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Column One Hidden Diagnostics Values 
 

• f = vortex shedding frequency (Hz).  If an asterisk (*) is dis-
played after the f value, a valid vortex signal is being registered 
for the flow. 

• fi = adaptive filter – should be approximately 25% higher than 
the vortex shedding frequency, this is a low-pass filter.  If the 
meter is using the Filter Control (see below) in the manual 
mode, fi will be displayed as fm.  

• G = gain (applied to vortex signal amplitude).  Gain defaults to 
1.0 and can be changed using the Gain Control (see below). 

• A = Amplitude of the vortex signal in Volts rms. 
• A1, A2, A3, A4 = A/D counts representing the vortex signal 

amplitude.  Each stage (A1-A4) cannot exceed 512.  Beginning 
with stage A1, the A/D counts increase as the flow rate in-
creases.   When stage A1 reaches 512, it will shift to stage A2.  
This will continue as the flow rate increases until all 4 stages 
read 512 at high flow rates.  Higher flow rates (stronger signal 
strength) will result in more stages displaying 512. 

• Kc, It, Kb = profile equation (factory use only).  Series 221 
only. 

• V = calculated average pipe velocity (ft/sec). 
• Re = calculated Reynolds number. 
• Ck = calculated Ck at current operating conditions.  Ck is a 

variable in the equation that relates signal strength, density, 
and velocity for a given application.  It is used for noise rejec-
tion purposes.  Ck directly controls the fi value (see above).  If 
the Ck is set too low (in the calibration menu), then the fi value 
will be too low and the vortex signal will be rejected resulting 
in zero flow rate being displayed.  The calculated Ck value in 
this menu can be compared to the actual Ck setting in the cali-
bration menu to help determine if the Ck setting is correct. 

• Lvl = threshold level.  If the Low Flow Cutoff in the calibra-
tion menu is set above this value, the meter will read zero flow.  
The Lvl level can be checked at no flow.  At no flow, the Lvl 
must be below the Low Flow Cutoff setting or the meter will 
have an output at no flow.  

• Adj. Filter = adjustable filter.  Displays the filtering in deci-
bels.  Normally reads zero.  If this value is consistently  –5  or  
–10, for example, the Ck or density setting may be wrong. 

• O, I = factory use only. 
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• Pulse Out Queue = Pulse output queue.  This value will ac-
cumulate if the totalizer is accumulating faster than the pulse 
output hardware can function.  The queue will allow the pulses 
to “catch up” later if the flow rate decreases.  A better practice 
is to slow down the totalizer pulse by increasing the value in 
the (unit)/pulse setting in the totalizer menu. 

• TOF, G, f = factory use only. 
• Sig. Rev = Signal board hardware and firmware revision. 
• Micro Rev = Microprocessor board hardware and firmware 

revision. 
• AD, R, T, F, PT, V = factory use only. 
• SPI Err, Rcv, Sent = factory use only. 
 

Column Two Hidden Diagnostics Values 
 

• 4-20(1), Zero = Analog counts to calibrate zero on analog output. 
• 4-20(1), FScale = Analog counts to calibrate full scale on analog 

output. 
• Vor Freq Direct? = Frequency output setting, used by factory dur-

ing calibration.  Set to NO if totalizer is used. 
• Reynolds Corr. = Reynolds number correction for the flow profile.  

Set to Enable for series 221 insertion and set to Disable for series 
220 inline. 

• Gain Control = Manual gain control (factory use only).  Leave set at 
1.0. 

• Filter control = Manual filter control.  This value can be changed to 
any number to force the fi value (which will be displayed as fm) to a 
constant.  A value of zero activates the automatic filter control which 
sets fi at a level that floats above the f value. 

• Factory Defaults = Reset to factory defaults.  If you change this to 
YES and press ENTER, all factory configuration is lost and you 
must reconfigure the entire program.  Consult the factory before per-
forming this process, it is required only in very rare cases. 

• Meter Type = Insertion (model 221) or Inline (model 220) meter. 
• Test Pulse Out = Force totalizer pulse.  Set to YES and press 

ENTER to send one pulse.  Very useful to test totalizer counting 
equipment. 

