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This invention relates to a tool for use in con-
nection with oil well cementing operations:.

It is known to provide tools for such operations
which  comprise opposed spaced: packers on a
body carried by a tubing string, extending to the
mouth of the well, for forming a pressure cham-
ber in the well casing. Thus, cement: slurry or
other fluid may be pumped from the surface of
the ground to the chamber and out through per-
forations or openings in that portion of the -wall
of the casing surrounding the chamber.

It is an object of this invention to provide such
atool having means forming a by-pass for well
fluid to pass the tool either as the tool is run in
the hole or as it is brought out of the hole.

It is' another object of this invention to provide
such a tool having-means for optionally prevent-
ing passage of fluid upwardly past the tool.

It is another object of this invention to provide
such a tool having means providing an opening
from the pressure. chamber to the space-in the
casing, outside this chamber which may optional-
1y be opened or closed.

It is another object of this invention to pro-
vide such a tool having means for preventing re-
lease of fluid from the pressure chamber while
permitting - fluid to by-pass- the tool: in- e1ther
direction.

It is another object of this invention to-pro-
vide such a tool having means-for preventing re-
lease of fluid from the pressure chamber and
simultaneously preventing upward flow of fluid
past the tool.

It is another object of this- invention  te pro-
vide such a tool having means for releasing fluid
from the pressure: chamber and simultaneously:
permitting fluid to by-pass the tool in either
direction.

It is another object of this invention to provide
such a tool arranged to-be restrained against up-
ward movement in the-well due to excess pressure
elow the tool.

It is another object of this invention to. provide
a tool capable of performing cementing- cpera-
tions of the type known as “squeeze jobs.”

-It is-another ohjeet of this invention to. provide.
such a tool adapted to. perform successively ce-
menting operations at different zones in the well
and under different conditions without the neces~
sity of pulling the tubing string and the tool from
the well between successive operations.

It is still another object of this invention to
provide such a tool adapted for-use in. cleaning:
or washing surplus- cement. irom the: well and
from the-tool after a cementing job, optionally
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either by circulating down thetubing:string and
up the casing, or by reverse circulation down the
casing and up. the:tubing string:

This ‘invention : possesses many -other advan-
tages; and has:other-objects which may be made
more easily apparent from a consideration of one
embodiment of the invention. For this purpose;
there is shown a form:in .the drawings: accom-~
panying and forming part of the present speci-
flcation. This form, which illustrates the general
principles of-the invention, will now be:described
in -detail; but-it is to be understood that this de-
tailed description is not:-to be taken-in a limiting
sense, since the scope of the: invention  is best
defined by the appended claims.

In the drawings:

Figure -1 is an axial section of: a tool incor=
porating the features of the invention, positioned
in a well casing;

Figure 2 is a fragmentary section showing the
upper portion of the tool, on an enlarged scale;

Figure: 3 is a similar: section showing the lower
portion of the tool;

Figure: 4is a: fragmentary. detdil section taken
as indicated by line 4—4 on Figure 2}

Figure 5 is a view similar to Figure 3 but show-
inga different operating position of the parts;

Figure 6 is a view similar to Figure 2 but show-
ing g different- operatmg pos1t10n ofthe parts;
and,

Figureés 7, 8 and 9 are views similar to Figure 3
but showing-other operating positions of the parts.

Referring particularly to Figures 1 and 3, of
the drawings, the toolis shown as comprising an
elongated, generally cylindrical hollow body |
supported for movement in the well casing 2 by
means of ‘a string of tubing 3 which extends. to
the mouth of the well. The body | has a down-
ward tubular extension 4-to which are secured
conventional packers 5 and. 8, spaced axially
along the extension 4 and-cooperating with the
casing 2 to form a confined space-or pressure
chamber T about the extension 4. A supplemen-
tary upwardly directed packer 5-a is provided on
the-extension 4-just above the upper packer-§, for
a purpose to-be later pointed.out.

Means are provided forming a first passage or
a by=pass to permit fluid-in the:casing to. flow
upwardly- or: downwardly in the casing 2 past
the: packers: 5 and: 6 and the confined space: T.
For:this: purpose a wall or partition 8 is:pro-
vided: which separates the: interior of the body
I from the interior of the extension 4, and:ports.
8-and- 10 are provided in the wall of the exten~
sion respectively above the uppermost packer
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§-a and helow the lower packer 6. Thus, fluid
in the casing 2 below the packer & is free to
enter extension 4 through the port or ports 18,
pass upwardly therein, and flow into the casing
space above the packer 5 through the port or
ports 9, or vice versa.

Means are also provided in the body extension
4 forming a second passage for establishing
communication between the interior of the tub-

ing string 3 and the restricted space or pressure

10

chamber 1, as well as with the space in the .

casing 2 below the lower packer 6. For this
purpose, the partition 8§ is provided with an open-
ing 8-a¢ from which a tube or conduit {1 leads
to a port 12 in the wall of the extension 4 be-
low the upper packer 5 and opening into the
space T.
wall of the extension 4 above the lower packer

8 and communicates with a port {4 below the

packer 6 and spaced above the ports iD by a
tube or-conduit 15. :

As is well understood, the use of such atool
involves the positioning of the pressure cham-
ber T in the casing 2 so as to communicate with
perforations provided in the casing wall, Since
it may be desired to vary the space between the
packers 5 and 6 fo provide a pressure chamber
1 having a length in accordance with the length
of the perforated portion of the casing, the body
extension 4 is formed of an upper section 4-¢
and a lower section 4-b secured together as by
a threaded coupling member 16. By substituting
coupling members (6 of suitable lengths, the
length.of the chamber T may be altered as de-
sired.

