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3 (Claims. 

My invention relates to heat exchanger ap 
paratus, more particularly to a heat exchanger in 
which a smaller terminal temperature difference 
between the two fluids is desired at one end of 
the flow path than at the other, and it also 
relates particularly to such apparatus having a 
floating head and a single baffle dividing the 
Shell into two passes. 
An object of my invention is to provide im 

proved apparatus of the character set forth. 
A further object is to provide Smaller terminal 

temperature difference at one end of the flow 
path than at the other. 
In accordance with my invention, I provide . 

a shell, a tube bundle having a floating head, 
and a baffle dividing the shell into two passes. 
The baffle is disposed off center, toward the 
terminal at which minimum temperature differ 
ence is desired, providing a shell pass of greater 
cross section and a shell pass of lesser cross sec 
tion. The tubes are divided into a plurality of . 
tube passes, there being a greater number of tube 
passes extending through the shell pass of greater 
CrOSS Section. 
The above and other objects are effected by 

my invention as Will be apparent from the foll 
lowing description and claims, taken in con 
nection with the accompanying drawing, forming 
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a part of my application, in which: 
Fig. 1 is a vertical longitudinal Sectional view 

of one embodiment of my invention; 
Fig. 2 is a similar view of a second embodiment; 

and 
Figs. 3, 4 and 5 are cross-sectional views taken 

on the section lines of Fig. 2 designated by the 
corresponding roman numerals. 

Referring to the drawing in detail, I show in 
Fig. 1 a heat exchanger comprising a shell 0, 
a stationary head , a tube sheet 2 adjacent 
the head , a floating tube sheet 3 at the oppo 
site end of the heat exchanger, tubes 4 extending 
between the tube sheets 2 and 3, a floating head 
5 secured to the tube sheet 3, and a closure 
member 6 for the end of the shell O adjacent 
the head 5. The tubes 4 are divided into a 
plurality of tube passes designated 7, 8, 9 and 
20 respectively. The head is formed with an 
inlet 2, an outlet 22, and horizontal partitions 
23 and 24. The head 5 is formed with a hori 
zontal partition 25. 
The shell f is formed with an inlet 26 and an 

outlet 27 adjacent the stationary head . A 
longitudinally extending baffle 28, disposed be 
tween the inlet 26 and the outlet 27, is provided 
to divide the shell into two shell passes 29 and 

(C. 257-239) 
30, extending longitudinally or parallel to the 
tubes 4 and communicating with Said inlet and 
said outlet, respectively. Preferably, and as 
shown, the baffle 28 is in the form of a flat hori 
Zontal plate. The baffle 28 is disposed off center, 5 
in this case toward the outlet 27, thereby provid 
ing a first shell pass 29 with greater cross sec 
tional area than the second shell pass 30. The 
shell pass 29 may have, for example, a cross 
sectional area three times that of the shell pass 
30. The baffle is formed with a slot 3f, adjacent 
the floating head 5, to connect the shell passes 
29 and 30. Baffles 32, extending transversely of 
the tubes, may be provided in each shell pass, 
to cause the fluid admitted through the inlet 
26 to pass back and forth across the tubes as 
indicated by the arrows on the drawing. In the 
embodiment of Fig. 1, the baffle 28 is removable 
with the tube bundle, being preferably secured to 
the tube sheet 2. 

In order to illustrate the utility of the present 
invention, I shall give an example of one applica 
tion to which it is particularly suitable. The heat 
exchanger may be used to cool and partially con 
dense hydrocarbon vapor which is admitted 25 
through the inlet 26 at a temperature of 200 
F., for example, and cooled to a temperature of 
90° F. Cooling water enters the inlet 2 at a. 
temperature of 80° F. and leaves the outlet 22 
at a temperature of 120° F. In this case, it is 
not necessary to obtain a close temperature differ 
ence between the cooling Water discharged. 
through the outlet 22 and the vapor entering 
through the inlet 26. However, it is desired to 
obtain as low an outlet temperature of the hydro 
carbon fluid as is possible, in order to condense 
the greatest possible amount of that portion of 
the hydrocarbon fluid known as the lighter ends, 
which means that as low a temperature differ 
ence as possible should be obtained between the 
inlet 2 and the outlet 27. - 
The operation of the above described appa 

ratus is as follows: the fiuid to be cooled, Such aS 
hydrocarbon vapor, enters through the inlet 26 
and flows to the right through the shell pass 29. 
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. It then flows through the slot 3 f in the baffle 28 to 
the second shell pass 30, through which it flows to 
the left to the outlet 27. Cooling water enters the 
inlet 2 and flows to the right through the tube 
pass 17, opposite to the direction of flow of the 
hydrocarbon vapor through the shell pass 30, 
wherefore the tube pass 7 is designated a coun 
terflow pass, and then through the shell passes 8, 
19 and 20 successively, to the outlet 22. The flow 
through the tube passes 8 and 20 is counterflow 55 

