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This is a continuation-in-part application of “Heat Ex 
changer Apparatus,” N. H. de Nevers, ?led December 13, 
1961, Serial No. 159,063, now abandoned. 
This invention relates to an improved type of shell and 

tube heat exchanger. 
The invention solves certain prior art problems that 

exist to a greater extent in large heat exchangers, i.e., 
those exchangers having shells longer than about 5 to 10 
feet than in smaller heat exchangers of the same type. 

In small shell and tube heat exchangers, one ?uid passes 
through many tubes while another ?uid ?ows through a 
cylindrical shell surrounding the tubes. The tubes are 
?xed (by rolling or welding) to tube sheets which form 
the end closures of the cylindrical shell. These end 
closures prevent any mixing of the two ?uids. Ba?ies 

' generally are located transversely in the shell to force the 
shell ?uid to ?ow back and forth across the tubes during 

In these small ex 
changers a very close approach to true countercurrent 
?ow is achieved. True countercurrent ?ow is desirable 
because it gives the greatest heat transfer efficiency (maxi 
mum heat transferred per unit area of heat transfer 
surface). 

In large heat exchangers (shells longer than about 5 
to 10 feet), the aforesaid method of construction is not 
feasible. The difference in a thermal expansion of the 
shell and tube is conducive to the rupture of the tube 
sheet or the tubes. The ?exibility of the material is ade 
quate to take up this differential expansion in the small 
units, but not in the larger units, for which some other 
means must be found to prevent tube and/ or sheet rupture 
from thermally-induced stresses. 
The customary solution for this thermal expansion 

problem has been to provide for the ?uid in the tubes to 
be returned to the inlet end of the exchanger either by 

However, this 
solution of the thermal expansion problem is achieved at 
the cost of a signi?cant reduction in thermal e?iciency of 
the exchanger. This reduction is a result of passing the 
tube side ?uid countercurrent to the shell side ?uid in only 
half of the exchanger and passing it cocurrent to the shell 
side ?uid in the other half of the exchanger. Cocurrent 

As a 
result to obtain adequate heat transfer, the designer must 
alter design variables of the exchanger to compensate for 

' the lower heat transfer e?iciency as for example by in 
creasing the length of the exchanger. With such changes, 
however, there is a corresponding increase in fabrication 
and repair costs of the exchanger. 
The object of the invention is the provision of an 

improved multipass heat exchanger and method of fabri 
cation in which space within the exchanger is economi 
cally allocated to maximize the heat transfer between the 
shell and tube side ?uids and simultaneously reduce the 
size of the shell cover, headers, tubes, etc. heretofore 
required to provide such transfer. 

Conventional two-tube-pass one-shell-pass heat ex 
changers normally are designed with an e?iciency factor 
of as low as 80% (i.e., having a thermal efficiency only 
80% of that of a true countercurrent exchanger). The 
exchanger of the present invention has a thermal e?i 
vciency much more closely approaching that of a true 
countercurrent exchanger and can be designed with an 
ef?ciency factor of 95% and higher. At the same time, 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

65 

70 

3,242,983 
Patented Mar. 29, 1966 "ice 
2 

the design reduces the size of the exchanger over those of 
prior art exchangers that provide similar inlet and outlet 
temperatures for the shell side and tube side ?uids. 
The invention will best be understood, and. further ob 

jects and advantages thereof will be apparent, from the 
following description when read in connection with the 
accompanying drawing in which: 
FIGURE 1 is a sectional elevation view illustrating a 

conventional two-tube-pass one-shell-pass heat exchanger 
of the aforesaid type, namely one in which tubes for one 
?uid medium are longitudinally disposed within the shell, 
and baf?es are provided for elongating the path of the 
?ow of the other ?uid through the apparatus; 
FIGURE 2 is a sectional elevation view illustrating an 

embodiment of the present invention, also comprising 
tubes for one ?uid longitudinally disposed within the shell 
and battles for elongating the path of the ?ow of the other 
?uid through the apparatus; 
FIGURE 3 is a transverse sectional view taken along 

