float device may

be located, for example, as indicated diagram-

- matically in Fig. 3 at 28, while in case of a ther-

mostatic control, the thermostat may be loceted
as Iindicated diagrammatically in Fig. 3,

- proximity to the enfrance to return pipe 23. An_

10

conduit and the sum of the inside cr oss-sectional
areas of the tubes such that the flow velocity in -
the former is appreciably less, Say one- ~-quarter

~ of, the flow velocity in the latter. By providing

for a considerable quantity of brine to be con-

15
tor, not shown, through a shaft 32 on Wthh the
-propeller is mounted.

stantly passitg through the freezing conduit at a -

- reduced velocity,

~be submerged in the brine flowing . through the

~ freezing conduit without causing-undue turbu-
- “lence or splashing in instances where the- -top of

" theé conduit is uncovered to efford free ecoess to
__?:the brine. - *

" Because of -the relotn,relyr small quentlty of -
| '-'r-brme liquid utilized in:the entire system and of . -
its confinement uuthln the brine cirecuit, it is pos-
- sible to provide a very compact assembly Wlth— |
coin e jacket of insulation. =

Further okjects and feetures of the 1nventlon

o wﬂl become apparent as the description proceeds

- 'with respect to the presently preferred embodi-
ment thereof, illustrated by way of example in
- the eccomponymg drewmgs | ST

- ‘In‘the drawings:

- Fig. 1 represents a side elevation of the evepor—-__ |

- ator and freezing conduit, without insulation;
- PFig. 2, a longitudinal, vertical, center seotmn

' _.teken on the line 2—2 111 Fig. 3; and

PFigs. 3, 4 and 5, CrOSS- -sections, taken respeo-

| ..."-tIVE].Y on the lines 33, 4—4 and 5—5 in Fig. 2.
- Referring to the drawing, the numeral 12 de-
‘notes a tubular evaporator having the cylindri-

':_ cal shell 12 and a plurality of tubes 13 extending
~longitudinally through the shell..
- tor 10 further has the heads (4 and 15 in Whlch

“the . tubes termlnete
Tect, a housmg for a fluid re-

At I8 is an entry

Suoh shell, heeds and

tubes define, in e

“frigerant, such as ammonia.
: ,-;.compertment or header In communication with
. the tubes, while at t7.is an exit compartmens

- which -is also in oommumoo.tmn with -the tubes.
- A'screw propeller (8 which draws brine from the

| exit compar biTlEIlt £ through an uprlght condult
19 discharges this brine into a horizontal freez-

'~ ing tank or conduit 28. ‘The conduit 20 in turn

The evapora-

while maintaining sufﬁolentn
velocity of the brine within the evaporator tubes
for effective heat transfer, freezing racks may ¢

oil drain for the evaporator is located at a suit-

~able point, such as 38. The entire structure in
“this instance is supported on legs 3I ‘which are

etteched to the cyhndrlcel shell 2.
In operation, the screw. propeller IB is drwen |
by any suitable means, such as an eleciric mo-

The propeller draws brine

through the tubes 13 into and through the exit
“compartment 17, and forces it through the con-
duit 19 into and through the freezing conduit 29
end into the entry oompartment 16, from where

- it passes hack to the tubes 13 for recirculation

. -indefinitely.

g
-

1 rl‘he olrculatlon of. the brine
through the freezing conduit 2 acoomphehes the

freezing of any liquids placed in a freezing t1 ey

;1mmed1ete1y above the conduit 20.

-The evaporator and freezmr-r condult are 1n-

- suleted in.any suitable manner, in this 1nstenc

80

by placing the insulation as indicated at 34,
In this system the efficienc cy of cooling ap-

-proeches that of a d1rect expansion system.

' This result is 1mp0551b1e by the usuel met‘aods 111 '_

© 35

- .'oonneotlon with an open tank. .
-~ In the present showing of the 'system of the' -

1nventron approximately one- guarter of the total

quantity of brine is contained in the tubular

eraporetor and its: entry and exit compartments

- This means that one-quarter of the total quan-
- tity of brine is located below the level of the bot-

10

tom of the freezing conduit, while three-quarters
of the volume of br1ne is contained in the freez-

ing conduit. Accordingly, the velocity of the flow
- of brine through the tubular evaporator in. this

| mstence is approximately three times as fast as

fact that the fluid |
 through the ‘housing of the evapor atm in the -
‘space .which surrounds the tubes externally

its velocity of fiow through the freezing conduit.

The present system represents a reversec. of
the usual practice. This is brought ebout by the
refrlgerant is circulated

thereof, while the brine passes through the in-
side of the tubes

It is preferable in praotloe to memtem the |

- liquid refrigerant level in the tubular evaporator
“at approximately one-third the ftotal height
- thereof, though this may vary slightly below and

-'_'up to as much as approximately one-half the

~discharges into the entry compartment or header o

16 from Wthh the bnne is reolrculeted 1nde-

ﬁmtely ;
A umque cons1deretron of the 1nventlon 15 thet

_ the plurality of tubes in the evaporator is so ar- =
~ Is a decided advantage and an important feature

- ranged that drying or accumulator space 22 is
provided above the tubes, from which the ac-
~cumulation of geseous refr1gerant suoh as am-

monia gas, is returned through a pipe 23 that ex-
tends to a compressor 24. The oompressol dis-

o -_f;cewer-oondensel 25, from which liquid refrig-
. ‘erant is conducted through a pipe 26, controlled
... by valve 21, back.into the lower part of the tubu-'

!2 .The - control valve 21, by

o 1&1 eveporator

total helght dependent upon the desu:*ed tem- _. |

perature.

