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4 Claims. (Cl 103-148) 
My invention relates to diaphragm or bellows 

type pumps and it is an object of the invention 
to provide an improved pump of this type for 
pumping a continuous stream and in which in ternal pressures are equalized so that the pump 
ean be used for high pressure work with small 
energy input, and which is constructed so as to 
have no gas trapping space, making this pump 
particularly useful for pumping low boiling point 
liquids, and which has a new and improved valve 
structure and arrangement which eliminates 
flashing of liquid being pumped. . . . 
A pump embodying this invention is described 

PATENT office 

to a small pulley 26 on motor 12. Pulley. 24 is 
connected by a belt. 27 to pulley 20 on shaft 9. 
Bracket 2 is mounted on baseplate 3 so that it 
pivots slightly. This permits tension on the belts 
25 and 27 to be simply and evenly adjusted by 
movement of motor 2. Around the jackshaft 22, 
within the legs of bracket 2 f is a sleeve 22a which 
forms a bearing for the jackshaft 22. The part 
of shaft 9 between the bearing posts. 14 and 5 

and explained in the following description in 
corinection with the accompanying drawings 
forming a part of this specification and of which: : 
: Fig. 1 is a side elevation of a pump embodying 
the irivention. - . . . . . 

Fig. 2 is a view taken ( 
Fig. 3 is a detaileds 

of Fig. 2. . . . . . . . . . 
Fig. 4 is a detailed view partly in section on 

a line 2-2 in Fig.1. 
onal view on line 3-3 

line in Fig.2. 
Fig. a detailed view partly in section on 

Eine 5-5 in Fig.2. . . . . . . . . 
Fig. 6 is a plan view of a valve membershown 

in Fig. 4. . . . . . . . . . . 
* Fig. 7 is a sectional vi 
and . . . I. : : 

* Fig. 8 more or less diagrammatically shows a 
circulating fluid type heat transfer system em 
bodying a pump like that shown in Figs. 1 to 7. 

on line 7-1 in Fig. 6; 

15 

20 
ting 35. Thus, the upper end of bellows 32 is 
fixed to the baseplate 3. The lower gland nut 34 

Referring to Figs. 1 and 2 of the drawings, a 
rectangular angle iron frame'? D supports at its 
top a plate li. A motor 2 is suspended 
from plate . A pump baseplate 3 is also sus 
pended from plate ?. U-straps 4 and 5 are 
secured to the underside of baseplate f3. These 
U-straps form bearing posts. At the lower end 
of bearing post 4 are secured a pair of blocks 
is. One end of a shaft f is held by blocks 6. 
The other end of shaft T is held by a similar 
pair of blocks in post 5. Above blocks. 6 are 
secured a pair of bearing blocks 8 in which is 
journaled one end of a shaft 9. The other end 
of shaft 9 is journaled in a similar pair of bear 
ing blocks in post 5. One end of shaft 9 pro 
'jects beyond post f6 and on this end of the shaft 
there is secured a grooved pulley 20. An in 
verted U-shaped bracket 2 is suspended from 
baseplate 3. A jackshaft 22 is journaled in the 
ends of bracket 2. On one end of jackshaft 22 
there is secured a grooved pulley 23. On the 
other end of shaft 22 there is secured a small 
pulley 24. Pulley 23 is connected by a belt 25 

35 

i) 

is of a larger diameter than the journaled ends of 
the shaft so that endwise play thereof is limited. 
On the under side of baseplate 3 are suspended 

four similar bellows assemblies indicated gener 
ally by the reference characters 28, 29.30 and 31. 
The bellows assembly 30 is shown in section in 
Fig. 5. One end of a cylindrical bellows 32 is 
secured to a gland nut 33, and the other end is 
secured to a similar gland nut 34. One end of a 
fitting 35 is threaded through baseplate 3. The 
gland nut 33 is threaded on the other end of fit 

is threaded on a post 36. This post projects up 
ward through bellows. 32 and its upper end is 
slidably journaled in fitting 35. A passage 37 in 
post 36 affords communication from the interior 
of bellows 32 with the passage through fitting 35. 
Each of the four bellows assemblies are like that 
described. . . . 
Two inverted t-shaped rocker arms 38 and 39 