the lines 3-3 in FIGURE 2. 
In accordance with the present invention, there is pro 

vided a compact multipass heat exchanger for maximizing 
heat transfer between shell side and tube side ?uids in 
which the tube side ?uid passes through a multiplicity of 
small diameter tubes in countercurrent ?ow with the path 
of the shell side ?uid, and returning therethr-ough by a 
single large conduit in concurrent ?ow with the shell side 
?uid. The small tubes are transversely located across the 
exchanger to substantially ?ll the interior of the shell. 
In that manner, the heat transfer area of the tubes in the 
countercurrent ?ow direction is increased over that of 
conventional exchangers. In addition, the economical 
spacing of the small tubes and return conduit within the 
shell, provide an over-all decrease in the size of the ex 
changer in that the transverse spacing required to provide 
mechanical support for the single return conduit occurs 
only over one radial section of the exchanger, not over 
the entire interior region, as in the conventional ex 
changers. 

Further in accordance with the present invention, it 
will be understood that the invention as set forth in the 
foregoing paragraph may be modi?ed by reversing opera 
tion thereof, for example by passing said second ?uid 
?rst through said conduit and thence through said tubes, 
and by reversing the ?ow of said ?rst, or shell, ?uid 
through said apparatus to maintain tube ?uid ?ow coun 
tercurrent to said shell ?uid ?ow and to maintain the 
?ow of tube ?uid in said conduit in cocurrent ?ow with 
the shell ?uid. 
The invention is applicable to shell and tube heat ex 

changer apparatus having at least two tube passes and 
at least one shell pass. It is of the essence of the in 
vention to provide, in any such type of apparatus, for 
passing tube ?uid longitudinally through the apparatus 
countercurrent to the shell ?uid in at least eight times as 
many uniformly disposed ?uid streams as there are tube 
?uid streams ?owing cocurrent to the shell ?uid. Pref 
erably, there will be 25 to 600, more preferably 100 to 
500 uniformly disposed tube ?uid streams ?owing through 
the apparatus countercurrent to the shell ?uid. These 
streams will be disposed within the apparatus through 
out the interior of the shell including the space trans 
verse to the axis of symmetry and the shell. An exem 
plary ‘conventional two-tube-pass one-shell-pass shell and 
tube heat exchanger might contain 500 tubes, each one 
half inch in diameter, in which tube ?uid would ?ow 
countercurrent in 250 tubes and cocurrent in 250 tubes. 
An exemplary apparatus of the present invention, which 
would be used in lieu of said conventional apparatus, 
would comprise 450 transversely disposed tubes, each one 
half inch in diameter, and one tube about six inches in 
diameter. The tube ?uid in the latter apparatus would 
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?ow countercurrent to the shell ?uid in the 450 one-half 
inch tubes and cocurrent in the single six-inch tube. The 
large tube or conduit in the apparatus of the present in 
vention is preferably longitudinally disposed within the 
heat exchanger shell toward the periphery thereof and 
has sufficient area to pass the tube side ?uid after the 
latter exists from the small tubes without change in flow 
pattern. The large conduit also reduces the transverse 
dimensions of the exchanger thereby reducing fabrication 
costs in that the spacing required for mechanical support 
of the single return conduit occurs only over one radial 
section of the exchanger, not over the entire central region 
as in conventional exchangers. It will be understood 
that more than one large tube or conduit may be used, 
so long as the aforesaid conditions are ful?lled. 

It has been found that a higher mean temperature dif 
ference may be obtained with the aforesaid apparatus, 
enabling more heat transfer to take place than in a con 
ventional apparatus with the same heat transfer area, 
i.e., in an exchanger having tubes of equal size in both 
the cocurrent and countercurrent ?ow directions. 

