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The present invention is directed to apparatus 
for pumping fluids, More particularly, the in 
vention is directed to improved apparatus for 
pumping drilling fluid comprising a suspension of 
finely-divided solids in a fluid medium. 
The apparatus of the present invention may be 

described briefly, as involving a plurality of inter 
connected vessels defining. chambers, adapted to 
contain a body of mercury which serves as a 
liquid piston, and which reciprocates between the 
chambers. Each of the chambers is provided with 
an inlet. and an outlet which has means to resist 
the flow of fluid in a direction, opposite to normal 
flow through said inlet and outlet. A housing.de 
fining passageways communicates with each of 
said chambers through conduits connected there 
to and a pump is connected to the passageways in 
said housing by conduits, defining an inlet and an 
outlet thereto. An actuating member is ar. 
in a first of the chambers which is adapted tor 
and fall with the rise and fall of mercury. in a 
first of the chambers. A pilot valve is connected 
to the actuating member; the pilot valve has 
passageways communicating with the first-chain 

r. and with the housing. The housing defines 
a piston cylinder having a piston, carrying a pis 
ton rod attached to first and second valves which 
are adapted to open and close the pumpinlet and 
outlet, the rise and fall of said actuating member 
opening and closing. the pilot valve and causing 
movement of the piston rod and flow of mercury 
from the first chamber to the second chamber 
and vice. versa, on actuation of the pump. 
The invention will be described further by 

reference to the drawing in which 
Fig. 1 is a cross-sectional view of one e 

ment of my invention showing the valves. 
ranged in one position; 

Fig.2 is a similar cross-sectional view with the 
-valves in a second position; - 

Fig. 3 is a sectional view of a modification of the apparatus of Figs. 1 and 2 showing a dia 
phragm arrangement in the first and Second 
vessels; and 

Fig. 4 is a sectional view of a further modi 
fication of the apparatus wherein the float ar 
rangement is replaced by a diaphragm. 

In the several figures of the drawing corre 
sponding parts will be designated by identical nu 
nerals. . 

Referring now to Figs. 1 and 2, numerals 
2 designate, respectively, 
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2. 
duit...f6 is adapted to discharge fluid from vessel? 
by outlet and from vessel 2. by outlet 8. In 
let 4 is provided with a valve 9 and inlet is is 
provided with a similar valve. 29. Outlet, i. i 
provided with a valve 2 f while outlet. 8 is similar 
ly provided with a valve.22. A housing 23, is con 
nected to vessels f and f2, respectively, by con 
duits 24 and 25. The housing 23, defines a series 
of interconnected passageways and valves which 
will be described in more detail. Arranged on 
base, member 26 which suitably may be a 
easy, movement of the structure is ac 
pump 27 which is connected to conduit 23. 
housing 23 by an inlet line 28, and to housing 23 
and conduit 25 by a discharge line 28, 
Arranged in the chamber defined by the vessel 

?2 is an elongated vertical rod 30 which 
with first and second ends thereof should 
and 32. Slidably arranged on the elonga 
or member 30 is a float 33.h sw-w Year - sis. Yes 
ing 34 which allows the float to rise and fallina, 
manner which will be described further. The 
float shall be of such a density that it will float 
on the mercury but will sink in the drilling fluid. 
Connecting into the vessel 2 is a pilot valvé 35 
which has a slide, member 3S which is connected 
to the elongated member 30, which protrudes into 
the valve 35 through a stuffing box 37. The valve 
35 is connected to the housing 23 by conduits 33 
and 39. Valve 35 is also connected to the dis charge 29 of pump 27, by conduit 40. A fourth 
conduit 4 i connects the valve 35 with the suction 
28 of pump 27. . . . . . . 

It will be seen that the housing 23 defines a pis 
ton cylinder 42 in which is arranged a piston, 43. 
Connecting to piston A3 is a piston rod 44 which 
carries first and second valve members 45 and 48, 
the valve members 45 and 46 being adapted to 
open and close the discharge 29 and suction 28 
of pump 27 in a manner which will be described 
further. It will be seen that the housing 23 de 
fines chambers 47 and 48 in which the valves 45 and 46 are slidably arranged. 
Arranged in the vessel if is a plate 49, which 

serves to prevent contamination between the 
drilling fluid and the liquid piston, or body of mer 
cury therein. . . . . . 

