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Dustin W. Wilson, Scarsdale, N. Y., Stanley J. 
Chute, Ridgewood, N. J., and Robert K. Hop 
kins, New York, N. Y., assignors to The M. W. 
Kellogg Co., New York, N. Y., a corporation 
of Delaware 

Application July 11, 1936, Serial No. 90,074 
8 Claims. 

This invention relates to heat exchangers and 
particularly to that type of heat exchanger in 
which one of the heat exchange mediums is 
passed through a tube, or a series of tubes, in 

s which a nest, or nests, of smaller tubes is dis 
posed to provide passage for the other heat ex 
change medium, which may be the heat container 
Or the medium to which heat is to be transmitted. 
Tubular heat exchangers as at present con 

O structed include a larger tube, or tubes, in which 
is housed a nest, or nests, of Smaller tubes. The 
nest, or nests, of Smaller tubes usually has one 
end fixed against movement relative to the adja 
cent end of the larger tube and the other end 

5 SO arranged, by use of various expedients, that 
it may move axially relative to the other end of 
the large tube. When a single larger tube houses 
more than One nest of Smaller tubes, the expedi-. 
ent employed to provide for axial movement of 

20 one end of the smaller tubes generally also serves 
to connect the flow paths of adjacent nests of 
Smaller tubes. When the heat exchanger in 
cludes a plurality of larger tubes various cross 
Over elements are employed for connecting the 

25 flow paths to render the flow path of each of 
the heat exchange mediums continuous. 

Heat exchangers of the type thus briefly de 
Scribed have numerous inherent disadvantages 
which the workers of the art have attempted to 

30 obviate. The disadvantages while always appar 
ent are magnified when this type of heat ex 
changer is used in high temperature and high 
pressure service. 
The relation between the available flow area 

35 of the larger tube and the available flow area of 
the Smaller tubes, inherent in the construction 
and design, is the factor responsible for many 
of the disadvantages of the tubular heat ex 
changers of the present practice. In the present 

40 tubular heat exchangers the available flow area. 
of the larger tube is always many times the avail 
able flow area of the smaller tubes with the re 
sult that the heat transfer rate is generally low, 
The available flow area relation mentioned ne 

45 cessitates comparatively large outside tubes 
which in high pressure service must be of very 
heavy construction, with the result that heat 
exchangers of this type designed for high pres 
sure service are of great weight and costly. The 

50 weight of the heat exchangers necessitates elab 
orate and costly supporting structures, 
To increase the heat transfer rate in tubular 

heat exchangers it has become the practice to 
shuttle the medium flowing through the larger . 
tube back and forth across the nest, or nests, of 

(C. 257-234) 
Smaller tubes by the use of suitable baffle ar 
rangements. The turbulent flow thus obtained, 
while it improves the transfer rate, does not 
help to solve the basic problem. Furthermore, 
this expedient introduces a further disadvantage 
as it renders true countercurrent flow of the 
heat exchange fluids impossible. 
The expedients now used to provide for the 

longitudinal movement of one end of the smaller 
tubes are also responsible for many of the disad 
Vantages of tubular heat exchangers, especially 
when this type of heat exchanger is used in high 
pressure service. Some of these expedients ren 
der the Structure Substantially unitary and with 
then it is almost impossible to either clean, in 
spect or replace worn parts without cutting the 
Component parts asunder. Others of these ex 
pedients are either of expensive construction or 
do not withstand extreme service conditions suc 
cessfully. 2 

It is an object of this invention to provide a 
heat exchanger of the type mentioned which is 
of simple and rugged construction, is easily de 
mountable for inspection, cleaning and repair 
and is of low weight and small size for the heat 2 
exchange service which it is capable of perform 
ing. 

It is also an object of this invention to provide 
a heat eXchanger of the type mentioned, that is 
particularly suited for high pressure service, in 3 
which the total flow area of the smaller tubes in 
each of the larger tubes approaches or equals the 
available flow area of their respective larger tube 
whereby high velocity turbulent flow through 
both the larger and the Smaller tubes and a max- 3 
imum heat transfer rate may be obtained. 

It is a further object of this invention to pro 
vide a heat exchanger of the type mentioned, 
that is particulary suited for true counter-cur 
rent flow of the heat exchange mediums there- 4 
through, in which the flow path of each of the 
heat exchange mediums is of substantially con 
stant area throughout its length and the areas 
of the flow paths approximate one another 
whereby substantially constant high velocity tur- 4 
bulent flow of both of the heat exchange mediums 
through the heat exchanger is obtained and the 
exchange of heat effected at a maximum heat 
transfer rate. 

