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FLUID FLOWMETER 

FIELD OF THE INVENTION 

The ?elds of art to which the invention pertains in 
clude the fields of pressure differential measuring and 
testing devices, ?owmeters and conduit restrictors and 
flow elements. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

The prior art has developed a variety of linear ?ow 
meters in which a manometer or other device for mea 
suring a pressure differential is connected across oppo 
site sides of a ?ow restrictor. The restrictor comprises 
one or more passageways proportioned so that under 
normal working conditions the resistance to ?ow 
through the restrictor as a whole is substantially pro 
portional to the rate of ?ow. There are certain levels of 
inaccuracies inherent in such devices and methods 
have, been developed to optimize the accuracy of re 
sults obtained. See for example Goldsmith US. Pat. 
No. 3,071,001 and Weichbrod, US. Pat. No. 
3,07l,160. See also application Ser. No. 141,897, now 
US. Pat. No. 3,792,609 entitled Flow Splitter by R. F. 
Blair, R. J. Hill and D. B. Le May of common assign 
ment to the present application. 

In certain applications the ?ow rate of a ?uid is mea 
sured not by directly determining the pressure differen 
tial across a restrictor, but by measuring the actual ?ow 
of a small portion of ?uid. Such applications require 
that the ?ow of the fluid be divided into two or more 
paths with an exact ratio maintained between the indi 
vidual path ?ow rates. In a typical situation, such as in 
a mass ?owmeter, a very small percentage of the ?ow 
is diverted into a measuring section. This percentage 
may be as small as 1 part in 40,000 and the ?ow mea 
suring section is typically a very thin tubular conduit 
which is much longer that its diameter so that laminar 
?ow prevails throughout the conduit. During laminar 
?ow of a ?uid, the ?ow rate is directly proportional to 
pressure drop and inversely proportional to viscosity. 
In contrast, during turbulent ?ow, the ?ow rate is pro 
portional to the - square root of pressure drop and 
largely independent of viscosity. Therefore, in the de 
sign of a ?owmeter in which the ?ow is split along par 
allel paths, it is important to provide conditions that 
will assure laminar ?ow in each path. Since the measur 
ing section flow is laminar, if the bypass ?ow were tur 
bulent the flow ratio would be a function of viscosity 
and would have an undesirable dependency upon tem 
perature and pressure. Such ?ow splitters are thus 
much more prone to inaccuracies as a result of geomet 
ric con?guration than are pressure differential devices. 

In the above-mentioned application Ser. No. 141,897 
a number of devices are disclosed incorporating a plu 
rality of closely spaced ?uid passageways, e.g., de?ned 
by a plurality of screens, each passageway de?ning a 
laminar ?ow path. Generally, improvements over prior 
devices is thus obtained, but the pressure drop is in?u 
enced by the compressive force used to assemble the 
device and by variations in screen mesh. The effective 
diameters are quite small, which can result in trapping 
of contaminants and resulting plugging. 
The present invention provides simple and economi 

cal methods for assuring laminar ?ow in both the mea 
suring section and bypass section of a ?ow splitter so 
that a constant and predetermined ratio is maintained 
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2 
across the entire range of ?ow rates to be measured. 
The present construction overcomes the disadvantages 
referred to above and additionally provides a wide 
range of ?ow, as high as l,000:l or higher, obtained 
with facility and repeatable accuracy. This has been ac 
complished by using as a ?ow restrictor one or a juxta 
posed plurality of disks, each having one or a plurality 
of channels formed from its perimeter to an opening 
through opposite sides of the disk. Fluid is directed to 
the perimeter of the disk or disks and is conveyed by 
the conduits to the opening. The conduits have suffi 
ciently large length to diameter ratios (or length to ef 
fective hydraulic radius, as de?ned hereinafter) to as 
sure laminar ?ow of the ?uid. In an exemplary embodi 
ment, the ?ow restrictor comprises ?at, smooth sided 
juxtaposed disks, formedwith central, aligned open 
,ings. The central. opening in each disk communicates 
via one or more conduits radiating from the central 
opening to the perimeter of the disk. 
By juxtaposing a predetermined number of disks hav 

