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1. 

FLANGE-FREEVENTUR NOZZLE INSERT 
The present invention relates to an improved form of 

flange-free venturielement for mounting in a fluid con 
ducting conduit. More particularly, the invention is di 
rected to a design where the entire internal venturinoz 
zle is supported from a transverse web with the holes 
or passageway means therethrough and, additionally, is 
sized to have small annular passageways around the 
ends of the cone sections such that pressure balancing 
aspects can be achieved. 
Venturi nozzle sections are, of course, commonly in 

serted into pipes in order to have means for measure 
ment of fluid flow rates through the particular pipe or 
zone. In addition, it is realized that venturi sections 
have been fabricated so that they may be readily in 
serted into a pipe length by having flanges at each end 
of a venturi section or by having a single support ring 
to be inserted between flanges at the ends of abutting 
pipe sections. For example, U. S. Pat. Nos. 3,273,390 
and 3,326,041 show venturitube designs and construc 
tions adapted to be inserted into a pipe or conduit. 
With respect to these patents, it will be noted that the 
venturi nozzle, or element itself, is being mounted 
within an encompassing conduit such that a small annu 
lar space exists around at least one cone end of the ele 
ment whereby fluid under pressure can enter. How 
ever, in contrast to the present improved design, there 
are no provisions for having pressure balancing holes or 
passageway means through the support or any barrier 
which may circumscribe the throat section of the ven 
turi nozzle element. As a result, there have been no 
known equivalent means for effecting the balancing of 
pressure differences around the outside of an interiorly 
mounted venturi nozzle. 

Briefly, it may be considered to be an object of the 
present invention to provide a venturi nozzle insert 
which has pressure balancing annular space provisions 
at each end thereof as well as pressure balancing pas 
sageway means through a ring support member around 
the exterior of the throat section, whereby there are 
both structural and operational advantages during ei 
ther normal operating or "choke” conditions. 

It may also be considered to be an object of the pres 
ent invention to provide a welded or flange-free type of 
design and construction so that the venturielement can 
be inserted into piping in a manner to meet standard 
accepted codes, such as the A.S.M.E. Power Test 
Code. For example, pressure equipment for use in a nu 
clear power plant must be all welded and free of flange 
connections, as well as utilize "full penetration' or 
"containment' welds on all exterior wall surfaces. 
In a broad aspect, the present invention embodies a 

flange-free venturi nozzle insert element suitable for 
welded installation into a fluid conduit, which com 
prises in combination, a venturi portion having a taper 
ing inlet cone section, a throat section and a tapering 
pressure recovery cone section, a circumscribing web 
section around said throat section, and a conduit 
adapter section positioned concentrically around said 
venturi portion and connecting to said web section, 
whereby the latter together with said conduit adapter 
section will hold the venturi portion in a conduit con 
nective with said conduit section, and the exterior di 
ameter of both said inlet and pressure recovery cone 
sections are made slightly smaller than the inside diam 
eter of said conduit, whereby to provide small fluid 
flow and pressure balancing annular passageways 
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2 
around said venturi sections, and said web section is 
provided with spaced passageway means having an area 
sized to be proportioned approximately equal to the 
upstream passageway and of lesser area than a down 
stream annular passageway, with such web passage 
ways thereby effective to regulate normal flow and to 
lessen external pressure on the pressure recovery ven 
turi section in the event of a sonic flow condition 
through said venturi element. 
For instrumentation purposes, at least one pressure 

tap connection to the interior of the throat section will 
be made radially inwardly through the web or ring sec 
tion which supports the venturi element with the con 
duit adapter section. Additional pressure tap connec 
tion to the main conduit may be made to a location 
around the exterior of the throat section, upstream 
from the insertable venturi element, or in any conven 
tional manner that need not be considered a part of the 
present invention. Various shapes or configurations for 
the inlet cone and for the recovery cone sections may 
be provided to meet specific flow requirements. For ex 
ample, the inlet portion may be curved in the nature of 
a portion of an ellipse to result in a long radius nozzle 
approach into the throat section with a length equiva 
lent to a Herschel type venturi. 
Also, inasmuch as the present element provides a 

