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'This invention relates to heat, exchangers and 
more particularly to that type of heat, exchang 
er which comprises a pair of headers intercon 
'nected by a plurality of tubes that constitute the 

| heat, exchanger elements. 
My invention is particularly adapted for use 

with a medium carrying Scale-forming impurities. 
Accordingly, one errmbodimerat of rarmy in?eratiGra 
involves the use of a plurality of flexible tubeS 

d0 disposed between a pair of headers in Such man 
r1er that the tubes are inherently Self-Scaling. 
The arrangement is such that when there is a 
change in the temperature of the tubes, the re 
Sulting elongation or shortening of the tubes does 

15 not produce any relative movement of the head 
ers to which the tubes are connected and as a 
consequence there is a lateral distortion of the 
tubes of sufficient rmagnitude to exfoliate Such 
scale as may have formed on the tubeS. In heat, 

20 exchangers of this type, it is desirable to exmploy 
a, relatively large number of tubes and means for 
maintaining the tubes in proper Spaced relation 
to each other to prowide for efficient heat trans 
fer' between the outer tube Surfaces and the rnedi 

25 um brought into contact with these Surfaces. 
One object, of my imweration is to prOwide efficient 
means for maintaining this desired relationship 
between the several tubes and a further object of 
the invention is to provide improved headers es 

30 pecially suitable for use With a large number of 
* flexible tubes. It will be understood however, 
that the improwed headers may be employed with 
tubes of other types. 
A further object, of my iravermtion is to provide 

35 efficient means associated with the headerS for 
facilitating the handling of the heat, exchanger 
apparatus. I hawe reference to improwed lifting 
mechanism which may be directly associated with 
the headers and which may also be associated 

40 with tie rods or thae like interconnecting the 
|headers. The headers of my irawération are pref? 
erably provided with integral tube sheets and 
with one or more partitions in each header ar 
ranged so as to diwide the tube bundle into a plu 

45 rality of passes. The partitions may be so dis 
posed as to diwide the tube bundle into passes each 
hawing the same number of tubes or, where de 
sired, the partitions may be disposed So that at 
least one of the passes is cornposed of a larger 

50 number of tubes than at- least Orae other paSS. 
'urtherrraOre, the partitionS may be ar'araged SO 

that the number of tubes per paSS waries progres 
sively as the fluid advances through the tuab^ butrm 
dle. I prefer to make the header partitions in 

55 tegral with the tube sheetS. 

(C1. 25-248) 
The improwed headers are preferably of sub= 

stantially greater height than width, and where 
flexible tubes are prowided between the headers I 
prefer to employ means for restricting lateral dis 
placement, or bowing of the tubes to a plurality 
of parallel planes extending at, Substantially right 
angles to the major axes of the headerS. 
My improwed heat exchanger is especially 

adapted for submerging duty. For example, the 
apparatus may be Subrmerged in a liquid, and a 
hot, fiuid may be passed through the hea ex 
changer tubeS. 
The warious objects and advantages of my in 

wention will be more apparent upon considering 
the following detailed description of certain illuS 
trative embodiments thereof shown in the ac 
companying drawings in which; 

Figure 1 is a, side elewation of one embodiment 
of my improwed heat, exchanger; 

Fig. 2 is a plan wiew of the apparatus shown in 
Fig. 1; 

F'ig. 3 is an enlarged end elevation of the appa 
ratus shown in Fig., 1, parts being cut away to 
Show details of construction; 

Fig., 4 is a fragmentary Section wiew takera on 
lirae 4-4 of Fig. 3; 

F'ig., 5 is a side elevation of a portion of another' 
ermbodiment of my invention and 