Arranged in the vessel i is a body of drilling 
fluid 50 above the plate 49 while below it is a body 
of mercury. 51. In vessel 2 the drilling fluid is 
indicated by numeral 52 above the float 33 which 
rests on the body of mercury, 53, therein. 

It will be noted that the conduits 24 and 24a. 
are interconnected and connect to ve by the 
conduit 24. The conduit 24d connects to the 
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housing 23 and allows communication with the 
inlet 28. The conduit 24 connects to the housing 
23 and provides communication with the outlet 
29. The conduit 25 is connected to the housing 23 
at two points, a first point adjacent the inlet 23 
and a second point adjacent the outlet 29. thus 
the conduit 25 may communicate, on 2 ctuation 
of valve 46, with the inlet 23 and communication 
may be had between the outlet 28 and conduit, 25. 
This flow may be readily understood by reference 
to FigS. 1 and 2. 

Referring now to Fig. 3 which is a further 
embodiment of my invention, a plurality or pair 
of vessels 60 and 6 are provided, respectively, 
with inlets 62 and SS and outlets 64 and 65. 
Inlets 62 and 63 are provided with check valves 
66 and S to resist flow therethrough in a direc 
tion opposite from that of normal flow while out 
lets 64 and S5 are similarly provided with check 
walves 68 and 69 to resist flow back into the 
vessels 63 and 6. Arranged concentrically in 
vessels S3 and 6 are cylindrical sleeves and 
which define a plurality of ports 2 and 3 to 
allow flow therethrough. Cylindrical sleeves 
and serve as seats for diaphragms 2nd 5 
which are also concentrically arranged in vessels 
SG and 6 and define therewith outer chanbers 
6 and and inner chambers 8 and 3. Inner 
chamber 9 of vessel 6 is provided with an elon 
gated vertical member 39. Arranged slidably on 3 
elongated member 3 is a float 33 provided with 
a central opening 34. Float 33 in Fig. 3 is similar 
to but of different dimensions than float 33 to 
conform to the diameter of sleeve by virtue 
of being arranged in the inner chamber 9 of 
vessel 6. In the embodiment of Fig. 3, the elon 
gated member 3 is about 2% the length of nea 
ber 3 of Figs. 1 and 2 but is otherwise identical 
thereto. In this embodiment of my invention, 
each of the chambers 3 and 9 contains an 
amount of a non-compressible fluid equal to the 
volume of the perforated cylinders of sleeves 9 
and and the interface thereof with the mercury 
is at least below the botton shoulder 32 Of the 
member 38 when the respective vessel is begin- 4 
ning to be filled with mercury at the start of a 
cycle when driling fluid is being discharged 
from either the chamber 76 or 77. The remain 
ing parts of the embodiment of Fig. 3 are identical 
to the embodiments of FigS. 1 and 2 and further 5 
detailed description is not believed necessary. 

Referring now to Fig. 4 which is a still further 
embodiment of my invention, a plurality of ves 
sels 65 and f () are provided, respectivelv, with 
inlets 2 and 03 and outlets f4 and 5. In 
lets 2 and 3 are provided with check valves 
05 and to resist flow therethrough in a direc 

tion opposite from that of normal flow while out 
lets (4 and 5 are similarly provided with check 
Valves 8 and 9 to resist, flow back into the 
Vessels and C. Arranged in vessel is a 
diaphra?im member 9 which is arranged con 
centrically therein which has a cylindrical sleeve 
E as a seating member defining a plurality of 
ports 2 to allow flow therethrough. 

Wessel has a reduced portion 3 in which 
is arranged a diaphragm member 4 carrying a 
plate 5. Diaphragm member 4 is attached 
annularly at ring 6 to the reduced portion 3 
of vessel 9. A cup-shaped member is bolted 
to the vessel 9 by bolt 8 to affix the diaphragm 
to the vessel 00. The plate 5 is attached to a 
rod member 9 which is arranged in a housing 
2 which is fluidly connected to conduit 25 and 

to valve 35. Rod member 9 is provided with a 
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4. 
shoulder 2 at its lower end and the rod member 