ing a predetermined number and shape of conduit, one 
can achieve any ?ow ratio desired. There is only one 
?ow path, radially inward (or outward if ?ow is re 
versed); therefore, the passage size can be precisely 
controlled. Furthermore, the conduits have suf?cient 
diameter so that plugging by contaminants can be 
avoided. The entire construction can be made of metal 
and can be tightly assembled so that seals are not re 
quired, enabling its use with otherwise corrosive ?uids. 
The ?ow restrictor is combined with an elongate lam 

inar ?ow conduit, serving as a measuring section, to 
form a substantially linear ?owmeter. Such a_ meter in 
cludes a housing having a ?uid inlet and ?uid outlet, 
the housing de?ning a ?uid path between the inlet and 
outlet. The flow restrictor is disposed in this ?uid path 
in parallel circuit with the measuring section conduit. 
Means are provided for measuring the rate of ?ow of 
?uid through the measuring section conduit, which 
means are known in the prior art and constitute no part 
of the present invention. The result is avcompact struc 
ture of simple construction which demonstrates high 
accuracy in measurements over a substantial range of 
?ow temperature and pressure conditions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation of the ?uid ?ow 
paths in a ?ow divider; 
FIG. 2 is a schematic illustration in cross-section of 

portions of a ?owmeter incorporating a ?ow restrictor 
of this invention; 
FIG. 3 is an enlarged cross-sectional view of the ?ow 

restrictor portion of the ?owmeter of FIG. 2; 
FIG. 4 is a front elevational view of an exemplary 

?ow restrictor disk used in the ?ow element of FIG. 3, 
taken on the line 4-4 of FIG. 3; 

FIG. 5 is a cross-sectional view of the ?ow restrictor 
disk of FIG. 4, taken on line 5-5 of FIG. 4; 
FIG. 6 is a cross-sectional view of the ?ow restrictor 

disk of FIG. 4, taken on line 6-6 of FIG. 4; 
FIGS. 7-14 are front views of alternative ?ow restric 

tor disks; and 
FIG. 15 is a perspective view of another alternativev 

?ow restrictor disk. 

DETAILED DESCRIPTIONv 

As required, details of illustrative embodiments of 
the invention are disclosed. However, it is to be under 
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stood that these embodiments merely exemplify the in 
vention which may take forms different from the spe-‘ 
ci?c illustrative embodiments disclosed. Therefore, 
speci?c structural and functional details are not neces 
sarily to be interpreted as limiting, but as a basis for the 
claims. 
The invention will first be described with respect to 

a particular type of restrictor or ?ow element disk as 
illustrated in FIGS. 2—6. Subsequently, alternative disk 
con?gurations will be described as illustrated in FIGS. 
7-15. The invention will be described with respect to 
?uid ?owing from left to right in FIGS. 1-3, but the de 
vices described herein are as effective with a reverse 
fluid ?ow. 
Referring to FIG. 1, ?uid paths A and B constitute 

the ?ow through a ?owmeter from the inlet at P1 to the 
outlet P2. The line labeled PATH A represents ?uid 
?ow through the measuring section of the ?owmeter 
and the line designated PATH B represents ?uid ?ow 
through the bypass section of the ?owmeter. The pres 
sure drop is the same across each path. It is desired to 
have the ?ow rate in PATH A divided by the ?ow rate 
in PATH B be a constant at all times. In the particular 
embodiments illustrated herein, PATH A is a tube of 
sufficient elongation to assure laminar ?ow. PATH B 
must also assure laminar ?ow, otherwise the ?ow ratio 
would have an undesirable dependency upon tempera 
ture and pressure. 
Flow through a channel may be characterized by the 

