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UNITED STATES PATENT office. 
WALTER JACOB WOHLENBERG, OF NEW HAVEN, CONNECTICUT. 

METER. 

1,401,299. 

To all whom it may concern: 
Be it known that I, WALTER JACOB WoHL 

ENBERG, a citizen of the United States, and 
a resident of New Haven, in the county of 
New Haven and State of Connecticut, have invented new Improvements in Meters, of 
which the following is a full, clear, and ex act description. 
My invention re:tes to meters for deter mining the quantities of fluid or energy flow. 
An object of my invention is to have the 

means of having the fluid's direction of flow 
deflected by a displaceable surface whereby 
the displacement of said displaceable surface 
may be a measure of the rate of flow at given fluid densities. 
A second object of my invention is to have 

the said deflecting surfaces supported at 
said point of said system of arms, displace 
able in a straight line, whereby said deflect 
ing surfaces will be displaced, by variations 
in the rate of flow, instraight line direc 
tions. - 

A third object of my invention is to have 
the means of having the mechanism respond 

' automatically to variations of density of the 
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fluid being metered, whereby the indications, 
rates of registering or records will be ac 
curate measures of the weight flow of the fluid. 

I accomplish these and other objects of 
my invention by the structures convention 
ally disclosed in the accompanying draw 
ings, in which similar characters of refer 
ence denote corresponding parts. 

Figures 1, 2, 3, 3, 4 and 4 are diagram 
matic representations of the conditions of 
fluid flow existing in the vicinity of the de 
flecting surface above mentioned and they 
are included as an aid to the theoretical dis 
cussion disclosing the principle of operation. 

Fig. 5 represents a longitudinal cross sec 
tion disclosing certain features of the in vention. 

Figs. 6, 6 and 6° are diagrammatic illus 
trations used in connection with the expla 
nation of the suspension mechanism shown in Fig. 5. 
Fig.6 shows a special distribution of the 

suspension points 18 of this mechanism. 
Fig. 7 illustrates the mechanism by means 

of which the magnitudes of the measuring 
displacements are corrected automatically 
for variations of the fluid density. 

specification of Letters Patent. Patented Dec. 27, 1921. 
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Fig. 8 repesents a special form (gravity) 
of the resisting mechanism against which 
the measuring displacements are caused to take place. 
Fig. 9 represents a special form of the 

deflecting surface against which the fluid motion acts. 
Fig. 10 shows how the deflecting surface 

may be supported between rollers instead of 
by the suspension mechanism disclosed in 
Fig. 5, and Fig. 11 is a cross section show 
ing an assembled view of the principal ele 
ments involved in the construction of the 
meter. 

Referring now to Fig. 5, 5 represents the 
fluid inlet and 7 the outlet from the other 
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wise leakage proof meter casing 9. The 
fluid is guided from 5 into 7 by means of 
the semicircular tube 6 which has in its 
straight portions holes or vents 8 whereby 75 the static pressure within the space Q will 
be maintained equal to that within the tube 6. 
The tube 6 has fixed to it the rod 10 and 

the latter is supported by means of pins at 
21 by links 11. These are supported at their 
ends by pins 20 by links 12 and 16 and 
these are in turn supported by means of 
pins 19 respectively by arms 13, 14 and 15 
and 17. These arms are supported by sta 
tionary or fixed pins 18. The joints at 18, 
19, 20 and 21 are all hinged and such that 
the parts fastened together thereby are free 
to rotate with respect to each other about 
the pin axes as centers. It follows that the 
EE arm system is free, within given lim 
its, to oscillate about the pins 18. 

If now the arms 13, 14,15 and 17 are of equal lengths and their points of suspension 
18 are in parallel lines 2-2 and 2'-2' and 
if furthermore the links 12 are equal in 
length to links 16 then points 20 and 21 may 
be so located that the points 21 will be con 
strained to move very nearly in the straight 
line a-at. This is more readily seen by ref 
erence to Figs. 6 and 6. Referring first 
now to Fig. 6, there is represented the ar 
rangement of the arms 13 and 14 as shown 
in the suspension mechanism. Consider that 
both of these arms may be turned succes 
sively about their points of support 18 
through equal angles 0, 0, . . . . In each 
position let the point p bisect the line join 
ing their extremities. It will in each case 
fall in the straight line a-a. 
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remain constant, then the 