50 
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or opposite to the flow of the vapor through the 
shell pass 29, while the flow through the tube 
pass 9 is parallel flow or in the same direction of 
flow. 
In the present case, ample cooling water is 

provided to effect the desired cooling without a 
great increase in temperature of the cooling wa 
ter, hence, in the shell pass 29 there is ample 
temperature difference to effect cooling and par 
tial condensation of the hydrocarbon vapor. 
Inasmuch as approximately three-fourths of 

the tubes are in the shell pass 29, and the mean 
temperature difference therein is greater, by far 
the greater percentage of the total heat, load is 
transferred there. With the assumed conditions, 
approximately 90% of the heat, a portion of 
which is heat of vaporization of the hydrocarbon 
vapor, will have been transferred when the hy 
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drocarbon fluid passes from the shell pass 29 to 
the shell pass 30 with a resulting temperature of 
115 F. at this point. The difference between 
this temperature and that of the cooling water is 
now materially decreased. In accordance with 
my invention, I convey this hydrocarbon fiuid 
through the shell pass 30 in which there is a single 
tube pass 7 through which the cooling water 
flows in the direction opposite to the hydrocarbon 
fluid. As the hydrocarbon fluid flows to the left 
through the shell pass 30 it is in contact with 
Successively cooler water, until, adjacent the out 
let 27, it is in heat exchange relation with the 
coolest Water being admitted to the heat ex 
changer. Hence, the coldest possible temperature 
of the hydrocarbon fluid is obtained. The ma-. 
jor portion of the hydrocarbon fluid is condensed 
When it passes through the outlet 27. 
An analysis, taking the assumed conditions of 

the above example, shows that the construction 
shown in Fig. 1, with the baffle located off center, 
produces an average of the effective mean tem 
perature differences in the two shell passes which 
is 30% greater than that obtained when the 
baffle is centrally located as in previous construg 
tions. 
In Figs, 2 to 5, I show an embodiment of my in 

vention which is applicable, for example, when a 
baffle is welded to the shell and 6 or more tube 
passes are desired. The heat exchanger includes 
a shell 40, a stationary head 4 and a stationary 
tube sheet 42 at one end of the shell, and tubes 
43 secured at one end to the tube sheet 42. The 
shell 40 is formed with an inlet 38 and an outlet 
39, adjacent the stationary head. A baffle 44 is 
Welded to the shell 40, dividing the shell into two 
passes 45 and 46, communicating with the inlet 
38 and the outlet 39, respectively. The baffle 44 is 
disposed off-center toward the outlet 39, so as to 
provide a shell pass 45 of greater cross-sectional 
area than the shell pass 46, for example, the shell 
paSS 45 may be twice the cross-sectional area of 
the shell pass 46. 
Due to the fact that the baffie 44 is welded in, it 

is necessary to provide a split floating head and 
floating tube sheet. Accordingly, I show a float 
ing tube sheet portion 47 and a floating head por 
tion 48 which are formed to pass through the 
upper shell pass 45, and a floating tube sheet por 
tion 49 and a floating head portion 50 formed to 
be passed through the lower shell pass 46. 
The baffle 44 is formed with a slot 5 to pro 

vide communication between the shell passes 45 
and 46 adjacent the floating head. Baffles 52 may 
be provided in each shell to cause the fluid pass 
ing through the shell passes to pass back and 

as Small. 
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forth across the tube surfaces, as indicated by the 
arrows on the drawing. - 
Due to the floating head construction, it is 

necessary to have an even number of tube passes 
in each shell pass. Accordingly, I provide two 5 
tube passes 53 and 54 which extend through the 
shell pass 46, and tube passes 55, 56, 57 and 58, 
Which extend through the shell pass 45. The 
stationary head 4 is formed with an inlet 59, 
an outlet 60, and partitions forming a chamber 6 
for admitting cooling water from the inlet 59 to 
the tube pass 53, a chamber 62 for admitting 

0 

cooling Water from the tube pass 54 to the tube 
pass 55, a chamber 63 providing communication 
between the tube passes 56 and 57, and a cham 
ber 64 for conveying the cooling water from the 
tubes 58 to the outlet 60. The floating head por 
tion 50 comprises a single chamber for directing 
the flow of cooling Water from the tube pass 53 
to the tube pass 54. The floating head portion 20 
48 is divided by a horizontal partition into a 
chamber 65 which directs the flow of cooling wa 
ter from the tube pass 55 to the tube pass 56 and 
a chamber 66 which directs the cooling water from 
the tube pass 5 to the tube pass 58. 
The operation of this embodiment is generally 

similar to that of the first embodiment. Hydro 
carbon vapor or other fluid to be cooled, or cooled 
and condensed, is admitted through the inlet 38 
at a relatively high temperature, passes to the 30 
right through the shell pass 45 and through the 
slot 5 to the shell pass 46, then to the left 
through the latter to the outlet 39. Cooling wa 
ter enters through the inlet 59, passes to the 
right through the tube pass 53 and then to the 85 
left through the tube pass 54. The cooling water 
then passes through the tube passes 55, 56, 57 
and 58, successively, in the shell pass 45. 
Due to the fact that the volume of the shell 