are journaled on shaft 17. The ends of the head 
of the rocker arm 38 are connected each to one 
'of the bellows assemblies 28 and 29 by a sliding 
pivot connection. The ends of the head of rocker 
arm 39 are similarly connected each to one of 
the bellows assemblies 30 and 31. As best seen 
in Fig. 5, the leg of rocker arm 39 is provided 
with a slot 40 forming a yoke in which slides a 
crosshead 4 f. The leg of rocker arm 38 is simi 
larly formed to provide a yoke in which there 
slides a crosshead. Shaft 9 has an eccentric 
portion or crank 42 which is journaled in the 

45 

50 

35 

crosshead 4 in the leg of rocker arm, 39. Shaft 
19 has a second eccentric portion or crank which 
is journaled in the crosshead in the leg portion 
of rocker arm 38. 
When motor 2 is operated it causes shaft 9. 

to be revolved by the previously described belt 
and pulley connections. Turning shaft 9 causes 
the crank or eccentric portion 42 to revolve in 
a circle of the radius of its eccentricity. Revolu 
tion of the crank 42 causes the crosshead 4 to 

A. 

reciprocate in groove 40 and this combined mo 
tion results in oscillation of rocker arm 39. As 
rocker arm 39 oscillates, the bellows assemblies 

  

  

  

  



2 
30 and 3 expand and contract in alternation. 
The movement of the bellows is limited to move 
ment in the direction of their lengths or axis by 
the posts, such as post 36 in bellows 30. The 
extent of this movement is entirely limited by 
the throw of crank 42. The bellows may be 
made of beryllium copper which has a high de 
gree of resiliency and has been found desirable 
for this purpose. The eccentrics or cranks a S 
sociated with rocker arms 38 and 39 are arranged 
substantially at 90° to each other, so that the 
several bellows are compressed one at a time in 
Sequence. 

O 

Referring to Fig. 5, the upper end of fitting 35 
is connected to one end of a conduit 43. Refer 
ring to Fig. 2, bellows assembly 3 is similarly 
connected to one end of a conduit, 44. Bellows: 
28 and 29 are similarly connected to conduits. 
45 and 46. Referring to Figs. 1, 2 and 4, the 
other ends of conduits 43 to 46 inclusive are con 
nected respectively to valve casings 47, 48, 49 and 
50. The upper ends of valve casings 4 to 50 
inclusive are connected respectively by conduits 
51, 52, 53 and 54 to a header 55. The lower 
ends of valve casings 47 to 50 inclusive are con 
nected respectively to conduits. 56, 57, 58 and 59 
to a header 60. The header 60 is located at an 
elevation higher than that of the valve casings 
4T to 50, inclusive. The conduits 56 to 59 in 
clusive are each formed as downward loops which 
may be referred to as U-bends. . . . . . . . 

In Fig. 4, the valve casing 47 is shown in ver 
tical section. In the upper part of the valve cas 
ing 47, above the connection thereto of conduit 
43, there is a valve member 6. Valve member 
6i is a small flat, hexagonally, shaped member 
shaped as shown in the detailplan view of Fig.6 
and the vertical section in Fig. 7. The casing 47 
is formed to provide an annular recess in which 
the valve member 6 is located. The valve mem. 
ber 6 is free. Its movement is confined to 
the recess, in which it is located. The height 
of this recess is such that the valve member 6 cannot be tipped up on its edge. The valve 
member 6 is formed so as to seat. on the lower 
surface of its recess by gravity, in which posi 
tion the passage in valve casing. 47 is closed to 
shut off communication between conduits 43 and 
5. A similar check valve 62 is provided in the 
valve casing 47 below the connection thereto of 
conduit. 43... The valve assemblies 48, 49 and 50 
are identical with the valve assembly 47 just de 
scribed... . . . . . . . . . . . . . . . . . . . . . . . . 
In Fig. 8, the pump structure previously de 