Consider now that the arms 13 and 14 are 
connected by a link as 16 Fig. 6°. If under 
these conditions, the arm 13 is rotated 
through an angle 0, then the arm 14 will be 
rotated through an angle 6'>0, because, for 
displacement parallel to a-a of the points 19 
of the arms the distance between them in 
creases. Consequently, if the distance is to 

point 19 of the 
lower arm must be displaced a greater 
amount horizontally. This will operate to 
cause the mid point p, of the link 16 to be 
displaced a small amount below the line 
a--a in its new position p'. There will, 
however, be a point p, which is again on this 
line in the displaced position p'. This point 
will move a very small amount above the 
line a-ae in the early part of the displace 
ment as will any point p to the left of p. 
It is obvious now that the arms and link may 
be chosen of such a length that when prop 

will move virtually 
along the straight line a-at. This elemen 
tary system of arms as here described is ex 
actly a “Watts straight line motion” and 
was invented by James Watt. 
A still nearer approximation is afforded 

by the suspension mechanism of Fig 5 which 
is diagrammatically disclosed in Fig. 69. 
In these figures the solid lines show the 

mechanisms in the central position in which 
now the arms 14, 12 and 13 and 15, 16 and 17 
may be mutually at right angles. It is read 
ily seen that the system of arms 14-12-13 
is exactly equivalent to the system 15-16 
17 turned 180° about the same axis a-a. 
The linkage system A is connected to the 
inverted linkage system B at points 20 by 
means of link 11 having on it a pin of sup 
port at 21. - 
These points p, or 20, will be located on 

the links 16 and 12 of the fundamental ele 
ments of the mechanism, as previously ex 
plained. Then for a displacement of the sys 
tems A and B such that 0-0, and 0-0', 
the one point p will be displaced above the 
line a-a just as much as the other will be 
displaced below this line. If now the points 
ps are connected by a third link as 11 then 
the displacement angles 0, and 6, can not be 
quite equal respectively to 0' and 0' and 
consequently, a point 21 located on 11 as pa 
was located on 16 and 12 will move slightly 

However, just as 
the displacement of pa from a-a? is but a 
small fractional part of that of the points 19, 
just so that of 21 will be but a small frac 
tional part of that of p and consequently 
the variation from the straight line motion 
may be reduced to a negligibly small amount. 
If a still closer approximation is desired then 
it is obvious that the points 21 of two in 
verted combination systems as described 
might be connected to a common link and on 
it would be a point having a motion depart 

1401,299 

ing from the straight line motion but a small 
fractional part of that of 21. 
The tubular arc 6 may thus be suspended 

by means of the above mechanism and is 
constrained to have its ends move in vir 
tually straight lines within the pipe ends 5 
and 7. There being no mechanical contact 
between these ends and said pipe ends it foll 

70 

lows that the mechanical friction to such a 
motion can be reduced to a negligible amount 
by making the arms of said suspension mech 
anism of such lengths that the motion in the 
joint is very small. 
As shown in Fig. 5 the rod 10 has a collar 

23 against which the spring 24 presses. 
The tension in this spring may be adjusted 
by means of tension screw 26 having at its 
end the collar 25 supporting the other end 
of said spring. 
The tube arc 6 has preferably very thin 

walls so that its inside area is very nearly 
equal to that of the pipe ends 5 and 7. For 
such a condition there will be practically 
constant velocity and uniform flow of the 
fluid over the path shown. The tubular arc 
will be perfectly balanced as to static pres 
sure and the only force F existing will be 
due to the velocity of the fluid, or rather 
due to the deflection from the straight line 
direction which is caused in its motion by 
the curved path imposed by the arc. This 
force will cause the arc to be displaced to 
the left compressing the spring 24 and the 
displacements may be transmitted to a shaft 
30 rotated by means of lever 29 which has 
slot 28 into which the pin 27 fits and hence 
causes the rotation of said lever when the 
rod 10 is displaced. 
These displacements will for a 

sistance be governed by the force 
is proportional to the product 

W2 

This can be proven by examining the con 
ditions of flow. Referring to Fig. 1, a 
represents an elementary mass of fluid flow 
ing around a curved path b a d. The radius 
of curvature at the instant of consideration 
is r and V represents the instantaneous 
peripheral velocity of the element. The 
radial acceleration of the particle will be 
then equal to 

five e which 

- - - - - - - - - - - - - - - - - (1) 

The volume of the element will be equal to 
rde. dr. 

if its depth is unity and its mass will then be 
equal to 

rdedir. 6 
- - - - - - - - - - - - - - 2 g (2) 

where 8 represents the fluid density and g 
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that the radial force dF exerted by the par 
ticle because of its curvilinear motion will 
be equal to, 

W2 drö dr. 8 
-d6. = r rd 9 g Vdo--------- (3) 

