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3,188,405
CONDEMNSERS

James Nelson Hinde, Highland Park, Il., assisnor, by

mesne assignments, {0 In{ermafionai Telephone and

Felegraph Corporation, New York, N.Y,, a corporaticn

of Maryland

Hided Mar, 11, 19592, Ser. No, 788,616
7 Claims, (Cl 165—117)

This application is a continuation-in-part of my co-
pending application Serial No. 646,055, filed March 14,
1957, now abandoned. This invention relates to con-
~densers and particularly to shell and tube condensers that
‘are adapted for use in refrigerating systems.

Condensers of the aforesaid character customarily have
the tubes disposed horizontally within an elongated shell
so that gaseous refrigerant introduced into the upper por-
tion of the shell may flow downwardly over the tubes so
as to be condensed on the surface of the fin tubes, and the
resulting liquid refrigerant is withdrawn from the lower
portion of the shell. In many instances such withdrawal
of the liquid refrigerant is attained in such a way as to
maintain one or more lower tubes submerged, thus to
provide for sub-cooling of the liguid refrigerant. The
coolant in such condensers is usually fresh or salt water,
alihough other coolants may be used in many instances.
Such shell and tube condensers are made in both siraight
tube and U-tube embodiments which in many respects are
interchangeable, but in those situations where cleaning of
the tubes is important, the straight tube tvpe with tubes
of uniform internal diameter is of course preferable.

The primary object of the present invention is to enable
the condensing efficiency and capacity of such condensers
to be materially increased, and an object related to the
foregoing is to accomplish this in a simple and effective
manner.

Toe accomplishment of the foregoing objectives under
the present invention is based upon the attainment of a
more effective and efficient flow of both the gaseous re-
frigerant and the condensate over the condensing surfaces
of the tubes so that the desired condensing action takes
place uniformly on the very maximum of available con-
densing surface. This involves the attainment of more
uniform distribution of the gaseous flow within the shell
of the condenser, the provision of improved and well da-
fined flow paths for controlling the flow of the gaseous re-
frigerant, and provision for continuous and rapid removal
or drainage of the condensed or liguid refrigerant from

the tube surfaces so that the tube surfaces retain their :

maximum condensing efficiency.

The present invention contemplates the accomplishment
of its objectives in such a manner that use may be made of
fin tubes of the types now known, and in this respect, one

of the most practical fin tubes for use in refrigerant con-

densers of this kind is a tube havingz a 34’ outer diameter
with integral fins which extend out g from a 54"’ outer
diameter tube and which are spiraled around the tube
from 11 to 19 times per inch. The fins are convention-
ally made as thin as possible, so that the width of the
intermediate spaces is just slightly less than the center
spacing of the fins. This provides a ratio from 3:1 to
5:1 of outside and inside areas that has been found to be
particularly efficient with Freon gas. |

In prior shell and tube condensers, it has long been
known that as the condensing operation proceeds, the lig-
uid refrigerant flows to the bottom of the tube or its fins
on each of the horizontally positioned tubes, and becausz
of the surface tension of the liquid refrigerant, this lquid
reirigerant does not immediately fall from the lower sur-
taces or edges of the tubes, but tends to collect in drops
or bodies of liguid. With fin tubes as heretofore used,
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the drops eveniuaﬂy spraadlongitudinally of the {ube s0
as to extend across the lower edges of several of the fins.

| The fins are, of course, spaced apart but a slight distance,

and once the liquid refrigerant has collected on the fins,
it runs down to the lower portions of the fins and forms
into a narrow body of liquid that bridges the distance be-
tween two adjacent fins. The surface tension of the lig-
uid causes this liquid to be held in place between the low-
crmost portions of the fins, and furiher condensation
causes tne liquid level to rise with a capillary action be-
tween the fins. This gathering of liguid between the fins
progresses gradually upwardly until, in many instances,
the liquid refrigerant closes and fills the spaces between
the fins as far upwardly as two-thirds of the diameter of
the tube. When Freon is used, the upward travel or gath-
ering of the liquid refrigerant between the fins usually
does not extend upwardly beyond the tube axis. The ex-
tent to which the liguid may extend upwardly between the
fins, is, of course, governed in part by the spacing of the
fins and in part by the surface tension and viscosity of the
liquid refrigerant, and in this respect it is noted that the oil
that is often carried with the refrigerant from the com-
pressor and through the system tends to increase the sur-
face tension and viscosity and aggravates the problem pre-
sented by the gathering of liquid between the fins.

As the Iiquid gathers between the fins up to the level
that 1s determined as above described, a portion of the
liquid extends downwardly beneath the lower edges of the
fins, and as further liquid is gathered gradualily, this low-
er suspended portion assumes a drop formation beneath
the fins so that it is released drop by drop from the main
body of the gathered liquid and falls downwardly from
the tube toward the lower portions of the condenser shell
or foward tubes that are located at a lower level. Even
alter separation of such a drop, a considerable quantity
of liquid remains between the fins at the point where the
drop separation has taken place and hence full condensing
eificiency is not achieved in the adjacent region even after
separation of such a drop. Usually about 15% of the ad-
jacent fin area remains covered after such discharge of a
drop of liquid refrigerant, and the continued condensing
action then starts further build-up of liquid between the
fins so that varying proportions of the fin surfaces are dis-
abled by such collected liquid at all times.