S is arranged in a yoke 22. The roi in ember 
S is slidably seated in the yoke 22 so that it 

may nove vertically therein. The yoke 22 is 
connected by a second rod member 23 to the 
slide member S8 of pilot valve 35, the rod mem 
ber 23 protruding into valve 35 through a stuff 
ing box 3. The vessel ( i has been illustrated 
as being similar to vessel 6 of Fig. 3. It is to be 
understood that it may be constructed Similar 
to vessel C6 with elimination of rod member 9, 
yoke 22, and rod member 23 which will elimi 
nate the necessity of employing a non-coin 
pressible fluid in the chamber 3:. As shown, 
however, vessel () is provided with a diaphragm 

Which divides the vessel into chalibers 
3 and 3 with the diaphragm in a dis 
tended condition by virtue of the chamber 3 
being filled with mercury and non-compressible 
fluid. The remaining parts of the embodiment of 
Fig. 4 are identical to the embodiments of Figs. 
1 to 3 and further detailed description will not 
be given. 
The apparatus of the present invention fund 

tions in the following manner with respect to 
Figs. 1 and 2. Assuming for the purpose of this 
description that conduit 3 is connected to a 
nud or slush pit, the valve 9 is in the open 

position and drilling fluid or nud indicated as 59, 
referring particularly to Fig. i., is being drawn 
into vessel . It will be seen that mercury in 
dicated as 5 is contained in vessel to slightly 
above the mid-point thereof and is separated from 
the drilling fluid by a plate 49. The centrifugal 
pump 2 is in operation and is withdrawing 
mercury from vessel through conduit 24 which 
cominunicates with Suction 28 by conduit 24d. 
Thus the mercury is forced to travel through con 
duit 24 and conduit 240 and thence to Section 
28 of pump 2 since valves 45 and 46 are in a 
position to close the conduit 24 fron coznnuni 
cating with the discharge 28. The mercury then 
discharges from the pump 2 into discharge 29 
which communicates with conduit or passageway 
25. Thus the mercury flows from conduit 24 
into Suction 28 and thence through discharge 
29 into conduit 25 and thence into vesse 2 where 
the mercury level is indicated generally by nu 
rea, 33. The float, 33 rises. With the rise of 
the mercury until the float hits the shoulder 3 
in the upper portion of vessel 2. Meanwhile 
the valve 22 in Outlet 3 is open and the mud or 
drilling fluid 52 is forced out of vessel 2 into 
conduit 6 which communicates With the cir 
culating system in the drilling operation as is 
well-known to the art. The pilot valve 35 is 
connected by line 49 to the discharge 29 which 
allows flow of mercury into the piston cylinder 
and against the piston 43, holding the valves 45 
and 46 into the position shown to allow the 
mercury to fill completely the vessel 2 and to 
displace substantially all the mud therefrom. 

Referring now to Fig. 2, it will be seen that 
the drilling fluid 52 has been substantially dis 
placed from the vessel 2 and that the plate 33 
has raised the shoulder 3 to its highest posi 
tion. Referring to vessel it will be seen that 
the vessel is substantially full of drilling fiuid 
and mercury as represented by the portion be 
neath the plate 43 has been substantially ex 
hausted. The cycle is then reversed and drilling 
fluid is dra Win into Wessel 2 from the conduit 3 
and inlet. 5, valve 20 being in the open posi 
tion and valve 22 of outlet S being in the closed 
position. Since the elongated member or rod 30 
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has been raised, the valve 35 containing the slide 
member 36 is now pushed up to a position so 
that the conduits 38 and 40 are communieating 
With each other and the conduit. 392 allows the 
mercury-in chamber 42 ahead of piston A3 to 
be discharged through valve: 35 into conduit A 
and thence into the suction 28 of pump. 27, the 
mercury from vessel 2 being discharged by coia 
duit 25, into the suction 28 and thence into: cen 
trifugal pump 2 and outward therefrom through 
discharge 29 and conduit 2:... into chamber f. 
With the positions of valves 45 and 46 as shown 
in Fig. 2 the passageway 240 is blocked and the 
mercury moves, following the flow indicated gen 
erally by the arrows, allowing it to be pumped 
from vessel 2 into vessel. . . . . causing the mud 
59 therein to flow through outlet it by open 
ing valve 2 into conduit 6, inlet line 4 con 
taining Wallye: 9. eing socked thereby. 
The embodiment. of Fig. 3; works in a manner 