Valve means 20 are provided for controlling
the first and second passages, and comprises a
sleeve 21 freely slidable on the extension 4 be-
low the lower packer 6. Thus, sleeve 21 has
an annular space or. chamber 22 surrounding
the extension 4, sealed from the casing space
by suitable packing means 23 and 24 at the op-
posite ends of the sleeve 2i. The length of the
sleeve 21 is such that, by appropriate position-
ing of the sleeve on the exterision, either or
both of ports 10 and 14 may be covered, thus
interrupting communication between the first or
second passage or both, and the casing space
below the lower packer 6. Furthermore, the an-
nular space 22 is such that the valve may serve
obtionally when communication betwéen the
first -and second passages and the space below
the packer is interrupted, to bridge the ports
10 and 14, thereby establishing communication
between the first and second passages (see Fig-
ure 7). -

The sleeve 2i carries a plurality of conven-
tional friction or bow springs 25 adapted to fric-
tionally engage the wall of the casing 2 and re-
strain axial movement of the sleeve 21 therein.
In this way, appropriate movement of the body
{ with respect to the casing 2 serves to operate
the valve 20 as desired.

A supplemental valve structure 27 is provided
af the lower end of the extension § to permit
discharge of fluid from the casing above pack-
ers 5 and 5-a down through the bypass to space
below the packers independently of port 1{0.
Thus, the lower end of the interior of the ex-
tension 4 is reduced to provide a port 28 sur-
rounded by a downwardly facing valve seat 29
toward -which a closure member 38 is urged by
a compression spring 31. A conventional shoe
32 is threaded on the lower end of the exten-
sion 4.

4

The tool as so far described is a complete
operative structure which is perfectly satisfac-
tory for many conditions of operation. How-
ever, it may be desirable to provide means in-
suring against the tool and the tubing string
3 being forced upwardly in the casing 2 as by
pressure in the casing below the botiom packer.
For this purpose, the body i is connected to
a tubular mandrel 35 (see Figures 1 and 2) which
in turn is connected to the tubing string 3 by
means of a “sub” or coupling member 85, The
body | and the mandrel 33 are connected for

* limited relative movement by means of an in-
“verted L slot 37 formed in the body ! and a
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pin 38 carried by the mandrel 35.
The body { just above the extension 4 has

~ g8 bore 39 forming a cylinder for accommodat-

ing a packed head 4@ formed on the lower end
of the mandrel 35. In this way, leakage be-
tween the casing space and the interior of the
body is prevented.

Conventional friction or bow sprlngs 42 are
provided on the body { for frictionally engaging
the casing 2, thus restraining movement of the
body | and enabling manipulation of the lock
means 37 and 38 by appropriate movement of
the mandrel 35.

The body ! above the bow springs 42 is en-
larged to provide a bowl 43, having a plurality
of openings 44 extending through its wall, in
which slips 45 are mounted for movement to-
ward and away from the casing 2. The slips 44
are slidably attached in a known manner to up-
wardly and oufwardly inclined surfaces 4%
formed on a slip head 47, carried on the mandrel
35. The slip head 47 is mounted for free rotary
movement and limited axial movement with re~-
spect to the mandrel 35, the axial movement
being limited by means of lost motion connection
48 comprising means forming a flange &3 on the
mandrel 35 confined between axially spaced
shoulders 59 and 51 on the slip head &7.

This lost motion connection 48 insures locking
of the body | and the mandrel 35 against rela-
tive rotation by means of the lock 37—238 hafore
the slips 45 engage the casing. Thus, referring
to Figure 2, it will be seen that relative axial mo-
tion between the hody [ carrying the slip bow! 43
and slip head 47 is prevented as long as pin 38
is in the horizontal part 37-g of the inverted L
slot 37. After rotation of the mandrel 35 to
align pin 38 with the vertical portion 37-% of the
slot 37, relative movement of the mandrel 35
downwardly of the body | will not expand the
slips 44 until such movement is sufficient to
cause the flange 48 to engage the shoulder 5t on
the slip head 47. Such movement of the mandrel
35, however serves to move the pin 38 into the
vertical slot 37-b so that the mandrel 35 and the
body { are locked against relative rotation. Fur-
ther downward movement of the mandrel 35 with
respect to the body | will then serve to expand
the slips.

