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Short Description

Orifice Definition, Description, Equation, Application...



Description


Kenneth M. Agra BSEE 4-1



LPU-Laguna Fluid Mechanics



Orifice A fluid passing though an orifice constriction will experience a drop in pressure across the orifice. This change can be used to measure the flowrate of the fluid.



The flow of water through an orifice is illustrated in the figure. Water approaches the orifice with a relatively low velocity, passes through a zone of accelerated flow, and issues from the orifice as a contracted jet. If the orifice discharges free into the air, there is modular flow and the orifice is said to have free discharge; if the orifice discharges under water it is known as a submerged orifice. If the orifice is not too close to the bottom, sides, or water surface of the approach channel, the water particles approach the orifice along uniformly converging streamlines from all directions. Since these particles cannot abruptly change their direction of flow upon leaving the orifice, they cause the jet to contract. The section where contraction of the jet is maximal is known as the vena contracta. The vena contracta of a circular orifice is about half the diameter of the orifice itself. If we assume that the free discharging orifice shown in the figure discharges under the average head H1 (if H, >> w) and that the pressure in the jet is atmospheric, we may apply Bernoulli’s theorem



Hence,



This relationship between v and √H1 was first established experimentally in 1643 by Torricelli.



If we introduce a C,-value to correct for the velocity head and a C,-value to correct for the assumptions made above, we may write,



According to Equation Q = VA , the discharge through the orifice equals the product of the velocity and the area at the vena contracta. This area is less than the orifice area, the ratio between the two being called the contraction coefficient, δ Therefore. (1-70) The product of Cd, Cv, δ and 6 is called the effective discharge coefficient Ce. The Equation 1-70 may therefore be written as



(1-71) Proximity of a bounding surface of the approach channel on one side of the orifice prevents the free approach of water and the contraction is partially suppressed on that side. If the orifice edge is flush with the sides or bottom of the approach channel, the contraction along this edge is fully suppressed. The contraction coefficient, however, does not vary greatly with the length of orifice perimeter that has suppressed contraction. If there is suppression of contraction on one or more edges of the orifice and full contraction on at least one remaining edge, more water will approach the orifice with a flow parallel to the face of the orifice plate on the remaining edge(s) and cause an increased contraction, which will compensate for the effect of partially or fully suppressed contraction. Of significant influence on the contraction, however, is the roughness of the face of the orifice plate. If, for example lack of maintenance has caused algae to grow on the orifice plate, the velocity parallel to the face will decrease, causing a decrease contraction and an increase contraction coefficient. Thus, unlike broad- crested weirs, an increase of boundary roughness of the structure will cause the discharge to increase if the head h1 remains constant. This is also true for sharp-crested weirs.



Equation 1-71 is valid provided that the discharge occurs under the average head. For low heads, however,



there is a significant difference berween the flow velocity at the bottom and top of the orifice. If we take, for example, a rectangular orifice with a breadth bc and a height w as shown in the first figure we may say that the theoretical discharge through an elemtanry strip of area bcdm, discharging under a head (hb-m) equals



The total discharge through the orifice is obtained by integration between the limits O and hb – h1.



Or



If ht = 0, the latter equation expresses the discharge across a rectangular sharp-crested weir. In practice Equation 1-71 is used for all orifices, including those discharging under low heads, all deviations from the theoretical equation being corrected for in the effective discharge coefficient. If the orifice discharges under water, it is known as submerged orifice. Flow of water through a submerged orifice is illustrated in Figure 1.22 If we assume that there is no energy loss over the reach of accelerated flow, that the streamlines at the vena contracta are straight, and that the flow velocities in the eddy above the jet are relatively low, we may apply Bernoulli' s theorem



And



since we may write the equation as



Using a similar argument to that applied in deriving Equation 1-71 we may obtain a formula that gives the total discharge through a submerged orifice as



Or



Q = Ce A √[2g(h1-h2)] What is Orifice meter?



Orifice meter is another simple device used for the measuring the discharge through pipes, orifice meter also works on the same principle as that of Venturi meter i.e., by reducing the cross -sectional area of flow passage ,a pressure difference between the two sections before and after Orifice is developed and the measurement of the pressure difference enables the determination of the discharge through the pipe . However , an orifice meter is a cheaper arrangement for discharge measurement through pipes and its installation requires a smaller length as compared with Venturi meter. As such where the space is limited, the orifice meter may be used for the measurement of discharge through pipes . Description An orifice plate is a thin plate with a hole in it, which is usuall y placed in a pipe. When a fluid (whether liquid or gaseous) passes through the orifice, its pressure builds up slightly upstream of the orifice but as the fluid is forced to converge to pass through the hole, the velocity increases and the fluid pressure decreases. A little downstream of the orifice the flow reaches its point of maximum convergence, the vena contracta (see drawing to the right) where the velocity reaches its maximum and the pressure reaches its minimum. Beyond that, the flow expands, the velocity falls and the pressure increases. By measuring the difference in fluid pressure across tappings upstream and downstream of the plate, the flow rate can be obtained from Bernoulli's equation using coefficients established from extensive research. Application



Orifice plates are most commonly used to measure flow rates in pipes, when the fluid is single-phase (rather than being a mixture of gases and liquids, or of liquids and solids) and well -mixed, the flow is continuous rather than pulsating, the fluid occupies the entire pipe (precluding silt or trapped gas), the flow profile is even and well-developed and the fluid and flow rate meet certain other conditions. Under these circumstances and when the orifice plate is constructed and installed according to appropriate standards, the flow rate can easily be determined using published formulae based on substantial research and published in industry, national and international standards. Plates are commonly made with sharp-edged circular orifices and installed concentric with the pipe and with pressure tappings at one of three standard pairs of distances upstream and downstream of the plate; these types are covered by ISO 5167 and other major standards. There are many other possibilities. The edges may be rounded or conical, the plate may have an orifice the same size as the pipe except for a segment at top or bottom which is obstructed, the orifice may be installed eccentric to the pipe, and the pressure tappings may be at other positions. Variations on these possibilities are covered in various standards and handbooks. Each combination gives rise to different coefficients of discharge which can be predicted so long as various conditions are met, conditions which differ from one type to another. Once the orifice plate is designed and installed, the flow rate can often be indicated with an acceptably low uncertainty simply by taking the square root of the differential pressure across the orifice's pressure tappings and applying an appropriate constant. Even compressible flows of gases that vary in pressure and temperature may be measured with acceptable uncertainty by merely taking the square roots of



the absolute pressure and/or temperature, depending on the purpose of the measurement and the costs of ancillary instrumentation. Orifice plates are also used to reduce pressure or restrict flow, in which case they are often called restriction plates.
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