The component of this force in a direction 
a-ae will obviously be equal to 

dF.- 
For ideal conditions of flow now both the 
velocity W and the density 8 will remain 

iven radius 
whence the force dF. exerted by an arc of 
fluid of elementary radial depth dr will be 
equal to (by integration of equation 4 be 
tween limits 0, and 6) 

dF = (sin 0, -sin 6) ...tvia. ---- (5) 
= 

X dF.-F.- (sin 0, -sin 6) se 

Now for ideal conditions of flow the fur 
assumption may be made that 

V=W=. . .-V for obviously with zero 
friction and zero pressure change this con 
dition will result. Substituting this condi 
tion and multiplying by where in repre 
sents the number of such arcs of elementary 
radial depth, there results 
F. - (sin 0.-sin 0)Vin dro, +6, +-- - 

g 12, 

in which the product n dir is exactly r, the 
radial depth of the sector if k t, and 

6.-- 6 - ----ón 

is exactly 8, the mean density of this sector. 
It follows that for this flow as described the 
force F exerted by a sector i ij k l will be exactly equal to 

sin olivia. ---------- (6) 
We have now to find the relation between 
the mean density 8 in the tube arc and that 
in the straight portion of the pipe. 

Referring to Fig. 3 there is represented 
a section of a tube in which now the fluid is 
at rest. We will consider some of the parti 
cles m, falling on the concentric arcs con 
tinued into parallel lines. Obviously now 
all of the particles in the tube will fall on 
some one of such lines and a given arc 
section i' i' k l will contain a given num 
ber of such particles or molecules. Con 
sider now that each line of particles pos 
sesses a uniform linear velocity V as shown 
in Fig. 3. Obviously now in the curved 
part of the tube these lines of particles will 

vicos do....... - (4) 

a 

To find the total force F exerted by all of 
the circular arcs of fluid as 1, 2, . . . n of a 
given arc of fluid i i k l of Fig. 2 it is 
merely necessary to sum up the forces of the 
arcs of elementary radial depth. Consider 
this fluid arc to be divided into arc sectors 
each of elementary depth dr and that the 
density of arc l is 8, of 2, 8, etc. to 8, 
Then obviously any arc sectors as 3 for 

instance will exert the force 

dF = (sin 0, -sin 9), va, 
and the arc sectors n will exert the force 

dFin (sin 6, -- sin 6). 'v. s 6n 

Whence the total sectors if k l will exert the force 

'givia, -- W.8, -- - - - - - - W6 

become closer together near the outer sur 
face and farther apart near the inner Sur 
face and a small element as (a) will have 
acting on it the centrifugal force dF. and 
a force dF in the opposite direction due 
to the inward rate of variation of pressure. 
For steady flow these forces will be such that 

dF = - d.R. 
and 

dP dP 
w F= Td. or F = 

where -E is the radial rate of variation of 
pressure existing in the fluid. 
Now obviously for ideal conditions of 

flow each line of these particles will main 
tain its uniform velocity W about the curve 
and although the radial space distribution 
'of the successive lines varies there will still 
be the same number of total lines passing 
through the sector i' i' ic' l' as there are 
through the sector i' i' k l wherein the 
fluid is at rest. Furthermore, the resultant 
forces dF. and dF. at any point of any line 
are exactly at right angles to the direction 
of the line and for ideal flow there is at no 
point on any line a force between the par 
ticles in the direction of the line. Conse 
quently in any given line there is no tend 
ency to alter the distances between the par 
ticles on that line although the distances 
between neighboring particles in the direc 
tion of the line may be altered by one line 
of particles so to speak tending to telescope 
with a line which in the stationary condition 
was radially farther separated from it. It 
follows for any given velocity of flow that 
in a given time instant exactly the same 
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vrr if r r 

number of particles occupy the space 
k'l' on the curve, as an equal space i 
k' i' cut out of the straight portion will 
contain, provided that the cross-sectional 
areas are equal and that the volume cut 
out in the curved section is a sector as 'i' 
Ac' l’ containing the whole cross sectional 
area of flow. In other words the same total 
mass and weight is contained in each volume 
so cut out whence 

or the mean fluid density in the curved 
section is for the condition of ideal flow 
exactly equal to the density 8 of the fluid in 
the straight section of the pipe. We may 
thus substitute for 8, in (6) the fluid density 
in the straight section of pipe whence the 
force F is represented as 

F = (sin 6, -sin 9)Av- - - - (7) 

where A has been substituted for the prod 
uct l. 's which is obviously the cross sec 
tional area. 
Consider now a condition of imperfect flow 

in which the velocity W may undergo a con 
siderable variation. Referring to Fig. 4. 
u-v represents a straight section of pipe 
through which the fluid is flowing with a 
velocity.V.. If while the fluid is flowing this 
pipe be bent into the form of an arc as shown 
by uvu) of Fig. 4, then possibly both the 
velocity V and the density 8 will be a variable 
in an arc line. The tendency will obviously 
be to crowd more particles into the circular 
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are than existed in the straight pipe length. 
The mean density would thereby be in 
creased and the mean velocity decreased. 
These variations would operate to change 
the magnitude of F in opposite senses but 
since this force varies as V and only di 
rectly as 8 it follows that the actual force 
would be, due to such imperfections, some 
what smaller than the force F. above arrived 
at. For good conditions of flow this varia 
tion will however be very small and neg 
ligible. 