 
Analog Output Calibration 

To check the 4–20 mA circuit, connect a DVM in series with the output 
loop. Select zero or full scale (from the second column of the hidden di-
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agnostics) and then actuate the enter key twice. This action will cause the 
meter to output its 4 mA or 20 mA condition. If the DVM indicates a 
current greater than ± 0.006 mA from 4 or 20, adjust the setting up or 
down until the output is calibrated. Note: these settings are not for adjust-
ing the output zero and span to match a flow range, that function is lo-
cated in the Output Menu. 

Troubleshooting the Flow Meter 
Symptom: Output at no Flow 
1. The low flow cutoff is set too low.  At no flow, go to the first column 

of the hidden diagnostics menu and record Lvl value.  The low flow 
cutoff must be set above this value.   
Example: at no flow, Lvl = 25.  Set the low flow cutoff in the Cali-
bration Menu to approximately 28 and the meter will no longer read 
a flow rate at no flow. 

 
Symptom: Erratic Output 

1. The flow rate may be too low, just at the cutoff of the meter range, 
and the flow cycles above and below the cutoff making an erratic 
output.  The meter range is stamped on the label on the outside of the 
electronics enclosure cover (based on application conditions when 
the meter was ordered).  Consult the factory if necessary to confirm 
the meter range based on current operating conditions.  It may be 
possible to lower the low flow cutoff to increase the meter range.  
See the example above for output at no flow, only this time the low 
flow cutoff is set too high.  You can lower this value to increase the 
meter range as long as you do not create the output at no flow condi-
tion previously described. 

2. Mechanical installation may be incorrect.  Verify the straight run is 
adequate as described in Chapter 2.  For in-line meters, make sure 
the meter is not installed backwards and there are no gaskets protrud-
ing into the flow stream.  For insertion meters, verify the insertion 
depth and flow direction. 

3. The meter may be reacting to actual changes in the flow stream.  The 
output can be smoothed using a time constant.  The displayed values 
can be smoothed using the time constant in the Display Menu.  The 
analog outputs can be smoothed using the time constant in the Out-
put Menu.  A time constant of 1 will result in the change in value 
reaching 63% of its final value in one second.  A time constant of 4 
is 22%, 10 is 9.5% and 50 is 1.9% of the final value in one second.  
The time constant equation is shown below (TC = Time Constant).    

 
 
 
 

% change to final value 
 in one second   =  100 (1 – e(-1/TC))   

4. The vortex coefficient Ck may be incorrectly set.  The Ck is a value 
in the equation used to determine if a frequency represents a valid 
vortex signal given the fluid density and signal amplitude.  In prac-
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tice, the Ck value controls the adaptive filter, fi, setting.  During 
flow, view the f and fi values in the first column of the hidden diag-
nostics.  The fi value should be approximately 25 % higher than the f 
value.  If you raise the Ck setting in the Calibration Menu, then the fi 
value will increase.  The fi is a low pass filter, so by increasing it or 
lowering it, you can alter the range of frequencies that the meter will 
accept.  If the vortex signal is strong, the fi value will increase to a 
large number – this is correct.   

    
Symptom: No Output  

1. For remote mounted electronics, carefully check all the wiring con-
nections in the remote mount junction box.  There are 6 connections 
that must be correct, verify each color (black and red), shield, and 
wire number. 

2. Check the density value in the Calibration Menu to see if it is correct 
for the current operating conditions.   

3. Using ESD precautions and hazardous area precautions, remove the 
electronics enclosure window cover.  Disconnect the vortex sensor 
from the Signal board.  Measure the resistance from each Sensor pin 
to the meter ground - each should be open, ( see drawing below).  
Measure the resistance from the Ground pin to the meter ground – 
this should be grounded to the meter.  With the sensor still discon-
nected, go the first column of the hidden diagnostics and display the 
vortex shedding frequency, f.  Hold a finger on the four exposed pins 
on the Signal board.  The meter should read electrical noise, 60 Hz 
for example.  If all readings are correct, re-install vortex sensor 
wires. 

4. Verify all meter configuration and troubleshooting steps previously 
described.  There are many possible causes of this problem, consul-
factory if necessary.   
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Electronics Assembly Replacement (All Meters) 
The electronics boards are electrostatically sensitive. Wear a grounding 
wrist strap and make sure to observe proper handling precautions re-
quired for static-sensitive components. 
 