It is a still further object of this invention to 5 
provide a heat exchanger of the type mentioned 
that is particularly Suited for high pressure serv 
ice, in which a plurality of pairs of the larger 
tubes, each of which houses a nest of smaller 
tubes, are constituted into a unit by novel end 



O 

5 

20 

25 

30 

2 2,125,972 
arrangements of simple, rugged and easily de 
mountable Construction that eliminate all ex 
ternal Cross-over connections between the tubes 
of the unit. 
The further objects and advantages of the in 

vention will be readily appreciated from a con 
sideration of the following detailed description of 
a preferred embodiment thereof taken with the 
accompanying drawings, in which, 

Fig. 1 is a side view of an assembly of several 
heat exchanger units, portions of the lower units 
being broken away, 

Fig. 2 is an end view of the assembly of heat 
exchanger units of Fig. 1, 

Fig. 3 is an isometric view of a heat exchanger 
unit with certain parts broken away to better 
show the internal structure, 

Fig. 4 is a side view of the unit of Fig. 3 with the 
ends of the unit shown in section, the section of 
the left hand end being taken on line 4a a of 
Fig. 6 and the section of the right hand end being 
taken on line 4b-4b of Fig. 7, 

Figs. 5, 6 and 7 are sectional views taken re 
Spectively on lines -5, 6-, and - of Fig. 4, 

Fig. 8 is an end view of the heat exchanger unit 
of Fig. 4, 

Fig. 9 is a part Sectional plan view of the de 
mountable arrangement employed for connecting 
the flow paths of adjacent bundles of smaller 
tubes, 

Fig. 10 is a part sectional plan view of another 
arrangement for connecting the flow paths of ad 

35 

40 

5 

55 

jacent bundles of small tubes, 
Figs. 11 and 12 are end and side views respec 

tively of bearing and sealing plates, 
FigS. 13 and 14 are plan and side views respec 

tively of a split ring used in the arrangement of 
Fig. 9. 

Fig. 15 is a sectional view taken on line - 
of Fig. 4, and 

Fig. 16 is a view similar to Fig. 15 illustrating 
the use of another form of filler rods, 
While the invention is applicable to various 

types of heat exchangers, for the purpose of this 
specification, it will be disclosed in connection 
with the transfer line heat exchanger 20 shown 
in the accompanying drawings. Transfer line 
heat exchangers in petroleum refineries are usu 
ally interposed between the cracking coil and the . 
primary fractionation tower and are used to 
transfer heat from the cracked products to the 
feed material on its way to the cracking coil. The 
Service conditions are extremely severe as the 
temperatures may range to 1100 F., and more, 
and the pressures to 2000 lbs. per square inch, 
8nd more. 

O 

s 

Heat exchanger 20 is composed of heat ex 
changer units 2 that are assembled one above 
the other as shown in Figs. 1 and 2 on a struc 
tural framework that includes channel members 
22. Each unit 2 is provided with a plurality of 
spacer elements 23 distributed between the ends 
thereof. In Figs. 1 and 3 only two spacer ele 
ments 2 are shown on each unit 2 as the inter 
mediate portions of units 2 are broken away, 
however in the full length of units 2 four or more 
spacer elements 2 are used. The spacer elements 
23 nearest the right hand ends of units 2 are 
bolted or otherwise fastened to channel members 
22 upon which they lie to give the required rigidity 
to the structure. The remainder of the spacer 
elements 28 merely rest on their respective chan 
nel members 22 so that units 2 may freely ex 
pand and contract lengthwise. Heat exchanger 
20 while it is preferably arranged as just stated 

may be arranged otherwise, as for instance, it 
may be arranged with the component units 2 
lying next to One another in a horizontal row or 
units 2 may be arranged vertically side by side. 

Heat exchanger unit 2 includes ends 24 and 25, 
end 24 may conveniently be called the stationary 
end and end 25 the floating end. Stationary end 
2 is made up of a stationary end cover plate 26, 
a stationary end tube sheet 27 and a stationary 
end shell flange 28. Floating end 25 is made up of 
a floating end shell flange 29 and a bonnet 30. 
The elements of stationary end 24 are held to 
gether in fluid tight engagement by studs 3 and 
nuts 32. Studs 3 screw into suitably tapped holes 
evenly distributed adjacent the periphery of sta 
tionary end shell flange 28. Studs 3 pass through 
stationary end cover plate 26 and are so disposed 
that they clear stationary end tube sheet 27. If 
desired tube sheet 27 may be of a diameter ap 
proximating that of cover plate 26 and studs 3 
passed through appropriate holes in it. The ele 
ments of floating end 25 are held together in fluid 
tight engagement by studs 33 and nuts 34. Studs 

screw into suitably tapped holes evenly dis 
tributed adjacent the periphery of bonnet 30 and 
pass through holes in floating end shell flange 29. 
Stationary end tube sheet 2 is grooved on one 

side to accommodate the tongue 35 formed on the 
inside face of stationary end shell flange 28 and 
grooved on the other side to accommodate the 
tongue 36 formed on the inside face of stationary 
end cover plate 26. Gaskets 37 are interposed be 
tween tongues 35 and 36 and the bottoms of their 
respective grooves to facilitate the obtaining of a 
fluid tight seal. The configuration of tongue 35 
and its groove is best shown in Fig. 7. As shown 
in Figs, 3, 4 and 7, tongue 35 together with its 
groove and gasket 3 divides the interfacial space 
between stationary end tube sheet. 2 and sta 
tionary end shell flange 28 into three non-com 
municating compartments. The configuration of 
tongue 36 and its groove is best shown in Fig. 8. 
As shown in Figs. 3, 4 and 8, tongue 36 together 
with its groove and gasket 37 divides the inter 
facial space between stationary end cover plate 26 
and stationary end tube sheet 2 into three non 
Communicating compartments. 