Fig. - 6 is a transverse section wdew of Still an 
other embodiment of my invention, 
The heat exchanger of F'igS. 1 to 4 inclusive 

comprises a, pair of headers 1 and 2 intercon 
nected by a bundle of tubes 3 and also intercon 
raected by two pairs of tie rods 4 and 5, 6 and ', 
The header' 1 is illustrated as being in the form 

of a casting hawing a rear Wall 8 and a front 
`waI 9. The front wall 9 constitutes a tube sheet, 
integral with the remaining portions of the 
|header and it will be understood that the ad 
jacent ends of the tubeS 3 are expanded or other 
wise Secured in this tube sheet. The rear wall 
8 of the header 1 is prowided with a plurality of 
openings in alignment with the tubeS, these open 
ings being normally closed by Screw-threaded 
plugs 10. It will be understood that these plugs 
may be remowed whenewer it is necessary to clean 
the inner surfaces of the tubes. 

Partitions 11 and 12 diwide the chamber' within 
the header 1 into a plurality of compartments 
which convey fluid frorn one group of tubes to 
araother. k 

The header 2 is likewise prowided with an in 
tegral tube sheet, 13 and a front wall 14 having 
openings thereira normally closed by screw= 
threaded plugs 15. The tubes of the tube bundle 
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2 
are expanded or otherwise Secured in the tube 
Sheet, 13 and partitions 16, 1" and 18 divide the 
|header chamber into a plurality of compartments. 
The header 2 is prowided with a fluid imlet, 19 at; 
the top thereof and an outlet 20 at the base of 
the header. Partitions 16, 1 and 18 in the head 
er 2 ar?d partitions 11 and 12 in the header: 1 
are So arranged as to diwide the tube buradle into 
Six passes. In other words, fiuid entering the 
|header 2 through the imlet, 19 traverses the length 
of the tubeS Six times before it is discharged 
through the outlet, 20, as indicated by the arrows 
in the headers. It will be noted that the header 
partitions are so disposed that, the nurnber of 
tubes in each pass decreases as the fiuid pro 
greSSes through the apparatus. 
The tubes 3 interconnecting the headers are 

preferably flexible to the externt, that they are 
easily distorted by termperature changes which 
produce expansion and contraction of the metal 

It will be understood that the ap 
paratus is intended to be Subnerged in a fiuid, or 
in any ewent, the tubes are intended to be in heat 
exchanging relation with a medium coming into 
contact with the external Surfaces thereof. 

It is desirable to maintain the tubes properly 
Spaced frorm each other to thereby facilitate the 
transfer' of heat between the tubes and the medi 
um Surrounding the same. To accomplish this 
purpose, I have prowided spacing means in the 
form of bars 21 extending between adjacent rows 
of tubes in a direction at right, angles to the 
major axes of the headers. These bars are inter 
connected at their ends by structural members 
22 welded or otherwise Secured thereto. If de 
sired, several SetS of Spacer bars may be employed 
and it will be noted that in FigS. 1 and 2, I haWe 
illustrated two sets of spacerS. These SpacerS 
prevent lateral displacement of the tubes except, 
in a direction parallel with the SpacerS. 
The heat exchanger tubes may be initially 

bowed, as illustrated in Figs. 2, 3 and 4, or they 
may be initially straight, as illustrated in Fig. 6, 
and it will be understood that in either case, alm 
increase in the temperature of the tubes will pro-- 
duce sufficient; lateral dstorÉion or bowing of 
the tubes to crack of Such Scale as may haWe ac 
cumulated on the external Surfaces thereof. This 
action takes place largely because of the fact 
that the headers are maintained in fixed relative 
position by the tie rods 4, 5, 6 and 'd. 
The heat exchanger apparatus may be prowided 

with improved means for lifting the Same where 
by the transportation and installation of the ap = 
para tus is greatly facilitated. I have illustrated 
a lifting member 23 disposed midway between the 
|headers and above the tube bundle, this lifting 
member' being in the form of a metal plate Welded 
or otherwise Secured to the tie rods 4 and 5. Am 
additional pair of tie rods 24 and 25 Ser'we to in 
terconnect the plate 23 with the base of each 
of the headerS. These rods 24 and 25 are at 
tached to the lifting plate 23 near the center 
thereof and the lifting plate 23 is provided with 
an opening 26 to facilitate the attachment of the 
lifting apparatus to the lifting plate. 

