	[image: Kopfzeile_new design.jpg]Project
	:
	PT 50

	Subject
	:
	Part D 01 Calculation

	Date
	:
	21.04.2020

	Page
	:
	22 from 27












[bookmark: OLE_LINK12][bookmark: OLE_LINK13]PT 50 


Part D 01 Calculation

Test Rig for Water Meters

















Symbols and units	3
Measuring system - test rig	8
Virtual test system	10
Data for the testing process	11
1.	Temperatures for the test	11
2.	Pressure of the water in the test line	12
3.	Calculation of meter relative error	15
4.	Determination of conventional true value for weighing method of operation	18
5.	Flow	23
Formulas for calculations	25



[bookmark: _Toc38959894]Symbols and units
	Name 
	Description 
	Symbol
	Symbol

	Temp. UPAC
	Actual temperature at the inlet
	tupac
	Tupac

	Temp. DWAC
	Actual temperature at the outlet
	tdwac
	Tdwac

	Temp. DIAC
	Actual temperature at the diverter
	tdiac
	Tdiac

	Temp. UP ST     
	Temperature at the inlet at start of the test –first 8 measurements from the start 
	tupst
	Tupst

	Temp. UP EN    
	Temperature at the inlet at end of the test – last 8 measurement before end
	tupen
	Tupen

	Temp. UP min
	Minimum temperature at the inlet during measurement
	tupmin
	Tupmin

	Temp. UP max
	Maximum temperature at the inlet during measurement
	tupmin
	Tupmin

	Temp. DW ST
	Temperature at the outlet at start of the test - first 8 measurements from the start
	tdwst
	Tdwst

	Temp. DW EN
	Temperature at the outlet at end of the test - last 8 measurement before end
	tdwen
	Tdwen

	Temp. DW min
	Minimum temperature at the outlet during measurement
	Tdwmin
	Tdwmin

	Temp. DW max
	Maximum temperature at the outlet during measurement
	Tdwmin
	Tdwmin

	Temp. DI ST
	Temperature at the diverter / flowmeter at start of the test - first 8 measurements from the start
	tdist
	Tdist

	Temp. DI EN
	Temperature at the diverter / flowmeter at end of the test - last 8 measurement before end
	tdien
	Tdien

	Temp. DI min
	Minimum temperature at the diverter / flowmeter during measurement
	Tdimin
	Tdimin

	Temp. DI max
	Maximum temperature at the diverter / flowmeter during measurement
	Tdimin
	Tdimin

	Temp. LN ST
	Temperature in the test line at start of the test - first 8 measurements from the start - average from Temp. UP and Temp. DW
	tdist
	Tdist

	Temp. LN EN
	Temperature in the test line at end of the test - last 8 measurement before end - average from Temp. UP and Temp. DW
	tdien
	Tdien

	Temp. LN min
	Minimum temperature in the test line during measurement - average from Temp. UP and Temp. DW
	Tdimin
	Tdimin

	Temp. LN max
	Maximum temperature in the test line during measurement - average from Temp. UP and Temp. DW
	Tdimin
	Tdimin

	Temp. stav
	Average temperature at the start of the test
	tstav
	Tsta

	Temp. enav
	Average temperature at the end of the test
	tenav
	Tena

	Temp. UP ME
	Mean temperature at inlet
	tupm
	Tupm

	Temp. DW ME
	Mean temperature at outlet
	tdwm
	Tdwm

	Temp. DI ME
	Mean temperature at diverter
	tdim
	Tdim

	Temp. LN ME
	Mean temperature in the line
	twame
	Twame

	Temp. AVG
	Average temperature in the test line
	tavg
	Ta

	Temp. dif-2
	Temperature difference - time  
	t
	Tdt




	Name 
	Description 
	Symbol
	Symbol

	Temp. dif-1
	Temperature difference – place
	t
	Tdp

	Temp. Amb M
	Ambient temperature mean 
	tambm
	Tambm

	Temp. Amb ST
	Ambient temperature at the start of the measurement
	tambst
	Tambst

