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The present invention concerns a new form of heat ex 
changer having a tube bundle with its axis substantially 
horizontal, contained in an outer shell whose purpose is 
to ensure the warming up and vaporization of a liquid 
of a gas-liquid mixture flowing around the tubes of the 
bundle, in counter-current to at least one gas circulating 
in the tubes undergoing cooling and condensation. 
A heat exchanger, allowing the warming up and va 

porization of a gas-liquid mixture by indirect exchange 
with a gaseous mixture undergoing condensation, has al 
ready been proposed in U.S. Patent No. 2,900,799. In 
this exchanger the liquid to be warmed up and vaporized 
is introduced from above into the tubes of a tubular bun 
dle, and flows down the inside of these tubes by gravity, 
the vapour produced going up axially of the tubes in 
counter-current to the liquid undergoing vaporization. 
Such an arrangement is not however possible when it 

is required that the liquid formed by the partial conden 
sation of the gas, on one hand, and the gas formed by 
the partial vaporization of the liquid, on the other, be 
removed with the residual gas and liquid respectively. In 
these conditions it is not possible to ensure the counter 
fow of the two fluids. 

Further, it is desirable in the frequent cases where the 
pressure of the fluid which is exchanging heat with the 
gas-liquid mixture undergoing vaporization and warming 
up is relatively high, to pass this fluid through the inte 
rior of the tubes of the bundle in order to benefit from 
the better pressure resistance of these latter; the mixture 
to be warmed up and vaporized then passes around the 
tubes of the bundle. But hitherto no device has been known 
which would satisfactorily ensure an intimate contact be 
tween the gas and liquid phases throughout the vapori 
Zation of this latter. 
The present invention allows these difficulties to be 

overcome and ensures very efficient heat exchange be 
tween the gas to be cooled and condensed and the liquid 
to be warmed up and vaporized by means of a simple, 
easily constructed, low-cost device for the flow of this 
liquid. 
According to this invention the heat exchanger is char 

acterized in that it is constituted by an assembly in series 
of at least two elements each comprising: 

(a) An internal envelope arranged around the tubular 
bundle, having in its lower section means of inlet of the 
mixture into the interior space of the envelope and in its 
upper section means of outlet of this mixture; 

(b) Sloping gutters arranged between the outer shell 
and the inner envelope, of negative slope in the direction 
of the flow of the mixture, dividing the element into an 
inlet Zone connected only to the means of inlet in to the 
interior of the inner envelope, and an outlet zone con 
nected only to the means of outlet from this envelope; 

(c) A vertical partition separating the element from 
the following one, and fitted with openings connecting the 
outlet Zone of one element with the inlet Zone of the 
following element. 
A heat exchanger according to the principle of the 

invention is described below by way of example and with 
reference to the attached drawing; it allows in particular 
re-vaporization after separation of hydrocarbon fractions 
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2 
condensed during the liquefaction of natural gas by the 
process which is disclosed and claimed in U.S. patent ap 
plication Ser. No. 196,986 of May 23, 1962, now Pat 
ent No. 3,218,816, assigned to the same assignee as the 
as the present application. 

FIG. 1 in the drawing shows an element of the heat 
eXchanger in perspective, with the shell partly cut away. 

FIG. 2 shows a cross section of the element in FIG. 1 
in the plane XY perpendicular to the axis of the ex 
changer. 

FIG. 3 shows a section along an axial plane of a heat 
eXchanger comprising four elements such as that of FIG. 
1 with the tubes omitted. 
The heat exchanger element of FIGS. 1 & 2 has an 

internal bundle of tubes 2 and an inner prismatic enve 
lope 3 comprising two symmetrical half shells each con 
sisting of an upper inclined sheet 4, a vertical lateral 
sheet 5, and an inclined lower sheet 6. Between these 
two half sheets is a longitudinal opening 10 for the in 
let of the gas and liquid mixture around the tubular 
bundle and another opening 11, for the outlet of this 
mixture, as indicated by the arrows. In addition sloping 
gutters 8 constituted by inclined sheets 7 welded to the 
external casing 1 and to the vertical lateral sheets 5 of 
the inner envelope, and vertical sheets 12 welded to the 
outer casing 1 along its generators, divide the element 
into an inlet Zone connected only to the openings 10, for 
the inlet of the mixture into the interior of the inner en 
velope, and an outlet Zone connected only to the open 
ings 11 for the outlet of this mixture. The element is sep 
arated from the following one by a partition 9 fitted with 
openings 13 allowing access of the mixture from the out 
let of one element to inlet of the following element. 
The flow of the mixture of gas and liquid in the ele 