Equation (7) now may be expressed as 
F=KV28--- - - - - - - - - - - - - - - - - (8) 

as all of the terms excepting V and 8 will be 
constant in a given meter. It follows there 
fore that the displacements caused to the rod 
10 and hence lever 29 will be proportional to 
the product V8. Now the weight of the 
fluid is proportional to the product We. 
If now the pressure and temperature of 

the fluid remains constant then the displace 
ments of rod 10 and lever 29 may directly 
indicate the weight flow of fluid, for, with a 
constant there will be only one value of We 
for each value of the product V8. If, how 
ever, is not constant, that is if the pressure 

much fluid is flowing as in the other. 

1401,299 

and temperature of the fluid vary during the 
flow, then the magnitude of W°8 will not be 
a conclusive indication of the magn 
for the flow. In other words for this con 
dition there may be any number of values W6 
for a given product V8. For instance I; if 
V=2 and 8-4. We have V?a=16 and 

itude V8 . 

70 

Wa=8 and II; if W-4 and 8-1 then V28=16 . 
but We=4. 
Now obviously both conditions I and II 

will cause the same displacement to the above 
mechanism but in the one case only half aS 

t is 
necessary therefore to take account of the 
fluid density when this varies during the 
flow. This is accomplished as follows: 
In Fig. 7 the rod 10 is represented as trans 

mitting its displacement through pin 27 to 
lever 31. In the slot of this lever the bar 34 is 
adapted to slide and its longitudinal position 
within the slot is controlled by the diaphragm 
42. This diaphragm functions exactly as the 
diaphragm 31 in Fig.1 of my application for 
“fluid meters’ Serial Number 198,895. It is 
a fluid density responsive mechanism and 
may, as such, be replaced by the other forms 
of density responsive mechanisms described 
in said application. As in the former inven 
tion, the diaphragm or envelop surrounding 
the density cell 43 is surrounded by the fluid 
being metered, and the density fluid con 
tained within the cell may be of the same 
kind as that being metered, so that at all 
times the volume 43 will be directly propor 
tional to the specific volume of the surround. 
ing fluid and inversely proportional to the 
density of the said surrounding fluid. It 
follows that the displacements of the wall 41 
of the envelop will be inversely proportional 
to the variations of density of the fluid sur 
rounding the cell. 
wall 41 are transmitted, as shown, to the 
sliding bar 34 by means of lever 36 and pins 
39 and 33. The lever 36 is pinned and free 
to rotate at 38 and is connected to wall 41 by 
means of rod 40 and coupling 48. 
The zero position of 33 is adjusted by 

means of coupling 48 and the ratio of magni 
tudes of longitudinal displacements of 33 to 
those of 41 may be adjusted by changing the 
pin 39 to other holes 37 provided for the 
purpose. 
The point 33 now is in the shown arrange 

ment at all times exactly the fulcrum about 
which the lever 31 is displaced by means of 
rod 10, so that the arm length l, will be in 
versely proportional to the fluid density sur 
rounding 42. 
To the other end of the sliding bar 34, at 

35, is pinned the rod 44 which may transmit 
the displacements of the point 35 through 
lever 46 and axle 47 to the outside, if so de 
sired. 
Suppose now that the rod 10 causes a dis 

The displacements of the - 
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of pin 35 caused thereby will obviously be 
equal to 

As 
8 

fluid density and if the displacement of rod 
10 is caused from a deflecting flow arc as 6 

Nowl, is proportional to where 6 is the 

of Fig. 5 then 
AS, ocV6 whence 

l 
AS,-V61=l.V.6? 

=l(V6)?. 
But l, is practically constant for small 

displacements AS, whence for such, the dis 
placements AS, will be proportional to the quantity 

w IV.82 

Obviously for each value of V8 there 
is only one value V8 whence the displace 
ments AS, will be an exact measure of the 
rate of weight flow of the fluid. They will 
be proportional to the squares of the weight 
flow of the fluid. 
As shown in this system the fulcrum is 

between the power and resisting connections 
of the levers. This however is not neces 
sary for the same result will be attained if 
for instance the fulcrum 33 were inter 
changed with the resisting connection 35 
of the link or if the power and resisting 
connections were interchanged. The rela 
tion in which the displacements AS, of the 
resisting connection are proportional to 
(V8) will be true as long as the sliding bar 
or link is provided with the fulcrum and 
either the resisting or power connections, 
said remaining connection being provided 
on the member 31 or guide. 
These displacements may, as before 

shown, be transmitted through a linkage 
e casing. 
In a special case it might be desired to 

have the work of displacement of the force 
F. instead of being stored in a spring as 24 
be stored in a gravity mechanism as shown 
in Fig. 8. The rod 10 has a roller 54 press 
ing against the arm 55 of the pendulum 
suspended from 56 and having at its other 
end the weight 57 held in place by the nut 
58. If now the rod 10 is displaced an 
amounts as shown then the pendulum will 
be displaced to the right. The following 
equation will be true, 

