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METHOD AND APPARATUS FOR REPLACING 
NOZZLES IN EROSION BITS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to an improved method and 

apparatus for inserting replacement nozzles in an ero 
sion bit. > 

2. Description of the Prior Art 
Erosion drilling, also referred to as high pressure 

drilling, is a technique for drilling boreholes using high 
velocity hydraulic jets as the principal mechanism for 
inducing stresses in formation rock. The basic com 
ponents of an erosion drilling system include high pres 
sure pumps, high pressure drill string, and an erosion 
bit provided with a plurality of ?ow nozzles. Erosion 
drilling systems normally employ water as the drill 
medium but other ?uids including most drilling muds 
may also be used. The erosion bit can include auxiliary 
cutting devices such as cone cutters, drag bit blades, or 
a diamond crown. The principal drilling mechanism, 
however, is due to the erosional effects of high velocity 
jets impinging against the formation rock. ' 
The power output of an erosion drilling system can 

be expressed as follows: 

P= 0.0223 Ap‘-5 

where 
P is the power output in horsepower; 
p is the differential pressure in pounds per square 

inch; and 
A is total nozzle ?ow area in square inches. 
The differential pressure, p, is generally a ?xed 

parameter controlled by the available pump pressure 
and pressure limitations of the surface and subsurface 
equipment. For a given pump pressure, then, and in ac 
cordance with the above equation, the power output, P, 
is directly proportional to the nozzle ?ow area A which 
is the combined ?ow area of all the bit nozzles. 

Laboratory experiments have shown that the dif 
ferential pressure, p, across the bit must be maintained 
at a threshold level in order to drill by the erosion 
mechanism. The threshold pressure for rocks normally 
encountered will vary between about 2,000 and 12,000 
psi depending upon the cohesive strength of the rock. 
For example, the threshold pressure for hard rock such 
as limestone and marble falls between about 5,000 and 
12,000 psi; whereas the threshold pressure for relative 
ly soft sandstones is between about 2,000 and 4,000 
psi. For all practical purposes, however, the threshold 
pressure must provide a jet velocity of at least 500 feet 
per second to attain reasonable rates of penetration. 
This jet velocity may be somewhat higher for hard rock 
drilling. At these high velocities, the jet streams tend to 
erode or wash out the nozzles in a relatively short 
period of time. Nozzle erosion is particularly severe 
where the drilling ?uid contains even small amounts of 
abrasives such as silica sand. Nozzle erosion not only 
reduces the penetration rate but, if excessive, could in 
crease the combined nozzle ?ow area to such an extent 
that the threshold pressure could no longer be attained. 
In this event, drilling by the erosion mechanism ceases. 
The bit then must be withdrawn from the borehole to 
replace the eroded nozzles even tough other bit com 
ponents are in good repair. This involves withdrawing 
the entire drill string from the borehole, replacing the 
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2 
bit or nozzles, and rerunning the assembly into the 
borehole. This operation, known in the art as a “round 
trip” is time consuming and expensive, particularly for 
deep wells. 

In order to prolong bit life and thus reduce the 
frequency of round trips, retrievable bits have been 
proposed. This type of bit generally includes a bit body 
secured to the lower end of a drill string and a retrieva 
ble nozzle holder mounted in the bit body. When as 
sembled, these two members combine to form the bit. 
The nozzle holder can be separated from the bit body 
and retrieved by wireline equipment or similar devices. 
The retrievable bit is thus designed to permit replace 
ment of nozzles by merely retrieving the nozzle holder 
and substituting a new one in its place. The obvious ad 
vantage of such bits is the savings in trip time since the 
drill string need not be withdrawn to replace bit com 
ponents. Their main disadvantage is that the nozzle 
holder under the severe operating conditions of erosion 
drilling frequently cannot be dislodged from the bit 
body by wireline equipment. The tendency of the 
holder becoming stuck in the bit body is due primarily 
to the close ?t required between the mating parts. 
When the assembly is subjected to high pressures, the 
holder is expanded or deformed resulting in an inter 
ference ?t between the parts. Moreover, resilient seal 
ing elements required to maintain a pressure tight as 
sembly under high pressure tend to extrude between 
the mating parts. This material lodged between contact 
surfaces prevents relative movement of the parts. Also, 
silt or other detritus can collect at the assembly joints 
or between the mating parts. These factors, alone or in 
combination, result in a condition which makes the use 
of wireline equipment wholly impractical as the means 
for retrieving bit components. Reverse circulation 
techniques, e.g., pressuring the annulus to impose a 
dislodging force on the bottom surface of holder, are 
dangerous because of the strong likelihood of fractur 
ing exposed formations. 
Although the bene?ts of replacing nozzles without 