similar to that of Figs. 1 and 2 with the differ 
-ence that the mercury is excluded from contact 
with the drilling fluid. In this embodiligent of 
my invention, Fig. 3 represents, the Valve.35 in a 
position siliilar to the arrangement of Fig. 1. 
In this embodiment, however, the outer chamber 
77 of vessel 6 is completely full of drilling fluid 
While the inner chamber 8 of vessel 6) contains 
Substantially its maximum ailount of mercury 
and has arranged above. it a noasco;pressible 
liquid Such as Water, and the like. The Outer 
chamber 6 contains, itS. Initinuin arouni, of 
drilling fluid. Mercury is, therefore, being 
pumped from inner chamber 8 by conduits 24 
and 24d into Sction 28 and thence into punp.2 
and outward therefrom by discharge. 29, which 
communicates. With conduit 25, allowing nercury 
to be delivered into inter chanihei is which also 
contains, a non-compressible liquid. Such as Water, 
and the like. Since the float. 33 is at its owest 
point and has showed elongated neitber 3 doWn 
ward by bearing against shoulder 32, the dis 
charge. 29 communicates by conduits. As a End 39 
with chamber 42 ahead of piston, reinker... 3 
causing the piston Ienger to anove to the right 
as far as possible and causing mecquity to be 
discharged from the back of piston (3 to coil 
duit 38 into waive. 35. and thence to the conduit 
4 into suction 28 of pump 2. As inner chamber 
79 of vessel 6 becomes, filed to its greatest ex 
tent with mercury, the diaphragiin E is dise 
tended by it and the non-compressible liquid, and 
the drilling fluid in outer chamber it will be 
discharged through discharge S5 by opening valve 
69. The Outer chamber is of the Vessel 6. Will 
become filled with mud while the nercury in 
inner vessel 8. thereof will be at its lowest point; 
thereafter the cycie Will reverse as has been de 
scribed with "espect to FigS. and 2. 
The apparatus of Fig. 4 Works in a Knare 

similar to that of Figs. to 3 with the difference 
that a non-compressibie fuid is not required in 
the Wessel . In this encodinent of lay in 
wention, however, a diaphragm. A carries a plate 

5 which is connected through seeks. 
and 23 to side, nenger 3 contained in pilot 
valve 35. En Vessel the diaphragh it is 
distended by mercury and a non-compressible 
fluid arranged above the body of mercury. The 
valve 9 is shown in the open position and drill 
ing mud is being drawn into the outer chamber 
30 defined by the diaphragmi and the vessel 
O; while the inner chamber 3 defined by the 
diaphragm is being exhausted of mercury in a 
direction of fiew shown by the arrews. Mercury 

O 

6 
is being drawn, via conduits 24, and 20 into suga 
tion 28 of pung. 27, and thence into outlet 29 
and condit 25, and thence by housing: 29 to 
the underside of diaphragm 4. The side nets 
ber 36 causes: rnercury to pump, by discharge. 29 
into conduit. As and thence by conduit 39 into 
chamber 42 and against the piston Sarranged 
in cylinder causing the piston to love to the 
right; and causing the wave neeS: 45. and 6 
carried by piston cod. At0.also ao Veto; the right 
to the farthest, extent. Mercury is discharged 
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from cylinder 42 by conduit 38 and thence into 
Valve. 35 and back into the pump. Suction 28 by 
conduit 4f. As thenaercury rises under the diar 
phragm. A. it is moved upwardly forcing drillo 
ing nud contained in vessel 00 out Wardly by 
outlet 04, check valve 8 being opened. As the 
mercury, substantially fills. chamber 09 under 
diaphragn fA. the cycle is reversed. When the 
shoulder 2 reaches the limit of its upward travel 
and causes a vertical roVement of yoke 22 and 
connecting rod 23 and corresponding upward 
movement of slide member 36 of valve 35 which - 
allows the pilot valve to assume the position. 
shown in Fig. 2. Which causes the slide inenbers 
45 and 46 carried by piston rod 44 to move to 
the left causing mercury to flow into inner chain 
ber 3 of vessel . Thereafter the cycle will 
reverse as has been previously described. It will 
be understood, of course, that, when vessel 
is constructed like. Wessel. , it will be unieces 
sary to use, a non-compressible fluid therein. 

