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li Claims.

“This invention relates to new and useful im-

provements in drilling apparatus. °

In the drilling of wells, it is the general prac-
tice to circulate a drilling fluid, such as mud,
5 downwardly through the drill stem or pipe and
then upwardly through the well casing for the
purpose of lubricating the rotating drill bit and
also to carry the cuttings to the surface. Since
the -diameter of the casing is greater than the
diameter of the drill stem, the velocity of the
circulating fluid drops when it flows from said
stem to said casing, with the result that a rela-
tively high pump pressure must be maintained
on the fluid entering the drill stem in order that
sufficient pressure for circulation is had when the
fluid flows into and enters the casing.

It has been found that by circulating the drill-
ing in a reverse direction, that.is, flowing the
same downwardly through the casing and up-
wardly through the drill stem or pipe, much less
pump pressure is necessary to maintain suffi-
cient velocity for proper circulation.” In employ-
ing reverse circulation, the fluid flows down-
wardly through the casing to the bottom of the
hole and then upwardly through ports in the
drill bit into the stem. With this method, the
fluid is not directed against. the cutting edges
of the bit, as is the case when conventional cir-
culation is employed, and this detracts from the
use of reverse circulation because the bit is not
properly lubricated, pariicularly when the bit is
rotating in soft or sticky formations. Further, in
using reverse circulation, the drill stem must be
packed off from the well casing at the upper end
thereof and the present pack-off devices, now
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in general use, are rather complicated and ex- -

pensive, which also discourages the use of a
circulation method other thau the conventional.
It is one object of the invention to provide
an improved apparatus whereby reverse eircula-
tion of the drilling fluid may be employed during
the drilling operation without the disadvantages
outlined above, and also without the other dis-
advantages which have heretofore been encoun-
tered by the use of such method of circulation.
An important object of the invention is to pro-
vide an improved apparatus which is arranged
so that the drilling fluid may be circulated
through the well in a direction reverse to the
conventional method, and which has means for
positively directing the fluid against the cutting
edges of the drill bit to properly lubricate and
clean said bit and also- to assure carrying the
removed cuttings to the surface,
85 Another object of the invention is to provide
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an apparatus for practicing the reverse circu-
lation of drilling fluild through the well bore
which includes an improved means of packing
off between the drill stem and casing, said means
being simple in construction and being substi- 5
tuted for the usual complicated swivel and pack-
off heads and devices now in general use.

A further object of the invention is to provide
an improved apparatus, of the character de-
scribed, having a sub or collar connected above 10
the drill bit for diverting the drilling fluid from
the well casing downwardly through the bit and
thence upwardly around the bit and to the drill
stem, whereby the action of the fiuid on the bit
is substantially the same as when the conven- 15
tional method of circulating the drilling fluid is
employed. :

Still another ghject of the invention is to pro-
vide an improved apparatus for permitting re-
verse circulation of drilling fluid which includes 20
a flexible sealing member arranged to seal off
between the well bore and drill stem above the
drill bit, whereby the fluid flowing downwardly
through the casing cannot pass to the outside
of the bit; said collar being adapted to be dis- 25
torted and held in sealing position by the ecircu-
lating drilling fluid and also being removably
mounted so as to be readily replaceable when
worn or for any other reason.

A construction designed to carry out the in- 30
vention will be hereinafter described,’ together -
with other features of the invention,

. The invention will be more readily understood
from a reading of the following specification and

by reference to the accompanying drawings, in 35
which an example of the invention is shown,
and wherein: ’ »

Figure 1 is a view, partly in section and partly
in elevation, of an apparatus, constructed in
accordance with the invention and showing the 4¢
same within a well bore, :

Figure 2 is an enlarged, horizontal,. cross-sec-
tional view, taken on the line 2-—2 of Figure 1,

Figure 3 is an enlarged, horizontal, cross-sec-
tional view, taken on the line 3—3 of Figure 1,

Figure 4 is an enlarged, transverse, vertical,
sectional view, taken on the line 4—4 of Figure 1,

Figure 5 is an enlarged, transverse, vertical,
sectional view, taken on the line §—5 of Figure 1,

Figure 6 is a view similar to Pigure 5, and taken 50
at substantially a right angle thereto, and

Figure 7 is a horizontal, cross-sectional view,
taken on the line T—1 of Figure 5.