withdrawing the drill string from the borehole are well 
recognized, the prior art techniques are beset with dif 
?culties which drastically limits their applicability in 
erosion drilling ‘operations. 

SUMMARY OF THE INVENTION 

The purpose of the present invention is to prolong 
the operable life span of the high pressure bit by insert 
ing replacement nozzles in the bit when the original 
nozzles become eroded or when it is desired to alter the 
drilling characteristics of the bit. The invention resides 
in an improved erosion bit assembly and an improved 
method for replacing the nozzles in an erosion bit. 

Brie?y, the bit assembly comprises a bit adapted for 
connection to a tubular drill string and a pump-down 
nozzle holder. The bit can be provided with a central 
chamber and a plurality of flow channels extending 
through the lower wall of the body and exiting in a 
downward direction. The lower terminus of each chan 
nel contains a flow restriction which normally will be in 
the form of an insert nozzle. The size of the ?ow restric 
tion determines the character of the jet exiting from the 
bit. The nozzle holder carries a plurality of replacement 
nozzles and is con?gurated to pass through the drill 
string and to enter the bit chamber in an oriented 
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fashion. With the holder oriented in the bit chamber, 
each replacement nozzle is positioned in axial align 
ment with one of the ?ow channels formed in the bit. 
The replacement nozzles can then be transferred to the 
bit by hydraulic force and forced into abutting relation 
with the bit nozzles. Nozzle guide means are provided 
so that the abutting nozzles are disposed with their ?ow 
openings in axial alignment. Replacement nozzles are 
faced with packing material. This material under pres 
sure deforms and establishes a pressure seal between 
the contacting surfaces‘. The replacement nozzles have 
flow openings smaller than those in the bit nozzles and, 
in effect, replace the worn or eroded bit nozzles when 
drilling operations are resumed. 
The method includes the sequential steps of passing 

the nozzle holder through the drill string; orienting the 
holder in the bit; and transferring the replacement noz 
zles from the holder into the bit channels and into 
abutting engagement with the bit nozzles. The method 
thus achieves replacement of nozzles without 
withdrawing the drill string from the borehole and yet 
avoids many of the difficulties associated with prior art 
techniques. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a longitudinal sectional view of an erosion 
bit and nozzle holderv constructed according to the 
present invention. 

FIG. 2 is a-bottom plan view of the bit shown in FIG. 
1. 

FIG. 3 is a view similar to FIG. 1 illustrating the noz 
zle holder orientably lodged in the erosion bi't. 

FIG. 4 is 'a transverse sectional view of the bit and 
nozzle holder shown in FIG. 2, the cutting plane taken 
generally along the plane indicated by line 4-4. 

FIG. 5 is an enlarged exploded view of a replacement 
nozzle assembly capable of use in the present inven 
tion. 

FIG. '6 is an enlarged fragmentary view'of the bit 
shown in FIG. 2, illustrating the manner in which a 
replacement nozzle seats in a bit nozzle. 

FIG. 7 is an elevational view with portions cut away 
of a bit assembly, illustrating the present invention in, 
connection with a tri-co'ne bit. 