Wa =F. h. - 

F.-W. 

in which F. represents the force with which 
the roller 54 presses horizontally to the 
left on the pendulum arm in displacing the 
pendulum. W represents the weight of the 
pendulum, a the horizontal distance which 
the center of gravity of the pendulum sys 
tem is from its point of support 56 and h the 
vertical distance between the line of action 
of F. and the point of support 56. For 
Small angles 0 a will be proportional to 8 
whence - 

S. 

where S represents the horizontal distance 
of the displacement of the roller 54 from 
the position it has when in contact with the 
pendulum arm when the latter hangs ver 
tically. The density mechanism may be ap 
plied as before. This arrangement will be 
particularly advantageous where the resist 
ing mechanism is to be exposed to high ten 
peratures in that its accuracy will not be 
affected by such high temperatures whereas 
a spring will lose its temper under such con 
ditions. -, 

Fig. 9 shows a special arrangement of the 
deflecting surface. In this arrangement t 
are the surfaces causing the fluid to assume a 
curved path. The fluid enters through inlet 

FocW. 

5’ having a definite velocity W. The deflect 
ing tube 6' has a constant total cross sec tional area, perpendicular to the direction 
of flow, at all parts and hence within this 
tube the velocity V remains constant. The 
fluid before leaving is divided into two col 
umns and is turned through equal angles 6s 
in its flow from the tube 6' and a force 
FocV2s will be exerted along the rod 10 as 
in the former case, provided the static pres 
sure in the chamber Q' equals that in the 
tube 6. This condition may be attained by means of an equalizing pipe as 8. After 
leaving 6' the fluid's velocity will be dis 
sipated and the kinetic energy of flow will be 
returned to the fluid at the pressure existing 
in Q. The fluid temperature will thereby 
be raised and we have from the source regig 
Q, for the velocity V in 5' to the chamber.Q. exactly a free expansion of the fluid during 
which its heat content remains constant. The density fluid of the density correcting 
mechanism now should for accuracy, ob viously be exposed to the pressure, and ten 
perature conditions of the fluid flowing in the passage 5. This can be accomplished by 
providing a chamber as Q', with an opening 
as 8' to 5’. The density chamber and con 
pensating cylinder may then be located with 
in this chamber. For all ordinary rates of 
flow, however, there will be very small dif: 
ference in the condition of the fluid in Q' and Q and hence the density mechanism may 
be located in either. The advantage of this 
arrangement is that it reduces the necessary 
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length of deflecting arc to a minimum 
whereby, the errors due to eddy currents on 
the curved path will be reduced. 
. In Fig. 10 the transmitting rod 10 is sup 
ported on rollers 60 whose axes 61 will be 
supported in bearings. . 
An assembled view of an arrangement of 

the complete metering mechanism is shown 
conventionally in Fig.11. The fluid being 
metered flows through the conduit 70 in 
which is suspended, by means of rod 73 and 
links 75 the flow deflecting element 71. This 
has in it the curved elements 72 tangential 
to the direction of flow at entrance and then 
curving as shown so that fluid motion will 
cause a force F. to be exerted on 73. The 
suspending linkage is as shown suspended 
and connected by pins 77 and 76, so that the 
links 75 may freely rotate about pins 77 as 
centers. The element 71 may thus be dis 
placed across the fluid path against Small 
frictional resistance, and if, the arms 75 are 
of sufficient length the relatively small dis 
placements will be virtually in the line a-a. 
The displacements of the element 71 are 
caused to store energy in a conservative re 
sisting medium such as the spring 111 by 
means of collar. 110 fixed to rod 73. The 
other end of the spring is supported against 
the pedestal 112 which is shown bolted to the 
pressure casing and having opening 118 
through which the rod 73 is free to move. 
This displacement of the flow deflecting 

