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This invention relates to heat exchangers, and 
more particularly to a shell and tube type having 
a stainless steel shell and impervious graphite 
tubes which are chemically resistant to practical 
ly all corrosive ?uids, resistant to severe thermal 
shock, and have high heat transfer rates. 
The shell and the tubes therein are cylindrical 

and have parallel axes. When speaking of shell 
and tube interchangers, in all cases pitch is de 
?ned as the geometric relation, arrangement or 
location of the tubes. Square pitch is de?ned as 
the arrangement of the tubes with their centers 
at the corners of squares. Triangular pitch is 
de?ned as the arrangement of the tubes with 
their centers at the apices of equilateral trian 
gles. Ligament is de?ned as the distance between 
the outside peripheries of the tubes ‘measured 
along a lone joining their centers. The conven 
tional arrangement of the tubes is either on a 
regular equilateral triangular, or on a square 
pitch. These arrangements require a relatively 
large shell to enclose a given number of tubes 
for a given ligament or spacing between the out 
side diameter of the tubes. 
The main object of the present invention is to 

provide an advantageous speci?c arrangement of 
tubes which will permit the use of a smaller, but 
not necessarily minimum, size of shell for a given 
number of tubes and a given ligament. 

According to the present invention the tubes 
are partly on a square pitch and partly on a tri 
angular pitch, preferably half and half. These 
tubes are also preferably arranged in rings in 
concentric relation, those of the inner ring being 
on a square pitch, those of an intermediate ring 
arranged in equally spaced pairs equally spaced 
apart in their ring, the chords connecting said 
pairs forming the bases of equilateral triangles, 
the apices of said triangles being for-med by tubes 
in another of said concentric rings, and those of 
the outer ring being arranged in pairs equally 
spaced apart and alternating with singles which 
form the apices of triangles having their bases 
in the intermediate ring. The intermediate ring 
has double, and the outer ring triple, the number 
of tubes of the inner ring. The tubes are ar 
ranged symmetrically in quadrants, in each of 
which quardants a tube center of the inner ring 
forms with the two tube centers of the inter 
mediate ring the apices of an equilateral triangle. 
and the tube centers of the outer ring subtend 
right angles having vertices at the tube centers 
of the intermediate ring, and the two farthest 
apart tube centers in the outer ring in the quad 
rant subtend a right angle having its vertex at 
the said tube center of the inner ring. 
In the drawings: 
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2 
Fig. 1 is a vertical cross section through a 

heat exchanger having tubes arranged according 
to the present invention; and 

Fig. 2 is an enlarged diagram of one quadrant 
A--A of Fig. 1 showing the geometrical arrange 
ment and angular disposition of the tubes. 
The heat exchanger comprises a stainless steel 

shell S which encloses the group of impervious 
graphite tubes indicated generally at ‘T. The 
shell s has headers H at each end having aper 
tures receiving the respective tubes, so that the 
headers and tubes contain one of the ?uids to 
be treated. The headers are secured to each 
other by stay bolts or tie rods R. The other ?uid 
is contained in the space inside the shell and 
outside of the tubes, which communicates 
through apertures E with a manifold M having 
an inlet or outlet connection C. 
The grouping of the tubes T is best shown in 

Fig. 2. The tubes l0, l4 and it have their axes 
located at the apices of an equilateral triangle. 
The tubes l4, I5 and [6 are located at the apices 
of another equilateral triangle. Thus the four 
tubes H], l4, l5 and is are all on a triangular 
pitch. The tubes Ill and I2 have their axes in a 
line parallel to a vertical diameter, and the tubes 
In and I1 have their axes in a line parallel to 
a horizontal diameter. Also the grouping is sym 
metrical about both diameters. Hence the tubes 
I0, i2 and I‘! are on a square pitch. 
With respect to the line determined by the 

tubes l0 and I2, the tubes M are located at an 
angle of 15° to this line. Thus the tubes In and. 
I2 form a row, in which each tube is at an angle 
of 15° from an adjacent tube I 4 farther from 
the diameter. 

It will be noted that the four tubes it! deter 
mine an inner ring G, the eight tubes M and I5 
determine an intermediate ring J, and the twelve 
tubes l2, l5 and I‘! determine an outer ring K. 
Thus the intermediate ring has double, and the 
outer ring triple, the number of tubes within the 
inner ring. The tubes It] of the inner ring are 
on a square pitch, and the tubes Hi and it of the 
intermediate ring are on a triangular pitch. As 
to the outer ring, the tubes Ii! of adjacent quad 
rants form a pair, and the tubes H of adjacent 
quadrants form another pair, both pairs being 
on a square pitch. In this outer ring, the pairs 
I2, l2 and l1, I‘! on a square pitch alternate with 
singles l5 on a triangular pitch. 
In the inner ring, the tubes It! are 90° apart. 

In the intermediate ring, the tubes [4 and I6 are 
60° apart, in the sense that the arc of the ring 
J between the centers of these tubes i4 and I5 
subtends an angle of 60° having its vertex at the 
center of tube Ill. Similarly the centers of the 
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tubes l4 and I6 determine an angle of 60° having 
its vertex at the center of tube l5. In the outer 
ring, the tubes l2 and [5 are 90° apart, as are the 
tubes I5 and IT, in the sense that the arc of ring 
K between the centers of tubes I2 and I5 sub 
tends an angle of 90° having its vertex at the cen 
ter of tube I4, and the arc of ring K between the 
centers of tubes [5 and l‘! subtends an angle of 
90°‘having its vertex at the center of tube Hi. 
In the speci?c embodiment shown for example, 

there are twenty-four impervious graphite tubes 
all of one and one-quarter inch outside diameter, 
and seven eights of an inch inside diameter. The 
ligaments or spacing between tubes is three eights 
of an inch from one outside tube periphery to 
the next measured along a line joining their cen 
ters. The inside radius B of the shell is ?ve inch 
es, while all of the tubes lie within a circle of 
a radius D of 4.66 inches. This tube circle radius 
D for a rectangular pitch would be 4.875 inches, 
while for a triangular pitch it would be 4.687 
inches. 