nondimensional parameter known as the Reynold’s 
number where 

where d) is the density of the ?uid, v,,l is the mean veloc 
ity in the conduit, u is the ?uid viscosity and m is the 
hydraulic radius de?ned as the conduit area divided by 
the conduit perimeter. The effective diameter of the 
conduit can be considered to be 4m. The Reynold’s 
number expresses the ratio of the inertia forces to the 
viscous forces in the ?uid. For low values of R, the ?ow 
is laminar, while for high values of R, inertia forces pre 
dominate and the ?ow tends to be turbulent. The Rey 
nold’s number transition generally occurs in the range 
of about 1,600 to about 2,800 Reynold‘s number. For 
any particular structure, the transition Reynold’s num 
ber can be determined by noting the mean velocity at 
which ?uid of known density and viscosity ?ows in a 
turbulent manner and applying the information to the 
formula set forth above. The following embodiments 
illustrate a number of specific structures to accomplish 
laminar ?ow in the bypass section,‘ PATH B, in combi 
nation with laminar ?ow in the measuring section, 
PATH A. Each of these embodiments provide a ?ow 
restrictor in the ?uid path through the bypass section, 
PATH B, de?ning radially inward (or outward) flow 
through conduits having length to effective diameter 
ratios suf?ciently large to assure laminar ?uid ?ow. In 
each of the embodiments, the ?uid being measured is 
gaseous, but the structure and concepts are applicable 
to liquids as well. 
Referring now to FIGS. 2 and 3, a ?owmeter 10 is il 

lustrated incorporating a ?ow splitter in accordance 
with this invention. The ?owmeter includes a housing 
12 bored and counterbored to de?ne a passageway 14 
formed with inlet and outlet ports 16 and 18, respec 
tively, for the ?uid whose ?ow is to be measured. A re 
duced diameter portion 20 de?nes an annular shoulder 

4 
22 for receiving a ?ow restrictor 24 and an upstream 
?ow directing hollow cylindrical nut 25. The ?ow re 
strictor '24 includes one or a plurality of channeled 
disks 27 which will be described hereinafter in more 
detail. A passageway region 26 is threaded and re 
ceived the flow restrictor 24 and the matingly threaded 
cylindrical nut 25. The cylindrical nut 25 is formed 
with notches 30 across its far end so as to be readily 
threaded into the passageway 14 against ?ow restrictor 
24 to secure the ?ow restrictor 24 in abutment with the 
shoulder 22. An expanded diameter passageway region 
32 de?nes a shoulder 34 spaced from the end of the cy 

f lindrical nut 25 for receiving a ?lter screen 36. The pas 
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sageway region 32 is threaded and receives a matingly 
threaded cylindrical securing member 38 for abutment 
against the ?lter screen 36, securing the screen 36 in 
place. 
Upstream and downstream taps, in the form of bore 

holes 40 and 42, respectively, in the housing, are pro 
vided for disposing respective attachment ends 44 and 
46 of a measuring section tube 48 on opposite sides of 
the combination of ?ow directing nut 25 and ?ow re 
strictor 24. The attachment ends 44 and 46 are tubular 
members through which the ends of the measuring sec 
tion tube 48 are tightly secured, so that ?uid ?owing 
into the attachment ends 44 and 46 is conducted en 
tirely through the measuring section tube 48. The mea 
suring section tube is very thin and elongate; in this ex 
emplary embodiment the tube 48 has an inside diame 
ter of 0.010 inch and a length of 3.1 inches. Thermal 
elements 50 and 52 on the outside of the tube detect 
the mass ?ow rates of ?uid passing through the tube 48. 
The method by which this is accomplished is known to 
the art and per se does not constitute a part of this in 
vention. 
The ?ow restrictor 24 consists of a plurality of juxta 

