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FURTHER ASPECTS  

Further aspects and embodiments of the invention are now set out in the following 

numbered Paragraphs; it is to be understood that the invention encompasses these aspects:  

Paragraph 1. A restriction orifice plate comprising: A plate configured to be positioned 

in a conduit through which a fluid passes, wherein the plate includes two or more openings 5 

therethrough; wherein the two or more openings of the plate are configured to satisfy the 

relationship, ΔP = kρVn/2Gc, where, ΔP = pressure loss across the plate; n = velocity 

exponent; k = velocity head loss; ρ = fluid density; V = fluid velocity; and Gc = Newton’s 

conversion constant. 

Paragraph 2. The restriction orifice plate of Paragraph 1, wherein the values for n 10 

range between 1.8 to 2, inclusive of 1.8 and 2. 

Paragraph 3. The restriction orifice plate of Paragraph 1, wherein the inlet of each of 

the two or more openings has a blunt edge. 

Paragraph 4. The restriction orifice plate of Paragraph 1, wherein the inlet of each of 

the two or more openings has a knife edge. 15 

Paragraph 5. The restriction orifice plate of Paragraph 1, wherein the inlet of each of 

the two or more openings has a tapered edge. 

Paragraph 6. The restriction orifice plate of Paragraph 1, wherein the inlet of each of 

the two or more openings has a contoured edge. 

Paragraph 7. The restriction orifice plate of Paragraph 1, wherein the outlet of each of 20 

the two or more openings has a blunt edge. 

Paragraph 8. The restriction orifice plate of Paragraph 1, wherein the outlet of each of 

the two or more openings has a knife edge. 

Paragraph 9. The restriction orifice plate of Paragraph 1, wherein the outlet of each of 

the two or more openings has a tapered edge. 25 

Paragraph 10. The restriction orifice plate of Paragraph 1, wherein the outlet of each of 

the two or more openings has a contoured edge. 
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Paragraph 11. The restriction orifice plate of Paragraph 1, wherein the inlet of each of 

the two or more openings has a contoured edge and wherein the outlet of each of the two or 

more openings has a contoured edge. 

Paragraph 12. A method of using a plurality of restriction orifice plates according to 

Paragraph 1, the method comprising: placing at least a first orifice plate according to 5 

Paragraph 1 and a second orifice plate according to Paragraph 1 in series; rotating at least the 

first orifice plate so that the two or more openings of the first orifice plate are out of phase 

with the two or more openings of the second orifice plate; and installing the series of orifice 

plates between two portions of a conduit. 

Paragraph 13. An orifice plate comprising: an orifice plate configured to be positioned 10 

in a conduit, the conduit having a diameter Dp, the orifice plate has a central opening and a 

ring-shaped region, wherein the central opening has a diameter D1 and the ring-shaped region 

is located at a radius R2 from the center of the orifice plate and surrounds the central opening; 

the inlet of the central opening has a contoured edge; and the ring-shaped region includes two 

or more openings formed through the orifice plate with the center of each opening centered on 15 

the radius R2, wherein the radius R2 satisfies a relationship, R2 = (Dp + (D1 + 2(RCo)))/4), 

where RCo is a radius of the contour of the central opening. 

Paragraph 14. The orifice plate of Paragraph 13, wherein the two or more openings 

have a diameter D2 that is equal to the diameter D1 of the central opening, each of the two or 

more openings equally satisfy a velocity distribution relationship !"!#
= %1 − ("

()
*
+
 ; and the 20 

diameter D2 of each of the two or more openings and the diameter D1 of the central opening 

equally satisfy a Reynolds matching relationship NRE, 1 = NRE, 2 wherein; NRE, 1 = ,#-!#. ; NRE, 2 

= ,"-!". ; NRE, 1 is a Reynolds number for the diameter D1 of the central opening; NRE, 2 is a 

Reynolds number for the diameter D2 of each of the two or more openings; V1 = velocity of a 

flow through the central opening; V2 = velocity of a flow through the center of each of the two 25 

or more openings; ρ = density of a fluid; µ = viscosity of the fluid; and Rp = radius of the 

conduit. 
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Paragraph 15. The orifice plate of Paragraph 14, wherein the ring-shaped region 

includes six openings formed through the orifice plate with the center of each opening 

centered on the radius R2. 

Paragraph 16. The orifice plate of Paragraph 14, wherein the central opening and the 

two or more openings each have an inlet, each inlet having a curvature in the magnitude of 5 

0.003 percent to 50.0 percent of the holes radius. 

Paragraph 17. The orifice plate of Paragraph 14, wherein the inlet of each of the two or 

more openings has a blunt edge. 

Paragraph 18. The orifice plate of Paragraph 14, wherein the inlet of each of the two or 

more openings has a knife edge. 10 

Paragraph 19. The orifice plate of Paragraph 14, wherein the inlet of each of the two or 

more openings has a tapered edge. 

Paragraph 20. The orifice plate of Paragraph 14, wherein the inlet of each of the two or 

more openings has a contoured edge. 

Paragraph 21. The orifice plate of Paragraph 14, wherein the outlet of each of the two 15 

or more openings has a blunt edge. 

Paragraph 22. The orifice plate of Paragraph 14, wherein the outlet of each of the two 

or more openings has a knife edge. 

Paragraph 23. The orifice plate of Paragraph 14, wherein the outlet of each of the two 

or more openings has a tapered edge. 20 

Paragraph 24. The orifice plate of Paragraph 14, wherein the outlet of each of the two 

or more openings has a contoured edge. 

