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The present invention relates to rotary bits for drilling 
boreholes in the earth and is particularly concerned with 
an improved jet bit useful for drilling oil wells, gas wells 
and similar boreholes. 

Jet bits provided with nozzles through which drilling 
fluid can be discharged at high velocity against the forma 
tion at the bottom of the borehole have been used in 
the petroleum industry to permit more effective scouring 
of the formation and to promote more efficient entrain 
ment of solids in the fluid. The nozzles employed in 
such bits must have small diameters to achieve the re 
quired velocities and are therefore readily plugged by 
solid particles of only moderate size. This precludes the 
injection through such bits of materials normally used to 
control lost circulation. Each time such a material were 
employed, the drill string would have to be pulled from 
the borehole and the bit removed. The pipe would then 
have to be returned to the hole and the lost circulation 
'material injected. After circulation had been restored, . 
the pipe would have to be pulled from the hole, the bit 
replaced, and the drill string again lowered into place. 
Repeated trips into and out of the borehole are hazardous 
where lost circulation problems exist because of the possi 
bility that a blowout may occur during tripping. For this 
reason, the use of jet bits has been restricted. 

It is therefore an object of the present invention to 
provide an improved jet bit for drilling oil wells, gas 
weils and similar boreholes. A further object is to pro 
vide a jet bit which will permit the injection of lost cir 
culation materials into a borehole without the necessity 
of repeated trips to and from the surface. Another object 
is to provide a jet bit through which lost circulation mate 
rials can be injected without plugging the bit nozzles. 
Still other objects will be apparent from the following 
detailed description of bits constructed in accordance with 
the invention and from the accompanying drawing, in 
which: 
FIGURE 1 is a vertical elevation, partially in section, 

of a diamond bit constructed in accordance with the in 
vention; and, 
FIGURE 2 is a bottom view of the bit of FIGURE 1. 
The bit shown in FIGURE 1 of the drawing is a dia 

mond bit which includes a tubular upper body section 11 
of steel or similar metal having an upper shank 12 pro 
vided with external threads 13. The upper shank and 
threads on the bit shown form a standard A.P.I. tool joint 
pin which is used to attach the bit to the lower end of a 
conventional rotary drill string. Other suitable connect 
ing means may be provided if desired. The upper body 
section contains an internal passageway 4 which extends 
downwardly along the longitudinal axis of the tool from 
an opening at the top of the upper shank. The diameter 
tof the internal passageway is enlarged below a tapered 
shoulder 5 located beneath the shank. Lower body 
Section 16 is a tubular member attached to the lower end 
of the upper body section by means of threads 17. An 
O-ring or similar member 18 is set in a groove in the in 
ner Surface of the lower body member below the thread 
to provide a seal between the two sections. The outer 
diameter of the lower body section is enlarged below a 
tapered external shoulder 19. Threads 20 are provided 
for attaching the lower body section to the cutting head 
or crown of the bit. The use of an upper and a lower 
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body section as described permits ready access to the 
interior of the bit but is not essential. In some cases 
the body member may be made in one piece. 
The crown of the bit shown in FIGURE 1 of the draw 

ing includes a steel blank 21 provided with threads which 
mate with those on the lower end of the lower body mem 
ber. The steel blank and lower body member are nor 
mally welded together after the bit has been assembled, 
the weld being indicated by reference numeral 22. A 
matrix section 23 is bonded to the lower part of the steel 
blank in order to provide the desired bit contour. A typi 
cal matrix may consist of a copper-nickel alloy-containing 
powdered tungsten carbide in quantities sufficient to con 
fer the required strength and erosion resistance. Other 
matrix compositions and methods for fabricating diamond 
bits utilizing them are described in the "Diamond Drill. 
Handbook' by J. D. Cumming, 1956 edition, published 
by J. K. Smit & Sons of Canada, Limited, Toronto. The 
portion of the crown formed by the matrix section in 
cludes a tapered shoulder 24 and an outer gage surface 25 
located below the shoulder. The crown is rounded below 
the gage surface to form a generally convex drilling face 
26 containing a shallow cavity located near the longi 
tudinal axis of the bit. This cavity, indicated generally 
by reference numeral 27, results in the formation of a 
short conical rock projection beneath the bit. This helps 
center the bit in the borehole and provides additional sur 
face for the placement of diamonds near the bit axis. The 
diamonds employed as cutting elements are embedded in 
the gage surface and drilling face and are designated by 
reference numeral 28. Tungsten carbide chips or similar 
hard, abrasion-resistant particles may be utilized in lieu 
of diamonds in some instances. 
A longitudinal passageway 29 extends through the 