scribed is shown connected in-aheat. transfer 
system like that shown and described in Patent 
No. 2,182,934 of A. R. Thomas. In this system 
there is a cooling unit or evaporator. 65 of re 
frigeration apparatus of the diffusion type like 
that shown and described in Patent No. 2.207,838 
of. A. R. Thomas. The looking unit 65 consti 
tutes a source of refrigeration and comprises, an 
outer shell which is embedded, in heat insulating 
material 66. Liquid refrigerantis introduced into 
the upper part of the cooling element 65 through 
a conduit 67. Inert gas enters the upper part 
of the cooling... element from the upper end of 
a cylinder 68 located within the shell. A cylin 
drical pipe coil 69 is located in the annular space 
around the cylinder. 68. The liquid refrigerant 
flows downward over the exterior surface of the 
pipe, coil 69. The descending liquid evaporates 
and diffuses into the hydrogen, providing a re 
frigerating effect to cool the pipe coil. 69. 
A second evaporator O is arranged to cool a 

l5. 

2,363,410 
thermally insulated refrigerator storage com 
partment which is located on an upper floor, 
or at some higher elevation than the refrigerat 
ing apparatus. The evaporator 70 comprises a 
pipe coil 13 provided with heat transfer fins 74, 
and a header 2 to which the ends of the pipe 
coil 3 are connected. 
The upper part of evaporator header 2 is con 

nected by a conduit 75 to the upper end of the 
pipe coil 69, which may be referred to as a con 
denser' or a condensing coil. The upper part of 
the evaporator header 2 is also connected by a 
pipe 64 to the header 55 of the previously de 
scribed pump. The pipe 64 is shown provided 
with a thermal insulation covering 76. The low 
er end of condenser coil 69 is connected by a pipe 
63 to the header 60 of the pump. The pump 
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65 

0. 

75 

header 60 is also connected by a vent pipe TT 
and a part of pipe 75 so as to be in communi 
cation with the upper end of condenser coil 69. 
The System comprising the evaporator 70 and 

the condenser, coil 69 and, the pump and the de 
scribed interconnecting conduits form a circuit 
which is charged with a suitable volatile heat 
transfer fluid. This fluid may be methyl chlo 
ride or it may be one of the refrigerant fluids 
known in the trade as Freon. The liquid re 
frigerant is cooled by evaporation in the evapora 
tor 70 to provide a cold. element, for cooling the 
refrigerator compartment, 7t. The resulting 
vapor flows through pipe 75 to the condenser coil 
69. The refrigerant vapor. is liquefied by con 
densation in coil. 69. In this: manner, heat is 
transferred from the elavated refrigerator.com 
partment if to the downstairs refrigerating ap 
paratus represented by the cooling element. 65. 
The pump is provided to raise the condensed 
refrigerant from the condenser coil 69. back up 
to the evaporator header 72. . . . . . . . . . .-- 

Liquid refrigerant flows from the lower end 
of condenser coil 69 through conduit 63 into the 
pump header 60. The liquid flows from header 
60 through conduits 43 to 46 inclusive to the 
pump inlet check valves 62. The fact that head 
er 60 is located above the valve assemblies 47 
to. 50 inclusive insures a head of liquid for flow 
through the check valve 62 into the pump bel 
lows. The pump is started. by energizing the 
motor 2. Control of the motor 2 may be pro 
vided in any of various known manners as, for 
instance, by a thermostatic device responsive to 
a temperature condition in a suitable-part of the 
system, or by a pressurestat device responsive to 
a pressure condition in a suitable part of the 
System. During operation of the pump, the bel 
loWS 28 to 3? inclusive, expand and contract in a 
certain sequence. The cranks such as crank 42 
which oscillate the walking beams 38 and 39 are 
displaced 90°. Thus, for instance, while bellows 
30, is being compressed, its companion or asso 
ciated bellows 3 is being expanded. Bellows 
30 reaches maximum compression at the same in 
stant that bellows 3 reaches maximum expan 
Sion. ... Likewise, bellows 28 reaches maximum 
compression at the same time that its asso 
ciated bellows 29 reaches maximum expansion. 
The 90 displacement of the eccentrics re 
Sults in an operation whereby one of the four 
bellows reaches maximum compression at each 
quarter revolution of the shaft. 9. Also, another. 
bellows reaches maximum expansion each quar 
ter revolution of the shaft 9. As shown in Fig. 
5, the bellows 3.0 is half compressed and the 
bellows 3 is half expanded. At the same in 
stant, as shown in Fig.1, bellows 28 is fully com 