our nests of Small tubes 8 are fastened into 
stationary end tubes sheet 2 with their ends in 
communication with the interfacial space be 
tween stationary end tube sheet 2 and station 
ary end cover plate 26. 
or otherwise expanded into tube sheet 27, as in 
the usual practice, as the rolling or other ex 
panding operation requires Such center to cen 
ter spacing of tubes 38 that some of the highly 
advantageous results of this invention could not 
be obtained. In accordance with this invention 
tubes are spaced on center to center distances 
much smaller than those required for rolling and 
the tubes are finserted in appropriate holes in 
tube sheet 27 to fit snugly therein and their ends 
then welded to tube sheet 2 by depositing welds 

. Tubes may be fastened to tube sheet 2 
in other Ways, thus the ends of tubes 38 may be 
threaded and tubes 38 screwed into tapped holes 
in tube sheet 2 and the threaded joint sealed by 
Welding; these modes of fastening tubes 38 in 
tube sheet 2 allow the employment of the mini 
num center to center distances and make it 
possible to produce a nest of tubes 38 whose flow 
area will closely approach or equal the available - 
flow area of the larger tubes 40. 
The center to center distance of tubes 38 chosen 
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2,125,972 
factors such as the relation of the volumes of the 
mediums to be passed through until 2 during a 
period of time, the size of tubes 38, and the 
amount of metal of tube sheet 27 required be 
tween tubes 38 for strength, the pressure heads 
available, etc. However, in every case the cen 
ter to center distance chosen will be the small 
est possible so that the one to one ratio will be 
obtained or closely approximated, as With this 
ratio the size and thickness of tubes 40 as well as 
the size and thickness of the elements of ends 
24 and 25 will be a minimum. The one to one 
ratio furthermore assures the maximum heat 
transfer rate as with it the mass Velocity of the 
heat exchange mediums may be maintained equal 
or approximately equal, and turbulent flow of 
both mediums obtained without the use of any . 
means such as baffles for promoting turbulent 
flow. Since with the one to one ratio, or an ap 
proximation thereof, a maximum transfer rate 
may be obtained without the use of baffles, a true 
countercurrent flow of the mediums may be 
obtained. When the volumes of the heat ex 
change mediums to be handled per unit of time are 
unequal, a departure from the one to one ratio 
may be necessary but such departure should be 
kept small in order to obtain the novel results 
of the invention. At present it has been found 
that ratios ranging from the preferred one to one 
ratio to a one to one and one half ratio are satis 
factory. 

It is not always possible to obtain or approxi 
mate the one to one ratio merely by the close 
spacing of tubes 38 as in some cases, even if 
tubes 4 and tubes 38 of proper relative size are 
chosen, more metal of tube sheet 2 and tube 
sheets 63 is required for strength between tubes 
38 than the one to one ratio, or an approximation 
thereof, will allow. In such cases the one to one 
ratio may be obtained or approximated by using 
filler rods, or bars, 80. Filler rods 80 may be of 
circular cross section as shown in Figs. 3, 4 and 15, 
and either solid or hollow; also as shown in Fig. 
16 filler rods 8 may be of triangular or rec 
tangular cross section so as to occupy a greater 
amount of the area of tubes 40. Filler rods 80 
may be spaced between all of the tubes or only 
some of them. To render the inside surfaces of 
the nests of tubes 38 more readily available for 
inspection and cleaning, the filler rod 8 at the 
center of the nest of tubes 39 may be omitted. 
Filler rods 80 may be positioned in various Ways, 
thus they may be tack welded in place as shown, 
or dowels may be welded or screwed into tube 
sheets 2 and 63 and the ends of rods 80 made 
hollow so that they can be slipped over the doWels 
and permanently positioned by tack welding one 
end to its dowel. It is to be noted however that 
even when filler rods 8 are used the tubes 38 are 
spaced on the allowable minimum center to cen 
ter distances so that the size and Weight of the 
parts of unit 2 may be kept down. 
The nests of tubes 38 are preferably arranged 

as shown in Figs. 4, 6 and 7 so that a pair of 
them open into the larger of the compartments 
between the faces of tube sheet 2 and stationary 
end cover plate 26 and the other two open into 
the smaller compartments. Holes are provided 
in end cover plate 26 in line with the nests of 
tubes 38 that open into the smaller compart 
ments for the reception of flanged tubular merh 
bers 4 and 42. Members 4 and 42 are welded 
to stationary end cover plate 26 by welds 43 and 
44 and each has a flow area substantially equal 
to the combined flow area of the four tubes 38 

with which it communicates. To assure proper 
3. 