The bowl 43 is extended a substantial distance
ahove the slip head 47 to provide a eylinder 52,
closed at its upper end by a head 83, having an
opening 54 for slidably accommodating the up-
per portion of the mandrel 35. A piston 55 is
provided on the mandrel 35 for sealing against
the walls of the cylinder 52 and cooperating with
the cylinder to form an expansible pressure space
56. Conventional packing 57 is provided in open-
ing 54 for sealing against the mandrel 35. The
piston 55 is sealed against passage of fluid pres-
sure either into or out of the space 56 as by a
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pairof oppositely: directed packers:or-cup leaths-
ers:58:and 89.. .
Fluid unider-pressure:from:the-tubing: string:3:
enters:the cylinder-space:56. thmugh “One-or. more

ports:60: provided-in: the;mandrel:3%:and-is ‘pre= §:-

vented:from:escaping: past the-piston:§5:by- the:
packer 58. The:space:below the piston 55:is-in:
free communication:with:the:casing space-above:
the upper packer-5-a-as: by ports 61 provided:it:
the-slip bowl 43:.

The: operation: of: the: tool: may: now be: dis-.
cussed. The:tool is:lowered in: the-casing: 2> by
means-of the tubing:3; the body {;and mandrel
35-being:locked against:relative:axial .movement:
by:the engagement of the pin‘38:in"thehiorizontal
portion 37— of .the slot.31. Alliparts-are:in:the:
relative positions-of Figures:1;.2:and: 3; the: valve‘-
20. being: urged. upwardly: to:-open: ports: §8: ani
t4:by: the.drag of the:friction springs:25:-on the’
casing. Fluid below: the:tool.is:thus:permitted.
to - enter- the: extension. 4: through- the: port. 18
below the lower: packer: 6, passing: upwardly: afid '
out.into the-casing through: the:port-9 above the .
upper: packer 5-a.thus: by-passing: the: packers-
5-¢, § and 6 by the previously:described fitst: pass
sage, and as indicated by -the-tull line: arrowyin
Figure 3.

The tool is-lowered:to:a point.in: the ‘well cas—
ing 2 where the pressure chamber T.is:a: suitable,
predetermined’ distance: below- the: perforations:
2-c. provided . in- the. casing: 2" for. establishing:
communication. with. the space:in-the well .bore
outside-the .casing;.and: .circulation:is estahhshed-
from. the. mouth- of- the- well: as by: pumping:
cement’ slurry. down: the. tubing: string 3. This
cement slurry. passes. downwardly. tHrough: the.
tubular. mandrel. 35 and. the previously. men:’
tioned second passage: comprising.port 8-a; ¢ons-
duit 11, port.12, pressure camber.1; port 13] con-
duit. 5, .and port: 14.into. the: casing: Below: the.
packer: 6. as: indicated’ by the: broken: -arrows i
Figure 3. Well fluid is: forced ahead: of the. ce«
ment: slurry upwardly. past.the:pacKers §;.5-q;
and’6. through. the first’ passage: Thus;.it’ enters‘
thHe body. extension: 4, through:port (0, fows: up=
wardly in:the: extension 4 and’ returnshto the,
casing space through port'9. . .

After circulation has been esta,blishedAand cex
ment slurry Has reached the. tool as-détermined’
by appropriate measuremerits, the. tubfng: 3
turned to the right to locate pin-38“above the ver- :
tical slot 31-b of ‘the L-slot 3T, In thig: ‘position;
the pin 38 .still prevents downward movement of
the body | with respeet to-the ‘mandrel 35.: The
tool is then raised by an amount’ equaI‘ 0..the:
previously ‘mentioned predetermined’ distat 80
that the pressure _chamber T is- over the.casing:
perforations 2-¢. The friction springs 25 restram“
the valve 20 against' movement with the taol,. fthe
extension 4 thus moving upwardly with respect to’
the valve 20 so that the valve: closes:the-outlét:
14 of the second passage: The relative: posi{;ionS‘
of:the parts-are now" as:shownin: Figure:5;
first” passage; by-passihg: the packers
and’ §° beitig open: Cément’ slurry:may
forced  downwardly: through- the-tubing:3; i
diel 35, conduit:i I‘and>port (Z Hito:the: chambe"-'
T, and: thence through the-perforations S
outlet {4 from' tHe Pressure:spacs:is:clo
valve:20: The well’fiuid‘displaced by th emenn
freely passesupwardly through the:ports:£0; body:
extension. 4.and’ port 9, aivd: under: such: condi=
tions; thereis o pressure getingto: force ﬁhe tool:
upwardly in the.casing.

If: it /is- desirett to.: close: the: by-pass: and- pre--
vent: upward:fiow past the tool; the:tool:is raised’ 75

10

- restrained by:the friction springs42.
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an: additional: distance: to: cause: the:valve 20 to
assume: the: position of Figure:-8.and: close: port-
t0:as well:as:port. (4 from communication:with-
the:interior:-of  the.casing: below:the packer-§;

as:well'as preventing communication between the:
ports: Under:such:a condition; the cement pass=
ing:through-the: perforations 2-¢:into the:space-
surrounding the casing. 2 may-pass downwardly
and reenter: the: casing. at some:point. below-the
tool; thus. exerting. an .upward force on:the:tool..