It will be seen from the foregoing description 
taken. With the drawing that Substantial ad 
Wantages inure t0, the present invention. All of 
the moving parts except the motivating means 
(not shown), for pump 2 are: enclosed elimi 
nating the possibility of leaks around or in 
packing glands and permitting the use of a high 
density fluid, such as mercury, for the fluid pis 
ton, Which Will produce a discharge pressure ap 
proximately l3.6 times greater-than the pressure 
of the same pump pumping water. Further 
more, other advantages inure to the present in 
Weration in that a pump is provided for pumping 
drilling fluid, such as drilling mud, which elimi 
nates Substantially pistons, liners, and pistonicods 
in contact with the drilling nud. It is well 
knoWn that. On mud pups where. Such pistons, 
liners and rods are subjected to abrasive action 
0f Solids in the drilling fluid it is necessary to 
replace these Various, elements at frequent inter. 
Vals due to Scoring and erosion. 
While Water is mentioned as the non-com, 

pressible liquid employed in the inner chambers 
of Figs, 3 and 4, other non-compressible liquids 
may be. Substituted therefor Stich as selected low 
Wiscosity, norvolatile, hydrocarbon factions. 
For example a kerosene or gas oil fraction may 
Suitably be used. When hydrocarbon fractions 
are employed as the non-compressible liquid the 
constructional material for the diaphragm should 
be selected to resist attack by the hydrocarbon. 
Warious Synthetic rubbers are available on the 
market. Which resist attack by hydrocarbons. 
The nature and objects of the present inven 

tion having been completely described and illus 
trated, what I wish to claim as new and useful 
and to Secure by Letters Patent is: 

1. Apparatus for pumping drilling fluid which 
comprises, in combination, a pair of intercon 
nected vessels defining first and second cham 
bers, a liquid piston arranged in and adapted 
to reciprocate between said chambers, an inlet 
and an outlet for each of said chambers provided 
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with a valve adapted to resist flow of fluid in 
a direction opposite to normal flow through said 
inlets and outlets, a housing provided with a 
piston cylinder, interconnected first and seconi 
COInduits connected to said housing and to Saizi 
second chamber fluidly communicating Said 
housing with said second chamber, interCon 
nected third and fourth conduits connected to 
said housing and to said first chamber fluidly 
communicating said housing with said first chan 
ber, a centrifugal pump, conduits defining 23). 
inlet to and an outlet from said pump fillidiy 
connected to said housing and to said puni, an 
elongated member vertically arranged in the first, 
of said chambers with respect to the horizontai 
axis of said apparatus extending Substantially 
the length thereof defining first and second 
shoulders at points corresponding generally with 
first and Second ends of Said first charyber, a 
float, having a central opening slidably mollinted 
on said eiongated member adapted to raise 
and depress same on rise and fail of Said float, 
a pilot valve adapted to be actuated by said 
float connected to said first chamber and to Said 
elongated member and communicating fitidiy 
With said first chamber and with said third con 
duit, and with the piston cylinder defined by said 
housing, first and second Valves in Said housing 
adapted to connect sequentially said pump inlet, 
to said second conduit and to said third conduit, 
and said pump outlet to said fourth conduit and 
to said first conduit, a pistor arranged in 
cylinder, and a piston rod attached to Said piston 
and to said first and second valves, the rise and 

S. S. 

fall of Said float, actuating Said pilot, Valve to 3: 
cause movement of said liquid piston into Said 
piston cylinder and against said piston atta£ine? 
to said piston rod and from Said first chariabé 
to said Second chanber and Vice versa, on act: i 
ation of Said pump. 