It has been found that the apparatus accomplishes a 
closer approach to true countercurrent ?ow by providing 
for tube ?uid ?ows countercurrent to the shell current 
in many small tubes and cocurrent to the shell ?uid in 
one large conduit. The resulting heat transfer per unit 
area of exchanger provides a higher thermal efficiency 
for the apparatus enabling a reduction in the all-over 
dimensions of the exchanger over those of conventional 
exchangers. 

Referring now to FIGURE 1, there shown is a sec 
tional elevation view of a conventional type of shell and 
tube heat exchanger. Tubes 1, for carrying a ?rst ?uid 
medium are longitudinally disposed in elongated pressure 
vessel or shell 2, as shown. Tube sheet 3 and separator 
4 divide one end of shell 2 into an inlet chamber 5 and 
an outlet chamber 6. A ?rst ?uid medium is passed 
through inlet 7 into inlet chamber 5, thence through tubes 
1 to outlet chamber 6, and thence through outlet 8. A 
second ?uid medium is passed through inlet 9 into shell 2, 
thence longitudinally through shell 2 ‘by an elongated path 
way created by baf?es 10, and thence through outlet 11. 
In such a heat exchanger, either ?uid may be at a higher 
temperature and will convey heat to the other fluid through 
the walls of tubes 1, acting as intermediary heat exchange 
materials. It will be noted that in this conventional type 
of heat exchanger expansion of the tubes introduces no 
stress on the shell. 

Referring now to FIGURE 2, there shown is a sec 
tional elevation view illustrating an embodiment of the 
present invention, comprising small tubes distributed 
throughout the interior of the shell including the space 
transverse thereto, and a large conduit longitudinally dis 
posed Within the shell for passage of tube ?uid through 
the apparatus and baffles for elongating the path for the 
?ow of the shell ?uid through the apparatus. Tubes 21, 
for carrying a ?rst ?uid medium are disposed in elongated 
pressure vessel or shell 22 as shown. Tube sheet 23 and 
separator 24 divide one end of shell 22 into an inlet 
chamber 25 and an outlet chamber 26. Tube sheet 27 
and cover 35 form a “?oating head” ?uid transfer chamber 
28, as shown. 
A large conduit 29 is disposed in shell 22, as shown, 

coextensive with tubes 21. It has a cross-sectional area 
that may be substantially less than the sum of the cross 
sectional areas of tubes 21. 

There is an economic balance to be struck in the design 
of the size of the conduit 29 between low pressure drop 
through the conduit and minimum surface area contained 
in the conduit. It can be shown that the minimum cross 
sectional area of the conduit 29 need be only 

'\/dsmall dlarge 
times as large as the total ‘cross-sectional area of tubes 
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4 
21 to maintain an equal pressure drop in each direction 
of travel of the tube side ?uid, where dsman is the diam 
eter of tubes 21 and dlarge is the diameter of conduit 29 
Of course the linear velocity of the ?uid in conduit 29 
relates to velocity of the ?uid in tubes 21 in the same 
manner as that which exists for their respective areas. 
Consequently, it is desirable that 'care be taken in the 
selection of the respective sizes of these members to main 
tain a uniform ?ow pattern of the tube side ?uid under 
operating conditions. 
A ?rst ?uid medium is passed through inlet 30 into 

inlet chamber 25, thence through tubes 21 to ?uid trans 
fer chamber 28, thence through large conduit 29 into 
outlet chamber 26, and thence through outlet 31. A 
second ?uid medium is passed through inlet 32 into shell 
22, thence longitudinally through shell 22 by an elongated 
pathway created by ba?ies 33, and thence through outlet 
34. Either the tube ?uid or the shell ?uid may be at a 
higher temperature and will convey heat to the other 
?uid through the Walls of tubes 21, acting as intermediary 
heat exchange materials. It will be seen that, in opera 
tion of the embodiment shown, a number of separate tube 
?uid streams, ?owing therethrough countercurrent to the 
?ow of shell ?uid at locations radially distributed through 
out the interior of the shell can be made substantially 
greater than the number of ?uid streams ?owing through 
the apparatus cocurrent to the shell ?uid. Therefore 
more heat transfer can be caused to take place in the ap 
paratus with the same heat transfer area than in the case 
with conventional shell and tube heat exchanger appa 
ratus. In addition, the one ?uid stream ?owing cocurrent 
with the shell ?uid can be directed therealong by a single 
conduit that economically utilizes space within the ex 
changer. 