In the drawings, the numeral 10 designates a
well bore through which the well casing Il ex- 55
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tends. The upper end of the well casing is ex-
ternally screw-threaded to receive a casing head
12 which is provided with a lateral port {3, A

suitable inlet pipe 14 is threaded into the port

13, whereby a drilling fluid may be conducted
into the bore of the well casing. The head 12
is provided with an external, annular flange 5
at its upper end and this flange is bolted to the
flange 16 of a suitable blowout preventer 17.
The blowout preventer {1 may be of any suitable
construction and, as shown, includes a body hav-
ing an axial bore 18 extending therethrough.
A pair of laterally directed openings or passages
19 are formed within the body of the blowout
preventer, as is clearly shown in Figure 3, and
these openings intersect the bore §8. A U-shaped
member 20 has its arms slidable within the pas-
sages 19 and when said member is moved in-
wardly the arms 21 of said member overlie a
portion of the bore. When the member 20 is
removed from the port, the bore (8 is unre-
stricted to permit the passage of tools, or other
elements therethrough.

An elongate cylinder 22, which is open at its
ends, has its upper end screw-threaded into the
lower end of the bore I8 of the blowout preventer
{1, whereby said cylinder is suspended axially
within the well casing f. The lower end of the
cylinder is flared outwardly, as shown at 23,
whereby tools which are pulled upwardly through
the cylinder are guided into the bore thereof by
the flared portion. A plurality of ports or open-
ings 24 are formed in this flared portion, where-
by an unrestricted flow of fluid, which is passing
downwardly through the well casing 1f, may
flow through said ports. .

The tubular drill pipe or stem 25 extends ax-
ially through the well casing and through the
well bore and has its upper end connected to
the lower end of a tubular mandre] 26, ss is
shown in Figure 4. The upper end of the man-
drel 26 is coupled to the lower end of an an-

. gular drive member or kelly 27, whereby said
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mandrel couples the kelly to the 'upper end of
the drill stem. A suitable annular packing sleeve
28 is mounted on. the mandrel and is constructed
of an elastic material, such as rubber, duprene,
or the like. The outer diameter of the packing
sleeve 28 is substantially equal to the diameter
of the bore of the cylinder 22, whereby the outer
surface of the packing sleeve frictionally engages
the wall of said bore. The packing sleeve is ar-
ranged to move downwardly through the cylin-
der 22, as the drilling operation progresses and,

manifestly, said sleeve will serve to pack off.

around the drill stem, whereby fluid within the
lower end of the cylinder and within the casing
cannot pass upwardly around the drifl stem. The
sleeve will, of course, serve to hold the pressure
and prevent it from leaking upwardly past the
drill stem and kelly. -

The lower end of the drill stem 25 is connect-
ed by a suitable coupling collar 28 with the up-
per end of a tubular mandrel or sub 30. As is
clearly shown in Figures 5 and 6, the sub is pro-
vided with an axial bore 3f which extends from
its upper end to a point just above its lower
end. A plurality of radia] ports or openings 32
extend from the lower end of the bore 31 to the
outer surface of the sub, whereby fluld may enter
the lower: end of the bore. .

An external, annuldr flange 33, which is pref-
erably made integral with the sub or mandrel
30, is formed thereon and is located intermedi-
ate the ends thereof. The undeérside of the

5,238,603

flange 33 is bevelled or inclined, as shown at $4.
An annular, elastic packing sleeve 38 surrounds
the sub or mandrel and has its lower end ta-
pered Inwardly so as to rotatably engage around

- the sub immediately below the shoulder 33. A

retaining thimble 36 surrounds the sub and has

5

its upper end overlying the lower end of the .

packing sleeve 35, whereby said packing sleeve
is rotatably confined on the sub between said
thimble and the shoulder 83. The thimble is
removably fastened to the sub by means of tap
screws 31 which are threaded into the exterior
surface of said sub. The upper end of the pack-
Ing sleeve 35 is bevelled or inclined inwardly as
shown at 3§’. By observing Figures 5 and 6,
it will be seen that the upper portion of the
bore of the sleeve 35 is of a larger diameter than

the external diameter of the sub or mandrel 30, .

whereby an annular space 38 is formed between
the sleeve and said hub.

The lower end of the sub 80 is threaded onto
the usual upwardly extending pin 39 of an ordi-

 nary drill bit 40, As Is clearly shown in Fig-

ure 1, the bit iIs provided with an axial bore 41,
which has ifs lower end communicating with
the usual inclined ports or fluid passages 42. The
upper end of the pin or the dril] bit 40 is spaced
from the underside of the transverse partition 30’,
which partition extends transversely across the
interior of the sub or mandrel and serves to close
the lower end of the bore 31.
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For establishing communication between the .