posed channeled disks 27 stacked together to create a 
desired pressure drop and ?ow rate. This particular il 
lustration incorporates seven disks each with ?at paral 
lel surfaces and 0.005 inch in width. There can be as 
few as 1 disk 27 or as many as 20 or more, depending 
upon the desired pressure drop and capacity of the 
housing 12. 
Referring to FIGS. 4, 5 and 6, in this particular em 

bodiment each of the disks 27 is formed ?at, as a 
washer, with a central opening 54 through the opposite 
parallel surfaces. In the illustration, four conduits or 
channels 56 are formed through the front surface 58 of 
the disk radiating from the central opening 54 out 
wardly to the perimeter 60 of the disk. The channels 56 
serve to conduct ?uid from the periphery of the disk 27 
to the opening 54. 
Each disk should be ?at and its surfaces smooth and 

free from burrs or unevenness that would interfere with ‘ 
?uid ?ow in the channels 56 or cause the disks 27 to 
be separated. Suf?cient smoothness can be achieved 
with chemical etching. In this particular embodiment 
the diameter of the disk 27 is 0.480 inch, the diameter 
of the central opening is 0.270 inch and the length of 
the channel is 0.105 inch. The channel 56 is rectangu 
lar in cross-section and has height and width dimen 
sions of 0.0025 inch and 0.0085 inch, respectively. 
Thus, the cross-sectional area of each channel 56 is 
0.000021 . The effective hydraulic radius of the channel 
can be calculated as the radius of a circle having an 
equivalent cross-sectional area; in this case the effec~ 
tive hydraulic radius is 0.0026 inch. Accordingly, each 
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channel has a length to effective hydraulic radius of 
about 40:1. Generally, the ratio of length to effective 
hydraulic radius should be at least 4:1 and can be as 
high as 200:1 or higher. The mesh ?lter 36 located up 
stream of the ?ow element 24 passes 5 micron parti 
cles. In view of the much larger channel diameter, the 
?ow element 24 is protected from clogging from con 
taminants in the ?uid stream. 
Referring back to FIG. 3, the cylindrical nut 25 oper 

ates in conjunction with the ?ow restrictor 27 to direct 
fluid through the conduits 56 radially inwardly to the 
central opening 54. For this purpose, the nut 25 is hol 
low and open at its upstream end 62 and closed at its 
downstream end by an end wall 64. The annular side 
wall 66 of the nut de?nes a plurality of openings 68 ad 
jacent the end wall 64. In this embodiment four such 
openings are formed, each 0.093 inch in diameter. Ad 
ditionally, for purposes of aligning the disks 27, three 
elongate cylindrical pins 70, each threaded vat its end 
are disposed in threaded openings therefor in the 
downstream surface of the end wall 64. The pins jut 
from the end wall 64 a distance suf?cient to carry the 
disks 27 for alignment thereof. 

In assembly, the desired number of disks 27 are 
merely stacked on the pins 70 to de?ne the ?ow ele 
ment 24. The nut 66 is then threaded into the passage 
way region 26 so that the ?ow element 24 abuts the 
shoulder 34 and the nut end wall 64 abuts the flow ele 
ment 24 and presses the component disks 27 together. 
No seals are required since the components can be 
tightly assembled. In place of the pins 70, one can pro 
vide nibs on the perimeter of the disks 27. Alterna 
tively. one can use a jig protruding through the outlet 
port 18 to align the disks prior to tightening. The re 
mainder of the ?owmeter is assembled as known to the 
art and ?owmeter electronics are assembled in the 
housing as known to the prior art, and ‘which are not 
per se a part of the invention herein. 