1. Turn off power to the unit. 
  

Warning! 
Before attempting any flow 
meter repair, verify that the 

line is not pressurized. 
Always remove main power 

before disassembling any 
part of the mass flow meter. 

2. Locate and loosen the small set screw which locks the larger 
enclosure cover in place. Unscrew the cover to expose the 
electronics stack. 

 
3. Locate the sensor connector that comes up from the neck of 

the flow meter and attaches to the circuit board. Use small 
pliers to pull the connector off of the circuit board. 

 
4. Locate and loosen the small set screw which locks the smaller enclo-

sure cover in place. Unscrew the cover to expose the field wiring 
strip. Tag and remove the field wires. 

 
5. Remove the screws that hold the black wiring label in place, remove 

the label. 
 
6. Locate the 4 Phillips head screws which are spaced at 90-degrees 

around the terminal board. These screws hold the electronics stack in 
the enclosure. Loosen these screws (Note: that these are captive 
screws, they will stay inside the enclosure). 

 
7. Carefully remove the electronics stack from the opposite side of the 

enclosure. If the electronics stack will not come out, gently tap the 
terminal strip with the screw driver handle. This will loosen the rub-
ber sealing gasket on the other side of the enclosure wall. Be careful 
that the stack does not hang up on the loose sensor harnesses. 

 
8. Repeat steps 1 through 6 in reverse order to install the new electron-

ics stack. 
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Returning Equipment to the Factory 
Before returning any Innova-Flo meter to the factory, you must re-
quest a Return Material Authorization (RMA) number.  To obtain an 
RMA number and the correct shipping address, contact Customer Ser-
vice at: 

 
(800) 866-0200 or (831) 373-0200 in the USA, 
or +31(0)20-6145810 in Europe. 
 

 
 
When contacting Customer Service, be sure to have the meter serial 
number and model code. 
 
When requesting further troubleshooting guidance, record the following 
values first: 
 
f, fi, G, and A at no flow and during flow if possible. 
Pressure, temperature, and flow rate 
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Appendix A  Product Specifications 
 

Accuracy  
Process 220 Series In-Line Meters 221 Series Insertion Meters(1)

Variables Liquids Gas & Steam Liquids Gas & Steam 
Volumetric 
Flow Rate 

±0.7% of rate 
over a 

30:1 range(2)

±1% of rate 
over a 

30:1 range(2)

±1.2% of 
rate over a 

30:1 range(2)

±1.5% of rate 
over a 

30:1 range(2)

 

Notes: (1) Accuracies stated are for the total volumetric flow through the 
pipe. 

 (2) Nominal rangeability is stated. Precise rangeability depends on 
fluid 

  and pipe size. 
 

Repeatability 0.1% of rate. 
 

Response Time Adjustable from 1 to 100 seconds. 
 

Material Compatibility Series 220 In-Line Flow Meter: 
 Any gas, liquid or steam compatible with 316L stainless steel, C276 

hastelloy or A105 carbon steel. Not recommended for multi-phase flu-
ids. 

 

 Series 221 Insertion Flow Meter: 
 Any gas, liquid or steam compatible with 316L stainless steel. Not 

recommended for multi-phase fluids. 
 

Flow rates Typical volumetric flow ranges are given in the following tables. Precise 
flow range depends on the fluid and pipe size. 221 insertion meters are 
applicable to pipe sizes from 2 inch and above. Consult factory for siz-
ing program. 

 

Air Minimum and Maximum Flow Rates (scfm) (1) 
Pressure ½-inch ¾-inch 1-inch 1.5-inch 2-inch 3-inch 4-inch 6-inch 8-inch 
0 psig 1.8 

17.5 
3.3 

41.4 
5 

90 
13 

221 
22 

369 
50 

826 
88 

1438 
198 

3258 
347 

5708 
100 psig 5 

137 
9.2 
324 

15 
701 

37 
1728 

62 
2879 

138 
6447 

240 
11222 

543 
25421 

952 
44536 

200 psig 6.8 
257 

12.6 
608 

20 
1313 

50 
3234 

83 
5389 

185 
12067 

322 
21006 

730 
47585 

1279 
67122 

300 psig 8.3 
378 

15.3 
893 

24 
1924 

59 
4740 

98 
7900 

220 
17687 

382 
30789 

866 
48821 

1518 
64552 

400 psig 9.5 
500 

17.5 
1178 

27 
2535 

66 
6246 

110 
10410 

247 
23308 

430 
31141 

975 
46884 

1708 
61990 

500 psig 10.6 
620 

19.5 
1464 

29 
3147 

72 
7752 

120 
12920 

270 
22592 

469 
29834 

1063 
44915 

1862 
59387 

 Note:  (1) Standard conditions are 70° F and 1 atmosphere. 
 