ment is clearly indicated by the arrows. The mixture pene 
trated through the lower openings () into the interior of 
the inner envelope, rises inside this around the tubes of 
the bundle, then over flows by the opening 11 and runs 
down the gutters 8 by gravity. It then passes through the 
openings 13 in the partition 9 into the bottom of the 
following element. 
The heat exchanger 15 represented in FIG. 3 is con 

stituted by four elements 16, 17, 18 and 19 analogous to 
that in FIGS. 1 and 2, separated by partitions 20, 21 and 
22. The gas to be condensed under pressure enters the 
exchanger by the neck 23; it then passes into the tubular 
bundle fixed between the circular plates 27 and 28, and 
then leaves by the neck 25. 
The mixture of vapour and liquid to be warmed up 

and vaporized comes into the first element 16 of the ex 
changer by the neck 29, flows successively through the 
four elements as indicated above, directed in particular 
by the sloping gutters 7, and then leaves by the neck 30. 
The tubular bundle may be fitted with baffles 31 in a 
known manner. 

It will be understood that the structure of the heat ex 
changer which has just been disclosed may be modified 
to a certain extent without departing from the invention. 
In particular the cross section of the inner envelope may 
be a polygon of any form, provided that it is symmetri 
cal with respect to a vertical axial plane; it may also be 
cylindrical. The means for the inlet and outlet of the 
gas and liquid mixture may be constituted by a series of 
openings of any shape, and not only by a single longitudi 
nal opening. Similarly, several lateral gutters may be fitted 
per element on each side of the inner envelope instead 
of a single one. 
What we claim is: 
1. A heat eXchanger comprising an outer shell, longi 

tudinally spaced partitions therein defining a series of 
heat exchange stages each comprising an outer shell, an 
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inner shell supported within the outer shell and spaced 
therefrom, a bundle of tubes mounted within the inner 
shell, said inner shell forming spaced inlet and outlet 
zones parallel to said bundle of tubes communicating 
the space between the shells with the inner shell, and 
conduit means communicating the outlet Zone of one 
stage through the intervening partition to the inlet Zone 
of the adjacent stage, wherein the conduit means com 
prises a sloping gutter secured between the shells. 

2. A heat exchanger comprising an outer shell, longi 
tudinally spaced partitions therein defining a series of heat 
exchange stages each comprising an outer shell, a bundle 
of tubes mounted in the shell, a pair of spaced walls 
mounted in the shell between the shell and tubes, the 
edges of the walls being spaced from each other to de 
fine inlet and outlet zones, and a sloping gutter secured 
between each wall and shell communicating the outlet 
zone of one stage through the intervening partition to the 
inlet Zone of the adjacent stage. 
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3. The heat exchanger according to claim 2 wherein 20 
said bundle of tubes is within said spaced walls. 

4. A heat exchanger comprising a longitudinally ex 
tending hollow housing, first and second end walls at 
each end of said housing, a box extending between said 
end walls, said box having spaced side walls, a pair of 
liquid separating walls extending from said first end wall 
adjacent the top of said box to said second end wall ad 

4. 
jacent the bottom of said box to form liquid compart 
ments below said liquid separating walls and liquid com 
partments above said walls, said liquid separating walls 
extending outwardly from said spaced side walls, said 
liquid compartments being in flow communication with 
the interior of said box along the length thereof, said first 
end wall having an opening therein below said liquid sep 
arating walls on either outward side of said box side 
walls, said second end wall having openings therein above 
said liquid separating walls on either outward side of said 
box side walls, said second end wall openings extending 
upward to a point below the top edge of said box side 
walls. 
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