To lock:the-tool against upward movement; the
pin-38 having:been aligned ‘with the vertical slot
31-b; the: tubing -3 and ‘the-mandrel-35 are: low=
ered with-respect” to. the-body I; the body being
This:causes
the:slip head:47-to urge the:slips 45 outwardly to
grip-the casing-2. (see:Figure-6). Pressure:built:
up below the:tool -urges the:body- I, the slip-bowl
43. andithe.slips-45-upwardly  with respect.to:the
tubing 3. and slip-head 41; which are:restrained:
against upward. movement by -the-weight-of the-
tubing string. 3. This- weight is augmented: by
the pressure:of. the: cement. slurry.or other:fluid
in the tubing 3 which is effective in space-56:via.
ports.60 to urge the:tube 35 downwardly against
the. slip-head:41. The. slips-are. thus caused:to-
grip the casing 2. more tightly as the.pressure-be=
low.the tool.increases.

After ao-cementing job it is.necessary to.remove:
the cement from within.and about.the tool be=
fore.it hardens or-sets. The usual method is by
reverse circulation, sometimes-called.“back scut-~
tling,” To.perform.this operation; the tubing 3:
and mandrel 35 are raised with.respect to the

- body: |- until the pin 38 engages.the top of.the

slot- 31:. This movement. causes the slips-45.to be:
retracted and to.release the casing. The mandrel
35 is then turned in a left-hand direction to cause
pin 38 to enter the horizontal slot 37-a, locking
the slips-45-in.released position. The tool is:then
raised or lowered.until the pressure chamber. 7.
is.out. of communication. with the. perforations
2-a, which .movement. also serves.to cause: the.
valve. 20.to. uncover ports. 10. and 14, since-the.
valve is restrained from movement by the springs.
25.. If the-:tool is lowered, the valve 20 will be:
in.the: full line: position: of Figure. 3. if: the-tool’
is:raised the valve: 28 will be in.the broken line
position.

Water-or mud laden fluid.is then forced down

- the casing 2 outside of the tubing 3, into ports 9

down extension 4, into the casing space below
thie packer 6-and thence into the port 14, through
conduit 15; port 13, pressure chamber-1, port 12,
conduit 11, port 8-a, mandrel 35 and tubing 3 to’

2. the mouth-of the well.

. The supplemental valve 27 insures: clearing- 01"
the-lower end of the extension 4; since sufficient:
circulation pressure as just deseribed may be built’
up-in-the-extension 4 to open this'valve, permit-

ting-some of the circulation fluid to pass down-

wardly out-of ‘the-extension and thence upwardly:
through-port:14. This:valve also permits-a “back:
scuttling” operation-in: the-event- that the:valve:
20 should‘become-stuck:in: a position closing ports:

" 10: and: 14: In such case; the:circulation fluid’

would" pass: ffom extension §; past: the:valve:ZT
and return hetween the extension 4-and:the:cass-
ing- 2" past the-lower packer 6, which:ig free:to
pass pressure-from below, into the pressure-chams=:
ber-T: and thence  through port 12-upwardly in:
the:tubing:3..

THe piston §5:must:-be-ar ranged fo prevent flow:
upwardl;ras well:as downwardly past: the piston;
otherwise: reverse. circulation could: enter- ports:
61, flow  upwardly past. piston 53: and: thence:
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enter the tubinhg string 8, through ports 60; If
this. were permitted to -occur obviously the tool
would not be freed of cement. Similarly, the
upwardly facing packing B-o prevents reverse
circulation from entering the pressure chamber
1 past the upper packer 5 thereof and returning
fo the tubing 3 via the port 12 without cleamng
the lower portion of the tool.

If equipment is not available for such reverse

circulation, the cleaning operation can be per- °

formed in the more conventional manner or cir-
culating down the tubing 3 and up in the casing
2 outside the tubing. For such an operation,
the tool must be manipulated in the casing 2 to
position the wvalve 20 {0 connect ports 19 and
{4 as shown in Figure 7. Circulation fluid is
forced downwardly in tubing string 3, mandrel
35, thence through port 8-a, conduit {f, port 12,
pressure chamber 1, port 13, conduit- {5, and
port 14 into the annular cavity 22 in valve 20.
From this eavity 22 it enters the body extension
4 through the port 10, and through the port-§
into the casing 2, whence it returns to the mouth
of the well. . '

The tool is also adapted for use as a squeeze
tool. Thus, by setting the tool so that the valve
20 is positioned to cover the ports 10 but not
port 14, as shown in Figure 9, the lower packer
6 is rendered inoperative by the by-pass tube
15. In this case, cement slurry can be pumped
down the tubing 3 out port 12 into the pressure
space 1, thence into port (3 down the bypass 15
and out the port {4 or what has been termed
the second passage. Upward escape of the
cement slurry via ports {0 and the first passage
is prevented, since the ports {0 are closed. Ex-
cess cement can be washed either the long way
or the short way as previously descrlbed

We claim:

1. In a well tool: a body adapted for connec-
tion to a tubing string for positioning in a well
casing; a pair of vertically spaced packing means
carried by the body for sealing against the cas-
ing to form a pressure chamber extending about
the body; means forming a passage extending
through said body and opening into the interior
of the casing oufside the body above and below
said chamber for by-passing said packing means;
means on the body forming a pair of passages,

one passage of said pair communicating with ;

said tubing string and said chamber, the other
passage of said pair communicating with said
chamber and an opening through the wall of
the body below the lower packing means; said
pair of passages being sealed from each other,
and from said by-pass passage, to prevent fluid
flow thercbetween within the body; said pair
of passages being communicative with each other
exteriorly of said body when said packing means
are sealed against the well casing, to pass fluid
between said tubing string and the inferior of
the. casing outside the body below said chamber;
and-valve means shiftably mounted on said body
for operation in response to the movement of
the body in the casing for selectively controlling
fluid flow - through said by-pass and one.of said
pair of passages.