FIG. 8 is a bottom plan view of the bit shown in FIG. 
7. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will be described ?rst in con 
nection with a high pressure drag bit (FIGS. 1-6) and 
then, brie?y, in connection with high pressure cone bit 
(FIGS. 7 and 8). It should be realized that it is not es 
sential that the bit be equipped with the particular type 
of auxiliary cutting devices disclosed. It is essential, 
however, that the bit be constructed in such a manner 
to develop high velocity jets. This is normally achieved 
by attaching to the bit a plurality of ?ow nozzles sized 
to develop high velocity jets under a pressure dif 
ferential attainable by available pumping facilities. The 
number, size, and arrangement of the nozzles on the bit 
will depend upon several factors including the type of 
rock to be drilled, hydraulic capacity of pumping facili 
ties, size and type of the bit. Drag bits and diamond bits 
present no serious space problems and therefore can 
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4 
accommodate several nozzles arranged in a variety of 
patterns. From about three to about 12 nozzles are nor 
mally arranged on the bottom surface of these bits to 
provide a widely distributed jet pattern. For cone bits, 
the number of nozzles which can be accommodated is 
limited by available space for mounting the nozzles. 
Tri-cone bits, for example, normally can accommodate 
only three nozzles. 
The size of erosion bits normally will range between 

about 4% inches and 9 7/8 inches and will be designed 
to operate at differential pressures between about 
2,000 and 15,000 psi. Nozzle openings can be any size 
capable of developing high velocity jets but usually are 
between one-eighth and one-fourth inches. 
With reference to FIGS. 1-6, a drag bit 10 con 

structed of forged steel is shown connected to the lower 
end of a tubular drill string 11. The bit 10 includes an 
upper section 12 provided with a threaded shank 13 
and a lower section 14 provided with three radial wings 
15, 16, and 17. Mounted on the lower edge of each 
wing is a cutting blade. The blades, illustrated as 18, 19, 
and 20, can be welded to the bit 10 and can be faced 
with wear resistant materials such as tungsten carbide. 
Alternatively, the cutting blades can be integrally 
formed in the bit body and surfaced with wear resistant 
material. The outer peripheries of the blades and wings 
can be surfaced with diamonds to maintain bit gauge. 
The leading edges of each blade extend in a radial 
direction from the longitudinal axis of the bit 10 and 
are disposed to effect a cutting action attendant to 
counterclockwise rotation of the bit 10 as viewed in 
FIG. 2. A central, circular chamber 21 extends axially 
through the upper section 12 of the bit 10 terminating 
in abottom wall 22. The chamber 21 has an upper, full 
opening section 23 and a lower section 24 of reduced 
cross diameter. The diameter of section 23 can be 
about equal to the internal diameter of the drill string 
11, and the diameter of section 24 can be about one 
eighth inch less than the diameter of section 23. 

Referring to FIG. 2, each of the wings are provided 
with a set of nozzles, wing 15 carrying nozzles 25 and 
26, wing 16 carrying nozzles 27 and 28, and wing 17 
carrying nozzles 29 and 30. A central nozzle 31 is‘ 
located near the longitudinal axis of the bit 10. Circular 
flow courses interconnect the nozzles and the central 
chamber 21. As illustrated in FIG. 1, flow courses 32, 
33, and 34 lead from the central chamber 21 to nozzles 
25, 26, and 31, respectively. Nozzles 27-30 are 
similarly provided with flow courses. ‘ 

All ?ow courses except ?ow course 34 extend 
laterally from the chamber 21 and curve gently 
downwardly exiting through the bottom surface of the 
bit 10 in a linear direction. The diameter of each flow 
course is maximum at the inlet- and diminishes 
gradually to a minimum in the lower linearly extending 
section. The central ?ow course 34 extends axially 
through bottom wall 22 and curves radially outwardly 
and, like the other ?ow channels, is tapered. The 
discharge ends of each ?ow course can be threaded for 
receiving a nozzle, as illustrated in the drawing. The ou 
termost nozzles 25, 27, and 29 can be tilted radially 
outwardly and the central nozzle 31 can be tilted away 
from the axis of the bit. The diameter of each flow 
course and the degree of curve in each should be such 
to permit easy passage of a replacement nozzle as 
described in detail below. 
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The bit 10 can be constructed by ?rst forging 
separate longitudinal segments denoted 35, 36, and 37 
in FIG. 2, welding the segments together, and ?nally 
machining the assembled bit to provide the threaded 
shank 13, the threaded ?ow courses, and the proper 
dimensions in chamber 21. The forging and machining 
can be performedby techniques well known in the bit 
making art. 