‘this intermittent downward discharge of the liquid
refrigerant from the tubes, in the form of drops has
herstofore led workers in this field to arrange the tubes
o1 a condenser in what may be termed staggered relation-
ship in an effort to minimize contact of the falling drops
with other tubes of the condenser., This stagpered or tri-
angular pitch arrangement of the tubes has been con-
sidered necessary because such liquid traveling down-
wardly in the form of drops tends to cause addiiional
gataering or building up of liquid on any lower tube that
it may encounter in its downward travel. |

in view of the foregoing, it is a further and more
speciiic object of the present invention to enable the
efiect of such surface tension and drop formation in the
liguid refinigerant to be minimized in condensers of the
aforesaid character, and a more specfic object is to provide
condensers of the aforesaid character in which direct
¢rainage or flow paths are provided for the condensed
liguid refrigerant to be minimized in condensers of the
fins and tubes will remain clear of collected liquid refriger-
anf and will for the most part be effective at all times
to attain the desired condensing action. |

The use of the staggered tube relationship in prior shell

T3

and tube condensers has resulted in the provision of rather

complex or indeterminate flow paths for the gaseous re-
frigerant, and a further object of the present invention is
to establish a new arrangement for the tubes of such
condenser whereby the flow paths for the gaseous re-



- for the tube

- frige ‘“'ﬂt fn...I"i the 11‘11*3!, mi dawmvardiy fast ﬂﬁ tuoe::. __
~are Jess complex, and are well defined so as to prevent
".-'turbulefice that causes pressure drop. without increasing -
" the gas velocity, md whereby the ‘velocity of the gaseous
o refrigera nt nay be determined and controlled in the
- condenser: design so as to attain a mammum velomty- L

past- the tubes with a minimum pressure drop..

In liquid cooled condenﬂels oi the aforesald c.ﬁaracur 5

 the cooling of the gascous re

a further object of the present invention to so.introduc

- the gaseous refrigerant into the condenser shell that a sup-

_.s‘mats M for d:recflng ﬁEW of cmlmﬂ mcdia through a.
~plurality of tubes 20 that extend lengthmse thmugh the
~shell 12 and are mounted at their opposite ends in the
- tube S‘lﬁets 14, |
formed as to attain 2-pass operation of the condenser, but =~
QOther pass. arrangemeﬂts may
o be used to attain desired coolant velocity. o
--_'.-_the head 16 has a liquid inlet 16A and liquid outlet 168
rlgerant progresses as such -
. gaseous refug rant flows across the tubes, and as the
lremgerant is condensed, a lower pressure. is preduced
at the peut of condensation which tends-to draw & further
~ supply of gaseous refrige rant toward the point or area
"whﬂrn the condensing action hfts taken place, and it is O

. ply of gasem_s refrigerant is available substa“'lual’f y umni-  _'
~ formiy along the top of the condenser shell so that this -

available sup'ﬁly of gaseous refrigerant may then be drawn
downwardly in a substantial uniform manner across and

- between the tubes as such movement is mduced by the

'-p*ﬂﬂrasswe cmdepsmg action.

- In sheil and tube condunsers if 18 well T cogmwd that
o puiaatmn of the gas often initiates vibration of the tt‘bes,? |
- and where tube supports are employed, such. vibratio
- results in rattling of the structure as well as.in we ar___of_ "
 the tubes at the points where they strike against such -
| As a result resort is often had to elaborate and
expensive tube supports’ 1*1V01V111g cushioning elements
. . - In view of this, it is a further important :
~ Object to Pﬂnble such vibration and neise to be elimmaaed-
© in.a simple o LT

ﬁunpoi is.

and-inexpensive manper. =~ .
Gther and further objects of the presem

- by way of illustration, -show prefelred embodiments of

o mvmtwn o
3 _'wﬂl be apparent from the following duSCflptIOﬂ and claims,
and are illustrated in the accompanying: dramﬂgs which, -

R B

the present invention a'ld the prmmmes thereof, and what -

~ is now considered to be the best mode in which to apply
Other embadzlmpnts of the mve’ltwn -

these principles.

~In‘the drawmgs- .'

___the condenser being of the straight tube type;

FIG. 1A is plan sectional view of an altemame embﬁdb-*-

~ment of the invention wherein U-tubes are employed

'FIG. 2 is a left hand elevational view of the condenser
50

o 'shmvn in: FIG 1, the wew bdnﬂ taLeq from the lme 2-—-2
| ",,Uf FiG. 1; | -

- FIG.3is a franmentary Vel m:al syctmnal view taken‘;
o 'be._ween the- stacks of tubes; ; g o
‘ an enlarged vurtical sectloﬂal Vlew taﬂen

FIG. 4 is
- __;mbstaﬂtlally along the line 4—4 of FIG. 1;

FIG. 5 is a simplified and somewhat scnematlc view -

o cf similar portions of FIG. 4 and ﬂlustratmnr the paths*’ 2@ in each stack in firm contact so as to provide continu-

“of gas flow and the flow of condensatey.