	Temp. Amb EN
	Ambient temperature at the end of the measurement
	tamben
	Tamben

	Press. UP AC
	Pressure at the inlet actual 
	pupac
	Pupac

	Press. DW AC
	Pressure at the outlet actual
	Pdwac
	Pdwac

	Press. UP ST
	Pressure at the inlet at start of the test 
	pupst
	Pupst

	Press. UP EN
	Pressure at the inlet at end of the test 
	pupen
	Pupen

	Press. UP min
	Minimum pressure at the inlet of the test
	pupmin
	Pupmin

	Press. UP max
	Maximum pressure at the inlet of the test
	pupmax
	Pupmax

	Press. DW min
	Minimum pressure at the outlet of the test
	pdwmin
	Pdwmin

	Press. DW max
	Maximum pressure at the outlet of the test
	pdwmax
	Pdwmax

	Press. DW ST
	Pressure at the outlet at start of the test 
	pdwst
	Pdwst

	Press. DW EN
	Pressure at the outlet at end of the test 
	pdwen
	Pdwen

	Press. UP avg
	Average pressure at inlet 
	pupavg
	Pupavg

	Press. DW  avg
	Average pressure at outlet 
	pdwavg
	Pdwavg

	Press. UP ME
	Mean pressure at inlet to the line
	pupm
	Pupm

	Press. DW ME
	Mean pressure at outlet from the line
	pdwm
	Pdwm

	Press. AVG
	Average pressure in the test line
	pavg
	Pa

	Press. dif-2
	Pressure difference - time  
	p
	Pdt

	Press. dif 1
	Pressure difference – place 
	p
	Pdp

	Press. DE AC
	Pressure difference measured by delta P meter – actual
	PDEac
	Pdeac

	Press. DE ME
	Pressure difference measured by delta P meter - mean 
	PDEME
	Pdeme

	
Press. DE ST
	Pressure difference measured by delta P meter – at 
the start of the test
	PDEST
	Pdest

	Press. DE EN
	Pressure difference measured by delta P meter – at 
the end of the test
	PDEEN
	Pdeen

	
Press. DE avg
	Pressure difference measured by delta P meter – average
	PDEavg
	Pdest

	Press. DE min
	Pressure difference measured by delta P meter – minimum during the test
	PDEmin
	Pdeen

	Press. DE max
	Pressure difference measured by delta P meter – maximum during the test
	PDEmax
	Pdemax

	Press. DE ME per mtr.
	Pressure difference measured by delta P meter – mean during the test divided with number of tested meter (pressure difference per meter)
	PDEMEm
	Pdemem

	Press. UP-DW ME
	Pressure difference measured by pressure meter at the inlet and outlet - mean during the test
	PDEUDME
	Pdeudme

	Press. UP-DW ME per meter
	Pressure difference measured by pressure meter at the inlet and outlet - mean during the test divided with number of tested meter (pressure difference per meter)
	PDEUDMEm
	Pdeudmem

	Name 
	Description 
	Symbol
	Symbol

	Press. PMax mean
	Mean pressure for Pmax test
	PmaxME
	Pmaxme

	Press. LN ME
	Pressure in the line - mean 
	PLNME
	Plnme

	
Press. LN ST
	Pressure in the line start -at the start of the test
	PLNST
	Plnst

	Press. LN EN
	Pressure in the line - at the end  of the test 
	PLNEN
	Plnen

	
Press. LN avg
	Pressure in the line average
	PLNavg
	Plnst

	Press. LN min
	Pressure in the line minimum value during the test
	PLNmin
	Plnen

	Press. LN max
	Pressure in the line maximum value during the test
	PLNmax
	Plnmax

	Press. Amb M
	Mean ambient pressure during tets
	PambME
	Pambme

	Press. Amb ST
	Ambient pressure at the start of the test
	PambST
	Pambst

	Press. Amb EN
	Ambient pressure at the end of the test
	PambEN
	Pamben

	E rel. 
	Relative error of meter [ % ]
	

	Er

	E rel. Mt1
	Relative error of meter nr.1 in the line [ % ]
	

	Er1

	E rel. Mt2
	Relative error of meter nr.2 in the line [ % ]
	

	Er2

	E rel. Mti
	Relative error of meter nr.i in the line [ % ]
	

	Eri

	Vol. Mt.
	Volume measured by tested meter  [ dm3 ]
	VM
	Vm

	Vol. Mt.1 
	Volume measured by tested meter nr.1 in the line [ dm3 ]
	VM1
	Vm1

	Vol. rm 
	Reference volume for tested meter[ dm3 ]
	VRM
	Vrm

	Vol. rm 1
	Reference volume for tested meter nr.1 in the line[ dm3 ]
	VRM1
	Vrm1

	Vol. CTV
	Reference volume conventional true value for the test [ dm3 ]
	VR
	Vr

	Puls. Nrm
	Number of pulses from master meter triggered from tested meter [ - ]
	