Nozzles which can be connected to the bit 10 are 
shown in detail in FIG. 6. In order to be distinguished 
from the replacement nozzles described later, these 
nozzles will be referred to as bit nozzles. Each bit noz 
zle includes a threaded steel sleeve 38 and a hollow in 
sert member 39. The sleeve 38 can be provided with a 
hex head 40 to facilitate mounting the nozzle on the bit. 
An o-ring mounted in a suitable groove in sleeve 38 
provides a ?uid tight joint across the threaded connec 
tion. The insert member 39 normally will be made of 
wear resistant material such as tungsten carbide. Tung 
sten carbide objects can be secured in the sleeve 38 by 
known brazing techniques. The opening through the 
nozzle assembly is in the form of a straight circular sec 
tion 42 and a tapered inlet 43. The degree of the taper 
of inlet 43, preferably, should be gradual, de?ning an 
included angle between about 15 and about 35 degrees 
and should constitute at least 30 percent of the axial 
dimension of the bit nozzle measured along its longitu 
dinal axis. The transition from the steel sleeve 38 to the 
insert member 39 through the tapered section 43 is 
smooth. The tapered inlet con?guration can be formed 
by techniques known in the art. - 
As shown in FIG. 1, the bit nozzles extend beyond 

the lower surface of the bit 10 but not beyond the lower 
extremity of the blades 18-20. This permits locating 
the nozzles at the desired standoff distance from the 
formation. 

During drilling operation, fluid ?ow will be through 
the drill string 11, through the bit ?ow courses, e.g., 32, 
33, 34, and ?nally through the bit nozzles 25-31. The 
jets discharging from the nozzles impinge against the 
formation and cut circular kerfs therein as the bit is 
rotated. The islands of formation rock separating the 
kerfs are abraded by the cutting blades 18-20. Ex 
perience has shown that at the high jet velocities, the 
bit nozzles 25-31 become eroded in a relatively short 
period of time. In ?ow tests using sintered tungsten car 
bide nozzles, the ?ow area of 0.1 inch was increased by 
about 28 percent after only 3.2 hours of ?uid ?ow. The 
tests consisted of ?owing water containing 2 volume 
percent of sand through the nozzles at a pressure dif 
ferential of between 10,000 and 14,000 psi. 
The present invention increases the life span of the 

bit by functionally replacing the bit nozzles with new 
nozzles. The replacement nozzles are carried from the 
surface to the bit 10 in a specially con?gurated nozzle 
holder. The nozzle holder is orientably lodged in the bit 
to align each replacement nozzle with oneof the bit 
?ow courses. The replacement nozzles are then trans 
ferred from the holder to the bit and forced into 
abutting engagement with the bit nozzles. The replace 
ment nozzles are faced with packing material which 
deforms under stress and establishes a pressure seal in 
the area of contact between the nozzles. The openings 
of the replacement nozzles are smaller than the 
openings of the bit nozzles and thus de?ne the 
minimum ?ow restriction in the system. In effect, then, 
the replacement nozzles replace the bit nozzles. 

10 

20 

25 

30 

35 

40 

45 

55 

60 

65 

6 
As shown in FIGS. 1 and 3, a nozzle holder 44 suita 

ble for use in the present invention can be in the form 
of a cylindrical plug having a plurality of circular chan 
nels formed therein. A replacement nozzle is mounted 
in each channel; thus, if it is desired to replace all the 
bit nozzles 25-31, the holder 44 will be provided with 
one channel for each bit nozzle. As shown in FIG. 1, 
replacement nozzles 51 and 52 carried in channels 45 
and 46 are adapted to align with the ?ow courses 32 
and 33 formed in wing 15. Each channel is placed in 
axial alignment with a ?ow course when holder 44 oc 
cupies predetermined angular position in chamber 21. 
Although not shown in the drawing, channels contain 
ing replacement nozzles for nozzles 27-30 are similarly 
placed in alignment with their ?ow courses formed in 
wings 16 and 17. It should be observed that the paired 
channels,'e.g., 45 and 46, containing replacement noz 
zles 51 and 52 can be aligned with the ?ow channels of 
either of the other wing flow courses depending upon 
the angular position of the holder 44. For example 
channels 45 and 46 align with the flow courses of either 
wing 16 or 17 when the holder 44 is turned 120° in 
either direction from the position shown in FIG. 2. 
Thus, the three paired sets of channels in holder 44 can 
align with either the ?ow courses of wing 15, the ?ow 
courses of wing 16 or the ?ow courses of wing 17. Cen 
tral channel 47 extends axially through the, holder 44 
and carries replacement nozzle 53. Channel 47, and 
hence nozzle 53, align with central ?ow course 34 in 
any angular position of the holder 44 in chamber 21. 
The nozzle holder 44 is sized to pass through the drill 