I claim: 
1. Ina heat exchanger, a shell and tubes ar 

ranged within said shell in axially parallel rel-a 
tion and in spaced relation to each other and to 
the shell, said tubes being arranged with their 
centers in rings in concentric relation, the tube 
centers of one of said rings being arranged in 
equally spaced pairs equally spaced apart in their 
ring and the hypothetical chords between the 
tube centers of said pairs forming the bases of 
equilateral triangles, the apices of said triangles 
being formed by tube centers in another of said 
concentric rings. 

2. In a heat exchanger, a shell and tubes ar 
ranged within said shell in axially parallel rela 
tion and in spaced relation to each other and to 
the shell, the centers of said tubes being ar 
ranged in rings in concentric relation, the tube 
centers of a smaller of said rings forming the 

_ apices of respective equilateral triangles, and the 
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tube centers of a larger of said rings being ar- ~ I 
ranged in equally spaced pairs equally spaced 
apart and the hypothetical chords between the 
tube centers of said pairs forming the bases of 
said triangles. 

3. In a heat exchanger, a shell and tubes ar 
ranged with-in the shell in axially parallel rela 
tion and in spaced relation to each other and to 
the shell, the centers of said tubes being arranged 
in rings in concentric relation, the tube centers 
of an intermediate ring being arranged in equally 
spaced pairs equally spaced apart in their ring, 
the hypothetical chords between the tube centers 
of said pairs forming the bases of respective equi 
lateral triangles, the apices of which triangles 
are at the centers of single tubes which alternate 
with equally spaced pairs of tube centers in an 
outer ring. 

4. In a heat exchanger, a shell and tubes ar 
ranged within said shell in axially parallel rela~ 
tion and in spaced relation to each other and 
to the shell, the centers of said tubes being ar 
ranged in rings in concentric relation, the tube 
centers of the intermediate ring being arranged 
in equally spaced pairs equally spaced apart in 
their ring and the hypothetical chord between 
the tube centers of said pairs forming the bases 
of equilateral triangles, certain of said triangles 
being within said "intermediate ring and having 
their apices at centers of the tubes of the inner 
ring, others of said triangles extending outside 
of said intermediate ring and having their apices 
at ‘the centers of tubes the outer ring. 

4 
5. In a heat exchanger, a shell and tubes ar 

ranged within the shell in axially parallel rela 
tion and in spaced relation to each other and to 
the shell, the centers of said tubes being arranged 
in rings in concentric relation and in symmetrical 
quadrants, in each of which quadrants a central 
tube center in the outer ring forms with the tube 
centers on each side thereof equally spaced ad 
jacent pairs which subtend right angles having 
their vertices'at respective tube centers in the 
intermediate ring, and said tube centers on each 
side thereof in said outer ring subtend a right 
angle having its vertex at a tube center in the 
inner ring in said quadrant. 

6. In a heat exchanger, a shell and tubes ar 
ranged within the shell in axially parallel rela 
tion and in spaced relation to each other and to 
the shell, the centers of said tubes being arranged 
in rings in concentric relation, the tube centers 
of an intermediate ring being arranged in equally 
spaced pairs equally spaced apart in their ring 
and the hypothetical chord between the tube 
centers of said pairs forming bases of respective 
equilateral triangles the apices of which are 
formed by tube centers in the outer ring which 
together with the tube centers on each side there: 
of in their ring form adjacent equally spaced 
pairs which each subtend a right angle having its 
vertex at a tube center of said intermediate ring. 

7. In a heat‘ exchanger, a shell and tubes ar 
ranged within the shell in axially parallel rela 
tion and in spaced relation to each other and to 
the shell, the centers of said tubes being arranged 
in rings in concentric relation and in symmetrical 
quadrants, in each of which quadrants a tube 
center or the inner ring forms with two tube cen 
ters of the intermediate ring the apices of an 
equilateral triangle, and the tube centers of the 
outer ring subtend right angles having vertices 
at the tube centers of the intermediate ring, and 
the two farthest apart tube centers in the outer 
ring in the quadrant subtend a right angle hav 
ing its vertex at the said tube center of the inner 
ring. 

8. In a heat exchanger, a shell and tubes ar 
ranged within the shell in axially parallel rela 
tion and in spaced relation to each other and to 
the shell, the centers of said tubes being arranged 
in rings in concentric relation and in symmetrical 
quadrants, in each of which quadrants the hypo 
thetical chord between a pair of tube centers of 
the intermediate ring form the common base for 
two equilateral triangles, one of which lies With 
in said intermediate ring and has its apex at the 
tube center of the inner ring within its quadrant 
and the other of. which triangles extends outside 
of said intermediate ring and has its apex at a 
tube center in said outer ring, said outer ring 

' tube center and the tube centers on each side 
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thereof in said outer ring forming pairs which 
subtend right angles having their vertices at said 
tube centers of the intermediate ring, and said 
tube centers on each. side thereof in said outer 
ring subtending a right angle having its vertex 
at said tube center of the inner ring within said 
quadrant. 

WILLIAM M. GAYLORD, JR. 
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