FIG. 6.is a greatly enlarged Cross sectmnal Vlew of two .
- tubes arranged one. abmre fhe obher m shghﬂy spaceir'
~ relation;and @ - | - o
- FIGS. 7, 8,9 and 10 are sectlonal wews 111ustrat,1nn__- -
o tubes spaced shg.ltly in a vertical sense and with the -
- tubes having the fins spaced in different amounts and with
- the fins of the lower tube located in dmerent 10113: Lumnal i
S relatm*ﬁrhips with respect to the upper fins. S
- For purposss of disclosure the invention is herein illus-
. trated in FIGS. 1 to 5 as embodied j ina straight tube, shell -
~ type condenser 16, while in FIG.
. shown in plan section and at a reduced. scale as embodied
in a U-tube, shell type condenser 115. The condenser
. 18 cgmprisea an elongated cyhndrical shell 12 adapted to-
- be mounted in a horizontal position and having tube
'__"__-_3_sh¢ets 14 fixed in opposi ite ends therem and end heads
o ;lu and iﬁ are secured by studs 19 to tl‘ie respectwe tube

1A the invention is-

“this is merwy 1llustratwe

"_.;.'J that in most instan:

The end- heads 16 and 18 shown are so

In this form

sgparated by a horlzantal division wall 16D, ‘while the

"Jead 18 is fr‘rmed without internal dIVISI{}Ila, thus to plﬁ-.-"-
S vige N
| inlet 22 at the top of the shpil 12 while a boatom Gudet[

"_‘24 is prowded in the shell for discharge of the condensate. .~

for 2-pass operation. The condenser 10 has a gas

Under and in accordance with the present invention,
mmuvel},f simple and 1 inexpensive structural improvements

blmon of th.a gas for subsequert ﬂow downwardly past

Tl_.,m, _1*1 f:::-fm hereln ﬂlustrat d tﬂe tub.,.s 26 are 111113-

| ?11 ated as fin tubes of a type that is well known in the trade -

“YWolverine” fin tubing, made by the Wolverine Tube

Dl vision of Calum.,t and hecla Consohaated Co;;mel Co.,
Inc.

~ This tubing is made from copper or other desued B
netals with integral spual ins F that are’ clcf:.-,ely spaced

ied accm ding to the proposed use, and the present

Such n’ tubmg a8 used in pi‘lOI‘ 11qu1d comed condmsers_ o

‘and between the fins, and the condensate formed on the
 .fins of each tube thus tends to drain to the lower edges:
~of such fins. '
| | - . lower edges of the fins and builds
FIG. 115 a vertical f*ectwnal view showmg 2 lauld_-_

ccoled condenser embodymﬂ' the features of the l‘ﬂfeflt’ on, 45

“This condunsate gradually collects at the_ _-
D bmween fins 80 as -

. to partially disable the condensing surfaces, as described
-~ hereinabove.-

- Under the present invention fhls objection-

-able action is reduced and substﬂntially eliminated by ar-

E ___rangmg the. fin tubes 20 in.a serles of tiers or stacks S that

e
cn

6o

are spaced apart Iateral y to provide well defined vertical

- fiow. palhs P for the gaseous refrigerant between adjacent |
stacks S, and with the fins F of adjacent tubes 20 in each
~ stack-S so related to each other that drainage of liquid
- from each fin will take place before the ‘liquid has ac-
camulated to sach a volume as to build up by capillary
“action in the space between the ad;acent fins.
bodiment of the invention illustrated in FIGS. 1to 5, this

~In the em-

1S accgmp lished by arranging the fins F of aa]ace*lt tubes

ous downward dramage paths for the condensate.
In accomplishing the foregcing in:the embodiment of

”""“I GS. 1 to 5, the tubes 29 are modified somewhat ‘from
:-.thelr usual commercml form .in order that the fins F of
~adjacent tubes 28 in each stack S may engage cach other

- while at the same time providing the necessary width of
ligament between ad]acem tubes as such tubes are mount-.
“ed in the tube sheets 14. Thus, it may be pointed out

: that the ordinary c-ommercml fmm of Wolverme 19-fin
- tubes is such that the fins terminate a substantial dis-
~tance from the ends. of the tubes to provide unfinned end.

| ’__'pomons which have an auter diameter the same as the

“outer diameter of the fins,
- however, the unfinned end portions are reduced: in diam-
eter, and this is illustrated particularly .in FIG. 3 of the

- Under the presént mventmn

- ~drawings where unfinned end portions: ZQ}E are iltustrated

-as having the same oufer diameter as the other: portions
-;fo the . tabe.,

hlS is- accomplls_led Dy a mbe-redumﬁg =

have been made in tae condenser which control .and direét
the flow of both the gas and the condensate to better ad-
- vantage, and this results.in the attainment of greatly im-
proved condensing efficiency.  Such improvements are -
concerned pj_u*larﬂy with the arrangement and relation-
ship of the tubes 28 and with the efficient initial distri-

ces, for refrigeration work, from 11
~ to 19 fins are provided per inch of tube length. . The tube -
' size, material, shape and wall thickness, and the fin spac-"
:_.;ﬂﬂ' the fin. ﬁucﬁﬂﬁ s and the fin depm may, of course,
| Ui..- Va
invention is “applicable to co*ldensers Iidepundmtly of
'"-_.SL'Cﬂ vauatlons | S -

zen disposed h Lonzontally so that the gas may flow -
o :lﬂ a ao*vnward direction, transversely of the: iubes, along
~ embodying the same or equivalent prmc;lples may be used 490~
“as. desired by those shﬂled in the art Wlthout dep'trtmﬂ“ |

~from the invention.



3,180,405

S
operation performed on a die or swaging machine, and
when the ends 28E have been thus reduced, they may be
mounied in openings 14B in the tube sheet by any con-
ventional manner of tube mounting, and adequate liga-
ments 141, are thus afforded between the adjacent tubes 29.