'The tie rnernbers 4, 5 , 6 and " interconnecting 
the headers 1 and 2 are preferably interconnected 
at, orhe or more points between the headers. In 
the embodiment of the invention illustrated in 
Rigs. 1 and 2 this is accomplished by prowiding 
channel bars 21* Secured at their ends to the 
Structural members 22 and hawing holes thereih 
through which the tie rods extend. In this man 
ner the tie rods 4 and 5 are interconnected by the 

1,962,909 
channel bars 21' associated therewith and these 
tWo tie .rods are also connected with the tie rods 
6 and ' by wirtue of the fact that the upper pair 
of channel bars 21' are connected to the lower 
pair Of channel bars 21’ by the wertical struc 
tural members 22. 
The two pairs of tie rods 4 and 5, and 6 and '' 

are preferably bOWed outWardly or laterally dis 
placed as best, illustrated in Fig. 2. This arrange-- 
ment of the tie rods is advantageous for it serves 
to protect the heat, exchanger tubes from acci 
dental injury during shipping or during their 
installation. The Sections may be stood up on 
erhd or laid fiat and stacked up on one another 
without irajuring the tubes and the sections may 
be Shipped without crating. 

'The embodiment of my inwention illustrated in 
Fig. 5 is similar to that illustrated in Figs. 1 to 4 
incluSiwe except for the arrangement of the parti 
tionS in the headers. The header 2”, shown in 
F'ig. 5, is provided with four partitions 27, 28, 29 
ahd 30 So diSposed within the header chamber 
a.S to diwide the tube bundle 3' into a plurality 
0f paSSeS, each consisting of the Same number' 
of tubes. The header 2' is provided with an inlet 

85 

90 

95 

100 
' 19' and an outlet, 20° similar in all respects to 
the imlet, and outlet of the header 2 in Figs. 1 to 
4 inclusive. 
AS indicated above, the heat exchanger of Fig. 

6 iS Similar to that illustrated in FigS. 1 to 5 in 
clusive except for the fact that the tubes 31 are 
initially straight. When the tubes expand upon 
being heated, they bow laterally, as indicated in 
dotted lines in Fig. 6, it being understood that the 
|header 32 is connected to another header (not 
Shown) of the heat exchanger by the tie rods or 
the like which prewent relative nowerment of the 
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110 

'headers. 
The headers of my invention are preferably, 

though not neceSSarily, in the form of castings in 115 
which event the tube sheets and header partitions 
may be integral parts of the castings. The appa 
ratuS may be easily assembled and installed, and 
because of the effective arrangement and con 
figuration of the Several parts of the apparatus, 
it may be maintained in efficient operating con 
dition with a mininurn of effort. 

It is to be understood that my invention, 1s not 
Himited to the particular embodiments illustrated 
and described in detail but includes Such modi 
ficationS thereof as fall within the scope of the 
appended claims. 

For example, while I prefer to make the headers 
in Such a manner that the tube sheets, header' 
partitlons and the side walls of the headers all 
constitute parts of an integral casting yet, it is 
to be understood that certain features of my in 
Weration may be used to adwantage where the con 
Struction of the headers 1s considerably modified. 
1n Some instances one or both of the headers 
may comprise a casting including the tube sheet, 
the Side walls and the partitions, and a separate 
ScreW plug plate may be bolted or otherwise se 
cured to this casting to complete the header' 
structure. C)n the other hand it is feasible to pro 
wide headers having independent tube sheets, all 
other portionS of each header being parts of a 
Single casting. Furthermore · the number of 
passes can be warried as desired and the number 
of tubeS per pass may be determined in accord- 145 
ance with the contemplated conditions of opera 
tion. Where an odd number of passes are pro 
wided the fduid inlet connection communicates 
With one of the headers and the fluid outlet, corm-- 
municates with the opposite header. Such 150 
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changoS may be made without departing from 
the Spirit, of my invention as defined by the ap 
permdcd claims. 