crown of the bit near the bit axis. This passageway in 
cludes an internal shoulder 30 and a lower internal nozzle 
31 of tungsten carbide or similar erosion resistant mate 
rial bonded to the wall of the passageway below the 
shoulder. The internal diameter of nozzle 31 is suffi 
ciently large to permit the passage of lost circulation ma 
terials which may have to be injected through the bit. 
The passageway below the nozzle opens into a discharge 
port in the lower surface of the tool. The port is of irreg 
ular cross-section as shown in FIGURE 2 of the drawing, 
thus providing a "crow's foot” for drilling out the forma 
tion beneath the bit axis. Watercourses 32 extend from 
the port across the bottom of the bit and up the gage sur 
face. Junk slots 33 are spaced at regular intervals around 
the periphery of the tool to permit the discharge of large 
particles dislodged from the formation beneath it. Each 
junk slot is connected to one of the ports near the bit axis 
by a short connecting watercourse 34. Jet nozzles 35 are 
mounted in opening in the crown and discharge into the 
junk slots. The jet nozzles are made of tungsten carbide 
or similar material and are of somewhat smaller internal 
diameter than nozzle 31 and the discharge port discussed 
above. Each of the jet nozzles discharges from an annu 
lar recess 36 within the crown. 
An internal nozzle and screen assembly is provided 

above lower nozzle 31 in the bit shown in FIGURE 1. 
This assembly forms a first passageway extending longi 
tudinally through the tool from the opening in shank 
12 to the discharge port in the crown and a second, annular 
passageway extending from an inlet in the first passage 
way to the openings in the crown within which the jet 
nozzles 35 are mounted. The nozzle assembly shown 
includes a lower connecting member 37 which seats against 
shoulder 30 in the crown. The connecting member has 
an external shoulder 38 which bears against the upper 
Surface of the portion of the crown surrounding the 
central passageway 29. An O-ring or similar member 39 
is Set in a groove below the shoulder to effect a seal 
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between the connecting member and crown. The upper 
end of the connecting member is provided with internal 
threads 40. Shoulders 4 and 42 are located below the 
threads. A spacer 43 is shown in position on the lower 
shoulder 42. An O-ring 44 is set in a groove between 
the two shoulders and provides a seal between the spacer 
and the inner wall of the connecting member. As will 
be pointed out in greater detail hereinafter, the spacer 
can be replaced with a nozzle of tungsten carbide or 
similar erosion resistant material if desired. 
A nozzle retainer 45 is located in the nozzle assembly 

above the lower connecting member. The retainer is 
threaded into the upper end of the connecting member 
and is provided with an O-ring 46 to prevent the escape 
of fluids between the two. Internal nozzle 47 is seated 
on an internal shoulder 48 within the retainer. As can 
be seen from the drawing, the throat diameter of this noz 
zle is similar to that of discharge nozzle 31 and is con 
siderably larger than the jet nozzle set in the lower part 
of the crown. An O-ring 49 provides a seal between the 
nozzle and surrounding retainer. Internal threads 50 
located above an internal shoulder 51 permit the con 
nection of a second retainer to the upper end of the re 
tainer described. It will be seen from the drawing that 
three additional nozzle retainers 52,53 and 54 containing 
nozzles 55, 56 and 57 are provided in the assembly. 
These are identical to the lower retainer and nozzle and 
therefore need not be described in detail. 

: The uppermost nozzle retainer 54 is connected to the 
lower end of a cylindrical screen retainer 58 by means 
of threads 59. An O-ring 60 is set in a groove above the 
threads to provide a seal between the two. The screen 
retainer contains longitudinal slots 61 through which fluid 
may pass outwardly into the annular space 62 between 
the retainer and the inner wall of the upper body section. 
A cylindrical, slotted Screen 63 seats againstan internal 
shoulder 64 in the lower part of the screen retainer 
and extends upwardly to the upper end of the retainer 
above the slots. Screens other than the slotted type shown 
may be employed. In some cases the use of a separate 
screen may be avoided by providing very small openings 
in member 58 but the use of a separate screen and retainer 
is preferred. Annular cap.65 is connected to the upper 
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to Secure the required high velocity through the jet 
nozzles. The use of a plurality of vertically-spaced in 
ternal nozzles as shown also makes possible the use 
of considerably larger nozzles than could otherwise be 
employed. The number of vertically-spaced nozzles uti 
lized will depend in part upon the pressure at which drilling 
fluid is supplied to the bit, the fiuid throughput desired, 
and the pressure drop across the jet nozzles. If necessary, 
spacers may be substituted for one or more of the nozzles 
provided. Alternatively, an additional nozzle may be 
substituted for spacer 43 in the bit shown. It is generally 
preferred to employ a maximum number of internal 
nozzles and thus maintain the internal nozzle diameters 
as large as possible. 
A part of the fluid introduced into the nozzle assembly 

