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[571 ABSTRACT

A steam injection system including a steam deflector
connectable into a tubing string which steam deflector
provides for selectively passing steam through the tub-
ing string to the bottom thereof or diverting steam from
inside the tubing string out into the wall liner-tubing
annulus and in a direction concentric with and substan-
tially parallel to the longitudinal axis of the tubing string
and above the bottom end thereof utilizing a sliding-
sleeve arrangement and packer cup means packing off
the well liner-tubing annulus both above and below the
steam deflector.

2 Claims, 11 Drawing Figures
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STEAM INJECTION SYSTEM FOR USE IN A
WELL

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is related to U.S. application Ser.
No. 714,941, filed Aug. 16, 1976, by S. O. Hutchison
now abandoned and to U.S. application Ser. No.
783,135, filed Mar. 31, 1977 by S. O. Hutchison and G.
W. Anderson.

FIELD OF THE INVENTION

The present invention relates to a steam injection
system which includes a steam deflector connectable
into a tubing string located in a well, and packer cups
for packing off the tubing-well liner annulus both above
and below the steam deflector. The steam deflector is
adapted to selectively pass steam through the tubing
string or to divert steam from the interior of the tubing
string above the bottom thereof into the well liner-tub-
ing annulus in a direction concentric with and substan-
tially parallel to the longitudinal axis of the tubing string
and the packer cups are adapted to pack off the well
liner-tubing annulus both above and below the steam
deflector.

BACKGROUND OF THE INVENTION

Steam injection is a standard technique for improving
oil recovery from a well. It is often desirable to inject
steam into a well at a location other than the bottom of
the tubing. This is particularly true in thick formations.
Initially, the practice was to simply direct the steam into
a well liner-tubing annulus in the form of a jet at right
angles to the tubing string. This, however, caused dam-
age to the liner. Later steam deflectors were used to
deflect the steam into the well liner-tubing annulus in a
downward direction above the outside of the tubing.
However, uniform and certain placement of the steam
was not certain utilizing the prior art placement meth-
ods. The present invention provides a steam injection
system which overcomes these problems.

BRIEF DESCRIPTION OF THE INVENTION

The present invention provides a steam injection
system which includes a steam deflector connectable
into a tubing string for selectively passing steam down
the interior of the tubing string or for diverting the
steam from the interior of the tubing string out into the
well liner-tubing annulus in a direction concentric with
and substantially parallel to the longitudinal axis of the
tubing string and above the bottom thereof and at a
velocity which does not substantially exceed the veloc-
ity of the steam formerly flowing inside of the deflector
to prevent damage to the well liner and packer cup
means packing off the tubing-liner annulus both above
and below the steam deflector. A sliding sleeve and a
ball are used to close off the interior of the steam deflec-
tor and to open a concentric annulus to steam flow to
the outside of the steam deflector. The flow area of the
concentric annulus is at least as great as the flow area
through the interior of the deflector. A plurality of
steam deflectors having different size of balls may be
used to provide for a greater number of steam injection
intervals.
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PRINCIPAL OBJECT OF THE INVENTION

The principal objection of the present invention is to
provide a steam injection system for directing steam
either down the tubing string or out of the tubing string
in a direction concentric with and substantially parallel
to the longitudinal axis of the tubing string and at an
acceptable velocity into a packed-off portion of the well
liner-tubing annultus. Other objects and advantages of
the invention will be apparent from the following speci-
fication and drawings which are incorporated herein
and made a part of this specification.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an elevation view partially in section and
schematically illustrates apparatus assembled in accor-
dance with the present invention positioned in a well
adjacent a well liner.

FIG. 2 is a sectional view illustrating the preferred
steam deflector assembled in accordance with the pres-
ent invention in a position to inject steam through the
lower end of the tubing string;

FIG. 3 is a sectional view taken at line 3—3 of FIG.
2;

FIG. 4 is a sectional view of the preferred steam
deflector assembled in accordance with the present
invention in position to divert steam into the well liner-
tubing annulus;

FIG. 5 is a sectional view taken at line 5—S5 of FIG.
4

FIG. 6 is a sectional view taken at line 6—®6 of FIG.
4

FIG. 7 is a sectional view taken at line 7—7 of FIG.
4

FIG. 8 is a sectional view illustrating an embodiment
of apparatus assembled in accordance with the inven-
tion and useful in the tubing string above the FIG.
2_-FIG. 7 embodiment to provide for a second level of
steam injection, the apparatus being in position to direct
steam down the tubing string;

FIG. 9 is a sectional view taken at line 9—9 of FIG.
8

FIG. 10 is a sectional view of the FIG. 8 apparatus in
position to divert steam into the well liner-tubing annu-
lus; and

FIG. 11 is a sectional view taken at line 11—11 of
FIG. 10.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIG. 1 is an elevation view partially in section and
illustrates steam deflector apparatus generally indicated
by the numerals 20 and 21 connected on a tubing string
19 located in a well in accordance with the present
invention. Steam is flowed into the tubing string from a
steam generator (not shown) connected thereto. The
steam deflector apparatus 20,21 are shown between sets
of packer cup assemblies 22-23 and 24-25 respectively.
The preferred form of packer cups useful in accordance
with the present invention are described and claimed in
copending application U.S. Ser. No. 714,941, filed Aug.
16, 1976. The disclosure of said application is hereby
incorporated by reference herein.

The preferred packer cup such as indicated by the
numeral 24 for example comprises a mandrel section
connectable into a tubing string 19. A sealing element 17
is provided with a central opening in snug engagement
over the mandrel section. The sealing element includes
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