In operation, ?uid is fed into the inlet 16 whereupon 
it is ?ltered by the ?lter screen 36 and travels into the 
hollow nut 25, through the holes 68 to the perimeters 
of the stacked disks 27, radially through the conduits 
56, to and through the aligned disk openings 54 and 
emerging from'the outlet 18. A portion of the fluid 
stream is diverted through the measuring section tube 
48, ?owing therethrough to meet the emerging ?uid at 
the outlet 18. As a result of the present con?guration, 
?ow through both the measuring section tube 48 and 
?ow element 24 are laminar, yielding accurate meas 
urements over a substantial range of ?ow, temperature 
and pressure conditions. 
The foregoing assembly provides only one ?ow path 

for PATH B referred to in FIG. I, radially inwardly, or 
outward for reverse operation. lmportantly, each disk 
27 has suf?cient thickness to retain dimensional integ 
rity when squeezed by the nut 25. Because of the ?at 
ness of the disks 27, the flow meter is not signi?cantly 
affected by variations in compressive force caused by 
tightening of the nut 27. Installation of the ?ow direct 
ing components is simple and requires no calibration 
adjustments for predetermined combinations of disks. 
Importantly, the present construction permits channels 
of substantial length allowing substantial cross-section 
for high lengthzhydraulic radius ratios. Accordingly, 
relatively large size particles can pass through the sys~ 
tem without plugging the ?ow restrictor. Furthermore, 
the entire assembly can be formed of metal, without re 
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quiring seals, allowing use of the ?ow restrictor with 
otherwise corrosive fluids. 
The particular structure of the'disks 27 can be varied 

in number and in con?guration to accomodate various 
?ow ranges. Disks having 1-60 or more channels can 
be used, as well as disks having non-linear channel 
shapes such as will be described below, in any combina 
tion of from 1-40 disks or more to achieve any particu 
lar ?ow range. The desired arrangement can be ob 
tained with simple experimentation or by calculations 
using the Reynold’s number equation given above. 
Thus, it has been found that a ?ow range of 5 to 5,000 
standard cubic centimeters per minute could be 
achieved by stacking l~20 disks comprising one to 
three differently con?gurated disks having one, 10 and 
50 channels. The diameter of the disk opening 54 and 
the diameter of the disk itself can be varied to suit par< 
ticular needs. 

Referring to FIGS. 7-15, a variety of disk con?gura- ' 
tions are shown. In FIG. 7, a disk 77 is shown having 
a central opening 74 and a single channel 76 linearly 
formed in one surface from the opening 74 to the pe 
rimeter of the disk 77. In FIG. 8, a disk 87 is shown hav 
ing a central opening 84 and 10 channels 86 radiating 
from the opening 84 to the disk perimeter. In FIG. 9, 
a disk 97 is shown having a central opening 94 and 50 
radiating channels 96. 

In FIG. 10, a disk 107 is shown having a central open 
ing 104 and four curved channels 106 extending from 
the opening 104 to the disk perimeter in pinwheel fash 
ion. 

In FIG. 11, a disk 117 is shown having a central open 
ing 114 and a single spirally formed channel 116 con 
necting the opening 114 to the disk perimeter. 

In FIG. 12, a disk 127 is shown having a central open 
ing 124 and a series of maze-like concentric channels 
126 therearound connected by short channels 125 to 
provide communication between the opening 124 and 
disk perimeter. 

In FIG. 13, a disk 137 is shown having a central open 
ing 134 and a plurality of circular channels 136 annu 
larly disposed about the opening 134, connected to the 
opening 134 and disk perimeter by short channels 135. 

In FIG. 14, a disk 147 is shown having a central open 
ing 144 and a plurality of diamond-shaped channels 
146 annularly disposed about the opening 144, con 
nected to the opening 144 and disk perimeter by short 
channels 145. 

In FIG. 15, a disk 157 is shown having a central open 
ing 154 and a plurality of channels 156 in the form of 
elongate conduits drilled through the body of the disk 
157 from the perimeter 159 to the opening 154. 
Each of the disks illustrated in FIGS. 7-15 can be 

substituted for one or more disks in the embodiment 
illustrated in FIG. 3. Other variations are also permissa 
ble; for example the opening in each disk can be off 
center and means, such as a jig or appropriately spaced 
alignment pins on the nut 25 can be provided for align 
ment. 