well bore or casing above the packing sleeve 3§
and the axial bore 41 of the drill bit, a plurality
of vertical passages 43 are formed In the sub or
mandrel 30 (Figure 6).
upper end inclined outwardly and communicates
with the annular space 38 which is formed be-
tween the mandrel and the packing sleeve 35.
The lower end of the passage extends downward-
ly through the partition 30’, whereby fluid from
the annular space 38 may flow downwardly and
to the axial bore 41 of the drill bit. '

In the operation of the device, the parts are
assembled as shown in Figure 1, with the lower

35

Each passage has its

40

packing sleeve 35 contacting the wall of the well

bore 10. The upper packer 28 is located within
the cylinder 22 and it is noted that said packer
remains within said cylinder at all times. The
kelly joint 27 has its upper end extending through
the usual rotary table (not shown), whereby
said joint is rotated. -As said joint rotates, the
packing sleeve 28 is rotated within the cylinder
22 and the drill pipe 25 is also rotated to im-
part a rotation to the drill bit 40, It is pointed
out that -the particular mounting of the lower
packing sleeve 35 is such that said sleeve con-
tacts the wall of the bore 10 frictionally and the
mandrel or sub 30 is rotatable therein. In other
words, the sleeve 35 is merely confined on the
sub and is capable of being held stationary, while
said sub is rotating therein.

The drilling fluid-is introduced into the upper
end of the well casing through the pipe 14 and
passes downwardly through said casing., T

This”
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drilling fluid flows through .the ports 24 in the

lower flared end of the cylinder 22 and then-

downwardly into the bore 10 above the lower -

packing sleeve 35. Manifestly, the fluid will en-
ter the annular space 38 formed between. the
sleeve 35 and the sub 30 and the pressure of this
fluid will tend to expand or distort the sieeve 35
into sealing engagement with the wall of the
bore 10.. The drilling fluid will then pass down-
wardly through the vertical passages 43 and will-
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ﬂow to the bore &1 of the drill bit 40. From the -

bore #f, the drilling fluid will pass outwardly
through the inclined port 42 and will be directed
against the cutting edges of the bit to properly
lubricate and wash said blades. The drilling fluid
will then pass upwardly through the well bore and

" will flow through the radidl ports 32 which are
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provided in the lower end of the sub. The drill-

ing fluid -cannot pass upwardly through the bore .

because of the lower packing sleeve 38 which is
in sealing engagement with the wall of said
bore. Upon entering the ports 32, the drilling
fluid will pass upwardly through the bore 31 of
the sub 30, then upwardly through the tubular
drill stem 28, through the tubular mandrel 28
of the upper packer 28 and finally upwardly

_ through the kelly joint 27 to the swivel (not

20

shown), which is located at the upper end of said
kelly joint. In this manner, the drilling fluid
is -circulated in & direction which is reverse to
the conventional manner, yet said fluid is directed

" against the cutting edges of the drill' bit blades
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- stem is lifted to the surface so that the packer -

45

. accumulations,

and acts to keep said edges clean and free from
) .Also, by directing the drilling
fluld against the blades in this manner at the bot-
tom of the hole, it is assured that the cuttings
which are removed by the rotating bit will be
carried to the surface through the drill stem.

As the drilling progresses, the upper packing
sleeve 28 moves downwardly through the elon-
gate cylinder 22 so as to hold the pressure and
prevent its escape upwardly around the drill stem
and kelly joint. At the same time, the lower
packing sleeve 35 moves downwardly through the
well bore 10 and, since this lower sleeve does not
rotate, it is not subjected to a great deal of
wear. .

After sufficient hole has been drilled to cause
the packer 28 to have moved downwardly to the
lower end of the cylinder. 22, it is necessary to
insert another section of the drill pipe 2% before
drilling is continued. In such event, the drill

28 is removed from the cylinder and also from
the bore 18 of the blowout preventer {71 above
said cylinder. The upper end of the drill pipe 25
is then disconnected from the lower end of the
mandrel 26 and-another section of drill pipe con-

- nected between these two parts. After this is
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done, the drill stem is again lowered so as to
lower the packing sleeve 28 into its cylinder 22.
The drilling operation is then continued. .

-In the event that an excessive pressure should
occur below the packing sleeve 28, said pressure
would tend to force the same upwardly through
its cylinder 22, with the resuit that the drill stem
might be blown from the well. In order to pre-
vent such blowout, the preventer {1 has been pro-
vided. Manifestly, with the U-shaped member
or yoke 20 retracted from its passages 19, the bore
18 of the blowout preventer is unrestricted and
the packing sleeve 28 may readily pass there-
through. However, if an excessive pressure oc-
curs and the kelly joint begins to move upwardly,
the operator need only move the member or
yoke 20.inwardly of the passages {9. Such move-
ment will cause the yoKe arms 21 to intersect the

‘'bore 18 of the blowout preventer and, as is clear-

ly shown in Figure 3, such position of the arms
will restrict the area of said bore. Therefore, as
the packing sleeve 28 is moved upwardly by the

excessive pressure, it will finally strike the arms .