communication between tubes 38 and tubular 
members 4 and 42 tapered recesses 45 are pro 
vided. While the flow area of recesses 45 is greater 
than the flow area of tubular members 4 and 42 
and the flow area of their respective nests of 
tubes 38, recesses 45 do not materially affect the 
flow velocity of the heat exchange mediums or 
provide pockets for deposition of solids because 
of their shallowness and location. The flanges 
of tubular members 4 and 42 are provided with 
holes 46 therein to accommodate connecting 
bolts A. 
The inside face of stationary end cover plate 

26 is also recessed as shown in Fig. 4 to pro 
Wide a crossOver passageway 48 between the ends 
of the nests of tubes 38 that open in the larger 
of the Compartments. The flow area of cross 
Over passageway 48 is substantially equal to the 
flow area of each of the nests of tubes 38. 
The larger tubes 40 are arranged on the same 

pattern as the nests of tubes 38 with each of the 
larger tubes 4 concentric with its nests of 
tubes 38. Each of the larger tubes 40 extends into 
a hole provided in stationary end shell flange 
28 and is fixed to stationary end shell flange 28 
by welds 49. 
Tubes 40 are spaced on substantially the mini 

mum center to center distances that will pro 
vide Sufficient metal between tubes to with 
stand the stresses set up in service so that 
unit 2 Will be as Compact as possible and the 
weight of the component parts of its ends 24 
and 25 will be minimun. Holes 5 and 5 into 
which open flanged tubular connectors 52 and 
53, respectively, are also provided in stationary 
end shell flange 28. Tubular connectors 52 and 
53 are connected to stationary end shell flange 
28 by welds 54. Tubular connectors 52 and 53 
each have a flow area that is substantially equal 
to the available flow area of a tube D. Re 
cesses are provided in the inner face of stationary 
end shell fange 28 at the ends of tubes 8. The 
recess in one of the Smaller of the compartments 
between tube sheet 2 and stationary end shell 
flange 28 is connected by a passageway 55 to 
hole 5. The recess in the other of the Smaller 
of the compartments is connected by a passage 
way 56 to hole 5. The recesses in the larger 
of the compartments are connected to each other 
by a passageway 5. These recesses and pas 
sageways. 55, 56 and 5 are of a flow, area, Sub 
stantially equal to the available flow area of 
tubes 40 so that a constant Velocity of the heat 
exchange medium flowing through these pas 
sages and recesses and tubes 4 may be ob 
tained. It is to be noted that hole 5 directs 
the heat exchange medium flowing through it 
on to the face of tube sheet 27 SO that tube sheet. 
2 in effect becomes an impingement baffle. Tui 
bular connectors 52 and 53 are provided with 
holes 58 therein to accommodate connecting 
bolts 59. 
The other ends of tubes 4 ft into holes pro 

vided in floating end shell flange 29. These ends 
of tubes 80 are connected to floating end she 
flange 29 by welds 66. The face of foating end 
shell flange 29 that is adjacent bonnet 30 is 
recessed to provide. CrOSSOver passageways 6 
and 62. The flow area of each CrOSSOver pas 
sageway 6 and 62 is Substantially equal to 
the available flow area of a tube 40. Each of 
crossover passageways 6 and 62 connects the 
fow paths of a pair of tubes 40. 
The floating ends of each nest of the Smaller 
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tubes 38 are welded into a tube sheet member 
63 as best shown in Figs. 4 and 9. Tube sheet 
members 63 are of such size that they will read 
ily pass through tubes 40 and the holes in float 
ing end shell flange 29. The center to center 
distance between tubes 38 in members 63 is the 
same as that in tube sheets 27. Members 63 
are surrounded by a combined sealing and bear 
ing plate 64 that is fastened to floating end 
shell flange 29 by bolts 65. Sealing plate 64 
as shown in Figs. 11 and 12 is preferably in two 
parts which parts when positioned are Sepa 
rated by the dividing plate 66 that is welded to 
bonnet 30. Dividing plate 66 contacts floating 
end shell flange 29 and thus divides bonnet 30 
into two substantially non-Communicating Com 
partments. The Separating function of dividing 
plate 66 may be enhanced by the use of a suit 
able gasket. The bearings of bearing plate 64 
contact with member 63 and assure the align 
ment of member 63 and tubes 38 during the 
axial movement due to expansion and contrac 
tion of tubes 38. While some of the heating 
medium in crossover passageways 6 and 62 
may flow between bearing plate 64 and men 
bers 63 into bonnet 30, no harm is done Since 
it cannot leave bonnet 30 but can Only flow 
back into the tube 40 of the next paSS. 
A crossover device 67 connects members 63 