~space or zone within and: along the upper part of
‘the tubular evaporator above the tubes thereof,

The provrs.ton oi‘ en unobstructed ecoumula,tor

_ of the invention in preventing undue frost-back.
‘Nevertheless, other features of the invention may -

:f'__ Ibe utilized 1ndependent1y of the spec1ﬁed feature

'.;"-_';'cherges the compressed refrigerant into a re- = .

- It should be kept in mind that a pr imary fea-
ture of the invention is the constructlon Whereby

~ g 'minimum of brine ig present in the refrigerant-

70

to-brine heat exchanger. portion of the system.

. The illustrated embodunent of the mventlon

3 --has an open freezing conduit for the brine, so

‘means of which the level of the. liquid refrig-
. be WhOl]Y or. pertlelly submerged in the flowing

“erant in the evaporator 10 is maintained approx-

. _;-Imately as mdmatEd in Flg 3 “namely. Just aove.

thet freezmg racks for items to be frozen may

brine, I—Iowever such conduit may have 1ts top .



5

':' closed Furthermore the freezing brine mey be .

- employed to useful purpose in other ways, for

‘example, by eonnectmg an auxiiiary freezing cir-

“cuit to such conduit and pumping a. portion of f'

the flowing brine therethreugh If such g circuit -

has sufficient capacity, it may even replace the

. illustrated freezmg cenduit in the brine mrcmt
- proper. =

5 |

- While this 1nvent1on 1S here 111ustrated and de— o

seribed with respect to a presently preferred
- form thereof, it should be understood that var-
- ious changes may be made therein and various

10
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3. The combination recited in claim 1, wherein
the housing of the said heat exchanger is cylin-
drical and is capped at opposite ends by head

- plates through which the heat-exchange tubes

pass; wherein walls define a common entry
header for said tubes at one end of said heat ex-

- changer, and walls define a common exit header
. for said tubes at the other end of said heat ex-
changer; and wherein the freezing tank opens

at one of its ends into the said eni;rs;r header and. '

. et its other end into said exit header.

other forms may be constructed on the basis of -'

~ the teachmgs hereof, by those skilled in the art,
~without - departing frem the preteetlve scepe of
_the foilewmg clalms |

- Ieclaim: - - | | -

1. In a 1efrigerat10n system utilizing e, fluid

 refrigerant and having =a closed conduit circuit
- for said refrigerant which circuit includes a com-

- pressor and g fluid reserve chamber; an evapora-
tor assembly forming part of the fluid refrigerant

4. In g refrigeration system utilizing a ﬂuld
refrigerant and having a closed conduit circuit

" which 1neludes a compressor and a fluid reserve

15

20

chamber; an evaporator assembly forming part
of the fluid refrigerant circuit, said assembly

- _comprising, in combination, a tubular heat ex-

changer made up of a substentieliy horizontally

. disposed and elongate housing c¢ontaining a plu-
rality of 1011%'11311(1111311_,' disposed heat exchange

~ tubes arranged in substantially horizontal tiers,

. circuit, said assembly comprising, in combina-

- zontally disposed and elongate housing contain-
ing a plurality of longitudinally disposed tubes

arranged in clesely spaced relatxonship lowerly

in the housing so as to leave an open accumaiu-
lator zone for gaseous refrlgera,nt along and
‘within the upper part of the housing, said heat

- exchanger being connected in said circuit so that
liquid refrigerant enters the housing at the bot-

product freezing tank having a brine capacity
~ greater than the combined brine capacities of

. termined level W1th1n said heat exchenger hous-
ing.

- the housing of the tubuiar heat exchanger

| 2. The combinetmn recﬂ;ed in clalm 1, Wherem_
o the product freezing tank is superimpesed upon

 tion, a tubular heat exchanger made up of a hori-
25

one above another, said heat exchanger being

connected in said cirecuit: g closed channel cir-
eult for brine, said cireuit including the said ply-
'1alii;y of tubes an entry header, an exit header,

and a freezing tank connecting said headers, said -

freezing. tank having 4 brine eapamty greater

than the combined brine capacities of the other

 portions of said brine circuit; insulating mate-

30

- the other portions of said brine circuit; insulat-

~_ing material substantially 1sol_at1ng said tank
- from said heat exchanger; circulating means
~ within said brine circuit; and control means

~ for maintaining the fluid refrigerant at a prede-

40

f Number

45

rial substantially isolating said tank from said

- heat exchanger; circulating means within said
- brine circuit; and control means for maintain-

tom thereof and the gaseous discharge from the  ing the liquid refrigerant at a predetermined

- ?_ housing leaves. at the top thereof; means defin-
~_ ing a closed channel circuit for brine, said cir-
 cuit including the said plurality of tubee and a

-~ level w1th1n sald heat exchanger housmg
35 | |
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