I clairra : ^ 
1. A heat, exchanger hawing an exposed tube 

butudie and COmprising a pair of headers, a plu 
rality of fiexible tubeS interconnecting said head 
cerS, means ir1dependent of Said tubeS for pre 
werm tirupg $eparation of said headers uporm a siragic 
(gxpansion of Said tubeS, and a Single lifting 
|mcanS disposed between said headers and con 
rnected there to and to the aforesaid means. 

2. A hcart, cxcharnger comprising a pair of haead 
ors, a plurality of flexible tubes interconnecting 
$aid headei's, mearms independerat of said tubes 
fOr preventing Separation of Said headers upon 
cºxpansiorn. Of Said tubes arhd lifting means com 
raectcd to said headcrs and to the aforesaid means, 
Said lifting rmearms corrapprising a transverse mem 
ber' disposed between the headers and connected 
to the base of each header. ~ 

3. A hcat exchanger comprising a pair of head 
e1rs, a plu1rality of flexible tubes interconnecting 
$aid headers, means independerat of said tubes 
for preverating Separation of said headers upon 
texpansion of said tubeS and lifting means con 
nected to said headers and to the aforesaid 
meanS, Said lifting rmeans comprising a, trarns 
wcrSe member disposed between the headers and 
lifting rods connecting the base of each header 
With Said rmember. 

4. A heat, exchuarnger cOrmprising a pair of head 
cers, a plurality of flexible tubes interconnecting 
$a.id | headers, means independent of Said tubeS 
for prewenting Separation of Said headers upon 
exp:?nSion of Said tubeS, and lifting means com 
nccted to said headers and to the aforesaid nearms, 

" 8aid lifting means comprising a transverse men 
ber disposed between the headerS and lifting rods 
connectirag the base of each header with said 
member, Said member being located above the 
t.ubeS. 

83 
5. A heat exchanger comprising a pair of head 

ers, a plurality of flexible tubes interconnecting 
said headers, means independent of Said tubes 
for preventing Separation of Said headers upon 
exparasion of said tubes arnd liftirag meanS corm 
prising a transverse member disposed between the 
headers and above the tubeS and means for com 
necting Said member to the base of each of Said 
|headerS. 

6. A heat exchanger comprising a pair of 
headers, a plurality of flexible tubes intercom 
necting said headers, a pair of tie rodS intercon 
necting the tops of the headers, a transwerSe lift 
ing member disposed between said headers and 
connected to each of Said tie rods, and a pair of 
lifting rods connecting said tranSwerSe member 
to the base of each header. 

'. A heat exchanger comprising a pair of 
headers, a plurality of tubes interconnecting Said 
|headers, a pair of tie rods interconnecting the 
tops of said headers, a transwerSe lifting member 
disposed between said headers and connected at 
its ends to said tie rods, and a pair of lifting rodS 
connecting the central portion of Said member 
to the base of each header. 

8. A heat exchanger comprising a pair of head 
ers, a plurality of flexible tubes interconnecting 
the headers, a, plurality of pairS of tie memberS 
interconnecting the headers, and rmeans for ira 
terconnecting all of said tie memberS at a point 
between Said headerS. 

9. A heat, exchanger comprising a pair Of head 
ers, a tube bundle comprising a plurality of flex 
ible tubes interconnecting the headerS, and a plu 
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rality of tie members interconnecting the head-> 110 
ers, the said tie members hawing portions thereof 
laterally displaced with respect to the tube bundle 
whereby the lateral extremities of Said tube bun 
dle are protected. 
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