	Nrm

	Puls. Nrmac
	Actual number of pulses from master meter triggered from tested meter during test [ - ]
	

	Nrmac

	Puls. Nr
	Number of pulses from master meter triggered start and end of the test  [ - ]
	

	Nr

	Puls. Nrac
	Actual number of pulses from master meter triggered start, during test [ - ]
	

	Nrac

	Puls. Nm
	Number of pulses from tested meter [ - ]
	

	Nm

	Puls. nr.i Nmi
	Number of pulses from tested meter nr.i [ - ]
	

	Nmi

	Puls. Nmac
	Actual number of pulses from tested meters, during test [ - ]
	

	Nmac

	Vol. RI
	Volume obtained from master meter  [ dm3 ]
	

	Vri

	Vol. W
	Volume obtained from balance simple with balance correction and density correction [ dm3 ]
	

	Vrb

	Ma. R
	Mass obtained from balance corrected [ kg]
	MR
	Mr

	Km
	Number of pulses per liter for tested meter [ -]
	KM
	Km

	Km1 
	Number of pulses per liter for tested meter nr.1. [ -]
	KMi
	Km1

	Kr
	Number of pulses per liter for master meter [ -]
	KR
	Kr

	Name 
	Description 
	Symbol
	Symbol

	Im
	Number of liters per pulse for tested meter [ -]
	IM
	Im

	Im1 
	Number of liters per pulse for tested meter nr.1. [ -]
	IMi
	Im1

	Ir
	Number of liters per pulse for master meter [ -]
	IR
	Ir

	Irc
	Number of liters per pulse for master meter corrected 
	IRC
	Irc

	Tau rt
	Time of the test for conventional true volume  [ s]
	RT
	Taurt

	Tau m
	Time of the test from first pulse to last pulse for the meter [ s]
	m
	Taum

	Tau m1
	Time of the test from first pulse to last pulse for the meter nr.1 [ s]
	m1
	Taum2

	Tau md
	Test time from the tested meter obtained from data-stream from initial reading to end reading [ s]
	md
	Taumd

	Tau md1
	Test time from the tested meter obtained from data-stream from initial reading to end reading for the meter nr.1 [ s]
	
md1
	Taumd1

	Tau mc
	Test time from the tested meter obtained from camera from initial reading to end reading [ s]
	
mc
	Taumc

	Tau mc1
	Test time from the tested meter obtained from camera from initial reading to end reading for the meter nr.1 [ s]
	
mc1
	Taumc1

	T div (s)
	Time of the test from gate start to end form diverter sensor [ s]
	RB
	Taurt

	Diverter Start time
	Time of the diverter switching from position 1 to position 2 
in [ s], for flying start and stop
	 DI1
	Taudi1

	Diverter End time
	Time of the diverter switching from position 2 to position 1 
In [ s], for flying start and stop
	
DI2
	Taudi2

	Test time correction
	Time correction obtained from diverter test doe determination systematic error  
	
DI
	Tauddi

	Time between mass measurement
	Time between Start measurement of weight and End measurement of weight - time for evaporation of water from the weighing tank 
	o
	Tauo

	Start valve open time
	Opening time of the START-STOP valve in [ s] for standing start and stop 
	ZO
	Tauzo

	Start time close time
	Closing time of the START-STOP valve in [ s] for standing start and stop
	ZZ
	Tauzz

	Tau di
	System delay mechanical - diverter
	DI
	Taudi

	Ro AIRC
	Density of the air during balance calibration [ kg/dm3 ]
	

	Roairc

	Ro WGC
	Density of weights used for calibration [ kg/dm3 ]
	

	Rowgc

	Ro AIR
	Density of air in the weighing tank during measurement [ kg/dm3 ]
	

	Roair

	Ro Wa
	Water density flowing to the weighing tank  corrected [ kg/dm3 ]
	

	Rowa






	Name 
	Description 
	Symbol
	Symbol

	Ro Wra
	Water density in the weighing tank  corrected [ kg/dm3 ]
	

	Rowra

	Kbuoyancy  
	Buoyancy value at measurement
	KBU
	Kbu

	Mass ST
	Mass corrected at the start of measurement [ kg ]
	