In FIGS. 1, 4 and 5, an arrangement of the scveral
tubes 20 in stacks S has been illustrated whereby an 80-
tube condenser is provided, and the tubes 28 in such
stack S are held together with the adjacent fins F in firm
contact by clamping means that extend downwardly
through the passages P between the stacks. Such clamp-
ing means are provided in the present instances by U-
bolis 25 that are fitted downwardly over each stack §,
as shown in FIGS. 1 and 4, and cross bars 26 extend be-
tween the lower arms of the respective U-bolts 25 and are
clamped in place thereon by nuts 25N, The nuts 25N are
tightened so that fins of adjacent tubes 28 in the stack S
are held in engagement with each other. While a single
U-bolt 25 is shown for each stack S in the present in-
stance, it 1s to be noted that two or more spaced clamp-
ing bolts 25 may be used as required where the tubes 20
are relatively long. Moreover, the lower ends of the U-
bolts 25 may have the lower ends extended as shown in
dotted outline, so as to rest on the bottom of the shell
12, thus to provide support for the tubes, and by this
means the tubes may be supporied at intervals as re-
quired 1n many instances. Such support is, of course,
simple and economical in character. The use of the
clamping means 25 assures the desired contact of the
fins even though a slight increase in veriical spacing may
be used at one or more points such as along the line of
confact of the division wall 18D with the tube sheet. 1In
such a case the clamping means merely bends the tubes
28 slightly to bring the fins F into contact.

The U-bolts 25, in clamping the tubes 29 of a stack
in engagement with each other, also serve a further im-
portant functicn in that they prevent individual vibration
of the tubes 28 and join the tubes of each stack info a
single unit which possesses sufficient size and moment
to prevent vibraiion of the unit as a whole. Thus, there
is no rattle of wear of parts, and this is accomplished by
a simple and inexpensive structure that may also serve
as a tube support as hereinbefore described.

As pointed out hereinabove, the compressed gaseous
refrigerant enters the top of the shell 2 of the condenser,
and whiie several inlets may be provided in longer con-
densers at spaced points along the top of the condenser,
the present embodiment illustrates but a single inlet 22
from which gaseous refrigerant is discharged into a dis-

tribution space 12S that extends along the top of the =

stacks S of the tubes. Under the present invention the
compressed gaseous refrigerant is introduced into the
space 12 in such a way that the gaseous refrigerant is
well distributed throughout the entire length of the space
525, This is accomplished by the provision of a nozzle
sfructure 39 mounted within the inlet 22 and extended
downwardly into the space 128 so as to discharge the
gaseous reirigerant endwise in opposite directions within
the space 12S. Thus, the nozzle 36, as herein shown in
the form of a tube 38T that fits snugly into the inlet
22 and which is secured therein so that the lower end
portion of the tube 30T extends downwardly into the
space 125 for a substantial distance. The lower end of
the tube 3T is closed by a bottom wall 36B of sheet
metal that is held in place by a pair of sheet metal brack-
ets 31. Discharge openings 39D are cut into the opposite
sides of the tube 39T just above the bottom wall 3@RB,
and there discharge openings 36D are arranged to face
in opposite directions so that the gaseous refrigerant will
be discharged longitudinally in the space 128 toward
opposite ends of this space. In practice it has been
found that the best results are obtained by so sizing the
openings 30D that a back pressure of from 0.2 to 0.5
oi one pound per square inch is created within the nozzle
38. This results in an adequate velocity of the discharged
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G
gaseous refrigerant so that the refrigerant will flow to
the extreme ends of space 128S.

With the gaseous refrigerant thus distributed in a
substantially uniform manner throughout the upper space
125, such refrigerant is present at all times in an ade-
quate supply and flows in a uniform manner downwardly
through the spaces P between the stacks S of finned tubes
29. Having been uniformly distributed by the nozzle
structure 36, such flow under the present invention takes
place in a uniform and controlled manner downwardly
through the passages P, and as the refrigerant is con-
densed cn the tube surfaces, the condensate is rapidly
drained down each stack of tubes so as to maintain maxi-
mum condensing efficiency of the tubes. Thus, as illus-
trated particularly in FIG. 5, the contacting fins F pro-
vide a continuous drainage path from the top tube 24T
of eack stack about the several intermediate tubes 28-I
and the bottom tube 20-B of the stacks. In such flow,
the "adverse effects of surface tension are avoided, and
objectionable build-up of condensate on the top tube 28T
Or any oi the intermediate tubes 28-I is avoided. The
flow of condensate takes place along the several fins F
in the manner indicated by the dotted arrows in FIG. 5,
and the condensate from an upper tube flows in a normal
manner to the fin surfaces of the next lower tube without
build-up or drop formation, this result following becauss
of metal to metal contact of the adjacent fins in each
stack. | -

Where the lowermost tubes are covered by the liquid
so as to be used for liquid subcooling, it will be evident
that there is no build-up of liquid on the exposed tubes.