through the opening in cap 65 does not pass through the 
internal nozzles and instead is forced through the open 
ings in screen 63 and the slots 61 in the screen retainer. 
This fluid flows downwardly through the annular space 
62 between the internal nozzle assembly and the inner 
wall of the upper body section to the jet nozzles in the 
lower part of the bit. Comparatively little pressure drop 
occurs in the annular space and hence the pressure drop 
across the jet nozzles is high. This results in the discharge 
of fluid at high velocity against the formation at the 
bottom of the borehole. Each of the jet nozzles is 
preferably set at a different angle to the longitudinal 
axis of the bit so that substantially all of the formation 
beneath the bit is thoroughly scoured by the high velocity 
fluid as the bit rotates. In most cases about 50% of the 
total fluid circulated ot the bit will be discharged through 
the jet nozzles. The distribution of fluid between the jet 
nozzles and the internal nozzle assembly can be readily 

- controlled by varying the member of nozzles and the noz 
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end of the retainer by means of threads 66 to provide 
a closure for the annular space between the screen re 
tainer and the inner wall of the upper body section below 
tapered shoulder 15. It is not essential that this closure 
be absolutely fluid tight and hence no sealing member 
is provided. It is preferred that the screen, screen re 
tainer, internal nozzles and nozzle retainer all be made 
of tungsten carbide or a similar erosion-resistant material. 
It will be apparent that internal nozzle and screen assembly 
designs other than that described above may be employed 
if desired. In some instances, for example, it may be 
preferred to mount the internal nozzles and screen within 
a tube of tungsten carbide or similar material held in 
place near the top and bottom of the body member. In 
other cases it may be desirable to mount the nozzles and 
Screen in place permanently and dispense with the seals, 
threads and other features required with a replaceable 

60 screen and nozzles. These and similar modifications will 
be apparent to those skilled in the art. 

During a rotary drilling operation utilizing the tool 
shown in the drawing, drilling fluid is circulated down 
Wardly to the bit through, the drill string to which it is 
connected. After passing through passageway 14 in the 
shank of the upper body section, the fluid flows through 
the opening in annular cap 65 on the internal nozzle as 
sembly. A part of the fluid thus introduced into the 
noZZle assembly passes downwardly through the internal 
nozzles and is discharged beneath the tool. The internal 
nozzles reduce the velocity of the fluid so that it emerges 
from the discharge ports at the bottom of the bit a?t 
relatively low velocity. This avoids undue erosion of 
the crow's foot and adjacent sections of the crown and 
at the same time permits the use of sufficient fluid pressure 
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zle diameters in the internal nozzle assembly. The addi 
tion of an internal nozzle to the assembly will increase the 
pressure drop through the assembly and hence cause a 
larger proportion of the total fluid to pass through the 
jet nozzles. The removal of a nozzle from the assembly 
at the center of the bit will reduce the pressure drop and 
permit a greater fraction of the total fluid to be dis 
charged into the borehole through the discharge port 
near the longitudinal axis of the tool. In like manner, a 
reduction in the internal nozzle diameters increases the 
pressure drop in the assembly, resulting in the discharge 
of more fluid through the jet nozzles; while an increase 
in internal nozzle diameter reduces the proportionate 
amount of fluid discharged through the jet nozzles. 
When the injection of a lost circulation material into 

vugs or fractures in the formation surrounding the bore 
hole becomes necessary, the material may be entrained 
in the drilling mud or other fluid at the surface and circu 
lated downwardly through the drill string without inter 
rupting the drilling operation. The particles of lost circu 
lation material pass through the relatively large internal 
nozzles in the body of the bit and are discharged beneath 
the tool. The screen in the upper body section of the 
bit prevents entrainment of the particles in fluid passing 
through the annular section of the tool to the jet nozzles 
and hence plugging of the nozzles is avoided. Particles 
trapped by the screen are continuously carried away by 
the fluid passing downwardly within the internal nozzle 
and screen assembly. The screen is thus essentially self 
cleaning. After the required quantity of lost circulation 
material has been injected into the formation and circu 
lation has been restored, the use of a normal drilling fluid 
free of the lost circulation material may be resumed. The 
invention thus makes possible the injection of lost circu 
lation materials and similar particulate solids into a bore 
hole without interrupting the drilling operation, without 
the necessity of pulling the drill string from the borehole, 
and without danger of plugging the jet nozzles in the bit. 
This in turn permits higher overall drilling rates than can 
generally be obtained in drilling operations where lost 
circulation zones are encountered. 
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The invention has been described above in terms of a 
diamond bit but is equally applicable to rock bits, drag 
bits and other rotary drilling tools. By simply replacing 
the diamond cutting elements on the bit shown with roller 
cones supported on legs extending downwardly from the 
body or with drag bit blades, the invention can readily 
be applied to a rock bit or drag bit. The internal nozzle 
and screen assembly may be identical to that shown in 
the drawing. The modifications required to thus adapt 
the invention to other type bits are minor and will be 
apparent to those skilled in the art. 
What is claimed is: 
1. A rotary drill bit comprising: 
a body member provided with means for connecting 