	Mrst

	Mass EN
	Mass corrected at the end of measurement [ kg ]
	

	Mren

	Mass  STB
	Mass obtained from the weighing system at start [ kg ]
	

	Mrstb

	Mass ENB
	Mass obtained from the weighing system at the end [ kg ]
	

	Mrenb

	Mass RB
	Mass  difference obtained from the weighing system  [ kg ]
	

	Mrb

	Mass R
	Mass difference obtained from the weighing system corrected  [ kg ]
	

	Mr

	Ro Wat
	Water density calculated from the temperature in the test line [ kg/dm3 ]
	

	Rowat

	Ro Cor
	Density correction factor
	

	Cro

	Ro Watdim
	Water density calculated from the density formula at temperature Tdim  [ kg/dm3 ] – not corrected
	

	Rowatdim

	Ro Watupm
	Water density calculated from the density formula at temperature Tupm  [ kg/dm3 ] – not corrected
	

	Rowatupm

	Ro Watdwm
	Water density calculated from the density formula at temperature Tdwm  [ kg/dm3 ] – not corrected
	

	Rowatdwm

	Ro Warealt(r)
	Measured density of sample water used at water density calibration at temperature (r) in [ kg/dm3 ]
	

	Rowarealt(r)

	Ro Wacalt(r)
	Calculated density of water from table or formula at water density calibration temperature (r) [ kg/dm3 ]
	

	Rowacalt(r)

	Temp. Tcalt(r)
	Temperature at which the density has been calibrated
	t
	Tro

	Ro Wadim
	Water density calculated from the density formula at temperature Tdim  [ kg/dm3 ] – corrected
	

	Rowadim

	Ro Waupm
	Water density calculated from the density formula at temperature Tupm  [ kg/dm3 ] – corrected
	

	Rowaupm

	Ro Wadwm
	Water density calculated from the density formula at temperature Tdwm  [ kg/dm3 ] – corrected
	

	Rowadwm

	Kbuoyancy
	Buoyancy correction during measurement 
	KBU
	Kbu

	Isother CF
	Isothermal compressibility factor
	B
	B

	Qm r
	Flow calculated from conventional true mass and reference time [ 1000kg/h]
	

	Qmb

	Qrim
	Flow obtained from master meter medium [ m3/h]
	

	Qrim

	Qctv
	Flow obtained from Qrim with correction of master meter in  [ m3/h]
	

	Qctv

	Qriac
	Flow obtained from master meter actual [ m3/h]
	

	Qriac

	Flow i log
	Logged flow from master meter 
	Qrilog
	Qrilog

	Name 
	Description 
	Symbol
	Symbol

	Cfq
	Correction factor for flowmeter at flowrate
	

	Cfq

	Angle
	Angle of the meter roller star or pointer from the  start to the end of the measurement [deg]
	m
	Fim

	Start angle
	Starting angle at the measurement start [deg]
	mST 
	Fimst

	End angle
	Angle at the measurement end [deg]
	mEN
	Fimen

	Degree per liter
	Pointer, star or roller value for volume calculation [deg/dm3]
	Dl
	Dpl

	Qm r
	Flow calculated from conventional true mass and time [ 1000kg/h]
	Qmr
	Qmr

	Qref min
	Minimum flow obtained from master meter during the test [ m3/h]
	Qmrmin
	Qmrmin

	Qref max
	Maximum flow obtained from master meter during the test [ m3/h]
	Qmrmax
	Qmrmax

	Qref start
	Flow at the start of the test obtained from master meter [ m3/h] - first 5 measurments
	Qmrst
	Qmrst

	Qref end
	Flow at the end of the test obtained from master meter [ m3/h] - last 5 measurements
	Qmren
	Qmren

	Qctv min
	Minimum flow obtained from master meter with correction of master meter in  [ m3/h]
	Qctvmin
	Qctvmin

	Qctv max
	Maximum flow obtained from master meter with correction of master meter in  [ m3/h]
	Qctvmax
	Qctvmax

	Qctv start
	Start flow obtained from master meter with correction of master meter in  [ m3/h] - first 5 measurements
	Qctvst
	Qctvst

	Qctv end
	End flow obtained from master meter with correction of master meter in [ m3/h] - last 5 measurements
	Qctven
	Qctven

	CQr 
	Correction factor for flowmeter
	CQr 
	CQr




[bookmark: _Toc38959895]Measuring system - test rig

The test rig is design for testing water meters and flowmeters in the wide flowrate range.
It is equipped with more adjusting lines, more feeding lines to reach the wide range with required specifications. Administrator of the Test Bench Framework (TBF) {program running on PC} can define the arrangement of the test rig according to required flowrate, temperature, pressure etc. This is enabling to use the optimum path for every in measurement. The test rig can have more test lines. In this case also the arrangement of test lines is definable. The test rig can work with 2 lines in serial connection or only using one line. 