2. In a well tool: a body adapted for connec-
tion to a tubing string for positioning in a well
casing; a pair of vertically spaced packing means
carried by the body for sealing against the cas-
ing to form a pressure chamber extending aboutb
the body; means forming a passage extending
through said body between an opening through
the- wall of the body above the upper packing
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means and & port in the wall of the hody below
the Ilower packing means for by-passing said
packing means; means forming a pair of pds-
sages, one passage of said pair extending through
said body for ‘communiecating said tubing string
with -an ‘opening into -said chamber, the other
passage of said pair extending through said body
for communicating” another opening into said
c¢hamber with & port in the wall of the body

" below the lower packing means, said pair of

passages being.sealed from each other and from
said by-pass passage, to prevent fluid flow there~
between within the body;-said pair of passages
being communicative with each other exteriorly
of said body when said packing means are sealed
against the well casing, to pass fluid between
said tubing string and the interior of the casing
outside the body below the lower packing means;
said ports being axially spaced along said body;
a valve~ ‘membér- axially movable on said body
for selectively’ controlling said ports; and means
on ' said valve mémbper for frictionally engaging
fhe casmg Swh€reby said valve member is adapfed
ated on response’ to the movement of
qaJlo. Dady in the casing.

3. Th ‘2" well tool: a body adapted for connec-
tion fo a tu_blng string for positioning in a well
casmg, 2 pair of vérticailly spaced packmg means

ing to form a pressure chamber extending about
the body; means forming a passage ektending
through said body between an opening through
the wall of the body above the upper packing
means and a port in the wall of the body below
the lower packmg means for by-passing said
packing means; means forming a pair of pas-
sages, one passage of said pair extending through
said body for communicating said. tubing string
with an opening into said chamber, the other
passage of said pair extending through said body
for communicating another opening info said
chamber W1th a port in the wall of the body be-
low the lower _packing means, said ports being
axially spaced along said body; said pair of pas-
sages being sealed from each other and from
said by-pass passage, o prevent fluid flow there-
between within the body; said pair of passages be-
ing commumcatlve ‘with .each other exteriorly of
said body when said packing means are sealed
against. the well casing, to pass fluid between said
tubing strmg and the interior of the casing out-
side the body. below said lower packing means; a
valve sleeve slidable on said body, having axially
spaced. portions sealing against said body, said
sleeve forming with said body and between said
spaced portmns a .chamber, said sleeve being op-.
tionally positionablé with said chamber overly-
ing- said ports and providing communication
therebetween or overlying either port and inter-
rupting . communication between such port and
the interior of the casing outside the tool.

4. In a-well tool:.a body adapted for connection
to a tubing string for positioning in a well casing;
a pair of vertieally spaced packing means carried
by the body for seating against the casing to form-
a pressure chamber extending about the bhody:
means forming a passage extending through said
body, between an opening through the wall -of
the body above the upper packing means and a
port in the wall of the body below:the lower pack-
ing means. for- by-passing said packing means;
means forming ‘a pair. of passages, one passage
of said pair extending through said body for
communicating said tubing sfring with an open-
ing into said.chamber, the other passage of said



pair extending through said body ‘for. communi-.

cating another opening into said chamber with
a port. in the wall of the body below ‘the lower
backing means, said ports-being axially spaced
along said body; ‘said :pair of passages .being
sealed from each other and from:said by-pass
bassage, to prevent fluid flow therebetween within
the body, said pair of passages being communica~-
tive with each cther exteriorly of said body when
said packing means ‘are. sealed -against the well
casing, to pass fluid between. said tubing string

and the interior of.the casing. outside the body:

below said lower packing. means; -valve -means
shiftably mounted on the body for :selectively
controlling said by-pass.and one of said.pair of
bassages, operated in response the movement: of
the body in the casing; and supplemental.valve
means positioned in and for discharging :fiuid
under pressure from one of 'said passages.

5, In a well tool: a body adapted for connec-
tion to a tubing string for. positioning in:a well

casing; a pair of vertically spaced packing means’

carried by the body for sealing against the cas-
ing to form a pressure chamber extending about
the body; means forming a first passage extend-
ing through said body between .an - opening
through the wall of ‘the body above the upper
Packing means -and .a.port.in the wall of the
body below the lower packing means for by-pass-
ing said packing means; means forming a pair of
bassages, one passage of said pair extending
through said body for communicating said tub-
ing string with an opening into said chamber, the
other passage of  said pair extending through
said body for communicating another opening
into said chamber-with a port in the wall of the
body below the lower packing means, said pair
of passages being sealed . from each other-and
from said by-pass passage, to prevent fluid flow
therebetween within said body, said. ports. being
axially spaced along said body; said pair of pass
sages being communicable with .each other:ex-
teriorly of said body when said packing means
are sealed against the well casing, to.pass:fluid
between.said tubing string and the interior -of
the casing outside the body - below - said loier
packing means; a valve member .telescopically
mounted on said body for sliding movement-to
cover and uncover-said ports; and a plurality of
bow springs on said valve member for frictionally
engaging the casing and restraining -said- valve
member against movement, whereby movement
of said body relative to said valve member op-
erates said valve member to control said ports.