paSS 45 is twice as great as the volume of the 
shell pass 46, and due to the fact that there is a 
greater temperature difference in the shell paSS 
45, more than 2% of the temperature reduction 
of the fluid to be cooled will have been effected 
when the fluid enters the shell pass 46. The 
cooling water flowing through the tubes in the 
shell pass 46, on the other hand, having 
passed through but 4 of the tube passes 
when it leaves the tube pass 54, and having 
passed through that portion of its path in which 
there is the Smaller temperature difference be 
tween the two fluids, has acquired not more than 
As of its temperature rise and, when it leaves 
the tube pass 54, is still at a lower temperature 
than the hydrocarbon fluid. Consequently, it is 
able to effect a relatively low temperature of the 
fluid discharged through the outlet 39. 
From the above description, it will be seen that 

I have provided a neat exchanger which is par 
ticularly suitable for certain applications, name 
ly, where it is desired to obtain the lowest p0S 
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sible terminal temperature difference at one end 
of the fluid flow while the temperature difference 
at the other end of the fluid flow need not be 

It will be noted that I have provided 65 
a larger number of tube passes, some of which are 
counterflow and other parallel flow, in the larger 
shell pass in which a higher temperature differ 
ence may exist, and that I have provided a small 
er number of tube passes adjaccnt the terminals 
where a lower temperature difference is desired. 
While I have shown and described my inven 

tion in connection with a heat exchanger in 
which minimum terminal temperature difference 
is obtained at the cold end, it is also applicable 75 
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to a heat exchanger in which minimum terminal 
temperature difference is obtained at the hot end. 
In the latter case, the baffle is disposed nearer 
said hot end, to provide a smaller shell pass and 
a Smaller number of tube passes adjacent said 
end. It is also to be understood that my inven 
tion is applicable both to heat exchangers in 
which there is transfer only of Sensible heat and 
to heat exchangers in which there is transfer also 
of latent heat. 
While I have shown my invention in Several 

forms, it will be obvious to those skilled in the 
art that it is not so limited, but is Susceptible of 
various other changes and modifications, with 
out departing from the spirit thereof, and I de 
sire, therefore, that only such limitations shall be 
placed thereupon as are imposed by the prior art 
or as are specifically set forth in the appended 
claim.S. 
What I claim is: . 
1. A heat exchanger comprising a shell, a sta 

tionary head at one end thereof and a floating 
head at the other end thereof, tubes extending 
between said heads, said shell having an inlet 
and an outlet adjacent said stationary head, a 
baffle disposed in said shell between said inlet 
and outlet and dividing said shell into a larger 
shell pass on the inlet side and a smaller shell 
pass on the outlet side, and means for circulat 
ing fluid through the tubes, first in a single Coun 
terflow pass through the tubes in the smaller 
shell pass from the stationary head to the float 
ing head, and then through the tubes in the 
larger shell pass, the latter tubes being divided 
into a plurality of tube passes of which the num 
ber of counterflow passes is one greater than 
the number of parallel flow passes. 

2. A heat exchanger comprising a shell, a sta 
tionary head at one end thereof and a floating 

3. 
head at the other end thereof, tubes extending 
between said heads, said shell having an inlet 
and an outlet adjacent said stationary head, a 
baffle disposed in the shell between said inlet and 
said outlet and dividing said shell into two lon- 5 
gitudinally extending passes through which a 
first fluid flows successively externally of tubes 
therein, and means for circulating a second fluid 
first through tubes of One shell pass and then 
through tubes of the other shell pass, said tubes l0 
being arranged in the shell passes so that one 
shell pass contains a larger number of tube 
passes than the other shell pass and each shell 
pass has at least one counterflow tube pass and 
at least one of the shell passes has at least one lij 
parallel flow tube pass and one more counter 
flow than parallel flow tube passes. 

3. A heat exchanger comprising a shell, a sta 
tionary head at one end thereof and a floating 
head at the other end thereof, tubes extending 20 
between said heads, said shell having an inlet and 
an outlet adjacent said stationary head, a baffle. 
disposed in the shell between said inlet and said 
outlet and dividing said shell into two longitudi 
nally extending passes through which a first fluid 25 
flows successively, one of said shell passes being 
larger than the other, and means for circulating 
a second fluid first through tubes in one shell 
pass and then through tubes in the other shell 
pass, said tubes being arranged in passes with the 30 
number of tube passes in the larger shell pass 
greater than said tubes being arranged in passes 
with the number of tube passes in the Smaller 
shell pass, and each shell pass having at least 
one counterflow tube, pass and one of the shell 8 
passes having at least one parallel flow tube pass 
and one more counterflow tube pass than parallel 
flow tube passes. JoHN P. RATHBUN. 