Paragraph 25. The orifice plate of Paragraph 14, wherein the inlet of each of the two or 

more openings has a contoured edge and wherein the outlet of each of the two or more 

openings has a contoured edge. 25 

Paragraph 26. The orifice plate of Paragraph 14, wherein the central opening and the 

two or more openings are circular. 
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Paragraph 27. The orifice plate of Paragraph 14, wherein the orifice plate further 

comprises a tap extending into an interior portion of one of the two or more openings of the 

ring-shaped region. 

Paragraph 28. The orifice plate of Paragraph 14, wherein the orifice plate further 

comprises a first tap and a second tap, wherein the first tap is located upstream of the orifice 5 

plate and the second tap is located downstream of the orifice plate. 

Paragraph 29. The orifice plate of Paragraph 14, wherein the orifice plate further 

comprises a first tap, a second tap, and a third tap, wherein the first tap is located upstream of 

the orifice plate, the second tap is located downstream of the orifice plate, and the third tap 

extends into an interior portion of one of the two or more openings of the ring-shaped region. 10 
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CLAIMS 

1. An orifice plate configured to be positioned in a conduit, the conduit having a diameter 

Dp, the orifice plate comprising a central opening and a ring-shaped region, in which the 

central opening has a diameter D1 and the ring-shaped region is located at a radius R2 from the 

center of the orifice plate and surrounds the central opening; 5 

in which the central opening includes an inlet, the inlet of the central opening has a 

contoured edge; 

in which the ring-shaped region includes two or more openings formed through the 

orifice plate with a center of each opening centered on the radius R2, in which the radius 

R2 satisfies a relationship, R2 = (Dp + (D1 + 2(RCo)))/4, where RCo is a radius of the 10 

contoured edge of the central opening; 

in which the two or more openings each have a diameter D2, each of the two or more 

openings equally satisfy a velocity distribution relationship 

!"
!#
= %1 − ("

()
*
+
 ; and 

in which the diameter D2 of each of the two or more openings and the diameter D1 of the 15 

central opening equally satisfy a Reynolds matching relationship 

 NRE, 1 = NRE, 2 

 in which: 

NRE, 1 = ,#-!#. ; 

NRE, 2 = 	,"-!". ; 20 

NRE, 1 is a Reynolds number for the diameter D1 of the central opening; 

NRE, 2 is a Reynolds number for the diameter D2 of each of the two or more 

openings; 

V1 = velocity of a flow through the central opening; 

V2 = velocity of a flow through the center of each of the two or more openings; 25 

ρ = density of a fluid; 



 
 

 

22 

µ = viscosity of the fluid; and 

Rp = radius of the conduit. 

2. An orifice plate according to Claim 1, in which the ring-shaped region includes six 

openings formed through the orifice plate with the center of each opening centered on the 

radius R2. 5 

3. An orifice plate according to Claim 1, in which the central opening and the two or more 

openings each have an inlet, each inlet having a curvature in the magnitude of 0.003 percent to 

50.0 percent of a radius of the corresponding opening. 

4. An orifice plate according to Claim 1, in which an inlet of each of the two or more 

openings has a blunt edge. 10 

5. An orifice plate according to Claim 1, in which an inlet of each of the two or more 

openings has a knife edge. 

6. An orifice plate according to Claim 1, in which an inlet of each of the two or more 

openings has a tapered or bevelled edge. 

7. An orifice plate according to Claim 1, in which an inlet of each of the two or more 15 

openings has a contoured edge. 

8. An orifice plate according to Claim 1, in which an outlet of each of the two or more 

openings has a blunt edge. 

9. An orifice plate according to Claim 1, in which an outlet of each of the two or more 

openings has a knife edge. 20 

10. An orifice plate according to Claim 1, in which an outlet of each of the two or more 

openings has a tapered or bevelled edge. 

11. An orifice plate according to Claim 1, in which an outlet of each of the two or more 

openings has a contoured edge. 

12. An orifice plate according to Claim 1, in which an inlet of each of the two or more 25 

openings has a contoured edge and in which an outlet of each of the two or more openings has 

a contoured edge. 
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13. An orifice plate according to Claim 1, in which the central opening and the two or more 

openings are circular. 

14. An orifice plate according to Claim 1, in which the orifice plate further comprises a tap 

extending into an interior portion of one of the two or more openings of the ring-shaped 

region. 5 

15. An orifice plate according to Claim 1, in which the orifice plate further comprises a first 

tap and a second tap, in which the first tap is located upstream of the orifice plate and the 

second tap is located downstream of the orifice plate. 

16. An orifice plate according to Claim 1, in which the orifice plate further comprises a first 

tap, a second tap, and a third tap, in which the first tap is located upstream of the orifice plate, 10 

the second tap is located downstream of the orifice plate, and the third tap extends into an 

interior portion of one of the two or more openings of the ring-shaped region. 
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ABSTRACT 

ORIFICE PLATES 

Implementations of an orifice plate used to regulate flow through a conduit are 

provided. In some implementations, a balanced restriction orifice (BRO) plate configured to 

maximize pressure loss is provided. In some implementations, the BRO plate may be 5 

configured to limit pipe and plate noise, erosion, cavitation, shear stress, etc. while 

maximizing pressure loss, and limiting flow to required values. In some implementations, 

openings through a BRO plate may be configured to satisfy a Velocity-Head Pressure-Loss 

equation. Alternatively, in some implementations, the hole pattern of an orifice plate may be 

optimized through the use of a provided Reynolds matching (RM) equation. In some 10 

implementations, an orifice plate may be optimized to improve process variable 

measurements, minimize system pressure drop, recover pressure, and reduce noise and other 

inefficiencies within the system using equations provided herein. 

Figure 1A 
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