6. In a ‘well tool: a body; a tubular: mandrel
adapted for connection to 'a:tubing string  for
positioning in a well casing, and to which said
body is secured for limited vertical movement,
said body and said mandrel forming relatively
movable members; locking means on said mem-
bers for optionally securing said members -to-
gether against relative movement; a pair of ver-
tically spaced packing means carried by the body
for sealing against the casing to form a pressure
chamber extending about the body; means form-
ing a passage in said body extending: from below
the lower packing means to above the upper
packing means for by-passing fluid past said
spaced packing means; means forming a pair.of
Dassages, one passage of said pair extending
through said body for communicating said tubing
string with an opening into said chamber, the
other passage of said pair extending through said
body for communicating an opening into said
chamber with.an opening through the wall of
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the “body-below  the ‘lower - - packing: means; -sald
pair of passages being sealed-from each other-afid
irom-said -by-pass-passage:to prevent fuid:flow
therebetween--within:the body, -said pair of: pas--
sages: being. communicative with:each: other -ex=
teriorly-of the-body when said -packing means are
sealed-against the. well-easing;:to- pass-fiuid: bex:
tween said-tubing-string and the ihtefior‘of the
casiiig outside the body below.-said lower packing
means; -valve ‘means-shiftably  mounted  on-said
body for eperation: in response to the-movement
of the body in‘the-casing for-selectively control--
ling-one-of -said . pair-of .passages iand.said: by=-
pass passage;a:slip  head-on one-of said mem-~-
bers; and slips carried:by: the other member-for:
racvement outwardly.thereof-in response to:rela-
tive.movement. between the:members in. one di-
rection :to. engage the casing and secure: the tool
against-movement therein. .

1..In.g well.tool: a:tubular -body- adapted for
connection: to-a:tubing string-fer positioning in-
a . wellveasing; said body.including upper and
lower: sections detachably. coupled. in fluid:tight:
relation; spaced packing means respectively. car=
ried by:said. upper.and. lower sections for.sealing
against. the casing,:to:form.a: pressure.chamber.
extending.:about -said. sections; :there ‘being -an.
opening: through the -wall of :said:body. above the.
upper: packing means:.and a port through the wall
of .said lower . section-below .the -lower packing
means,: said:6pening ;and port:being communi=
cable:with each :other -whereby: said: upper:and
lower sections, provide.a by=pass:past theézpack-.
ing means; means in said upper: section forming.
a passage between and.communicating with the
tubing siring-and.said: pressure .chamber;: means
in said lower: section forming:a ‘passage between
and communieating -with said:pressure chamber
and a: second -port in:the wall-of said:lower.sec-
tion below. said lower.packing means, said. :pas-
sage forming means-being sealed from. each_ other
and :from :said .by-pass,- $o0 ‘prevent -fluid ~flow:
therebetween .within the body, :and. valve:means
movably mounted:on said body. and operated-in
response. to movement:of said body.in the casing.
for controlling said ports.

8. In-a well tool: a body adapted for connec--
tlon to a tubmg strmg for posmonmg in: a well.

carned by the body fer seall.ng agalnst the casmg
to form:a pressure.chamber extending about. the
body; means forming a. first: passage .extending
through said body having an-opening communi-
cating with: the interior of the casing outside the
body above the upper: packmg means;-and-com-
munciating with-the. interior .of the - -casing out-.
side the body -bslow . the lower paecking means
through.a first port in the wall of the body-below
the lower packmg means; means forming.a pair
of passages, :-one - of -said  passages -extending
through said. body “between and .communicating
with said: tubing String. and said -chamber;- the
other of.said: pair.of passages. extending through
said body from said-.chamber.and- opening  into
the interior of the -casing: outside. the- body-helow
the lower packing means through a-second. port
in the wall.of the body,-said ports. being in spaced
relatlon on-said bady, said pair of passages bemg
sealed from- each. other and- from: said.: first.pas-
sage, to prevent fuid- flow therebetween - w1thm
said body, said pair.. of passages beingcommuni-
cative exteriorly of said. body .when said packing
means are.sealed against the- well. casing, to pass
fluid. between said tubing. strmg and.the mterlor

78 of the casing below.said- chamber;-a.. valve mem-
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ber movably mounted on said body for selectively
confrolling said ports; and means on said mem-
ber frictionally engaging the casing, whereby
said member is operated in response to move-
ment of said body with respect to the casing.
9. In a well tool: a body adapted for con-
nection to a tubing string for positioning in a
well casing; a pair of vertically spaced pack-
ing means carried by the body for sealing against
the -casing to form a pressure chamber ;ex-
tending about the body; means forming a
first passage extending through said body hav-
ing an opening communicating with the inte-
rior of the casing outside the body above the
upper packing means and communicating with
the interior of the casing outside the body
below the lower packing means through a first
port in the wall of the body below the lower
packing means; means forming a pair of pas-
sages, one of said passages extending through
said body between and communicating with
_said tubing sfring and said chamber; the other
of said pair of passages extending through said
body from said chamber and opening into the in-
terior of the casing outside the body below the

lower packer through a second port in the wall .