of adjacent passes. Crossover device 67 includes 
a pair of hollow yokes 68 each of which is 
adapted to encircle a member 63. Yokes 68 have 
shoulders at each end thereof. 
74 at the end adjacent to member 63 is adapted 
to engage a split ring 69 that fits in a groove 
in member 63. The shoulder at the other end 
of member 68 is adapted to coact with a plate 
TO that carries bolts 7 therein. Bolts 7 exert 
pressure on connector 72 and thereby hold con 
nector 72 in fluid tight relation on the end of 
member 63. Suitable gaskets 3 are provided 
between connector 72 and members 63 to assure 
the fluid tight joint. w 
The crossover device is assembled in the fol 

lowing manner. Yokes 68 are slipped over the 
ends of members 63. A connector 72 is then 
positioned on the ends of a pair of members. 
63. Yokes 68 are then moved down on mem 
bers 63 until the shoulder 74 clears the groove 
that accommodates split rings 69. A section of 
split ring 69 is then inserted in the accommo 
dating grooves. These sections are then ro 
tated so that the second section may be posi 
tioned; and finally the second section is rotated 
so that the third section can be positioned. 
Yokes 68 are then pulled back until their shoul 
ders T4 engage rings 69. Plates 70 are then po- ' 
sitioned and bolts 7 tightened until connector 
T2 is tight On its seat. To disassemble cross 
over device 67, bolts 7 are loosened and plates 
TO removed. After this, members 68 may be 
moved down to allow removal of split rings 69. 
While the crossover device 67 just described is 

at present preferred, the invention is not lim 
ited to the use of this particular form of cross 
over device but other crossover devices such as 
crossover device 75 shown in Fig. 10 may be 
employed. 

CrossOver device 75 includes tubular bend 76 
having shouldered ends over which threaded 
members 77 pass. By screwing members TT on 
to the threaded ends of tube sheets 63 a fluid 
tight connection may be obtained. 
. In either case the Cross sectional area of the 
member that connects the flow path of adja 

The shoulder. 

cent nests of tubes 38, connector 72 or bend 
76, is made with a CrOSS Sectional area. Substan 
tially equal to the flow area of a nest of tubes 38. 
As above stated some of the medium flowing 

through tubes 40 may find its way into bonnet 
30. Drain plugs 78 are provided for evacua 
tion of bonnet 30 prior to the removal of 
bonnet 30 from contact with floating end shell 
flange 29. 

It is to be particularly noted that the construc 
tion of heat exchanger unit 2 is such that a 
true Countercurrent flow of the heat exchange 
mediums is obtained. 
The component parts of unit 2 are easily ac 

cessible for inspection, cleaning and repair. Thus 
by merely removing bonnet 30, crossover devices 
67 may be gotten at and by removing crossover 
devices 67, tubes 38 are made accessible. By 
removing bonnet 30, crossover devices 67 and sta 
tionary end cover plate 26, tube sheet 27 and 
tubes 38 may be removed so that the outside of 
tubes 38, or the inside of tubes 40 may be cleaned 
or repaired. When necessary tubes 38 or 40 
may be replaced easily and quickly by removing 
the weld metal that attaches them, substituting 
a new tube or tubes and attaching the new tube 
Or tubes by new Weld metal. 
We claim: 
1. A heat exchanger adapted for high pressure 

Service including a plurality of larger tubes each 
of which houses a nest of smaller tubes, said 
Smaller tubes being of substantially constant 
cross section, said larger tubes being connected 
to provide a continuous flow path of substantially 
Constant flow area for one heat exchange me 
dium, and Said Smaller tubes being connected to 
provide a continuous flow path of substantially 
constant flow area for another heat exchange 
medium, the flow area of said second flow path 
approximating or being substantially equal to the 
flow area of said first flow path. 

2. A heat exchanger of the character described 
including a plurality of larger tubes connected 
to provide a continuous flow path for one heat 
exchange medium, a plurality of smaller tubes 
in each of said larger tubes, means to which 
Said Smaller tubes are attached supporting said 
Smaller tubes in Said larger tubes, each tube of 
each of said plurality of Smaller tubes being 
Spaced from adjacent Smaller tubes on center 
to center distances which are substantially the 
minimum compatible with safety and strength in 
the intended service, said pluralities of smaller 
tubes being connected to provide a continuous 
flow path for another heat exchange medium, the 
flow area of each of said plurality of smaller tubes 
being substantially equal to or approximating the 
available flow area of its respective larger tube. 

3. A heat exchanger of the character described 
including a plurality of larger tubes assembled 
into a unit and connected to provide a continuous 
flow path for one heat exchange medium through 
the heat exchanger, a plurality of Smaller tubes 
of substantially constant cross section in each 
of Said larger tubes, means to which said Smaller 
tubes are attached supporting said smaller tubes 
in said larger tubes, said larger tubes and said 
Smaller tubes being of such size and said Smaller 
tubes of each plurality of smaller tubes being 
So Spaced from each other in their respective 
larger tubes that the flow area through each 
plurality of smaller tubes approaches the flow 
area through its respective larger tube, and 
means in said larger tubes occupying such a 
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flow area of each of said larger tubes equals or 
approximates the flow area of its respective plu 
rality of Smaller tubes, said pluralities of Smaller 
tubes being connected to provide a continuous 
flow path for another heat exchange medium 
through the heat exchanger. 