- In other instances where no sub-cooling is to be attained,

a somewhat different action takes place. Thus, when
the condensate reaches the bottom tube 28B there is
necessarlly a build-up of liquid as indicated at L in
FIGS. 3 and 5, and as to the bottom tube 2Z8B of each
stack, such build-up of liquid between fins F takes place
in the general manner indicated at C in FIG. 3. This
build-up of condensate applies, however, only ito the
lowermost tube 288 of each stack S so that the adverse
efiects of this build-up are limited to the bottom tube
of each stack, and all of the other tubes 29 of each
stack S are maintained substantially free of condensate
so that the maximum condensing efficiency of these other
tubes is maintained. | -

With liguid cooled condensers constructed in accord-
ance with the present invention as hereinabove described,
it has been found that the condensing efficiency has been
increased by approximately thirty percent, and as a re-
sult of this condenser for a selected capacity may be pro-
duced with a saving in tube length of approximately
thirty percent. Such reduction in size and weight is of
great advantage in many uses, as for example, in ship-
board installations and in package units such as water
coolers and the like., The reduction in tube length 1is
substantial insofar as the original cost of the condenser
may be concernsd, and because of reduction in the lensth
of the flow path for the coolant, there is a marked reduc-
tion in the pressure drop between the inlet and outlet
of the coolant circuit for a desired coolant velocity. This
enables lower input pressures to be used in the coolant
circuit, and where special pumping equipment is required
for this purpose, substantial reduction in the cost and
operational expenses of such pumping equipment is also
attained. | |

It has been pointed out hereinabove that the space
between the stacks S of the tubes provides a well defined
flow path for the gaseous refrigerant, and by varying the
spacing of the stacks in the design of the condenser, it
is possible to control the flow velocity and pressure drop
of the gaseous refrigerant so as to obtain the maximum
condensing efficiency. Thus, increased width in the pas-
sage P is required as the height or number of tubes in
a stack S is increased, or where a refrigerant having a
higher condensing coefficient is wsed. Within the practi-




 flow of gaseous refrigerant. |
- tures mcludmg U-bolts 123 may be assemated with each S
.. stack of tubes 126, thus to. assure engagement of the fins
-~ Fof the ad]acent tubes in the respective stacks.
S § tube type of condenser embodying the pfesent inven-
~ tion, the a_;strlbu ion of the gaseous refrlgerant above the

. -stacks of tubes is accomplished by means of a nozf.,le StI‘LC- -3

. appreciable area of the fins.

~ drainage paths of the condensate have been illustrated at

"a greatly enlarged scale so as to bring out the effective -

‘drainage action that is attained even without edge contact

. of the fins in those instances where the ‘adjacent fins of

 vertically adjacent tubes in a stack are out of contact but -

~ are maintained sufficiently close to each other to cause fre- -
 quent transfer of gathered condensate from the space be-

~ tween the lower portions of ad]acent :ﬁns F to 1nd1v1dual-'

~fins of the next lower tube.

- -other.

~ “tical sense, then,

g

'-cal 11m1ts s:}f SIZE - for tube and shell condensers

a U,isa J_es

1t is
- fOl.lfld that based on the foregomg 00u51derat10ns the

passages. P may require vamatmn between 144 mch and

o 14 inch to attain thﬂ optmu*n gas velcc:ty aﬁd pressure_
) In the embadmlent of the mveﬁtmn 1'1ustf ted in FIG o

1A of the drawings, the condenser 11® is shown in plan

section and has a shell 112 that has refrigera
'_’scmbed in reapuct to FIG. 1 and the shell MZ is closed at

the other end a tube sheet ﬂﬂ 18 ﬁxzd in the end of the

and the head 116 has a vertical division wall 116D so that

o coohng 11qu1d entering an inlet 116A may pass into cor-

The

- 1t nlet a*’;d
" outlet means (not shown) of the Lmd hereinbefore de- -

~ one end by a head 118 that is welded in place, while at

&

| amrt in a hmlted aﬂd rdatwely small ammmf S in a

vertical-sense, and when the tubes 2@ are in this relation- =
“.ship, the condeﬂsa‘te tends to run downwardly along the

fins F of the upper. tube 28, and to form a bridge B of
liquid e*{lendmn between thﬂ lowest points of adjacent -
fins F. |
‘define a ‘lengthwise reference line passing through lower

- extremities of the fins on any upphr tube. Ineachofdraw-
ings FIGURES 6.to 19, this 1111&fr111:11y reference line is-
coincident with the upper dimension line for the distance

“For. purpose,s of dﬂﬁmtmn, it is convenient to

. 8. Tt will become. apparent that the critical maximum

- “spacing S is measured in a vertical dimension between the
shell 112. The tube sheet 114 serves as a mounting for

onpesnﬂ ends of a plurality of U-shapud fin tubes 129, each |
~ such U-tube being located in a ‘horizontal plane.”
~ tube sheet 114 has an end head 136 fixed thereto by bolts,

- responding ends of all of the U-tubes 128 and ‘will be

. discharged. on toe other side of the dwwmn Wall 11’@
- ‘where it may flow from the ouitlet 1168, o
- The U-tubes ]!;2@ have the opposite legs arranped at dlf-
ferent snacmgs so that the tubes of corresponding form
Co.oare armnged in stacks in the manner hereinbefore de-
 scribed in respect to the other embediment of the inven-
~ tion, and by reason of the different spacings of the legs
“of the U-tubses of the reﬂpectlvﬂ stacks, vertical passagusw_' |
P are provided between- adjacent stacks for downward
One or more clamping struc- -

- ture 30 of the character hereinbefore described.. |
in the foregoing desmlptmn the invention has bﬂeu de-