element is as before, transmitted to a lever 
79 containing a slot 80 in which the bar 81 
slides. The position of this bar is controlled 
by the density responsive diaphragm 42. In 
stead of a rod 36 with holes 37 as in Fig. 7, 
this is now shown as a slotted bar 84 in 
whose slot 85 the block 87 is adapted to slide, 
so that the position of the fulcrum at 87 may 
be controlled from the outside by means of 
bolt head 108 on screw bar 104. This screw 
bar is fixed longitudinally by means of col 
lars 106 and turns in the threaded base of the 
diaphragm mechanism at points 103. As the 
head 108 is turned the diaphragm is moved 
horizontally and hence the fulcrum 87 is 
moved longitudinally in the slot 85. At 107 
packing is provided to prevent leakage. Some 
of the fluid being metered enters the chamber 
109 through the openings 74 so that at all 
times the diaphragm 42 is surounded by the 
pressure and temperature conditions of the fluid being metered. 
The pin 82 in the bar 81 is the movable 

fulcrum controlled by the density mecha 
nism about which the lever 79 is displaced by 
the flow deflecting element. The pin 83 on 
the bar 81 may have attached a linkage sys 
tem 88-89 for the gie of transmitting the displacements AS, to a wire or thin rod 
98.91 represents a guiding bearing for the 
rod which has the wire 93 attached or fixed at the end 92. 
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This wire 93 now is held in tension by 
means of a weak spring 96, as the only pur 
pose of this spring is to hold said wire 93 in 
tension. The wire passes through the meter 
casing in the hole provided in plug-95 and 
may be fixed in the head 99 by means of 
screw 100. The head 99 has a threaded 
stem over which the adjusting collar 97 
screws whence the distance between the 
spring holding shoulders on 95 and 97 may 
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75 
be adjusted and likewise the initial spring . 
tension may be adjusted 

It follows now that since the wire 93 is 
continually in tension that it may be very 
small and still be strong enough to trans 
mit all forces causing displacements AS, 
If the wire 93 is very small then the hole 
in plug 95 through which the wire passes 
may likewise be very small. Then even with 
a small clearance area about the wire such 

80 

85 
a small opening will exist that the fluid leak 
age therethrough will be negligible. This 
system therefore provides, a means of trans 
mitting mechanical displacements involving 
small forces through a wall between spaces 
of different fluid pressures and with small 
leakage of the fluid from the one space to 
the other. These displacements may be trans 
mitted from head 99 through rod 101 guided 
in bearing 102 to and indicating registering 
or recording mechanism. 

It is obvious that many changes other 
than those shown may be made in the ar 
rangement and construction of this appa 
ratus without departing from the spirit and 
scope of the invention, and therefore I do 
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not wish to limit my invention to the exact 
arrangements or constructions shown. 
Having thus described my invention, I 

claim as new and desire to secure by Let 
ters Patent: 

1. In fluid flow meters, the combination, 
with an element responsive to the flow lim 
pulse of the fluid, of an element proportion 
ally responsive to variations of the fluid's 
density and a lever composed of two members 
movable lengthwise relatively to each other, 
said lever being provided with a fulcrum, 
a resisting connection and a power connec 
tion, one of said members, called the link, 
-being provided with the fulcrum and one of 
said connections, the other member, called the guide, being provided with the other of 
said connections, said link, having its posi -tion relatively to said guide mechanically 
controlled by the element responsive to vari 
ations of the fluid's density, said lever hav 
ing one end mechanically connected with the 
element responsive to the fluid flow impulse, 
as and for the purpose set forth. 
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2. In fluid flow meters, the combination, . 

with an element responsive to the flow im 
pulse of the fluid, of an element responsive 
to variations of the fluid's density and a 
lever composed of a guide and a link mov 
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able lengthwise relatively to said guide, to variations of the fluid's density and a le 
said lever being provided with a fulcrum, a 
resisting connection and a power connec 
tion, said link being provided with the full 
crum and one of said connections, said guide 
being provided with the other of said con 
nections, said link being mechanically con 
nected at the fulcrum with said element re 
sponsive to variations of the fluid's density, 
and said lever having one end merhanically 
connected to the element responsive to the 
flow impulse of the fluid, as and for the pur 
pose shown. , 

3. In fluid flow meters, the combination, 
with an element responsive to the flow im 
pulse of the fluid, of an element responsive 
to variations of the fluid's density and a 
lever composed of a guide and a link mov 
able lengthwise relatively to said guide, said 
lever being provided with a fulcrum, a re 
sisting connection and a power connection, 
said link being provided with the fulcrum 
and one of said connections, said guide being 
provided with the other of said connections, 
said link being mechanically connected at 
the fulcrum with said element responsive 
to variations of the fluid's density, said ele 
ment responsive to the flow impulse com 
prising a flow deflecting surface mounted in 
the fluid stream on a carriage displaceable 
by the flow impulse on said surface, said 
carriage being connected so as to mechani 
cally transmit its displacements to a me 
chanically conservative resisting medium 
and to one end of said lever, as and for the purpose set forth. 