string 11 and to enter the bit chamber 21. An annular 
seal 48 which can be in the form of an O-ring extending 
around the outer periphery of the holder 44, is adapted 
to engage interior of section 24 with the holder 44 
lodged in chamber 21. The provisions of the annular 
seal 44 permits the holder to mate in the lower section 
22 in a relatively loose ?t, clearances of between 0.010 
and 0.015 inches being satisfactory for most applica 
tions. Except for central channel 47, all of the channels 
can be bored through the top surface of the holder 44 
exiting through the outer periphery thereof. An upper 
section of each channel can be counterbored for 
receiving a cup-like member identi?ed by reference 49 
in the drawings. The cup-like member 49 is designed to 
fit snugly in the counterbored section of each channel. 
A small hole 50 formed in the base of the member 49 
permits the transmission of ?uid through the channel. 
The cup-like member 49 can be made of copper, alu 
minum, or other easily erodible material. Each replace 
ment nozzle can be inserted in a cup-like member 49 
and the resulting assembly then inserted through the 
top of the nozzle holder 44 into a channel. Each as 
sembly is pressed downwardly into its corresponding 
channel until the rim of member 49 abuts the shoulder 
of the counterbore. The replacement nozzles are fric 
tionally held in this position as the holder 44 is pumped 
through the drill string 1 l. 
The means for orienting the nozzle holder 44 in the 

bit can take a variety of forms. In the present embodi 
ment a pin and groove arrangement is employed. A pin 
54 extends upwardly from the bottom wall 22 of 
chamber 21 and is disposed between the axis and the 
outer wall of chamber 21. The bottom surface of the 
holder 44 is provided with three conical recesses, 
shown in FIG. 4 as 55, 56, and 57. The apex of each 
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recess is disposed to register with the tip of pin 54 with 
the holder 44 lodged in the lower section 24 of 
chamber 21. The bases of recesses 55, 56, and 57 inter 
sect in lines 58, 59, and 60. Thus, as the holder 44 ap 
proaches bottom wall 22 of chamber 21, pin 54 en 
gages a ?ank of vone of the recesses 55, 56, or 57. 
Further downward movement of the holder 44 causes it 
to be turned until the tip of pin 54 is lodged in the apex 
of one of the recesses 55-57. This places each of the 
paired channels of holder 44 in alignment with one of 
the paired flow courses of the bit. In this embodiment, 
the maximum turning required to orient the holder is 
about 60°. F - 

The replacement nozzles are specially constructed to 
fit snugly in the cup-like member 49 and to be fric 
tionally held therein. As-shown in FIG. 5, the replace 
ment nozzle comprises a hollow ceramic member 61, 
e.g., tungsten carbide, having a cylindrical section 62 
and a tapered nose section 63. The diameter of section 
62 should be slightly less than the minimum diameter of 
the bit ?ow courses. The taper of the nose section 63 is 
slightly less than the taper of the inlet 43 of the bit noz 
zle (see FIG. 6). The included angle de?ned by the 

- tapered nose section 63 can be from l° to 5° less than 
that defined by the tapered inlet’ 43 of the bit nozzle. 
An opening 64 extends axially through the ceramic 
member 56 and can be provided with a tapered inlet as 
illustrated. The nose section 63 is faced with‘a packing 
material capable of deforming under stress to establish 

. a pressure seal when contacting another surface. The 
packing material normally will be a viscoelastic plastic 
and can be provided by a separate member 65 shaped 
to clip on the nose section 63 or can be molded directly 
on the ceramic member 61. Suitable viscoelastic 
materials include polymers or copolymers of one of the 
?uoroplastics, > nylon or hard rubber. 
Polytetra?uoroethylene is preferred because of its low 
coefficient of friction and its anti_stick characteristic 
enhance plastic ?ow adjacent a metal surface. An 
epoxy resin or other suitable adhesive can be used to 
secure the molded member 65 to the ceramic member 
61 if desired. 