  



the next quitefitti; tiebellows' 28-Will be 

deiressed-and-beta&W's 3F filly deparidea: Eius 
the fief 28 
make a referenicé to Figs. 2; 4 and 5. As 

cheek wave 62 itó conduit is aid then 

itéfilvölifiedfbellows 3o is 

pressed arid bel16ws29 is filly'expandea. After 
half way expsited ind beliews 29' will be half 
way domfessed, while belioWs; 30. Will be fly 

tisatile difggingression of the Bellbwsisiri 
Thuisvilidividual opertish of bellows 3 
episiitiidfiosis fritteelevatedhes 6th6ugh bnduit .56 and past the i 
bitwithgth passie in its glid 

röd dip8st 36. In rháier the increased 

As thfiellis is tipressed its interial vg. is déreased Sthai liquids forced from the b£5ws through the passage 37 conduit 43, and 
gxit...check - - - w: : - - - - - 3. . . . . . . . . . Y. . . . . 

adéf.55. Displacement of liquid takes place 
while the pump is in operation in the previously 
described sequence. Thus, there is continuous 
flow of liquid into the header 55. Liquid starts 
to enter header 55 from pipe 5f before liquid flow: 

- into the header from pipe 53 has stopped. Liquid 
starts to flow into header 55 from pipe 54 before 
flow into the header from pipe 5 has stopped. 
Liquid starts to enter header 55 from conduit 52 
before flow into the header from conduit 54 has 
stopped. 
The little flat hexagonal valve buttons 6 and 

62 with their upward peripheral projections pro 
wide for Snooth flow of liquid past these valve 
members. These members, due to their flat con 
struction, lift fully upon liquid flow in the proper 
direction. Thus, there is no throttling or spray 
ing of the liquid as in the case of ball checkS. A 
ball check tends to fall back onto its seat and 
rides in the liquid stream, especially upon open 
ing of the valve, causing the liquid to spray Out 
and around the ball member. This throttling Or 
spraying results in vaporization or flashing of 
liquid in the case of low boiling point liquids. 
At the joint where pipe 63 is connected to the 

& we ... . . . . . soccupied by lituid. 

lyest into pipe 5? and 

25 

from the several pump bellows. 

30 

35 

40 

45 

inlet header 60, see Fig. 8, there is inserted in 
the line a strainer providing an extensive Sur 
face without requiring enlargement of the line. 
This joint and the strainer are shown in detail 
in Fig. 3. 
into the header 60. The other end of the nipple 
80 is connected to the end of pipe 63 by a flare 
nut joint. The strainer 8 is in the form of a 
long narrow cone made of Suitable Screening ma 
terial. The rim of the cone is flared outward and 
secured between the end of the nipple 80 and a 
shoulder in the header 60. With this construc 
tion, the strainer 80 is quickly accessible for 
cleaning or replacement. 

Liquid which continuously flows into header 55 
during operation of the pump as previously de 
scribed, fills the header 55 and pipe 64 until the 

One end of a nipple 80 is threaded 

60 

liquid overflows at the upper end of pipe 64 into 
the evaporator header 72. If desired, a known 
liquid flow restricter or metering valve may be 
placed at the upper end of pipe 64. This may 
be a well known expansion valve. With Such 
known provision, liquid is maintained in the pump 
header 55 and pipe 64 at a higher pressure, mak 
ing for lower thermal loss in these parts. 
Any one wishing to practice this invention in 

connection with pumping of low boiling point 
fluids is advised to have the header 60 at an 
appreciable distance above the pipes 43 to 46 

35 

traps which diffinish tie volumetric efficie 

3 

this ceilistratibi; . . s 

the exparisidid' strokes of the bellóws. It is in 
effect only gravity flow of liquid into the Bellows 
while they expaid. This is another important 
eature in eliminatirig fashing of the liquid. It 

is also advisea that the described arrangement 
of the parts be followed so that there are rio gas 

f 
ere are no unvented upward loops 

s" in this structure. Observe that 
there is a full upward path of flow for vapor 
bubbles that may form from the very lower ends 
of the bellows, upward through the bellows, 
through passage 37 (see Fig. 5), through pipe 43 
and (see Fig. 4) upward, through outlet valve 6 
and-pipe 51 into header 55. Header 55 may also 
be referred to as a manifold. It is probably more 
properly referred to as a manifold-than a header 
although it serves both purposes. The same is 
true of the part which has been referred to herein 
as header 60. The headers 55 and 60, as may be 
seen in Figs, 3 and 4, do not have any large liquid 
storage capacity but merely constitute a passage 
for distribution and collection of liquid to and 