4. In fluid flow meters, the combination, 
with an element responsive to the flow im 
pulse of the fluid, of an element responsive 
to variations of the fluid's density and a 
lever composed of a guide and a link mov 
able lengthwise relatively to said guide, 
said lever being provided with a fulcrum, 
a resisting connection and a power connec 
tion, said link being provided with the full 
crum and one of said connections, said guide 
being provided with the other of said con 
nections, said link being mechanically con 
nected at the fulcrum with said element 
responsive to variations of the fluid's den 
sity, said element responsive to the flowim 
pulse comprising a curved flow deflecting 
surface in the fluid flow path, said curved 
deflecting surface being at flow entrance 
tangential to the fluid stream, said curved 
deflecting surface being mounted on a car 
riage displaceable by the flow impulse on 
said deflecting surface, said carriage being 
connected so as to mechanically, transmit its displacements to a mechanically con 
servative resisting medium and to one end 
of said lever, as and for the purpose shown. 

5. In fluid flow meters, the combination, 
with an element responsive to the flow im-. 
pulse of the fluid, of an element responsive 

ver composed of a 
lengthwise relatively to said guide, said lever 
being provided with a fulcrum, a resisting 
connection and a power connection, said link being provided with the fulcrum and one of 
said connections, said guide being provided 
with the other of said connections, said link 
being mechanically connected at the fulcrum 
with said element responsive to variations of 
the fluid's density, said element responsive to 
flow impulse comprising a flow deflecting 
element in the flow path, said deflecting ele 
ment having curved surfaces which are at 
flow entrance tangential to the fluid stream, 
said curved portions terminating in straight 
portions, said deflecting element forming a 
channel of constant cross sectional area nor 
mal to the direction of flow, said deflecting 
element being mounted on a carriage dis 
placeable by the flow impulse on said deflect 
ing surfaces, said carriage being connected 
so as to mechanically transmit its displace 
ments to a mechanically conservative resist 
ing medium and to one end of said lever, as 
and for the purpose set forth. 

6. In fluid flow meters, the combination, 
with an element responsive to the flow im 
pulse of the fluid, of an element proportion 
ally responsive to variations of the fluid's 
density and a lever composed of a guide and 
a link movable lengthwise relatively to said 
guide, said lever being provided with a full 
crum, a resisting connection and a power 
connection, said link being provided with 
the fulcrum and one of said connections, said 
element responsive to variations of the fluid's density confining a quantity of an elastic 
fluid within an envelop adapted to be placed 
in the fluid being metered, said envelop be 
ing impervious to the surrounding, and con 
fined fluids but being adapted both to con 
duct heat readily between them and to un 
dergo, because of the forces acting on it due 
to variations of the surrounding fluid's den 
sity, relative displacements of its parts al 
lowing equalization of the internal pressure 
with i. external pressure, said envelop hav 
ing a displaceable part mechanically con 
nected to the link at the fulcrum, said lever having one end mechanically connected to 
the element responsive to the flow impulse 
of the fluid, as and for the purpose set forth. 

7. In fluid flow meters, the combination, 
with an element responsive to the flowim 
pulse of the fluid, of an element proportion 
ally responsive to variations of the fluid's 
density and a lever composed of a guide and 
a link movable lengthwise relatively to said 
guide, said lever being provided with a full 
crum, a resisting connection and a power 
connection, said link being provided with 
the fulcrum and one of said connections, 
said element responsive to variations of the 
fluid's density confining a quantity of an 

guide and a link movable 
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elastic fluid within an envelop adapted to be 
placed in the fluid being metered, said en 
velop being impervious to the surrounding 
and confined fluids but being adapted both to 
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conduct heat readily between them and to 
undergo, because of the forces acting on it 
due to variations of the surrounding fluid's 
density, relative displacements of its parts 
allowing equalization of the internal pres 
sure with the external pressure, said envelop 
having a displaceable part mechanically con 
nected to the link at the fulcrum, said ele 
ment responsive to the flow impulse compris 
ing a flow deflecting surface mounted in the 
fluid stream on a carriage displaceable by 
the flow impulse on said surface, said car 
riage being connected so as to mechanically 
transmit its displacements to a mechanically 
conservative resisting medium and to one 
end of said lever, as and for the purpose set 
forth. 