An- annular groove 66 formed of an intermediate 
portion of the nose 63vis adapted to receive a compli 
mentary shaped protrusion 67 formed on the interior of 
the memberv 65. This adds physical bonding strength to 
the assembly. The thickness of the packing member 65 
should be uniform throughout the lower portion of the 
nose member. The thickness can vary but normally will 
be between about one-sixteenth and about one-fourth 
inches. The outer extremity member 65 should be ?ush 
with the outer periphery of the cylindrical section 62. 
A plug 68 composed of a deformable material such 

as nylon, rubber, or polytetra?uoroethylene is inserted 
through the opening 64 of the replacement nozzle. The 
plug 68 has an enlarged head _69 which seats at the base 
of the tapered inlet of opening 64. When inserted in the 
replacement nozzle, the plug 68 extends beyond the 
nose section 63 and serves as a guide to bring the 
openings of the replacement nozzle and the bit nozzle 
into axial alignment. Theparts shown in FIG. 5 can be 
preassembled and inserted in a holder channel, one of 
such assemblies for each channel. The plug 68 closes 
opening 64 and thus permits the development of 
hydraulic force for transferring ‘the replacement noz 
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8 
zles from the holder 44 to the bit 10 as described 
below. 

In operation, an erosion bit 10 similar to the one de 
picted in FIGS. 1 and 2 will be run in the drill string 11 
and operated until the bit nozzles become sufficiently 
worn to require replacement. This condition will 
generally be indicated by reduced drilling rate or 
reduced drilling pressure. At this time, the nozzle 
holder 44 provided with the replacement nozzles will 
be passed through the drill string 11 and into the bit 
chamber 21. This can be achieved by ‘inserting the 
holder 44 into the drill string and pumping drilling ?uid 
behind the holder 44 forcing it downwardly toward the 
bit 10 (see FIG. 1). Alternatively, the holder 44 can be. 
placed by use of wireline equipment. In either event, 
the holder 44 enters the lower section 24 of chamber 
21 and is oriented therein by means of the pin 54 en~ 
gaging one of the conical recesses 55-57 (see FIG. 2). 
With the holder 44 oriented, O-ring 48 prevents 
passage of ?uid around the holder 44 so that an in 
crease in pressure in the drill string 11 is transmitted 
through the cup-like member 49 via hole 50 forcing the 
replacement nozzle assemblies‘from the holder 44. The 
sealing ability of O-ring 48 need not be large since it 
must withstand only that pressure required to dislodge 
the replacement nozzles from the holder 44. Each noz 
zle thus passes into an aligned ?ow course and is forced 
downwardly into abutting engagement with a bit noz 
zle. The holes 50 in the cup-like members 49 tem~ 
porarily maintain a small differential pressure between 
?uid in the drill string 11 and ?uid in the ?ow channels. 
This insures that all of the replacement nozzles will be 
discharged from the holder 44. As each replacement 
nozzle approaches the' lower end of its ?ow course, the 
tip of the plug 68 enters the opening of the bit nozzle. 
The replacement nozzle is thus properly lodged in a bit 
nozzle, the openings of each being in axial alignment. 
As the pressure upstream of the nozzles is increased, 
the replacement nozzle is forced downwardly into 
abutting engagement with its associated bit nozzle 
causing the packing material to deform. At a predeter 
mined pressure, the head 69 of the plug 68 will yield al 
lowing the plug 68 to clear the replacement nozzle and 
to pass through the bit nozzle. 