said member to the lower end of a rotary drill string, 
said body member containing a first longitudinal 
passageway extending from an opening at the upper 
end of said member to a discharge port at the lower 
end of said member near the longitudinal axis thereof 
and a second longitudinal passageway extending 
from an inlet in said first passageway near the upper 
end thereof to an outlet near the lower end of said 
body member laterally spaced from said discharge 
port; 

means within said first passageway at vertically-spaced 
intervals between said inlet and said discharge port 
for increasing the pressure drop therein and reducing 
the velocity with which fluid emerges from said dis 
charge port; 

means within said second passageway near the lower 
end thereof for increasing the velocity with which 
fluid is discharged from said outlet; 

means within said body member for restricting the pas 
Sage of solids from said first passageway through said 
inlet into said second passageway; 

and cutting elements mounted at the lower end of said 
body member. 

2. A rotary drill bit comprising: 
a body member provided with means for connecting 

Said member to the lower end of a rotary drill string 
and with a lower face for engaging the formation at 
the bottom of a borehole, said body member con taining a first longitudinal passageway extending 
from an opening near the upper end of said member 
to a discharge port in said lower face near the lon 
gitudinal axis of said member and a second longitu 
dinal passageway extending from an inlet in said first 
passageway near the upper end thereof to an outlet 
in said lower face laterally spaced from said dis 
charge port; 

means within said first passageway at vertically-spaced 
intervals between said inlet and said discharge port 
for increasing the pressure drop therein and reducing 
the velocity with which fluid emerges from said dis 
charge port; 

means within said second passageway near the lower 
end thereof for increasing the velocity with which 
fluid is discharged from said outlet; 

means within said body member for restricting the pas 
Sage of solids from said first passageway through 
Said inlet into said second passageway; 

and a plurality of particulate cutting elements embedded 
in said lower face of said body member. 

3. A rotary drill bit comprising: 
a body member provided with means for connecting 

said member to the lower end of a rotary drill string 
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6 
and with a crown for engaging the formation at the 
bottom of a borehole, said body member containing 
a first longitudinal passageway extending from an 
opening near the upper end of said member to a dis 
charge port in said crown near the longitudinal axis 
of said member and a second longitudinal passage 
way extending from an inlet in said first passageway 
near the upper end thereof to a plurality of outlets 
in said crown laterally spaced from said discharge 
port; 

a screen within said body member for restricting the 
passage of solids from said first passageway through 
said inlet into said second passageway; 

a plurality of erosion-resistant nozzles mounted at ver 
tically-spaced intervals in said first passageway above 
said discharge port and below said inlet for increas 
ing the pressure drop therein and reducing the ve 
locity at which fluid emerges from said discharge 
port; 

a plurality of jet nozzles mounted in said outlets near 
the lower surface of said crown for increasing the 
velocity with which fluid is discharged from said 
Second passageway; 

and a plurality of diamonds embedded in the lower sur 
face of said crown. 

4. A bit as defined by claim 3 wherein at least one of 
said erosion-resistant nozzles is removably mounted in 
said first passageway. 

5. A rotary drill bit comprising: 
a hollow body member provided with means for con 

necting said member to the lower end of a rotary 
drill string and with a crown for engaging the for 
mation at the bottom of a borehole, said body mem 
ber containing an opening in the upper end thereof, 
a discharge port in said crown near the longitudinal 
axis of said member, and a plurality of outlets in 
said crown laterally spaced from said discharge port; 

a tubular nozzle and screen assembly mounted within 
said body member to form a first longitudinal pas 
sageway extending through said assembly to said 
discharge port and a second longitudinal passageway 
extending to said outlets from a lateral opening in 
said assembly near the upper end thereof, said assem 
bly including a screen over said lateral opening therein 
and a plurality of erosion-resistant nozzles vertically 
spaced between said lateral opening and said dis 
charge port to increase the pressure drop therein and 
reduce the velocity with which fluid emerges from 
said discharge port; 

a plurality of jet nozzles mounted in said outlets near 
the lower surface of said crown for increasing the 
velocity with which fluid is discharged from said 
outlets; 

and a plurality of diamonds embedded in the lower 
surface of said crown. 
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