- best mode of carrying out the present invention, the ad-
. vantageous results hereinbefore set forth may be accom- -
: plished so long as the edges of the ver tically ad]ar'ent ﬁ:ns

. are sufficiently close to each other to drain the accumu-

lated condensate frequently and before it has:covered any

As a basw for a dlscussmn.af PIGS

W’ltn a
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upper extremity of a fin on a Jower tube and the imaginary
- line defined between Lhe lower extremmes of thP ﬁns of
= the next tube above T | | :

- The precise way in Wthh thu.., bfld“@ B of cnnd nsatp |

- forms between adjacent fins F is not clearly understood,
“but the brldge B 1n1t1al'fy forms at the lowermost point
 between the adjacent fins 'F, and as further condensale
runs downward at the sides of the fins, the size or dimen-
- sions of the bridge B of condensate mcrefwe, and due to -~
“ the capﬂlary action in the extremely narrow space be-

- tween the fins, the condensate is held between the fins and
~ continues to gather until such time as the. lower portion

of the brldge B of 11{1111(1 enﬁaghs a fin E of the next lower
- tube . | -

Tt haa been found that where t‘ﬂe Vertmal 5pacmg S of

~the fins of adjacent tubes of a stack is maintained on the
--.;_';order of .010 inch, or less, the dramage func‘uon is ac-
complished in such a way that the tubes are cleared of -
| _hqmd almost as completply as where edge to edge contact

~ of vertically adjacent fins is maintained. With a spacing
- of about .010 inch, this result takes place regardless of the =~
. longitudinal relationship- of the fins of vertically adjacent
tubes, and regardless of the partlcular fin spacing. Thus,

in FIGS. 7 and -9, Lhe Ims of vertically ‘adjacent tubes

| - have been illustrated at diffe

o '--',scnbed in 1ts L,referred form where there is actually edge
‘contact of the fins of vertically ﬁd3acent tubes in each

- stack thereof, but it must be kept in mind that while such -

"_:edge contact of the fins i considered . to represent the

- spacing.

rent longitudinal relationships

~in resPect to finned tubes thaL have a relatively great fin
In FIGS. 9 and 10, the fins of vertically adja-

cent fins' have been illustrated in dif
f‘relatlamhlps in. respect to- ﬁn tubes havmfr the ﬁns at

- a closer or smaller spacing.

“Thus, in FIGS. 6 to 10, the

~suffi

When- the bridge B of llquld 15 formed between ad- |

~jacent fins F, the lower surface of the liquid tends to
< ‘assume a downwardly convex form, and as the amount of
- liquid in the bridge B increases, the downward convexity . -
of the lower surfaces B—1 of such 11qmd increases. o
the Iewer sirface B-1 haS extended- downwardly for a
ient distance to engage the fin F of the next lower -

: Lube, the liguid in the br1dge B'is drained to the lower
~_fin which it has engaﬂad so that the bridge of 11qu1d B

When

between the fins F is broken and the llquld drains away.

. This-process is repeated. fairly rapidly but in dependence

6 to 10 af tha

drawmgs it may be pointed out that in the manufacture“'- "

 of a condenser, the longitudinal relationship of vertically
o ad]acent tubes in a particular stack determines -whether
~ or not the fins of adjacent tubes-are aligned one to the
If such fin alignment is maintained, actual phyalcal B

60 1 -
. between the adjacent upper fins F, and the drainage of
such liquid becomes less efficient.

" “contact of vertlcally adjacent fins may be attained, and in

" this respect, where

‘position in the tube sheet.
~ cent fin tubes are maintained sufficiently close in a ver-

- so that efficient drainage of the tubes will be attained.

Thus, in FIG. 6 of the drawings, the fins F of two vel-"_"? o
o tlcaliy ad]acem tubes ?@ are ﬂlustrated as being Spacpdﬂ'"'

the fin tube is spirally finned type, such
- alignment of the fins may be attained by rotatively adjust-
- ing the tubes prior to the time when the tubes are fixed in-
However, if the-axes of adja-

e
o regardless of the relative 10*1g;t11d1na1-5._.-~.
~ location of the- ﬁns there will be. 'frequent transfers of
© . condensate from the respective fin spaces of .an upper. one .

 of the tubes to the individual fins of the next lower tube not substantially more than 0.02 inch above the uppermost

- dramaﬂe opemtmn

upon- the rate of condensation, and where the vertical

5 spacing S is maintained at about .010 inch, the accumula-

~ tion of liquid between the fins F is maintained relatively
-small, and.efficient condensing action of subatantlally the
_-'__B"ltl e area of the fins of the tipper tube 28 is assured. -

Xt has been further found that as the vertical space S -

is increased, larger and larger amounts of liguid collect

En other- words all

 of the hqmd 1s not drained fmm the fin space in each
| Up to a spacing of about 020 inch,
‘the drainage action is r..,aqoxlably effective so that a rela- ~ :
. tively high condensing efficiency will be attained, although
~such efficiency will necessarily be somewhat less than
efficiency attained when the spacing is maintained at .

less than .010 mch 'Thus where the fins of vertlcally

adjacent tubes in a stack are so close to each other that = _'
"the lowermost portion of the fins of an upper tube are

-+ portions ef the ﬁ*zs of the next lowel tube, condensate.'

collecting between and depending from the fins of the
--Lpper tube makes contact qulckl v Wlth a fin of thﬂ next

‘erent longitudinal :



3,180,405

3

lower tube so as to be drained from the upper tube be-
fore there has been any appreciable masking of the con-
densing surfaces of the upper tube. Finally, when the
spacing S between the vertically adjacent tubes is increased
to .030 inch, it i1s found that there is an objectionably
large accumulation between the fins that is comparable to
the accumulation that is encountered in the bottom one
of the tubes of a stack as illustrated at C in FIG. 3 of the
drawings,

With the foregoing considerations in mind, it has been
deiermined that while edge to edge contact of the ver-
tically adjacent fins is not essential, it is nevertheless best
practice to arrange these fins relatively close to each other
in 2 vertical sense, and when this is done, vertical align-
ment of adjacent fins may be disregarded in the manu-
facturing operations.