Adjusting lines are each for different flowrate range. More feeding lines can ensure stable flowrate in the wide flowrate range with good efficiency and conservation of energy. 

With defined paths, TBF is calculating the conventional true value using sensors, weighing systems pressure meters, temperature meters using these components for calculation. TBF is collecting data from these components. 

Test bench simplified functional scheme - screen from TBF:

[image: ] 
We can explain the sensors in TBF with selected components as virtual test system. 
For further data collection and calculation, TBF is considering only components in selected paths. Other components are ignore for certain measurement.  

The following picture is demonstrating the active test path. 
· Water Source. For this test P3 is active.VZ8 is opened.
· For Testing Table:   The 1st line is active. Active inlet valve is VL13 and active outlet valve is VL12. Active temperature sensors are T1, T2.  Active pressure sensors are P1 and P2
· Active valve for adjustment line is VI4. Active adjusting valve VR4.  Active diverter is DIV2 and active flowmeter is I3. Active weighing tank is WT2 and active outlet weighing tank valve is VB2. Active diverter temperature sensor is T6.  
Temperature sensor T1 is at the inlet and is representing sensor Tup in virtual test system. Temperature sensor T2 is active at the outlet from the test line and is representing Tdw in virtual test system. Sensor T6 is active temperature sensor for measuring temperature at diverter DIV2 representing Tdi in virtual test bench.  Pressure sensor at the inlet to the test line Pr1 is active and is representing Pup and sensor Pr2 placed at the outlet from the test line is representing Pdw in the virtual test system. Reference point for calculation of conventional true value is situated in the middle between T1 T2 and between Pr1 and Pr2.

[bookmark: _Toc38376412][bookmark: _Toc38376484][bookmark: _Toc38638538][bookmark: _Toc38959896][image: ]
[bookmark: _Toc38959897]Virtual test system

In the virtual test system only active components are visible. In the following text the underline signs as “Tdi” are representing sensors.
These components are having certain role in the measuring process. Water temperature is measured at the inlet to the line with sensor Tup, then at the outlet from the line with sensor Tdw and at the DIVERTER with sensor Tdi. Pressure sensors used for this arrangement are Pup at the inlet to the test line and at the Pdw at the outlet from the test line.

[image: ]
Components of the virtual test bench
	Symbol
	Description
	Name in the text

	
	Valve at inlet STST valve
	VLup

	
	Valve at outlet
	VLdw

	
	Valve at adjustment branch outlet  STST valve
	Vinbr

	
	Valve at adjustment branch outlet
	Vend

	
	Adjustment valve
	Vreg

	
	Temperature sensor at inlet
	Tup

	
	Temperature sensor at outlet
	Tdw

	
	Temperature sensor at diverter
	Tdi

	
	Temperature sensor at inlet to the test line
	Pup

	
	Pressure sensor at outlet from the test line
	Pdw

	
	Diverter
	DIV

	
	Diverter position sensor
	Divs

	
	Weighing measuring device
	Balance

	
	Outlet valve from weighing tank
	Vb

	
	Test line releasing valve at inlet
	VLout1

	
	Test line releasing valve at outlet
	VLout2

	
	Counter for tested meter
	Nm

	
	Counter for master meter trigger from meter
	Nrm

	
	Counter for master meter trigger from diverter 
	Nr

	
	Start and stop valves used for standing start and stop.
	STST


[bookmark: _Toc38959898]Data for the testing process
1. [bookmark: _Toc38959899]Temperatures for the test 
Temperatures are from following sensors of the virtual test bench 

Temp. UP AC is from sensor Tup
Temp. DW AC is from sensor Tdw
Temp. DI AC is from sensor Tdi 

Temp. ST 		[image: ] 	[ oC]				(T1)
Temp. EN 		[image: ] 	[ oC]				(T2)