Referring now to FIGURE 3, there shown is a trans 
verse sectional view taken along the lines. 3—3 in FIG 
URE 2. Tubes 21 are shown disposed throughout the 
interior of the shell in spaced locations for passing the 
tube ?uid through the apparatus in countercurrent ?ow 
to the shell ?uid. The centers of these locations may de 
?ne a series of circles having a common origin located at 
the axis of symmetry of the exchanger, but preferably 
the tube arrangement involves positioning the tubes across 
the entire interior of the shell in either (1) equilateral, 
(2) staggered square, or (3) in line square tube arrays 
as conventionally understood in the art. The spacing 
between each tube in any of the above-mentioned arrays 
is preferably equal to prevent “hot” spots from develop 
ing during operation of the exchanger and to equalize the 
relative pressure drop per unit section of the exchanger. 

Large conduit or tube 29 is shown disposed within shell 
22 for tube ?uid ?ow through the apparatus in cocurrent 
?ow with the shell ?uid. The conduit 29 is preferably 
disposed close to the periphery of shell 22 as shown'and 
attaches at its ends to the tube sheet, one of which per 
manently attaches to the sidewall of the shell 22. The 
strength of the tube sheets, of course, is directly related 
to the type of material used and inversely related to the 
number of openings formed therein to receive the tubes 
21 and the conduit 29. Consequently by using only a 
single conduit, the amount of material required for sup 
port can be substantially reduced, if desired. The design 
thus provides that the conduit need be supported in only 
one radial location of the tube sheet, not across their en 
tire surfaces as in conventional exchangers. The saving 
in space can be used to reduce the size of the exchanger 
or increase the number of tubes passing the tube ?uid in 
countercurrent ?ow with the shell side ?uid. However, 
the ?ow capacity of the conduit 29 must be designed so as 
to return the tube ?uid through the exchanger without a 
change in ?ow pattern. 

It will be seen that the apparatus of the present inven 
tion inherently results in distributing the total cross-sec 
tional area of countercurrent ?ow tubes 21 over a much 
greater portion of the cross-sectional area of shell 22 
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than in conventional shell and tube heat exchanger ap 
paratus. Consequently the apparatus of the present in 
vention accomplishes greater heat transfer than in con 
ventional similar apparatus having the same total heat 
transfer area so that the heat transfer efficiency therefore 
is superior. Furthermore, there is provided a constuction 
that allows a reduction in the size of the exchanger but 
with no corresponding reduction in performance. 

In the design and fabrication of the exchanger in ac 
cordance with this invention, there will necessarily be 
involved a re-examination of the heat balance equations 
heretofore used to describe the operation of multipass 
heat exchangers. In previous designs the cross-sectional 
dimensions of the tubes used to convey the tube side ?uid 
have always been assumed to be equal. See for exam 
ple, pages 340 et seq., Principles of Engineering Heat 
Transfer, Warren H. Geidt, D. Van Nostrand, 1957. In 
the optimization of the exchanger in accordance with the 
invention, there are involved tubes of unequal dimensions. 
Therefore the solution of these heat balance equations 
will be of increased complexity, and for this purpose the 
assistance of acomputer may be desirable. 

In one modi?ed design approach—called the logarith 
mic-mean temperature correction ~approaoh—it can be 
shown for a single-shell-pass, two-tube-pass exchanger 
with unequal tube sizes in the two tube passes, that the 
temperature of the shell side ?uid, th, at any location 
along the length of the exchanger can be expressed by 

@_d_ttl (a-l-b) Uzab __ _ 
dacz dz 0., + C,2 “"1 it‘) —0 

where: 
U is the average over-all conductance of the entire ex 

changer, 
a is the transfer area per unit length in a tube having a 

small cross-sectional dimension, 
Ch is the ?uid capacity rate of the shell side ?uid, 
C0 is the ?uid capacity rate of the tube side ?uid, 
b is the transfer area per unit length of the other tube of 
somewhat larger cross-sectional dimension, 

thl is the entrance temperature of the shell side ?uid, and 
th is the temperature of the shell side ?uid at any location 

along the exchanger. 