8. In fluid flow meters, the combination, 
with an element responsive to the flow im 

25 
pulse of the fluid, of an element proportion 
ally responsive to variations of the fluid's 
density and a lever composed of a guide and 
a link movable lengthwise relatively to said 
guide, said lever being provided with a full 
crum, a resisting connection and a power 
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connection, said link being provided with 
the fulcrum and one of said connections, said 
element responsive to variations of the fluid's 
density confining a quantity of an elastic 
fluid of the same kind as the surrounding 
fluid within an envelop adapted to be placed 
in the fluid being metered, said envelop be 
ing impervious to the surrounding and con 
fined fluids but being adapted both to con 
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duct heat readily between them and to un 
dergo, because of the forces acting on it due 
to variations of the surrounding fluid's den 
sity, relative displacements of its parts al 
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lowing equalization of the internal pressure 
with the external pressure, said envelop hav 
ing a displaceable part mechanically connect 
ed to the link at the fulcrum, said lever hav 
ing one end mechanically connected to the 
element responsive to the flow impulse of the 
fluid, as E. for the purpose set forth. 

9. In fluid flow meters, the combination, 
with an element responsive to the flow lim 
pulse of the fluid, of an element proportion 
ally responsive to variations of the fluid's 
density and a lever composed of a guide and 
a link movable lengthwise relatively to said 
guide, said lever being provided with a full 
crum, a resisting connection and a power 
connection, said link being provided with 
the fulcrum and one of said connections, said 
element responsive to variations of the fluid's 
density confining a quantity of an elastic 
fluid of the same kind as the surrounding 
fluid within an envelop adapted to be placed 
in the fluid being metered, said envelop be 
ing impervious to the surrounding and con 
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fined fluids but being adapted both to con 
duct heat readily between them and to 
undergo, because of the forces acting on it 
due to variations of the surrounding fluid's 
density, relative displacements of its parts 
allowing equalization of the internal pres 
sure with the external pressure, said envelop 
having a displaceable part mechanically con 
nected to the link at the fulcrum, said ele 
ment responsive to the flow impulse compris 
ing a flow deflecting surface mounted in the 
fluid stream on a carriage displaceable by 
the flow impulse on said surface, said car 
riage being connected so as to mechanically 
transmit its displacements to a mechanically 
conservative resisting medium and to one 
end of said lever, as and for the purpose set 
forth. 

10. In the fluid flow path of meters, a flow 
deflecting surface mounted on a carriage dis 
placeable by the flow impulse on said sur 
face, said carriage being connected so as to 
mechanically transmit its displacements to a 
mechanically conservative resisting medium. 

11. In the fluid flow path of meters, a 
curved flow deflecting surface, said curved 
deflecting surface being at flow entrance tan 
ential to the fluid stream, said curved de 
ecting surface being mounted on a carriage 

displaceable by the flow impulse on said de 
flecting surface, said carriage being connect 
ed so as to mechanically transmit its dis 
placements to a mechanically conservative 
resisting medium. 

12. In the fluid flow path of meters, a 
curved flow deflecting surface, said curved 
deflecting surface being at flow entrance tan 
gential to the fluid stream, said curved por 
tion terminating in a straight portion, said 
curved deflecting surface being mounted on 
a carriage displaceable by the flow impulse 
on said deflecting surface, said carriage be 
ing connected so as to mechanically transmit 
its displacements to a mechanically con 
servative resisting medium. 

13. In the fluid flow path of meters, a flow deflecting element, said deflecting element 
having curved surfaces which are at flow 
entrance tangential to the fluid stream, said 
curved portions terminating in straight por 
tions, said deflecting element forming a 
channel of constant cross sectional area nor 
mal to the direction of flow, said deflecting 
element being mounted on a carriage dis 
laceable by the flow impulse on said de 
E. surfaces, said carriage being con 
nected so as to mechanically transmit its 
displacements to a mechanically conserva 
tive resisting medium. - 

14. In meters, the combination with a 
fluid flows, of a flow deflecting surface in 
the path of the inflowing fluid, said deflect 
ing surface being mounted on a carriage dis 
placeable by the flow impulse on the deflect 
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chamber, to and from which the metered . 
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ing surface, said carriage being connected 
so as to mechanically transmit its displace 
ments to a mechanically conservative resist 
ing medium, the conduit surrounding said 
fluid stream within said chamber having an 
opening in the surface tangential to the 
flow lines, as and for the purpose set forth. 

15. In meters, the combination with a 
chamber, having inlet and outlet passages 
for the metered fluid, of a flow deflecting 
channel in the path of the inflowing fluid, 
said inlet and outlet passages being of the 
same cross sectional area, said deflecting 
channel being at all sections of substantially 

the same area as the inlet and outlet passages 
to the chamber, and being curved from tan 
gency with the inlet passage, into the outlet 
passage, said deflecting channel being mount 
ed on a carriage displaceable by the flow im 
pulse and reaction on said channel, said 
carriage being connected so as to mechani 
cally transmit its displacements to a me 
chanically conservative resisting medium, 
the conduit surrounding said fluid stream 
within said chamber having an opening in 
the surface tangential to the flow lines, as 
and for the purpose set forth. 
WALTER JACOB WOHLENBERG. 
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