4. A heat exchanger adapted for high pressure 
Service comprising a plurality of larger tubes as 
sembled into a unit and connected to provide 
a COntinuous flow path for One heat exchange 
medium through the heat exchanger, a plurality 
of Smaller tubes in each of said larger tubes, a 
tube sheet into which one end of all of said 
Smaller tubes is attached, a plurality of tube 
sheets into each of which the other ends of the 
Smaller tubes in one of said larger tubes are 
attached, said Smaller tubes being connected to 
provide a continuous flow path for another heat 
eXchange medium through the heat exchanger, 
Sald smaller tubes being of such size and being 
So closely Spaced in said larger tubes that the 
flow area of said smaller tubes approximates or 
Substantially equals the available flow area of 
said larger tubes. 

5. A heat exchanger adapted for high pressure 
service comprising a plurality of larger tubes as 
Sembled into a unit and connected to provide a 
continuous flow path for one heat exchange me 
dium through the heat exchanger, a plurality of 
Smaller tubes in each of said larger tubes, a tube 
sheet into which one end of all of said Snailer 
tubes is attached, a plurality of tube sheets into 
each of which the other ends of the Smaller tubes 
in One of said larger tubes are attached, said 
Smaller tubes being connected to provide a, con 
tinuous flow path for another heat exchange me 
diurn through the heat exchanger, said Saaler 
tubes being so closely spaced in said larger tubes 
that the flow area of the flow patch through each 
plurality of smaller tubes approaches the flow area, 
Of its larger tube, and means in Said larger tubes 
further reducing the flow area, thereof whereby 
the available flow area through the larger tubes 
Substantially equals the flow area of its respec 
tive plurality of smaller tubes. 

6. A heat exchanger adapted for high pressure 
service which comprises a pair of spaced tube 
support members, a plurality of larger tubes be 
tween said support members and fasterned there 
to, said Support members being formed to pro 
wide communication with the passageways of said 
larger tubes, a nest of Smaller tubes in each of 
said larger tubes, means positioned adjacent one 
of Said Support members carrying attached 
thereto one end of each of said nests of smaller 
tubes, said positioned means substantially fixing 
the ends of said Smaller tubes attached thereto 
relative to Said one supporting member and be 
ing formed to provide communication with, the 
passageways in Said Smaller tubes, a plurality 
of supporting means each of which has attached 
thereto the other ends of one of said nests of 
Smaller tubes and is KnOWa.oly positioned adja 
cent the other end of the respective larger tube, 
means connecting said larger tubes into a con 
tinuous flow path for one heat exchange medium, 
and means connecting the nests of smaller tubes 
into a continuous flow path for another heat ex 
change medium. 

7. In a heat exchanger adapted for high press 
Sure Service, a plurality of pairs of larger tubes 
each of which houses a nest of Smaller tubes; 
inlet means for one heat exchange medium; out 
let means for Said one heat exchange medium; 
a Support into which are fastened said inlet 
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means, said Outlet means and one end of each 
of Said larger tubes; said support having recesses 
therein; one of said recesses connecting said in 
let means with one of said larger tubes, another 
of Said recesses connecting said outlet means with 
another of said larger tubes and the remainder 
of Said recesses connecting pairs of said larger 
tubes, a tube sheet to which is fastened one end 
of each of said smaller tubes, adapted to be po 
sitioned against said support to close said re 
cesses, said tube sheet having nests of holes there 
in that form continuations of said smaller tubes; 
inlet means for another heat exchange medium; 
outlet means for said other heat exchange me 
diur; a cover member adapted to be positioned 
against said tube sheet into which are fastened. 
said inlet means and said outlet means for said 
other medium; said cover member, having re 
CeSSes therein and being adapted to register with 
Said' nest of holes and to be closed by said tube 
sheet, one of said recesses connecting said inlet 
means for said other medium with one of said 
nest of holes, another of Said recesses connect 
ing said inlet means for said other medium with 
another of Said rest of holes and the remainder 
of Said recesses connecting pairs of Said rests of 
holes, means adapted to hold said support said 
tube sheet and said cover member in fluid tight 
engagement, Aeans connecting the other ends of 
said larger tubes in pairs, and means connecting 
the other ends of Said ests of Smaller tubes in 
pairs. 