Temp. dif-2		 		[ oC]				(T3)
Temp. dif-1		[image: ]		[ oC]				(T4)



	Example of logged temperatures during test
	Timeactl
	Tuplog
	Tdwlog
	Tdilog
	l

	S
	C
	C
	C
	Number

	 
	 
	 
	 
	 

	0.503
	14.67
	14.67
	14.72
	1

	1,517
	14.67
	14.67
	14.72
	2

	2,531
	14.66
	14.67
	14.72
	3

	3,545
	14.66
	14.67
	14.72
	4

	4,559
	14.66
	14.66
	14.71
	5

	5,573
	14.66
	14.66
	14.71
	6

	6,588
	14.66
	14.66
	14.71
	7

	7,602
	14.66
	14.66
	14.71
	8

	8,616
	14.66
	14.67
	14.72
	9

	9,630
	14.66
	14.67
	14.72
	10



Temp. UP ME 			[image: ]  	[ oC]					(T5)
Temp. DW ME 			[image: ] 	[ oC]					(T6)
Temp. DI ME			[image: ] 	[ oC]					(T7)


Temp. LN ME of water		  [ oC]					(T8)

Temp. LN ST			[image: ]	[ oC]					(T9)

Temp. LN EN			[image: ]	[ oC]					(T10)

For calculation of the temperature at the start of the test - first 8 measurements are taken to consideration. Test cycle is one s.

Temp. UP ST 			[image: ] [oC]					(T11)
Temp. DW ST 			[image: ][oC]						(T12)
Temp. DI ST 			[image: ] [oC]					(T13)

When standard PREMTHERM converter is in use for temperature measurement, the measuring cycle is 4 s. Practically it means  we will receive 4 same consequent values for each temperature.
For calculation of the temperature at the end of the test - last 8 measurements are taken to consideration. Test cycle is one s.

Temp. UP EN 			[image: ] [ oC]						(T14)
Temp. DW EN 			[image: ] [ oC]						(T15)
Temp. DI EN			[image: ] [ oC]						(T16)

2. [bookmark: _Toc38959900]Pressure of the water in the test line

Values of pressures are from following sensors
Press. UP AC from sensor Pup
Press. DW AC from sensor Pdw

Press. UP avg			 [ kPa] 				(P1)

Press. DW avg 			[ kPa]				(P2)

Press. ST avg 			[ kPa]					(P3)

Press. EN avg 			[ kPa]					(P4)

Press. AVG			[ kPa]				(P5)

Press. Dif 2			[ kPa]					(P6)
Press. Dif 1			[image: ][ kPa]					(P7)


Press. DEEME 			[ kPa]					(P8)

For calculating pressure values TBF is using

Press. UP ME 			[image: ] 	[kPa]					(P9)	
Press. DW ME 			[image: ] 	[kPa]					(P10)


Press. LN ME 				[kPa]					(P11)

Press. UP ST			 [image: ]	[kPa]					(P12)

Press. DW ST			[image: ]	[kPa]					(P13)

Press UP EN			[image: ]	[kPa]					(P14)

Press DW EN			[image: ]	[kPa]					(P15)
Press. LN ME			 [image: ][kPa]					P16)


Press. LN ST 			 [image: ][kPa]					(P17)



Press. LN EN			 [image: ][kPa]					(P18)


Press. LN avg			 [image: ][kPa]					(P19)




3. [bookmark: _Toc38959901]Calculation of meter relative error

Following values we receive from following sensors of the virtual test bench 

Values for 
- numer of pulses nRM are from counter nRM
- numer of pulses nR are from counter nR 
- numer of pulses nM are from counter nM

Meter error
Relative error

E. Rel. 				  [ %]			(E1)

E rel. Mt1			 [ %]			(E2)

E rel. Mt1			 [ %]			(E3)
Similar for other meters

Error absolute			

E. Abs.Mt			[ dm3]			(E4)

Abs. Mt1			[image: ][ dm3]			(E5)

Abs. Mt2			[image: ][ dm3]			(E6)

Volumes

Reference volume (correct volume) for synchronized method with master meter pulses
		 