flange-free design suitable for welded installation into 
a main conduit, then the end portions of the conduit 
adapter section which circumscribes the support ring 
section and the throat portion of the venturi element 
will have scarfed or beveled ends which will permit full 
penetration containment welds, for attachment to the 
abutting end portions of the main conduit. As set forth 
in the embodiment, the ends of the inlet and outlet 
cone sections will have diameters or circumferences 
slightly less than the interior of the main conduit into 
which the venturi element will become inserted so that 
there may be space for a slight amount of expansion 
under differential temperature conditions, as well as 
spaces to provide for the pressure balancing aspects in 
accordance with the present invention. 
Reference to the accompanying drawing and the fol 

lowing description thereof will serve to illustrate one 
embodiment of the present invention as well as permit 
the setting forth of special operational and construction 
features and the advantages in connection therewith. 

FIG. 1 of the drawing is a sectional elevational view 
showing the assembly of the entire venturielement and 
how it may be inserted into a main conduit section. 
FIG. 2 of the drawing is a cross-sectional view 

through a throat portion of the venturi element in ac 
cordance with line 2-2 in FIG. 1 of the drawing. 
FIG. 3 indicates diagrammatically the beveling and 

scarfing which may be utilized at the end portions of 
the ring adaptersection of the element whereby the lat 
ter may be readily connected into the main conduit sec 
tion with containment welding. 
FIGS. 4 and 4a show diagrammatically certain vary 

ing areas or proportional areas which may exist with re 
spect to the annular passageway around the venturi 
sections and the passageway means in the intermediate 
ring section. 

Referring now to FIGS. 1 and 2 of the drawing, there 
is indicated in the embodiment shown a central venturi 
nozzle element which is made up of a curved and taper 
ing inlet cone section 1, a substantially straight throat 
portion 2 and an elongated tapering pressure recovery 
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cone section 3. Circumscribing the central throat sec 
tion 2 is a perpendicular web or support ring 4 which 
in turn is welded to and connects with a conduit 
adapter section 5. The latter is, of course, normally 
provided to be of the same diameter and wall thickness 
as the main conduit, such as 6, into which the venturi 
element will be inserted. 
There is also indicated in the drawing the utilization 

of a boss or shoulder piece 7 welded to adapter section 
5 in alignment with the inner ring 4 such that there may 
be a pressure tap instrument connection into the inter 
ior of the throat section 2. Typically, there will be a 
drilled hole 8 carrying through the boss 7, adapter sec 
tion 5, ring 4 and throat member 2 after the final weld 
ing of the various portions of the insert assembly. Also, 
as best shown in FIG. 2, a plurality of holes 9 are 
spaced around the circumference of ring section 4 such 
that there may be pressure balancing from one side of 
the venturi element to the other, as well as drainage, in 
the event of the use of the venturi element in a vertical 
orientation in a main conduit. 
As hereinbefore noted, the inlet section 1 will be of 

a suitable design to meet desired flow conditions and 
need not be any one fixed design or size. The illustrated 
unit shows an inner surface 1" having a configuration 
equivalent to substantially one-fourth of the periphery 
of an elongated ellipse. It should be further noted that 
the circumference of inlet section 1 and the down 
stream circumference of pressure recovery cone sec 
tion 3 is spaced slightly from the interior of the main 
conduit 6 so as to leave a small space "S1’ suitable to 
accommodate differential temperature expansion for 
the operating conditions to be encountered and in com 
bination with holes 9 in ring member 4 provide a de 
sired pressure balancing effect during normal operating 
or choke conditions. For example, during a normal op 
erating period, some of the fluid stream may pass 
through the space “S1' in a downstream direction as 
well as through holes 9 and carry into the space circum 
scribing cone section 3; however, since pressure can 
become equalized around the entire venturi element, 
there will be a null effect upon the operation of the ven 
turi in measuring pressure differential and flow rate for 
the particular fluid passing through the conduit system. 
The holes 9 are, of course, necessarily large enough in 
diameter to provide suitable cross-sectional area to 
work with area S1 in choking and balancing fluid flow 
for normal flow conditions as well as for breakage or 
"fault' conditions. In other words, the mere placing of 
a small drain hole is not sufficient to provide the suit 
able balancing of pressures to insure a proper and effi 
cient operation of the venturi insert as a flow measuring 
device. 