The liquid is 
wanted in the evaporator and not in the pump. 
This is true of any pump installation. The pur 
pose of the pump is usually to get a fluid from 
one point to another and not to store it. 

Referring to Figs. 1 and 4, it will be seen that 
vapor bubbles that may be formed in any of the 
right hand legs Of the U-loopS 56 to 59 inclusive 
have free upward flow to the inlet header 60 
which is vented to the condenser by conduit 77. 
Any vapor which is formed in the left hand legs 
of these. loops has a free upWard path through 
the upwardly unidirectional valves and the con 
duits 5 to 54 inclusive to the manifold 55. 

Referring to Figs. 1 and 5, the internal pres 
sure in bellows 30 acts in opposite direction to 
and thereby opposes the internal pressure in bel 
loWS 3 due to the association of these bellows 
through the walking beam 39. The same is true 
of the bellows 28 and 29 which are associated 
through the Walking beam 38. In this manner 
the internal pressure in the system nullifies itself 
as far as concerns the requirement of external 
energy for operating the pump. Thus, the mo 
tor f2 need supply only the amount of energy 
necessary for displacement of the liquid or to 
exert the required pressure on the liquid above 
that existing in the system. 

Various changes and modifications may be 
made within the scope of the invention as set 
forth in the following claims. 

I claim: 
i. A bellows type pump comprising a cylindri 

cal bellows fixed at one end and movable at the 
other end, the movable end of said bellows being 
closed, a Shaft inside of Said bellows having one 
end rigidly secured to the closed end of said 
bellows the other end of said shaft being slid 
ably journaled in a passage in the fixed end of 
Said bellows to restrict movement of Said belows 
to the direction of its axis, and a passage in said 
shaft for permitting flow of fluid into and from 
Said bellows. 

2. A pump comprising a support structure, a 
pair of Vertical bellows of substantially the same 
cross-sectional area, each having an upper end 
fixed to said structure and a lower end free to 
be reciprocated, a post in each of said bellows, 

  

  



4. 
each post being secured to the low?: 2nd of the 
bellows and having its upper end siidah's jour 
naled in said structure to restrict reciprocation 
of the bellows to the direction of its axis, a con 
duit for conducting fluid to and from each of 
said bellows, a passage through each of said posts 
for the communication betweath the interior of 
said bellows and said conduit..., walking beam 
mounted on said structure and 13ving equal 
length arms operatively connected to the lower 
ends of said bellows, the lower ends of said bel 
lows being closed, and motor driven mechanism 
for oscillating said walking beam to compress 
and expand respectively said bellows in alterna 
tion. 

3. A pump comprising two assemblies as set 
forth in claim 2 and in which said motor driven 
mechanism includes a pair of cranks displaced 
from each other through 90, each crank having 
associated therewith a yoke and cross head drive 
for oscillating one of the walking beams, where 

O 

5 

2,388,410 
by the four bellows are compressed and expanded 
respectively in overlapping sequence. 

4. A pump including a plurality of valve cas 
ings each providing an upright passage for flow 
of fluid, a pair of upward directional check valves 
arranged one above the other in each of said 
passages, a corresponding plurality of expansible 
and contractible elements each Connected to a 
respective one of Said passages at a point in 
termediate said valves, each connection being 
made from the top of the respective element 
and having no descent from said element to said 
passage, an inlet conduit connected to the lower 
end of each of said passages and projecting to 
an elevation above that of the connection to 
said passage of one of said elements, an inlet 
manifold located at said upper elevation and 
connected to said inlet conduits, and an outlet 
manifold located above said valve casings and 

20 connected to the upper ends of said passages. 
EDWIN R. GILL, SR, 

  

  

  