I claim: 
1. A ?owmeter comprising: 
a housing having a ?uid inlet and a ?uid outlet de?n 

ing a ?rst fluid path therebetween; 
a flow restrictor in said ?rst ?uid path comprising atv 

least one disk having a front surface and a rear sur 
face connected by a perimeter surface, an opening 
through said front and rear surfaces and at least 
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one conduit through said perimeter surface to said 
, opening, said conduit being of a length to diameter 
ratio to provide laminar ?ow; 

means for supporting said restrictor in said ?rst ?uid 
path whereby the flow therethrough is directed ra 
dially in either direction between the perimeter and 
the opening of said at least one disk; 

an elongate conduit defining a laminar ?ow second 

means for measuring the rate of ?ow of ?uid through 
said elongate conduit; and 

means for connecting said second ?uid path in paral 
lel with said first ?uid path on opposite ?ow sides 
of said flow element. 

2. The ?owmeter of claim 1 in which said conduit is 
de?ned as a channel through the front surface of said 
disk. ' ' 

3. The ?owmeter of claim 1 in which said conduit 
comprises an elongate passageway having an effective 
length substantially larger than the effective hydraulic 
radius thereof. 

4. The ?owmeter of claim 1 in which the ratio of the 
length of said passageway to the effective hydraulic ra 
dius thereof is at least 1.5:1. 

5. The ?owmeter of claim 1 in which said opening is 
centrally formed through said disk and said conduit ra 
diates linearly therefrom to said perimeter surface. 

6. The ?owmeter of claim 1 in which said disk is 
formed ?at with substantially even front and rear sur 
faces exclusive of said conduit. 

7. The ?owmeter of claim 1 in which said ?ow ele 
ment comprises a plurality ofjuxtaposed disks, includ 
ing said one disk, each disk having a front surface and 
a rear surface connected by a perimeter surface, each 
disk having an opening through said front and rear sur 
faces and at least one conduit through said perimeter 
surface to said opening, the opening of said plurality of 
disks being aligned. 

8. The ?owmeter of claim 7 in which the number of 
conduits carried by one of said plurality of disks is dif 
ferent from the number of conduits carried by another 
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8 
of said plurality of disks. 

9. A ?owmeter comprising: 
a housing having a ?uid inlet and a ?uid outlet de?n 

ing a ?rst ?uid path therebetween; 
a ?ow restrictor in said ?rst ?uid path comprising at 

least one disk having a front surface and a rear sur 
face connected by a perimeter surface, an opening 
through said front and rear surfaces and at least 
one conduit through said perimeter surface to said 
opening, said conduit being ofa length to diameter 
ratio to provide laminar ?ow; 

an elongate conduit de?ning a laminar ?ow second 
?uid path; 

means for measuring the rate of ?ow of ?uid through 
said elongate conduit; and 

means for connecting said second ?uid path in paral 
lel with said ?rst ?uid path on opposite ?ow sides 
of said flow element; 

said housing comprising a wall de?ning said ?uid in 
let, said wall being threaded, and including a re 
taining member in said inlet for securing said ?ow 
restrictor in said ?rst ?uid path, said retaining 
member being hollow and externally threaded to 
mate with said housing wall thread, said retaining 
member being open at one end and closed at its op 
posite end, said opposite end of said retaining 
member abutting said ?ow restrictor at one of said 
front and rear surfaces thereof, and means in said 
housing for retaining the opposite surface of said 
?ow restrictor against movement, said retaining 
member being formed with at. least one lateral 
opening therethrough, the effective outer diameter 
of said ?ow restrictor being smaller than the effec 
tive inner diameter of said inlet whereby ?uid in 
troduced into said retaining member ?ows through 
said lateral opening, through said conduit, into said 
disk opening and out thereof to de?ne said second 
fluid path. 

10. The ?owmeter of claim 7 in which each said disk 
is formed with a plurality of said conduits. 

* =|< * * * 