2. Apparatus in accordance with clain in 
which the liquid piston comprises a body of 
mercury. 

3. Apparatus for pumping drilling fluid Which 
comprises, in combination, a pair of first and 
second interconnected vessels, a diaphragm in 
each of said vessels defining an inner chamber 
and an outer chamber, said outer chambers being 
adapted to receive drilling fluid, an inlet and 
an outlet in each of Said Outer chambers pi'O- 
vided with means adapted to resist flow of drill 
ing fluid in a direction opposite to normal flow 
through said inlets and outlets, a liquid piston 
arranged in and adapted to reciprocate between 
said innel chambers, a housing provided with 
a piston cylinder, interconnected first and Sec 
ond conduits connected to said housing and to 
Said vessel fluidly communicating Said housing 
With a second of the inner chambers, intercol 
nected third and fourth conduits connected to 
said housing and to Said first vessel fluidly coin 
municating said housing with a first of the inner 
chambers, a centrifugal pump, conduits defining 
an inlet to and an outlet from Said pump con 
nected to said housing and to Said pump, an 
elongated member arranged vertically in the 
first of Said inner chambers With respect to the 
horizontal axis of said apparatus extending S12b 
stantially throughout the length thereof defining 
first, and second shoulders at points correspond 
ing generally to first and second ends of said 
first inner chamber, a float having a central 
opening slidably mounted on Said elongated 
member adapted to raise and depress same on the 
rise and fall of Said float, a pilot Valve adapted 
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to be actuated by said float connected to said 
first vessel and to said elongated member fluidly 
communicating with said first inner chamber 
and said housing and with the piston cylinder 
defined by said housing, first and second valves 
in Said housing adapted to connect sequentially 
Said pump inlet to said second conduit and to 
Said third conduit and Said pump outlet to said 
fourth Conduit and to Said first conduit, a piston 
arranged in Said piston cylinder, and a piston 
rod attached to said piston and to said first and 
Second valves, the rise and fall of said float 
actuating Said pilot valve to cause movement of 
Said liquid piston into said piston cylinder and 
against Said piston attached to said piston rod 
and from Said first inner chamber to Said Second 
inner chamber and vice versa, on actuation of 
Said pump. 

4. Apparatus in accordance with claim 3 
which the liquid piston comprises a body of 
mercury. 

5. Apparatus for pumping drilling fluid which 
comprises, in combination, a pair of intercon 
necting vessels, a diaphragm in a second of said 
vessels defining an inner chamber and an outer 
chamber, Said outer chamber being adapted to 
receive a body of drilling fluid, an inlet and 
Outlet for said outer chamber provided with 
means to resist flow of drilling fluid in a di 
rection opposite to normal flow through said inlet 
and outlet, a diaphragm in a first of said vessels 
defining an upper and a lower chamber, said 
upper chamber being adapted to receive a body 
of drilling fluid, an inlet and an outlet for said 
upper chamber provided with niaeans to resist 
flow of drilling fluid in a direction opposite to 
inorinal flow through the inlet and outlet in said 
lipper chamber, a liquid piston arranged in and 
adapted to reciprocate between said inner cham 

{} ber and said lower chamber, a housing provided 
With a piston cylinder, interconnected first and 
Second conduits connected to said housing and 
to Said second vessel fluidly communicating said 
housing With said inner chamber, interconnected 
third and fourth conduits connected to said 
housing and Said first vessel fluidly communi 
cating said housing with said lower chamber, 
a centrifugal pump, conduits defining an inlet 
and an outlet to Said pump connected to said 
housing and to said pump, an actuating mem 
ber connected to the diaphragm in said first 
WeSSel, a pilot Valve connected to said first vessel 
and to Said actuating member fluidly communi 
cating with said lower chamber and with said 
housing and with the piston cylinder defined by 
said housing, first and second valves in said 
housing adapted to connect sequentially said 
pump inlet to said Second conduit and to said 
third Conduit and said pump outlet to said fourth 
Conduit and to said first conduit, a piston ar 
ranged in Said piston cylinder, and a piston rod 
attached to said piston and to said first and 
Second valves, the rise and fall of said diaphragm 
in Said first vessel actuating said pilot valve to 
Cause movement of Said liquid piston into said 
piston Cylinder and against said piston and from 
the lower chamber to the inner chamber and vice 
Versa. On actuation of said pump. 