In the above equation, it is assumed that the average 
over-all coe?icient, U, is constant throughout the ex 
changers, the ?uid capacity rates are constant, and the 
?uid mixing is su?icient to make the temperature uniform 
across any cross section of the exchanger. 

In order to achieve a workable methematical model of 
the heat transfer using the above equation, the above 
equation is ?rst solved; then the solution is differentiated 
to relate the heat transfer in the exchanger to the tem 
perature of the shell side ?uid, th, along the length there 
of, by considering the rate of change of th with the length 
of the exchanger. 
Mean temperature difference between the tube side and 

shell side ?uids, Arm, is then determined in terms of the 
inlet and outlet temperatures of the ?uids using Newton’s 
basic cooling laws in conjunction with the last-mentioned 
equation, i.e., the equation describing the rate of change 
of the temperature of the shell side ?uid th, with exchanger 
lengths. 

If desired, nomographs can be prepared using a dimen 
sionless correction factor 

where: 

Arm is the mean temperature difference between the tube 
and shell ?uids, and 

Atlm is the log mean temperature difference between these 
?uids calculated for countercurrent ?ow. 

In calculating optimum cross-sectional dimensions for 
the exchanger, it will be necessary in some cases to as 
sume a series of different temperature difference between 
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6 
the ?uids before optimum dimensions can be found as is 
presently practiced in the art. 
Another approach which eliminates the trial-and-error 

calculations noted above is the “effectiveness-number of 
heat transfer units” approach. It is based on the fact 
that: 

(1) the average over-all conductance of the entire ex 
changer, 

(2) the heat transfer area of the exchanger, 
(3) the ?uid capacity rate of the shell side ?uid, and 
(4) the ?uid capacity rate of the tube side ?uid, 
are functions of the terminal temperatures of the ?uids. 
This approach, however, again must take into considera 
tion the change in tube dimensions, and basically involves 
optimizing the cross-sectional dimensions by comparing 
the actual heat transfer rate of the exchanger with the 
thermodynamically limited maximum heat transfer rate 
that could possibly be realized. 
For fabrication purposes, it may also be desirable to 

use a plurality of large tubes or conduits 29; but this is 
not a preferred form of the apparatus of the present in 
vention and in any event the invention would require at 
least eight and preferably 25—600 and still more preferably 
100-50 times as many small tubes as large conduits. 

It will become more apparent to those skilled in the art 
that various modi?cations and variations may be made in 
the apparatus of the present invention as described above. 
Consequently all modi?cations that are within the spirit 
of the invention are intended to be included within the 
scope of the appended claims. 

I claim: 
1. In shell and tube heat exchanger apparatus com 

prising an elongated heat exchanger shell having an axis 
and a sidewall, a ?uid inlet for a ?rst ?uid at one end 
thereof and a ?uid outlet for said ?rst ?uid at the other 
end thereof, the improvement which comprises a bundle 
of elongated tubes longitudinally disposed in said shell 
for passage of a second ?uid within said tubes in two 
passes through said shell, inlet means at one end of said 
shell for conveying said second ?uid into said tubes with 
out physical contact with said ?rst ?uid and outlet means 
at the other end of said shell for conveying said second 
?uid from said tubes without physical contact with said 
?rst ?uid, said bundle including the combination of a 
multiplicity of tubes of relatively small circular cross sec 
tion for said ?rst pass of said second ?uid through said 
apparatus in countercurrent ?ow with the pass of said ?rst 
?uid through said apparatus and a single large conduit 
of constant circular cross-section for said second pass of 
said second ?uid through said apparatus in cocurrent ?ow 
with the pass of said ?rst ?uid through said apparatus 
thereby forming a compact heat exchanger apparatus hav 
ing maximum thermal efficiency by decreasing the relative 
heat transfer of said ?rst and second ?uids in said cocur 
rent ?ow direction and increasing the relative heat trans 
fer in said countercurrent ?ow direction, said large con 
duit having a minimum cross-sectional area equal to: 

