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CompuTAtion procedure of liquid flow passing through orifice plates and nozzles

References standard ISO 5167-1 and STAS 7347 /1 

S. BUDEA

Abstract: Method of reference of fluid flow passing through nozzles and orifice plates, used in testing laboratories is based by computatin the flow coeficients, than with this coeficient is  computate the flow at any differenced pressure.
Keywords: flow, orifice plates, differenced pressure.

1. Generality

Method of  flow measerement by throthing the section is precise and often used in stand tests of turbomachines. On use orifice plates with pressure connection in flange, placed at D and  D/2; on use also nozzles ISA 1932 or with long radius.

2. Principle of  measurement method and computation mode

On place orifice plates or nozzles in a pipe throuthling pressure liquid, mounted in front of and back to the orifice plates.

On measure differenced pressure and for a given liquid with density and viscosity, can computate the flow passing through a given section, similar with the reference one.
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( - flow coefficient, ( - detent coefficient, (p – differenced pressure

 E – speed coefficient, with equation
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D – outside pipe diameter, d – inside pipe diameter, ( - relation of diameters.

Discharge coefficient C given by Stolz relation is:
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Empiric relation for detent coefficient:
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Measurement conditions are given in reference standards. The method proposed may be used also in incompressible liquids case and in compressible fluids, with necessary corections.

In the following papers I  presented a method of reference orifice plates, as application of  MathCAD software. By modifying fluids features, depending of temperature, density, viscosity and diferents values for D and d may reference similar orifice plates.

In reference standards on indicate maximal errors for coefficients depending of pipe outside and inside diameters . 

Following example is made for D = 80 mm şi d = 35 mm, as aplication MathCAD 2001. 

3. Method of Computation by throuthling the flow section of plates orifice  –MathCAD 2001application

Following application are made for orifice plates with D / d = 80 / 35 mm, reference standards STAS 7374/1-83 and ISO 5167-1, for  20( C temperature, the effect of temperature means liquid density  and viscosity.

Is computed orifice plates constant ( , Reynolds’s number and flows passing through orifice plates for 10 values of diferential pressure h indicated by a differential manometer with  pressure intake port in front of and back the orifice.

Notations :

D          - outside pipe diameter    ( m )

Dmic     - inside pipe diameter ( orifice plate ) ( m )

hi         - manometer indications             ( mm )

          - fluid density        ( kg/m3 )

          - viscosity cinematic               ( m2/s )

          - D / d

Red        - Reynolds number

( p
- discharge pressure
      ( mm )
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(4’)

With values of orifice plates constant computate with  4’ equation, it may be computate differential pressure ( p (( h) , with following equation:
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With proposed method I etalonated three diferent orifice plates, computation values are given in following table 1. Flows throuthing these 3 orifice plates are graphical represented in diagram 1

Tabelul 1

	(h (bari)
	Q (m3/h)
	Q (m3/h)
	Q (m3/h)

	
	
	
	

	diafragma
	80/35
	80/30
	80/25

	
	
	
	

	0,7
	23,3
	17,0
	11,7

	1,3
	33,0
	24,0
	16,5

	2,0
	40,4
	29,4
	20,2

	2,7
	46,7
	33,9
	23,4

	3,3
	52,2
	37,9
	26,1

	4,0
	57,2
	41,5
	28,6

	4,7
	61,7
	44,9
	30,9

	5,3
	66,0
	48,0
	33,1

	6,0
	70,0
	50,9
	35,1

	6,7
	73,8
	53,6
	37,0

	7,3
	77,4
	56,2
	38,8

	8,0
	80,8
	58,7
	40,5

	8,6
	84,1
	61,1
	42,1

	9,3
	87,3
	63,4
	43,7

	10,0
	90,4
	65,7
	45,3


4. Limit of errors at fluid flow measurement

In reference standard 7347/1-83 limit of errors in fluid flow measurement is equivalent with double deviace in statistics terminology. For a given orifice plates or nozzle errors are those of flow coefficient and detent coeficient. Expresion of limit masic flow error is:
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For ( D / D maximmum values are 0,4%, and for ( d / d ,  0,07%. On considered corect fluid flow measuremed if the reliability level is 95%.
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Fig. 1 Flow variation  depending by differenced pressure for three size of orifice plates

The reference method are succesffuly used in tests stand in Aversa SA Factory and also in  testing laboratories at  Hydraulics, Hydraulics Machines and Medium Engineering Department in Politehnica University of Bucharest .
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