Plastic flow in the zone to be sealed will be between 
the points of maximum stress. The difference in the 
taper of nose 63 and the taper of inlet 43 creates a high 
stress boundary in the area indicated by reference nu 
meral 70 (FIG. 6). The upper boundary is defined by 
the upper extremity of the nose section 63 positioned in 
close conformity to the wall defining the bit ?ow. This 
boundary is indicated by reference numeral 71 (FIG. 
6). Thus plastic ?ow will be upwardly from boundary 
70 section and downwardly from boundary 71. This 
plastic ?ow causes the viscoelastic material to fill the ir 
regular annular space between the nose section 63 and 
the outer wall de?ned by the tapered inlet 43 and the 
?ow course wall. The packing pressure in this zone will 
generally be higher than the pressure upstream of the 
replacement nozzle. The high pressure zone establishes 
an effective pressure seal. With the replacement noz 
zles sealingly seated in the bit nozzles, the small flow 
restriction provided by the former determines the 
character of the jet emerging from the bit 10. In effect, 
then, the replacement nozzles replace the bit nozzles 
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when drilling is resumed. Under normal drilling condi 
tions members 49 are rapidly eroded away removing 
the ?ow restrictions in each of the channels. This con 
dition is illustrated in FIG. 2. 

‘As mentioned previously, the present invention can 
be used in conjunction with cone bits as well as drag 
bits. A cone bit 72 is shown in FIGS. 7 and 8 as having a 
body 73 provided with a threaded shank 74, and three 
cones 75, 76, and 77 journaled to the body 73. A circu 
lar chamber 78 extends through the shank 74 and into 
the body 73 terminating at end wall 79. The chamber 
78 has a full opening section 80 and a section of 
reduced diameter 81. The bit 72 is also provided with 
three nozzles 82, 83, and 84. The nozzles are disposed 
between the bases of the cone cutters 75-77 and are 
directed in a generally downwardly direction. Flow 
courses, one shown as 85 in FIG. 7, extend from the 
chamber 78 exiting through the bottom surface of the 
bit body 73. The lower end of the flow course 85 is 
counterbored for receiving an extension tube 86. The 
extension tube 86 ?ts into the counterbored section 
and is welded to the body 73 as illustrated. The lower 
end of the tube 86 is threadedfor receiving a bit nozzle, 
e.g., nozzle 82. The interior of the tube 86 is sized to 
provide a smooth continuation of ?ow course 85. ..T he 
?ow course thus extends in a linear direction away 
from chamber 78, curves downwardly through tube 86 
and exits in a linear direction. The ?ow passage 
through the ‘body 73 and tube 86 can be tapered to 
minimum diameter in the lower linear section. The 
tapered con?guration serves to guide the replacement 
nozzles into the bit nozzles. Nozzles 83 and 84 are 
similarly connected to the bit body 73 by extension of 
tubes 87 and 88, respectively, as shown in FIG. 8. 
A nozzle holder 89 in this embodiment can be similar 

to the nozzle holder described previously. The holder 
89 has formed therein three channels, one shown as 90, 
and each channel is provided with a cup-like member 
91 having a hole 92 formed in its base. Each channel 
receives a replacement nozzle 93 which can be of the 
same general construction previously described and il 
lustrated in FIG. 5. Lip seals 94 mounted about the 
outer periphery of the holder 89 provide a pressure seal 
around the upper portion of the holder lodged in the 
chamber 78. The means for orienting the nozzle holder 
89 in the bit chamber 78 can be the pin and groove ar 
rangement described previously. Pin 95 extending up 
wardly from the bottom wall 79 is adapted to engage 
one of three conical recesses, one shown as 96. With 
the holder oriented in the chamber 78, each channel, 
e.g., 90, is aligned with the ?ow course, e.g., 85, in the 
bit body 73. The replacement nozzles, e.g., 93, can be 
pressure discharged from the nozzle holder 89 and 
forced into abutting engagement with a bit nozzle, e.g., 
82, as illustrated in FIG. 7. When drilling operations 
resume, the drilling ?uid ?owing through the holder 
quickly erodes away the base of the cup-like member 
91. 
Advantages of the present bit assembly over prior 