It is also to be noted that by providing a suitable pas 
sageway area through ring section 4, such as by holes 
9, there is a particular advantage obtained in enhancing 
the structural characteristics. For example, under 
choke conditions, such as where there may be a con 
duit breakage downstream from the venturi element, 
then for a given set of upstream conditions, there can 
be an increase in the linear velocity of the fluid stream 
through the throat until such velocity reaches that of 
sound. At the same time, under such a choke condition 
there can normally be a high pressure differential 
around a pressure recovery cone section of the venturi 
element tending to have the element deform or crush 
inwardly. However, it can be observed from a review of 
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4 
the present improved construction that, by virtue of 
having the spaces "S1' and "S2’ at the respective ends 
of the venturi element and suitable passageway open 
ings 9 through ring section 4 properly sized with rela 
tion to spaces “S1' and “S2,' there can be a relief of 
differential pressure around cone section 3 and the re 
sulting effect that such section may be made structur 
ally less thick than normally required. In other words, 
under choke flow conditions in the throat of the main 
nozzle, holes 9 also choke and reduce pressure down 
stream around recovery cone 3. 
As an illustration of conventional design with a 1000 

psi upstream pressure, under choke condition, there 
would be 1,000 psi across the recovery cone wall tend 
ing to crush the cone in. With the holes 9 properly 
sized, the 1,000 psi would appear across these holes so 
that the external cone pressure would be essentially the 
same as the internal cone pressure. The sizing of areas 
“S1’ and “S2’ and holes 9 must be proportioned to 
provide the large choke effect under fault conditions 
but to not effect equilibrium under normal operating 
differential pressure conditions. 
By way of further illustration, reference may be made 

to FIGS. 4 and 4a of the drawing where the spaces 
shown represent proportional areas such as provided 
by passageway S1, holes 9 and passageway S2. In all 
cases, S1 and S2 will provide for expansion clearances 
as well as spacings for pressure balancing. Also, in all 
cases total area 9 will be less than the downstream area 
S2 so as to provide a choke effect for normal flow and 
operational conditions. However, with respect to the 
upstream area S1, the area of 9 can be smaller, larger 
or about the same as the upstream area. Preferably, S1 
and 9 will be provided to be about equal such that they 
can equally serve in choking flow and pressure for nor 
mal operating conditions. In FIG. 4, the area of 9 is 
smaller than S2 as well as S1, while in FIG. 4a, the area 
of 9 is again shown smaller than S2 but about equal to 
S1. The latter situation is generally considered prefera 
ble. The area of S2 should, of course, be adequate to 
permit rapid flow of atmospheric pressure from the 
downstream conduit, in the event of a breakage or 
choke flow conditions, such that there is pressure bal 
ancing around cone section 3 and the prevention of 
crushing. As hereinbefore noted, it was an important 
aspect of the present invention to permit thinner down 
stream cone sections in a venturi element and preclude 
crushing from line failure conditions. 
With particular reference to the welded construction 