of the body, said ports being in spaced relation
on said body, said pair of passages being sealed
from each other and from said first passage, to
prevent fluid flow therebetween within said body;
said pair of passages being communicative ex-
teriorly of said body when said packing means
are scaled against the well casing, to pass fluid
between said tubing string and the inferior of
the casing below said chamber; a valve sleeve
slidable on said body having axially spaced por-
tions sealing against said body, said sleeve being
spaced from the body between said portions to
provide therein between said portions a sealed
chamber adapted to establish communication
between said ports while said portions interrupt
communication between said ports and the in-
terior of the casing below said lower packing
means in one position of said sleeve, said axially
spaced portions in other positions of said sleeve
interrupting communication between either or
both of said ports and the chamber formed in
said sleeve; and a Dplurality of elemenis on
said sleeve frictionally engaging the casing,
whereby said sleeve is operated o control said
ports in response to movement of said body
relative to said sleeve.

10. In a well tool: & body adapted for con-
nection to a tubing string for positioning in a
well casing; a pair of vertically spaced packing
means carried by the body for sealing between the
body and the casing to form a pressure chamber
extending about the body; means forming a
first passage extending through said body hav-
ing an opening communicating with the interior
of the casing outside the body above the upper
packing means and communicating with the in-
terior of the casing outside the body below the
lower packing means through a first port in
the wall of the body below the lower packing
means; means forming a pair of passages,
one of said passages extending through said
body between and communicating with the tubing
string and said chamber, the other of said pair
of passages extending through said body from
said chamber and opening into the casing out-
side the body below the lower packing means
through a second port, said ports being in spaced
relation on said body, said pair of passages being
sealed from-each other and from said first
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passage, . to. prevent ' fluid - flow therebetween:
within said body; said pair of passages being
communicative exteriorly of said body when said
packing means are sealed against the well cas-
ing, to pass fiuid between said tubing string
and the interior of the casing below said cham-
ber; a valve member movably mounted on said
body for sliding movemenit to close and open
said ports; and a plurality of bow springs on
said valve member for frictionally engaging the
casing and restraining said valve member against
movement, whereby movement of said body
relative to the valve member operates said
valve member. to control said ports.

11. In a well tool; a mandrel adapied for
connection to a tubing string for positioning in
a well casing; a body, means connecting said
body and mandrel for relative vertical movement,
a pair of vertically spaced packing means carried
by .the body for sealing against the casing. to
form a. pressure chamber exftending about the
body; means forming a first passage extending
through said body having an opening communi-
cating with the interior of the well casing out-
side the body above the upper packing means
and . communicating with the interior of the
casing outside the body below the lower packing
means through a first port in the wall of the
bedy below  the lower packing means; means
forming a pair of passages, one of said passages
extending through said. body between and
communicating with said fubing string and
said. chamber, the ofther of said pair of pas-
sages extending through said body from said
chamber and opening into the interior of
the casing outside the body below the low-
er packing means, through a second port
in the wall of the body, said ports being in
spaced relation on said body; said pair of pas-
sages being sealed from each other and from said
first passage, to prevent fluid flow therebetween
within said body; said pair of passages being
communicative exteriorly of said body when
said packing means are sealed against the well
casing, to pass fluid between said tubing string
and the interior of the casing below said cham-
ber; a valve member movably mounted on said
body for selectively controlling said ports; means
on said valve member frictionally engaging the
casing, whereby said valve member is operated in
response to movement of said body with respect
to the casing; a slip head on said mandrel; and
slips carried by the body for movement outwardly
thereof. to engage the casing in response to
relative movement between the body and the
mandrel in one direction, whereby to secure the
tool against movement in the casing.

12. In a well tool: a body adapted for connec-
tion to a tubing string for positioning in a well
casing; a pair of vertically spaced packing means
carried by the body for sealing between the body
and the casing to form a pressure chamber ex-
tending about the body; means forming a first
passage extending through said body having an
opening communicating with the interior of the
casing outside the body above the upper pack-
ing means and communicating with the interior
of the casing outside the body below the lower
packing means through a first port in the wall
of the body below the lower packing means;
means forming a pair of passages, one of said
passages of said pair extending through said
body and communicating with the tubing string
and said chamber, the other passage of said pair
extending through said body from said cham-
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ber and opening into the intérior.of the casing
outside said body through a second port in the
wall of the body, said ports being in spaced re-
lation on said body; said pair of passages being
sealed from each other and from said first pas-
sage, to prevent fluid flow therebetween within
said body;.said-pair of :passages béing comniuni-
cative exteriorly.of.said -body when gaid pack-
ing means are sealed.against the. well casing, to
pass fluid :between said ctubing :string and -the
interior of the casing: outside said: chamber; and
common valve means slidable on the body and
operable in response to movement of said body
in the casing for selectively controlling said ports.