As a practical matter, it has been determined that by
making the tube mounting openings in the tube sheet
i4 at a vertical spacing which exceeds the outer diameter
of the fin tube by substantially .002 inch, the operation
of mounting the fin tubes 2¢ in the tube sheets 14 is
simplified, and yet with the resulting vertical spacing of
002 inch between the fins of the vertically adjacent tubes,
efficient drainage of the fin spaces is assured despite any
variations in the longitudinal relationship of vertically
adjacent fins. Moreover, when a spacing of approxi-
mately the above magnitude is employed, the application
of the clamping structures 25 merely causes slight bow-
ing of tubes so that the fins F of vertically adjacent tubes
engage or entfer into spaces between opposed fins. Thus
in either event, proper drainage is assured. Near the
‘ends of the tubes there will of course be a vertical space
between the fins, but since this space is extremely small,
proper dralnage is attained.

While in the foregoing description an increased con-
densing efficiency of about 30 percent has been described,
it has been found that this figure is overly conservative
and is greatly exceeded in practice, particularly where the
invention is embodied in shell and tube condensers of
large capacity.

ihe fins that are illustrated herein are circular in
elevation, but it should be understocod that there are
other equivalent configurations having an upper fin shaped
tc concentraie condensate at a lower gathering point or
portion of such fin that is contiguous to an upper con-
densate-receiving point or portion of the next lower fin
in the tier.

Thus, for example, where a four foot by eight inch
snell was used with forty 34 inch O.D. 19 fins per inch
Wolverine tubing in a 4-pass relation for 105° F. con-
densing temperature with the water entering at 85° F.
and the water leaving at 95° F, the prior art staggered
arrangement of the tubes produced a condensing capacity
of 11 tons with Freon 12 or Freon 22, while arrange-
ment of the tubes in stacks according to this invention
resulted in a condensing capacity of 16 tons. Thus the
eificiency was increased by 43 percent.

In the structures compared in the foregoing example,
it will be noted that the same number of fin tubes have

been used, but it must be kept in mind that with the
tubes arranged in stacks under the present invention,

it 1s possible to place more tubes in a shell of a par-
ticular size, and when advantage is taken of this capability
of the present invention, even greater increases in con-
densing efficiency may be obtained from cendensers hav-
ing the same size shell as prior condensers. Thus with
the same kind of tubing arranged in a fwo-pass relation-
ship within an 8 foot by 18 inch shell. and operating with
the same condensing temperature and water entering
and water leaving temperatures, it was found that a still
greater increase in overall efficiency was obtained. In
a condenser with the tubes arranged in the staggered
relationship of the prior art 208 tubes were used, and a
concensing capacity of 100 tons was obtained with Freon
12 or Freon 22, while with the tubes arranged in stacks
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in accordance with the present invention, 258 tubes were
used, and a condensing capacity of 214 tons was obtained.
This represents a 115 percent increase in efficiency over
the prior condensers of the same external size. |

It will be apparent that the present invention enables
the condensing efficiency of water cooled condensers to
be materially increased, and as a result of this increase
of effictency, the cost of the condenser is reduced. It
will also be apparent that the present invention enables
more effective and efficient flow of both the gaseous re-
frigerant and the condensate to be attained in a liquid
cooled condenser, and it will also be evident that this
result is atiained by means that are simple and effective
in character. -

it will also be apparent that under the present inven-
tion the fiow paths for the gaseous refrigerant are well

defined so that the flow of gascous refrigerant may be

uniformly controlled, and the design of the condenser may |
be varied to attain the desired rate of flow of 2ase0us
refrigerant with respect to the tubes. It will also be
apparent that the condensate produced in the present
condenser is rapidly drained from the condensing surfaces
so that the maximum condensing efficiency is maintained
in the condenser. | S |

Short and closely spaced fins have been found in the
industry to be most efficient in condensing refrigerants
such as Freon, and such short and closely spaced fins
give the desired ratio of inside and outside areas coupled
with a more compact condenser design and an efficient
coolant velocity. However, it is with the narrow fin
spaces of such tubes that capillary action interferes most
with tube drainage and is most detrimental to condenser
efficiency. Hence, the present invention enables efficient
drainage fo be attained in the most troublesome situa-
tions that are encountered in condenser manufacture and
design.