of the present venturi element, it may be noted that 
such element may be made of a varying number of 
pieces. For example, the interior venturi nozzle portion 
may be cast as one piece and machined or otherwise 
smoothed on the interior; however, preferably it will be 
made of at least two sections as indicated in FIG. and 
a full penetration weld, such as 10, utilized to join the 
abutting end portions of sections 2 and 3. Typical struc 
tural welds are indicated in effecting the joining of ring 
section 4 with respect to the throat section 2 and to the 
external adapter conduit section 5. However, inasmuch 
as the latter section will be providing an external junc 
ture with the main conduit 6 at each zone 11, there 
should be provided full penetration containment weld 
ing at such juncture. 
With specific reference to FIG. 3 of the drawing, 

there is indicated special beveling and scarfing for the 
ends of adapter conduit section 5 to be available for the 
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containment welding connection with main conduit 
section 6. As noted briefly hereinbefore, for high pres 
sure fluid containment welds, particularly for all con 
duits, pressure vessels or walls having an external sur 
face, there should be conformance with pressure vessle 
codes such as the A.S.M.E. Boiler and Pressure Vessel 
Code or conformance with the A.S.M.E. Power Test 
Code, and the like, all of which will require full pene 
tration welding by certified welders to insure leakproof 
and pressure-tight connection. 

It is to be noted that the present drawing and venturi 
element embodiment should not be limiting in all as 
pects with respect to shape, proportion, and the like, 
nor shall the passageway means provided by holes 9 be 
limiting inasmuch as a lesser or greater amount of holes 
may well be utilized through ring section 4 to effect the 
desired cross-sectional area necessary for a particular 
sized venturi element. Still further, it is not intended to 
limit the length of the adapter section 5 to any one 
length, or proportion, with respect to the venturi ele 
ment inasmuch as such an adapter section might well 
be made to have a length greater than that of the inter 
nal venturi nozzle portion. Still further, typically one 
support ring member 4 can be utilized to effect the sup 
port of the entire venturi element within an adapter 
conduit section and is preferable in that there are no 
problems with differentiation expansion between adja 
cent support members; however, the support ring mem 
ber 4 may have a varying configuration and, of course, 
will vary in size depending upon the overall size of the 
venturi section and the size of the conduit to which the 
nozzle element is being inserted. 

I claim as my invention: 
1. A flange-free venturinozzle insert element suitable 

for welded installation into a fluid conduit, which com 
prises in combination, a venturi portion having a taper 
ing inlet cone section, a throat section and a tapering 
pressure recovery cone section, a circumscribing sup 
port ring section around said throat section, and a con 
duit adapter section positioned concentrically around 
said venturi portion and connecting to said ring section, 
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6 
whereby the latter together with said conduit adapter 
section will hold the venturi portion in a conduit con 
nective with said conduit section, the exterior diameter 
of both said inlet and pressure recovery cone sections 
are made slightly smaller than the inside diameter of 
said conduit, whereby to provide small upstream and 
downstream fluid flow and pressure balancing annular 
passageways around said venturi inlet and recovery 
cone sections, and said ring section is provided with 
spaced passageway means to combine with the up 
stream passageway to choke fluid flow and control 
pressure drop around the element during normal flow 
conditions, said passageway means in said ring section 
having an area smaller than said downstream annular 
passageway to thereby be effective to lessen external 
pressure on the pressure recovery venturi section in the 
event of a sonic flow condition through said venturiele 
ment, and said passageway means comprising holes 
which are spaced circumferentially around the throat 
section of the venturi element. 

2. The venturi element of claim is further charac 
terized in that the upstream passageway and said pas 
sageway means through said ring section are about 
equal in area, whereby both such passageways are each 
of less area than that of the downstream annular pas 
Sageway. 

3. The venturi insert element of claim further char 
acterized in that at least one pressure tap connection 
and passageway is provided through said conduit 
adapter section, said support ring section and the 
throat section whereby such element may be used to 
provide differential pressure readings in the measure 
ment of flow through the fluid conduit and the venturi 
nozzle element. 

4. The venturi element of claim further character 
ized in that each end portion of said conduit adapter 
section has beveled end portions adapted for a full pen 
etration abutting welds connection with a main fluid 
conduit into which the element will be inserted. 
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