2{ which are disposed within the bore 18 and fur-
ther upward movement of the drill stem will be
prevented. It is noted that the particular type

3

‘of blowout preventer forms no part ot the present

inyention and, so long as some means for pre-
venting excessive pressure lifting the drill stem

_ from the well is provided, the purpose of the in-

vention will be accomplished.

" The foregoing description of the invention is
explanatory thereof and various changes in the
size, shape and materials, as well as in the de-
talls of the illustrated construction, may be made,
within the scope of the appended claims, without
departing from the spirit of the invention.

What I claim and desire to secure by Letters
Patent is:

1. A drilling apparatus mcludlng, a rotatable

tubular drill stem, a drill bit having fluid pas-
sages therein secured to the lower end of said
stem, whereby when the stem is rotated the bit
performs the cutting operation, means for circu-

. lating a drilling fluld downwardly through the

well bore outside of the stem, means for con-
ducting the fluid from the bore to the fluid pas-
sages of the bit so as. to direct said fluid into
contact with the cutiing blades thereof, and
means for conducting the fluid upwardly through
the drill stem to complete the circulation cycle.

2. A drilling apparatus including, a rotatable
tubular drill stem, a drill bit having fluid pas-
sages therein secured to the lower end of said
stem, whereby when the stem is rotated the bit
performs the cutting operation, and a connect-
ing mandrel interposed between the bit and stem
and having an axial bore which has its upper
end communicating with the bore of the drill
stem and. its lower end communicating with
the well bore immediately above the bit, said
mandrel having vertical passages therein for
conducting fluid from above the mandrel down-
wardly to the passages of the bit, whereby drill-
ing fluid flowing downwardly through the well
bore is conducted through the vertical passages

" of said mandrel to the bit and flows therethrough

after which’ said fluid may pass upwardly through
the bore of the mandrel and stem.

3. A drilling apparatus including, a. rotatable
tubular drill stem, & drill bit having fluid pas-
sages therein secured to the lower end of said
stem, whereby when the stem is rotated the bit
performs the cutting operation, and a connecting
member interposed between the stem and drill
bit and having a fiuid inlet in its upper end
which communicates with the fluid passages of
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the bit and also having an outlet in its lower -

end which communicates with the drill stem, and
means for sealing off the annular space between
the drill stem and well bore, said sealing means
being disposed between the inlet and outlet of the
connecting member, whereby drilling fluid flow-
ing downwardly through the ‘well bore is con-
ducted through the inlet and bit and then up-
wardly through the outlet and drill stem.

4. A drilling apparatus including, a rotatable
tubular drill stem, a drill bit having fluid .pas-
sages therein secured to the lower end of said
stem, whereby when the stem is rotated the bit
performs the cutting operation, means surround-
ing the upper portion of the drill stem for pack-
ing off the annular space between said stem and
the well bore, means for circulating a drilling
fluid downwardly through the well bore outside
of the stem, means for conducting the fluid from
the bore to the fluid passages of the bit so as
to direct said fluid into contact with the cutting
blades thereof, and means for conducting the
fluid upwardly through the drill stem to com-
plete the circulation cycle.

60
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5 A drllling apparatus including, a rotatablé

' tubular drill stem, a drill bit having fluid pas-

sages therein secured to the lower end of said.

stem, whereby when the stem is rotated the bit

. performs the cutting operation, a connecting

member interposed between the stem and drill

" bit and having a fluld inlef in its upper end

which communicates with the fluid passages of

" the bit and also having an outlet in its lower
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end which communicates with the drill stem,

means for sealing off the’ annular space between
the drill stem and well bore, said sealing means
being disposed between the inlet and outlet of
the connecting member, means secured to the
upper end of the drill stem for packing off be-
tween said stem and the bore, and means for
circulating a drilling fluid downwardly through
the bore, whereby said fluid flows downwardly
through the inlet of the connecting member and
through the bit and then upwardly through the
outlet and the drill stem.

6. A .drilling apparatus including, a rotatable
tubular drill stem, a drill bit having fluid pas-
sages therein secured to the lower end of said
stem, whereby when the stem is rotated the bit
performs the cutting operation, a connecting
mandrel interposed between the bit and stem
and having an axial bore which has its upper
end communicating with the bore of the drill
stem and its lower end communicating with the
well bore immediately above the bit, said man-
drel having vertical passages therein for con-
ducting fluid from above the mandrel downward-
ly to the passages of the bit, and an elastic
packing sleeve surrounding the mandrel for
packing off the annular space between the man-
drel and well bore, whereby drilling fluid flowing
downwardly through the well bore is conducted
to the bit and flows therethrough after which
said fluid may pass upwardly through the man-
drel and stem.