(filnill X Asmall large 

where dsman is the diameter of each of said multiplicity of 
tubes, dlarge is the diameter of said large conduit and 
Asman is the total cross-sectional area of said multiplicity 
of tubes, said multiplicity of tubes being transversely and 
symmetrically disposed within said exchanger across the 
interior of said shell unoccupied by said large conduit to 
provide maximum heat transfer area between said ?rst and 
second ?uids in the countercurrent ?ow direction, said 
shell ?uid forming a moving column of ?uid immediately 
adjacent to the exterior surface of said large conduit as 
said ?rst ?uid travels between said ?uid inlet and said 
?uid outlet therefor. 

2. Heat exchanger apparatus comprising an elongated 
shell having an axis and a sidewall, a plurality of circular 
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cross-sectional tubes transversely disposed within said 
shell across the interior thereof between said axis and 
said sidewall for passing tube ?uid through said apparatus 
generally countercurrent to shell ?uid at a desired volu 
metric rate, a single conduit of circular cross-section dis 
posedwithin said shell coextensive with said plurality 
of tubes, said conduit having a minimum circular cross 
sectional area equal to: 

large 

where damn is the diameter of each of said multiplicity of 
tubes, dmge is the diameter of said large conduit and 
Asman is the total cross-sectional area of said multiplicity 
of tubes to return said tube ?uid through said apparatus at 
said rate in a return pass cocurrent to said shell ?uid there 
by to maximize thermal e?iciency of said apparatus by de 
creasing relative heat transfer of said tube ?uid and said 
shell ?uid in said cocurrent ?ow direction and increasing 
heat transfer in said countercurrent ?ow direction, means 
for introducing said tube ?uid into said tubes, means for 
directing said tube ?uid from said tubes through said 
conduit, means for withdrawing said tube ?uid from said 
conduit, and means for passing said shell ?uid in a sinusoi 
dal path through said apparatus countercurrent to said 
tube fluid in said tubes and cocurrent to said tube ?uid in 
said conduit, said shell ?uid forming a moving column of 
?uid in the region immediately adjacent'to the exterior 
surface of said single conduit as said shell ?uid passes 
through said apparatus. 

3. Heat exchanger apparatus comprising an elongated 
shell, a single large conduit of circular cross-section longi 
tudinally disposed within said shell for passing tube ?uid 
through said apparatus generally cocurrent with shell 
?uid at a desired volumetric rate, a plurality of tubes 
longitudinally transversely disposed within said shell in 
radially spaced locations across the entire interior of said 
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shell, said plurality of tubes having a total cross-sectional 
area equal to: ' ‘ 

A1932“ 

l\/dsmall dlarge 
where Amge is the cross-sectional area of said single large 
conduit, dsman is the diameter of each of said multiplicity 
of tubes and dmge is the diameter of said large conduit 
to return said tube ?uid through said apparatus at said rate 
in a return pass countercurrent to said shell ?uid thereby 
decreasing relative heat transfer of said tube ?uid and 
said shell ?uid in said cocurrent ?ow direction and in 
creasing heat transfer in said countercurrent ?ow direc 
tion to maximize thermal e?iciency of said apparatus, 
means for introducing said tube ?uid into said conduit, 
means for directing said tube ?uid from said conduit 
through said tubes, means for withdrawing said tube ?uid 
from said tubes, and means for passing said shell ?uid 
in a sinusoidal path through said apparatus countercur 
rent to said tube ?uid in said tubes and cocurrent to said 
tube ?uid in said conduit. 
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