bits, particularly retrievable bits, used in erosion 
drilling operations, are that the nozzle holder need not 
be machined within close tolerances to provide a pres 
sure seal, and the holder need not be retrieved from the 
bit to effect replacement of the bit nozzles. 
We claim: ’ 
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1. An assembly comprising a bit adapted for connec 
tion to a tubular drill string, said bit having a plurality 
of How courses extending therethrough, each of said 
?ow courses terminating in a ?ow restriction of 
reduced cross section; a holder passable through said 
drill string and into said bit and containing a plurality of 
replacement nozzles detachably mounted therein, a 
leading portion of each said replacement nozzles being 
faced with packing material; means for orienting said 
holder in said bit body to align each of said nozzles with 
one of said ?ow courses; and means for discharging 
each of said replacement nozzles from said holder into 
an aligned ?ow course and into abutting engagement 
with one of said ?ow restrictions. ' 

2. An assembly as de?ned in claim 1 wherein said 
packing material is polytetra?uoroethylene. 

3. An assembly as de?ned in claim 1 wherein the 
means for orienting said nozzle holder in said bit in 
cludes a member mounted in said bit and a cooperating 
surface found on said nozzle holder, said surface 
adapted to engage said member as said holder enters 
said bit and to guide said holder to said oriented posi 
tion. 

4. An assembly as de?ned in claim 1 wherein each of 
said replacement nozzles is provided with a plug for 
sealing the opening thereof, said plug being removable 
from said replacement nozzle at a predetermined pres 
sure differential across said replacement nozzle. 

5. An assembly as de?ned in claim 4 wherein said 
plug mounted in said replacement nozzle extends 
beyond the leading portion of said replacement nozzle 
and is sized to enter one of said flow restriction of said 
bit. ' 

6. An assembly as de?ned in claim 1 wherein the 
means for discharging said replacement nozzles from 
said nozzle holder includes hydraulical means opera 
tive to force said replacement nozzles from said holder 
and into said bit ?ow courses. 

7. An assembly as de?ned in claim 6 wherein said 
nozzle holder further includes a sealing element 
mounted about its outer periphery, said sealing element 
being sized to engage an interior surface of said bit with 
said holder lodged therein to establish a pressure seal 
between said nozzle holder and said bit. 

8. An assembly as de?ned in claim 7 wherein said 
nozzle holder further includes a means for establishing 
a temporary flow restriction above each replacement 
nozzle carried therein. 

9. An assembly as de?ned in claim 1 and further 
comprising a plurality of cutter cones journaled to said 
bit. 

10. An assembly as de?ned in claim 1 and further 
comprising a plurality of cutter blades mounted on said 
bit. 

11. A replacement nozzle for inserting into an ero 
sion bit, and adapted to sealingly engage a bit nozzle, 
said replacement nozzle comprising a hollow ceramic 
member; and a viscoelastic member mounted on a 
leading portion of said ceramic member, said 
viscoelastic member being deformable under stress to 
establish a pressure seal in the area of contact between 
the replacement nozzle and bit nozzle. 

12. A replacement nozzle as recited in claim 11 
wherein said viscoelastic member is composed of 
polytetra?uoroethylene. . 
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13. A method for inserting a nozzle into an erosion 
bit attached to a drill string and having at least one ?ow 
course extending therethrough, said flow course ter 
minating in a bit nozzle, said method comprising 
passing a holder through the drill string and into said 
bit, said holder having a replacement nozzle detachably 
mounted therein, the leading portion of which is com 
posed of packing material; orienting said holder in said 
bit to align said nozzle with said ?ow course; transfer 
ring said nozzle from said holder to said flow course; in 
creasing the pressure in said drill string and said bit to 
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12 
force said nozzle into abutting engagement with said bit 
nozzle and to deform said packing material and thereby 
effect a pressure seal in the contact area between said 
replacement nozzle and said bit nozzle. 

14. A method as defined in claim 13 wherein the step 
of transferring said replacement nozzle includes in 
creasing the pressure in said drill string to force said 
replacement nozzle from said‘ holder and into said 
aligned flow course. 
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