6. ApparatuS in accordance with claim 5 in 
Which the liquid piston comprises a body of 
nercury. 

7. Apparatus for pumping drilling fiuid which 
comprises, in combination, a plurality of inter 
connected vessels defining at least first and sec 
Ond chambers, a liquid piston arranged in and 
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adapted to reciprocate between said chambers, 
an inlet and an outlet for each of said chambers 
provided with means adapted to resist flow of 
fluid in a direction opposite to normal flow 
through said inlets and outlets, a housing pro 
Vided with a piston cylinder, interconnected first 
and Second COnduit.S Connected to Said housing 
and to Said second chamber fluidly communi 
Cating Said housing with said second chamber, 
interconnected third and fourth conduits con 
nected to said housing and to said first chamber 
fluidly communicating said housing with said 
first chamber, a pump, conduits defining an inlet 
to and an Outlet from Said pump connected to 
Said housing and to Said pump, an actu 
atting member extending into Said first chamber 
adapted to be actuated by a reciprocation of said 
liquid piston in said first chamber, a pilot valve 
connected to said actuating Imember communi 
Cating fluidly with said first chamber and with 
said third conduit and with the piston cylinder 
defined by Said housing, first and Second valves 
in Said housing adapted to connect Sequentially 
Said pump inlet to said second conduit and to 
Said third conduit and Said pump outlet to said 
fourth conduit and to said first conduit, a piston 
arranged in said cylinder, and a piston rod at 
tached to Said piston and to said first and second 
Valves, the actuation of said actuating member 
shifting Said pilot wave to cause movement of 
Said liquid pistOn into said piston cylinder against 
Said piston attached to said piston rod and from 
Said first chamber to said Second chamber and 
vice versa. On actuation of said pump. 

8. Apparatus for pumping drilling fluid which 
comprises, in combination, a plurality of inter 
connected vessels defining at least first and sec 
ond chambers containing a body of mercury, an 
inlet and Outlet for each of said chambers pro 
vided with means adapted to resist flow of fluid 
in a direction opposite the normal flow through 
said inlets and outlets, a housing provided with 
a piston cylinder, interconnected first and second 
conduits connected to said housing and to said 
second chamber fluidly communicating said 
housing with said second chamber, intercon 
nected third and fourth conduits connected to 
said housing fluidly communicating said housing 
with Said first chamber, a pump, conduits de 
fining an inlet to and an outlet from Said pump 
connected to said housing and to said pump, an 
actuating member arranged in Said first chani 
ber adapted to rise and fall with the rise and 
fall of mercury in said first chamber, a pilot valve 
connected to said actuating member fluidly com 
municating with said first chamber and with 
said third conduit and With the piston cylinder 
defined by Said housing, first and Second valves 
in said housing adapted to connect sequentially 
said pump inlet to Said second conduit and to 
said third conduit and said pump outlet to Said 
fourth conduit and to said first conduit, a pistOn 
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arranged in Said cylinder, and a piston rod at. 
tached to said piston and to said first and Second 
valves, the rise and fall of said actuating mem. 
ber shifting said pilot valve and causing flow 
of mercury against Said piston and movement 
thereof and flow of mercury from said first 
chamber to Said Second chamber and vice versa, 
On actuation of said pump. 

9. Apparatus for pumping drilling fluid which 
Comprises, in Combination, at least first and sec 
Ond interconnected Wessels, a diaphragm in each 
of Said VeSSels defining first and second inner 
chamberS Containing a body of mercury and a 
body of a non-compressible liquid and first and 
second outer chambers adapted to receive drill 
ing fluid, an inlet and an outlet for each of 
Said Outer chambers provided with valve neim 
bers adapted to resist flow of drilling fluid in a 
direction opposite the normal flow through said . 
inlets and outlets, a housing provided with a 
piston Cylinder, interconnected first and second 
conduits connected to said second vessel and to 
said housing fluidly communicating said housing 
With Said Second Wessel, interconnected third and 
fourth Conduits connected to said housing and 
to Said first Wessel fluidly communicating said 
housing With Said first vessel, a pump, conduits 
defining an inlet to and an outlet from said 
pump Connected to Said housing and to said 
pump, an elongated member arranged in a first 
of Said inner chambers extending substantially 
the length thereof defining first and second 
Shoulders at points corresponding generally to 
first and second ends of said first inner chamber, 
a float having a central opening slidably mounted 
On Said elongated member adapted to raise and 
depress Same on rise and fall of said float, a 
pilot valve connected to said elongated member 
fluidly Communicating with Said first vessel and 
With the piston cylinder in said housing, first, 
and Second Valves in said housing adapted to 
connect Sequentially said pump inlet to said sec 
ond conduit and to said third conduit and said 
pump outlet to said fourth conduit and said 
first Conduit, a piston arranged in Said piston 
Cylinder, and a piston rod attached to said piston 
and to Said first and Second valves, the rise and 
fall of Said float actuating said pilot valve to 
cause flow of mercury against said piston and 
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movement thereof and flow of mercury from 
Said first inner chamber to said second inner 
chamber and vice versa, on actuation of said 
pp. 

DOUGLAS RAGLAND. 
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