13. In a well tool: a body adapted for connec-
tion to a tubing string for positioning in a well
casing; a pair of vertically spaced packing means
carried by the body for sealing against the cas-
ing to form a pressure chamber extending about
the body; means forming a first passage extend-
ing through said body having an opening com-~
municating the interior of the casing outside the
body above the upper packing means and com-
municating with the interior of the casing out-
side the body below the lower packing means
through a first port in the wall of the body be-
low the lower packing means; means forming a
pair of passages, one of said passages extending
through said body and communicating with said
tubing string and said chamber, the other of said
passages of said pair extending through said
body and communicating with said chamber and
a second port in the wall of the body outside
said chamber, said pair of passages being sealed
from each other as well as from said first pas-
sage, to prevent fluid flow therebetween within
said body; said pair of passages being communi-
cative exteriorly of said body when said pack-
ing means are sealed against the well casing, to
pass fluid between said tubing string and the in-
terior of the casing without said chamber, said
ports being in spaced relation on said body, a
valve sleeve movable on said body, having ax-
ially spaced portions sealing against said body,
said sleeve being spaced from the body between
said portions to provide therein between said
portions a sealed chamber adapted to establish
communication between said ports while said
portions interrupt communication between said
ports and the interior of the casing in one posi-
tion of said sleeve, said portions in other posi-
tions of said sleeve interrupting communication
between either or both of said ports and the
chamber formed in the sleeve; and a plurality of
elements on said sleeve frictionally engaging the
casing, whereby said sleeve is operated to control
said ports in response to movement of said body
relative to said sleeve.

14. In a well tool: a body adapted for connec-
tion to a tubing string for positioning in a well
casing; a pair of vertically spaced packing means
carried by the body for sealing against the cas-
ing to form a pressure chamber extending about
the body; means on the body forming g first
passage having openings communicable with the
interior of the casing respectively above and be-
low said chamber for by-passing said packing
means; means forming a pair of passages, one of
said passages extending through said body be-
tween and communicating with said tubing
string and said chamber, the other of said pas-
sages of said pair extending between and com-
municating said chamber and an opening into
the interior of said casing outside the chamber,
said pair of passages being sealed from each other
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and:from:said first passage to prevent Auid flow
therebetween swithin :thecbody; ‘said:pair .of pas-
sages :communicating ‘'with each:other exteriorly
of-said body when said packing means are sealed
ageainst the wellicasing to pass fluid between said
tubing: string and:the:interior of the casing out-
side said chamber; and valve means slidable on
the ‘body -between positions covering :and un-
covering said:last ‘mentioned opening in response
tomovement of .said body. in the casing.

© 715, A tool.for connection’ with a tubing: string
for-operation in a well casing;: including: a body
carrying spaced upper:and lower. packing: mem-
hers.for-sealing with the-casing to form a cham-
ber: exteriorly of ‘the body, said body having a
first passage means for conducting fluid between
said string and’the chamber formed between
said packing members, said body having a sec-
ond passage means sealed from the first passage
means for conducting fiuid between said cham-
ber and a port in said body communicable with
the interior of the casing outside said chamber,
means in the body forming a by-pass passage
extending from a port in the body communicable
with the interior of the casing below the lower
packing member to an opening in the body com-
municable with the interior of the casing above
the upper packing member, and a valve member
movable on the body for selectively opening and
closing said ports, said by-pass passage being
communicable with said first and second passage
means when said ports are open.

16. In a well tool for connection with a tub-
ing string for operation in a well casing, a body,
upper and lower packing means spacedly car-
ried by the body for sealing against the casing
to form a chamber exteriorly of the body, said
body having passage means forming a by-pass
extending from below the lower packing means
to above the upper packing means, a first pas-
sage means in the body for communicating said
string with the chamber formed between the
upper and lower packing means, g second pas-
sage means in said body: independent of said
by-pass for communicating said chamber with
the interior of the casing outside said chamber,
and a valve member movable on the body for se-
lectively controlling said by-pass and said sec-
ond passage means.

17. In & well tool adapted for use in a cased
well: a body member having spaced packing
means thereon for sealing against the casing to
form a pressure chamber about said body; means
in said body forming a by-pass passage for com-
municating an opening communicable with the
interior of the casing spaced axially from one
end of said chamber and without said chamber,
with a pair of ports communicable with the in-
terior of the casing without the chamber and
spaced axially from the other end of said cham-
ber; optionally operable means for closing one
of said ports; and automatic means operable on
the body for preventing fluid flow in one direc-
tion through the other port, whereby said op-
tionally operable means is effective to prevent
fluid flow through said by-pass in one direction
only.

18. In a well tool, a tubular body adapted for
connection with a tubing string for positioning
in a well casing: upper and lower packing means
secured in spaced relation on said body for seal-
ing with the casing to form a chamber exteriorly
of said body, means closing the bore in said body
to prevent communication of said bore with the
tubing string; said body having an opening in
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theé wall thereof above sald upper packing means
and a port through the wall thereof below said
lower packing means to form a by-pass past said
upper and lower packing means, means form-
ing a first passage in the body for communicat-
ing the tubing string with the chamber formed
between said upper and lower packing means,
means in the body forming a second passage in-
dependent of said by-pass for communicating
said chamber with a port through the wall of the
body located outside said chamber, and valve
means movable on the body for selectively open-
ing and closing said ports.

CLAUDE C. TAYLOR.

EDGAR W. McGAFFEY.
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