8. In a heat exchanger adapted for high pres 
sure service, a plurality of pairs of larger tubes 
each of which houses a, nest of Saller tubes; 
a tube sheet having a plurality of nests of holes 
thereira into which are fastened one end of each 
of Said aests of Saller tubes; an inlet connector 
and an outlet connector for One heat exchange 
Inedium; a support member adapted to be posi 
tioned in fluid tight relation against One side of 
said tube sheet having holes therein into which 
are fastened said correctors and one end of Saidi 
larger tubes; said inlet connector and said larger 
tubes entering their respective holes from the 
Sarne side of said support member; said support 
member having recesses therein; one of said re 
Cesses connecting said inlet connector to one of 
said larger tubes, another of said recesses cone 
necting said outlet connector with another of 
said larger tubes and the remainder of said re 
cesses connecting the remainder of said larger 
tubes in pairs; said recesses being closed by Said 
tube sheet whereby said tube sheet Serves as an 
impingement and distribution baffle for the me 
dian entering said larger tubes. 

9. A heat exchanger as defined in claim 8 in 
which said inlet and outlet connectors, said holes 
and said recesses in said support each have an 
effective flow area substantially equal to the 
available flow area of each of said larger tubes. 

10. In a heat exchanger adapted for high 
pressure service, a plurality of pairs of larger 
tubes each of which houses a, nest of Smaller 
tubes; a tube sheet having a plurality of nests 
of holes therein into which are fastened one end 
of each of said nests of Smaller tubes; an inlet 
connector and an outlet connector for one heat 
exchange medium; a support member adapted to 
be positioned in fluid tight relation against one 
side of said tube sheet having holes therein into 
which are fastened said connectors and one end 
of said larger tubes; said Support member hav 
ing recesses therein; one of said recesses con 
necting said inlet connector to one of said larger 75 

- 

20 

5 

20 

25 

35 

40 

50 

55 

60 

70 



O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

65 

5 

6 
tubes, another of Said recesses connecting said 
outlet connector with another of said larger 
tubes and the remainder of said recesses connect 
ing the remainder of said larger tubes in pairs; 
an inlet connector and an outlet connector for 
another heat exchange medium; an end member 
adapted to be positioned in fluid tight relation 
against the other side of said tube sheet having 
holes therein in which are fastened said inlet and 
Outlet Connector for said other heat exchange 
medium; said end member having recesses there 
in in line with said nests of holes; one of said 
end member recesses connecting said inlet con 
nector to one nest of holes, another connecting 
another nest of holes with said outlet connector, 
and the remainder connecting the remainder of 
said nest of holes in pairs. 

11. A heat exchanger as defined in claim 10 
in which Said inlet and outlet connectors for said 
one heat exchange medium, and said holes and 
said recesses in said Support member each have 
an effective flow area substantially equal to the 
available flow area of each of said larger tubes, 
and Said inlet and outlet connectors for said 
other heat exchange medium, and said holes and 
receSSes in Said end member each have an effec 
tive flow area substantially equal to the flow area 
of each of said nests of smaller tubes. 2. In a heat exchanger adapted for high pres 
Stre Service, a plurality of pairs of larger tubes 
each of which houses a nest of Smaller tubes; 
a tube sheet having a plurality of nests of holes 
therein into which is fastened one end of said 
Smaller tubes; a supporting member in which one 
end of each of said larger tubes is attached po 
sitioned against one side of said tube sheet; in 
let and Outlet connectors for a heat exchange 
medium; an end cover member having holes 
therein in which said inlet and outlet connectors 
are attached adapted to be positioned in fluid 
tight relation against the other side of Said tube 
sheet; Said cover member having recesses there 
in which are adapted to register with said nests 
of holes and to be closed by said tube sheet, one 
of Said recesses connecting one of said nests of 
holes with said inlet connector; another of said 
recesses connecting another of said nests of holes 
with said outlet connector, and the remainder of 
said recesses connecting the remainder of said 
nests of holes together in pairs; and removable 
means for holding Said Supporting member, said 
tube sheet and said engi cover member in fluid 
tight engagement. 

13. In a heat exchanger adapted for high pres 
sure service, a plurality of pairs of larger tubes 
each of which houses a nest of Smaller tubes; 
means supporting one end of each of said larger 
tubes and One end of each of said smaller tube 
nests in Substantially fixed relation; a support 
member having holes therein into which the 
other ends of said larger tubes are attached; said 
support member having recesses opening in the 
face of said support member opposite that into 
which said larger tubes enter, connecting said 
other ends of said larger tubes in pairs; a plu 
rality of tube sheets having holes therein into 
which are attached the other ends of said nests 
of smaller tubes; one tube sheet being provided 
for each nest of smaller tubes and being of a 
size to pass through said recesses and said larger 
tubes; means adapted to support said tube sheets 
and to close the recesses; and demountable 
means connecting said tube sheets in pairs. 