[ dm3]				(V1)

for Mt1 nr.1 			[ dm3]				(V2)

for Mt2 nr.2			[ dm3]				(V3)
Similar for other meters

Reference volume for synchronized method with time synchronization 

TBF can also provide time synchronization method.		 
[image: ] [dm3]				(V4)
for Mt1 nr.1 			[image: ]  [dm3]				(V5)

for Mt2 nr.2			[image: ] [dm3]				(V6)

similar for other meters

Reference volume for synchronized method using datastram reading from tested meter 


[image: ] [dm3]				(V7)

for Mt1 nr.1			[image: ] [dm3]			(V8)

for Mt1 nr.2			[image: ] [dm3]				(V9)


Reference volume for synchronized method using process cameras  

[image: ] [dm3]			(V10)


for Mt1 nr.1			[image: ] [dm3]			(V11)

for Mt1 nr.2			[image: ] [dm3]			(V12)



Reference volume for methods without compensation and for standing start and stop		 

 [dm3]				(V13)

for meter nr.1 			 [dm3]				(V14)

for meter nr.2			 [dm3]				(V15)

similar for other meters

Meter volume - Volume measured by meter	

For method using pulses		[image: ]  [ dm3] 		(V16)
for meter nr.1 				[image: ] [ dm3]		(V17)
for meter nr.2				[image: ] [ dm3] 	(V18)	
 	
Meter volume for data-stream method and for standing start and stop and method with process cameras 			

[ dm3]		(V19)


for meter nr.1 				[ dm3]		(V20)


for meter nr.2				 [dm3]		(V21)




Correct volume - conventional true volume	
	

for weighing method 			 [dm3]			(V22)

Where
[image: ] [dm3]		(V23)


for master meter method			[dm3]		(V24)


Where
Approximate volume from master meter	[image: ][dm3]		(V25)


Corrected volume from master meter		 [image: ][dm3]		(V26)


Corrected Irc value is given from		 [image: ][dm3]		(V27)


Where							     [image: ][image: ]		(V28)

And  is function of Qrv  calculated from correction curve [image: ][image: ]		(V29)



4. [bookmark: _Toc38959902]Determination of conventional true value for weighing method of operation


Volume of water flows to the weighing tank:	 

Conventional true volume 

[image: ]  [ dm3] 				(V23)


				[image: ]	[ -]					(M1)

In the current version of the TBF - buoyancy value is not calculated. It is a fix value written in TBF. 

This value is set for each test bench between 1.00085 – 1.00106 depending on altitude and other conditions.

In near future we are planning to calculate the real buoyancy. All information for real buoyancy calculation are known. 
System has information about ambient conditions. Density of weights we can obtain from calibration certificate of the weighing machines.  



Because the temperature of water in the tank is unknown, for buoyancy calculation the water density   we can estimate as density at temperature tdim.		



Mass RB   			 	[ kg]				(M2)

Mass ST			[image: ] [ kg]				(M3)

Mass EN			[image: ] [ kg]				(M4)



Where 		 correction of mass at   from calibration certificate



			 correction of mass at   from calibration certificate

Correction are obtain from balance calibration and interpolation between neighboring values.
Example.
 [image: ]
e.g. At 15 kg the corrected value is 15.0035 kg. 



Water density calculation

Density calculation formula: (Horst Betin, Frank Spieweck)

[image: ] [kg/m3]			(R1)
	A0
	9,99839520E+02

	A1
	1,69525770E+01

	A2
	-7,99051270E-03

	A3
	-4,62417570E-05

	A4
	1,05846010E-07

	A5
	-2,81030060E-10

	c
	1,68872360E-02



For this calculation, the temperature “t” is taken from temperature measurements.

[oC]							(R2)

 [image: ] [kg/m3]			(R3)


[image: ][kg/dm3]		(R4)


Pressure correction according to ISO 4064.

[bookmark: _GoBack][image: ] [kg/dm3]			(R5)

Where 
Isothermal compressibility of water


[Pa-1]							(R6)





									(R7)
	X0
	5,08821e-10

	X1
	1,2639418

	X2
	0,2660269

	X3
	0,3734838

	X4
	2,0205242



Corrected water density to real water density 

[image: ] [kg/dm3]				(R8)	

Where

 [-]						(R9)






5. [bookmark: _Toc38959903]Flow


Qm r 				[image: ][ m3/h]						(Q1)

Qm b 				[ kg/h]					(Q2)


Example of logged flowrates
	Timeactl
	Qriac
	l

	S
	m3/h
	Number

	 
	 
	 

	0.503
	97.54
	1

	1,517
	97.56
	2

	2,531
	97.61
	3

	3,545
	97.74
	4

	4,559
	97.72
	5

	5,573
	97.55
	6

	6,588
	97.59
	7

	7,602
	97.81
	8

	8,616
	97.83
	9

	9,630
	97.56
	10





Q rim for flying start and stop
		[image: ]	[ m3/h]						(Q3)

Q rim for standing start and stop (without first 7 values or without first 30 % flow values from the test).  