7. A drilling apparatus including, a rotatable
tubular drill stem, a drill bit having fluid pas-
sages therein secured to the lower end of said
stem, whereby when the stem is rotated the bit
performs . the cutting operation, a connecting
member' interposed between the stem and drill
bit and having a fluid inlet in its upper end
which communicates with the fluid passages of
the bit and also having an.outlet in its lower
end which communicates with the drill stem,
and an annular elastic packing element actuated
by fluid pressure for sealing off the annular
space between the drill stem and well bore, said
sealing element being disposed between the-inlet
and outlet of the connecting member, whereby

drilling fluid flowing downwardly through the.
. well bore is conducted through the inlet and

bit and then upwardly through the outlet and
drill stem.

8. A drilling apparatus including, a rotatable
tubular drill stem, a drill bit having fluid pas-
sages therein secured to the lower end of said
stem, whereby when the stem is rotated .the bit
performs the cutting operation, a connecting
member interposed between the stem and drill
bit and having a fluid inlet in its upper end which
communicates with the fluid passages of the bit

and also having an outlet in its lower end which:

communicates with the drill stem, and an annu-
lar elastic packing -element actuated by fluid
pressure for sealing off the annular space be-
tween the drill stem and well bore, said sealing
element being disposed between the inlet and
outlet of the connectlnz member, means secured

9,288,602 - R

to the upper end of the drill stem for packinz
off between said stem and the bore, and ‘means
for circulating a drilling fluld downwardly
through the bore, whereby said fluid flows down-
wardly through the inlet of the connecting mem-

Dber ‘and through the bit and then upwardly
" through the outlet and the drill stem, - ‘

9, A drilling apparatus including, a rotatable
tubular drill stem, a drill bit having fluid pas-
sages therein secured to the lower end of said
stem, whereby when the stem is rotated the bit
performs the cutting operation, a connecting
member Interposed between the stem and drill

bit and having a fluid inlet in its upper end

which communicates with the fluld passages. of
the bit and also having an outlet in its lower end
which communicates with the drill stem, means
for sealing off the annular space between the
drill stem and well bore, said sealing meang be-
ing disposed between the inlet and outlet of the
connecting member, an elongate cylinder sur-

rounding the upper portion of the drill stem, a.
packing element mounted on the stem and hav-
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ing sealing engagement with the cylinder wall to’ .

pack off around the stem, and means for circu-
lating a drilling fluid downwardly. through the
bore, whereby - said fluid flows downwardly

‘through the inlet of the connecting member and

through the bit and then upwardly through the
outlet and the drill stem.

10. A drilling a.pparatus including, a rotatable -

tubular drili stem, a drill bit having fluid pas-
sages -therein secured to the lower end of said
stem, whereby when the stem is rotated the bit
performs the cutting operation, a conneeting
member Interposed between the stem and drill
bit and having a fluid inlet in its upper end
which communicates with the fluid passages of
the bit and also having an outlet in its lower
end which communicates with the drill stem,
means. for sealing off the annular space between
the drill stem and well bore, said sealing means
being disposed between the inlet and outlet of
the connecting member, an elongate cylindegy sur-
rounding the upper portion of the drill stem, a
packing element mounted on the stem and hav-
ing sealing engagement with the cylinder wall
to pack off around the stem, means for circu-
lating a drilling fluid downwardly through the
bore, whereby said filuid flows downwardly
through the inlet of the connecting member and

“through the bit and then upwardly through the:

outlet and the drill stem, and a blowout pre-
venter at the surface of the well bore arranged
to be actuated to prevent the drill stem from
being blown:from the well by an excessive
pressure.

11, A drilling apparatus including & rotatable
tubular drill stem, a drill bit having fluig pas-
sages therein secured to the lower end of said
stem, whereby when the stem is rotated the bit
performs the cutting operation, an elongate cyl-
inder surrounding the upper portion of the drill
stem, an elastic packing member surrounding
the stem and having a sealing engagement with
the cylinder wall to pack off around the stem,
means for circulating a drilling fluid downwardly
through the well bore outside of the stem and
cylinder, means for conducting the fluid from
the bore to the fluid passages of the bit so as to
direct said fluid into contact with the cutting
blades thereof, and means for conducting the
fluld upwardly through the drill stem to com-
plete the circulation cycle.
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