Thus while T have illustrated and described preferred
embodiments of my invention it is to be undersiood that
changes and variations may be made by those skilled in
the art without departing from the spirit and scope of
the appended claims. | |

I claim: - -

1. In a shell and tube condenser including an elongated
shell provided with coolant inlet and outlet passages and
having a top inlet for a condensable gas and a lower
outlet for condensate, a plurality of horizontally dis-
posed coolant tubes interconnecting said coolant inlet and
outlet passages, said tubes being arranged in juxtaposed
vertical tiers with substantially all tubes of 2 given tier
lying in a common vertical plane, the tubes of said tiers
having circular fins along their length spaced apart a
distance such that droplets of condensate forming on g
fin surface of any given tube accumulate ‘and bridge across
to an adjacent fin surface of said given tube and, in the
absence of additicnal structure adjacent a lengthwise
reference line between lower extremities of said bridged -
fin surfaces, tend to be held between said lower exiremities
by capillary action, and tend to accumulate additional
condensate between the bridged fin surfaces, the relative
vertical location of any given pair of upper and lower
juxtaposed tubes in such tier establishing the upper ex-
tremities of the fins of the lower tube, at least as close,
in vertical dimension, as .02 of an inch o the lengthwise
reference line between lower extremities of the fins of
the upper tube, whereby the tendency of dropleis of
condensate to accumulate between adjacent fins of a given
tube i1s avoided and overcome by condensate draining
substantially continuously from the lower extremities of

;
i

- the fins of the last named tube to the upper extremities

of the fins of the next lower tube.
2. A shell and tube condenser according to claim 1,
wherein the spacing of the fins of the tubes of adjacent

tiers defines a downward passage having a width of be-
tween 164 inch and %4 inch.
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3 A shell and tnbe condenser aceordmg to clann 1

 wherein the spacing of the fins of the tubes of adjacent
) _"'-,"'_tlers d efines a downward passage having a width of be-
tween Y44 inch and % inch, and wherem nozzle means -
- “forming-a continuation-oi said top inlet are. disposed with-
" in said shell to discharge condensable gas 1ong1tud1nally::-
o of the shell and nbove the downward passages. --
4. A shell and tube condenser according to- claim 1
. wherein the tube fins are hehcal 11'1 form and 1ntegra1
- with thelr associated tube. -
5. In a shell and tnbe condenser 1nolndl1ng an elongated o
~ shell prowded with coolant inlet and outlet passages and
having a top inlet for a condensable gas and ‘a lower out- -
of horlzontally dlSposed. :

15

let for condensate, a plnrahty

coolant tubes interconnecting said coolant inlet and out-
" let passages, said tubes being arranged in }unfapoeed Ver-
-tloal tlels W1th substantially all tubes of a given tier ly-

- .3,‘1'e_o;é=:'o_5_ ST

o e

_ '_ tiers havmg ClI'CLlaI‘ ﬁns along their Iength spaced apart
~ a distance such’ that droplets of condensate forming on

a fin surface of any . given’ tube acoumulate and - brniﬂe_
- across to an adjacent fin surface of said given tube and,

. in the ‘absence of additional structure adjacent a length-
“wise reference line between lower exiremities of said

- bridged fin surfaces, tend to be held between said lower

.”___entremItles by cepﬂlary action, and - tend to accumulate .

. additional condensate between the bndged fin surfaces,

~10.

the relative vertical looatlon of any given pair of upper

“and lower juxtaposed tubes in such tier estabhshmg the -
~ upper extremities of the fins of the lower tube in one to
one corresponding contact’ with the lower extremities of .
‘the fins of the upper tube, whereby the tendency of-
‘droplets. of condensate to accumulate between adjacent

~ 1ins of a glven tube is avoided and overcome by conden-

~ing in a common vertical plane, the tubes of said tiers

' ‘having circular fins along their lengah spaced apart a

“distance such that droplets of condensate forming on a

-~ fin surface of any ‘given tube accumulate and bridge
 across to an adjacent fin surface of said given tube and,
 in the absence of additional structure ad]aoent a length-

wise reference hne between lower extremities of said.
bridged fin surfaces, ‘tend to be held between said lower -
- extremities by capillary action; and tend to accumulate
 additional condensate beiween the bridged fin-surfaces,

~ the relative vertical location of any given pair of upper
and lower ]untaoosed tubes -in such- tier establls]nng the
- upper extremities of the fins of the lower tube in tangency . 5t
"~ to a lengthwise reference line between lower extremities
of the fins of the upper tube, whereby' the tendency of
“droplets of condensate to aoounnlete between. adjacent
finsof a given tube is avolded and overoome by condensate: . .
“the lower ex-
of the fins of the last named tube to. the npp._..r_ .

draining substantially continuously  from

o entrenntles of the fins of the next lower tube.

~'6. In a shell and‘tube condenser including an elongated’ o
shell provided with coolant inlet and’ outlet passages and

having a top inlet for a condensable ‘gas and a lower -‘.'-1‘_0_
outlet for condensate, a plurality of horizontally dis- -
posed coolant tubes interconnecting said coolant inlet

and outlet passages, said tubes being arranged in ]nxta-.f HERMP&N BERMAN, EUGENE F. BLANCHARD'

- posed vertical tiers with substantially all tubes-of a given

- tier IYAHg n a common Verncal plane the tubes of sald |

sate- draining substantially continuously from the lower
 extremities of the fins of the last named tube to the upper
~ extremities of the fins of the next lower tube.

20

7. A shell and tube condenser according to claim 5 |

- wherein clampmg means are associated with each of

389 :

30_,_

 _said tiers of tubes for olampzng at least the mid-portions
of the tubes’ of the tler with the ﬁns of the vertlcally ad-

'- ]acent tubes in engagement R
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