[image: ]		[ m3/h]						(Q4)
Qref start will be calculated as
[image: ] [ m3/h] for flying start and stop			(Q5)

[image: ] [ m3/h] for standing start and stop			(Q6)

Qref end will be calculated as
[image: ] 		[ m3/h]					(Q7)

Flow given from master meter we calculate as 

[image: ]  			[ m3/h]					(Q8)
Correction factor for flowmeter is calculated as 
		[image: ] 				[ m3/h]					(Q9)
Qctv start - will calculated as
[image: ]		[ m3/h]					(Q10)

Qctv end  - will be calculated as

[image: ]		[ m3/h]					(Q11)




[bookmark: _Toc38959904]Formulas for calculations 

[bookmark: _Toc9604231]The basic formula for calculation of the conventional true value for weighing method of operation is
[image: ] [dm3]				(A1)


The basic formula for calculation of the conventional true value for master meter method of operation is

[image: ] [dm3]							(A2)


Evaporation of water during the test for both methods
       Evaporation during measurement from weighing tank  
[image: ][kg]							(A3)


	TBF is also storing o. This value is from PC clock not from PTB. 
  
Mo - volume of water caused by evaporation of water during the test from the weighing tank 
  
		o  - is intensity of evaporation  in [l/s].


Diverter correction 
Diverter correction is value which can be measured from the diverter test. 
This is correction of the diverter for certain flowrate and for correct evaluation, the flowrate range of the diverter should be divide to 3 or more ranges. Each range should have different diverter correction.
Values between two flowrates are calculating using linear interpolation of two neighbouring values.
This corrections are explaining differences of the flow velocity profiles flowing from the diverter related to diverter position. 
[image: ][-]						(A4)
	
Correction for calculating correct volume for tested meter using pulses from master meter

[image: ] [-]							(A5)


Correction for calculating correct volume for tested meter using pulses time generator 
[image: ] [-]							(A6)
Correction for calculating correct volume for tested meter for datastrem method 

[image: ] [-]							(A7)
Correction for calculating correct volume for tested meter for method with process camera

[image: ][-]							(A8)

[bookmark: _Toc9604232]Conventional true volumes 
1. Conventional true volume for standing start and stop and weighing method of operation
Is the the same as basic conventional true volume described in 	(A1)
2. Conventional true volume for flying start and stop using weighing machines 
[image: ] [dm3] 	(A9)

3. Conventional true volume for flying start and stop using weighing machines prolonged test
[image: ] [dm3]		(A10)
Correct volumes for tested meter
1. Correct volume for tested meter for flying start and stop using weighing machines with pulse compensation from master meter and for prolonged method
[image: ] [dm3]	(A11)
For standard method nRM is smaller as nR. For prolonged method nRM is bigger as nR.
2. Correct volume for tested meter for flying start and stop using weighing machines with pulse compensation from time generator 
Secondary value
[image: ] 	[dm3]	(A12)

3. Correct volume for tested meter for flying start and stop using weighing machines with data-stream system  
[image: ] [dm3]	(A13)

4. Correct volume for tested meter for flying start and stop prolonged using weighing machines with data-stream system  
[image: ] [dm3]	(A14)
5. Correct volume for tested meter for flying start and stop using weighing machines with process camera  
[image: ] [dm3]	(A15)

6. Correct volume for tested meter for flying start and stop prolonged using weighing machines with process camera 
[image: ][dm3]		(A16)
7. Correct volume for tested meter for flying start and stop using master meter with pulse compensation from master meter
[image: ] [dm3]					(A17)

8. Correct volume for tested meter for flying start and stop using master meter with pulse compensation time generating system
[image: ] [dm3]					(A18)

9. Correct volume for tested meter for flying start and stop using master meter with datastream system

[image: ] [dm3]					(A19)

10. Correct volume for tested meter for flying start and stop using master meter with process camera system
	[image: ] [dm3]					(A20)
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