14. In a heat exchanger adapted for high pres 
sure service, a plurality of pairs of larger tubes 
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each of which houses a nest of Smaller tubes; 
means Supporting one end of each of said larger 
tubes and one end of each of said smaller tube 
nests in Substantially fixed relation; a Support 
Inenber having holes therein into which the 
other ends of said larger tubes are attached; said 
Support member having recesses therein open 
ing in the face of said support member opposite 
that into which said larger tubes enter and con 
necting said other ends of said larger tubes in 
pairs; a plurality of tube sheets having holes 
therein into which are attached the other ends 
of Said nests of Smaller tubes; one tube sheet 
being provided for each nest of Smaller tubes 
and being of a size to pass through said recesses 
and said larger tubes; bearing means supporting 
Said tube sheets and closing said recesses; de 
mountable means connecting said tube sheets in 
pairs; and a bonnet member removably posi 
tioned against Said support member in fluid tight 
relation enclosing the outside face of said sup 
port member and said demountable means. 

15. In a heat exchanger adapted for high pres 
Sure Service, a plurality of pairs of larger tubes 
each of which houses a nest of Smaller tubes; 
means Supporting One end of each of said larger 
tubes and one end of each of said smaller tube 
nests in Substantially fixed relation; a support 
member having holes therein into which the 
other ends of said larger tubes are attached; said 
Support member having recesses in the face 
thereof opposite to the face into which said larg 
er tubes enter connecting said larger tubes in 
pairs; the effective flow area of each of said re 
CeSSes being Substantially equal to the effective 
flow area of each of Said larger tubes; a tube 
sheet of a size to pass through said recesses and 
said larger tubes for each of said nests of smaller 
tubes having a nest of holes therein into which 
are attached the other ends of said smaller tubes; 
bearing members attached to said support mem 
ber adapted to support said tube sheets and 
to close said recesses; demountable means con 
necting Said tube sheets in pairs; the effective 
flow area of said tube sheets and said demount 
able means being Substantially equal to the flow 
area of each of the nests of smaller tubes; and 
a bonnet member removably positioned against 
Said Support member in fluid tight relation to en 
close said demountable connecting means and 
Said bearing means. 

16. In a heat exchanger of the character de 
Scribed including a plurality of larger tubes each 
of which houses a nest of smaller tubes, said 
Smaller tubes and said larger tubes being ar 
ranged to provide Separate flow paths for heat 
exchange mediums, means for connecting adja 
cent ends of Said nests of smaller tubes together 
in pairs at One end of said exchanger compris 
ing, a tube sheet for each of said nests of tubes, 
Said tube sheets having a nest of holes therein 
into which are attached the ends of the smaller 
tubes; a circumferential groove in the outside 
of each of said tube sheets; split rings adapted 
to fit in said groove and extend outwardly there 
from to provide a shoulder around each of said 
tube Sheets; a hollow encircling member around 
each of said tube sheets having a shoulder at 
each end, the bottom shoulder of said hollow 
member being adapted to engage said split ring; 
cross-Over members adapted to be positioned on 
pairs of Said tube sheets to connect the flow 
paths of the tube sheets of said pairs; and pres 
Sure applying means adapted to engage the top 
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said cross-Over members cooperating with each 
pair of said hollow members, whereby said cross 
over members may be pressed in fluid tight rela 
tion on said tube sheets; said hollow members 
having a portion of their sides cut away to allow 
said cross-over members, said split rings and said 
pressure applying means to be operably posi 
tioned. , 

17. In a heat exchanger of the character de 
scribed including a plurality of larger tubes each 
of which houses a nest of Smaller tubes, a float 
ing end comprising a Support member into which 
one end of the larger tubes is attached and hav 
ing passageways therein through which extend 
said nests of smaller tubes, a tube sheet for each 
of Said nests of Smaller tubes, cross-over devices 
connecting said tube sheets together in pairs, 
combined sealing and bearing means through 
which said tube sheets extend adapted to sup 
port said tube sheets and to substantially seal 
said passageways, a bonnet member adapted to 
be held in fluid tight engagement against said 
support member to enclose said tube sheets, 
cross-over devices and said Sealing means and di 
viding means attached to said bonnet member 
adapted to divide the space enclosed by said bon 
net into a plurality of substantially fluid tight 
compartments each of which houses one of said 
cross-over devices and its pair of tube sheets. 

18. In a heat exchanger of the character de 
scribed including two pairs of larger tubes each 
of which houses a nest of Smaller tubes, a float 
ing end comprising a support member into which 
one end of the larger tubes is attached and hav 
ing passageways therein through which extend 
said nests of smaller tubes, a tube sheet for each 
of said nests of Smaller tubes, cross-over devices 
connecting Said tube sheets together in pairs, a 
pair of combined sealing and bearing plates 
attached to the face of said support member 
through which said nests of smaller tubes ex 
tend, each of said plates supporting a pair of 
said tube sheets and Substantially Sealing the 
passageways through which they extend, a bon 
net adapted to be held in fluid tight engagement 
against said face of said support member en 
closing said tube sheets, said cross-over devices 
and said plates, and a dividing plate attached to 
said bonnet and adapted to COact with said face 
to divide the space enclosed by said bonnet into 
a pair of substantially fluid tight compartments 
each of which houses one of Said plates, its paid 
of tube sheets, and its Cross-Over member. 
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