Steam Minimum and Maximum Flow Rates (lb/hr) 
Pressure ½-inch ¾-inch 1-inch 1.5-inch 2-inch 3-inch 4-inch 6-inch 8-inch 
5 psig 6.5 

51.7 
12 

122 
20 

265 
49 

652 
82 

1087 
183 

2434 
319 

4237 
722 

9598 
1265 

16815 
100 psig 14.8 

270 
27.4 
639 

46 
1385 

112 
3413 

187 
5688 

419 
12735 

729 
22168 

1651 
50219 

2893 
87980 

200 psig 20 
493 

37 
1164 

61 
2524 

151 
6217 

252 
10362 

565 
23200 

984 
40385 

2229 
91485 

3905 
160275 

300 psig 24 
716 

44.5 
1689 

74 
3662 

182 
9021 

304 
15035 

681 
33664 

1185 
58601 

2685 
132750 

4707 
232570 

400 psig 27.7 
940 

51 
2220 

85 
4814 

209 
11859 

349 
19764 

781 
44253 

1359 
77033 

3078 
174505 

5393 
305721 

500 psig 30.8 
1170 

57 
2761 

95 
5986 

233 
14745 

389 
24575 

870 
55025 

1515 
95784 

3433 
216983 

6014 
331080 
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 Water Minimum and Maximum Flow Rates  
 ½-inch ¾-inch 1-inch 1.5-inch 2-inch 3-inch 4-inch 6-inch 8-inch 
gpm 1 

22 
1.3 
40 

2.2 
67 

5.5 
166 

9.2 
276 

21 
618 

36 
1076 

81 
2437 

142 
4270 

m3/hr .23 
5 

.3 
9.1 

0.5 
15 

1.3 
38 

2.1 
63 

4.7 
140 

8.1 
244 

18 
554 

32 
970 

 
 
Linear Range Smart electronics corrects for lower flow down to a Reynolds num-

ber of 5,000.  The Reynolds number is calculated using the fluid 
density and viscosity entered into the memory. Rangeability de-
pends on the fluid, process conditions and pipe size. Consult factory 
for your application. Velocity rangeability under ideal conditions is as 
follows: 

 
 Liquids 30:1 1 foot per second velocity minimum 
   30 feet per second velocity maximum 
 Gases 30:1 10 feet per second velocity minimum 
   300 feet per second velocity maximum 
 
Process Fluid Pressure 
 

220 Pressure Ratings 

Process 
Connection 

Material Rating 

Flanged 316L SS, A105 Carbon Steel, C276 Hastelloy 150, 300, 600 lb 

Wafer 316L SS, A105 Carbon Steel, C276 Hastelloy 600 lb 
 

221 Pressure Ratings 

Probe Seal Process 
Connection 

Material Rating Ordering
Code 

Compression 
Fitting 

 
2-inch MNPT 

 
316L SS 

 
ANSI 600 lb 

 
CM 

 2-inch 150 lb flange 316L SS ANSI 150 lb CF 

 2-inch 300 lb flange 316L SS ANSI 300 lb CG 

 2-inch 600 lb flange 316L SS ANSI 600 lb CH 

Packing Gland 2-inch MNPT 316L SS 50 psig PM 

 2-inch 150 lb flange 316L SS 50 psig PF 

 2-inch 300 lb flange 316L SS 50 psig PG 

Packing Gland with 
Removable Retractor 

 
2-inch MNPT 

 
316L SS 

 
ANSI 300 lb 

 
PM, RR 

 2-inch 150 lb flange 316L SS ANSI 150 lb PF, RR 

 2-inch 300 lb flange 316L SS ANSI 300 lb PG, RR 

Packing Gland with 
Permanent Retractor 

 
2-inch MNPT 

 
316L SS 

 
ANSI 600 lb 

 
PMR 

 2-inch 150 lb flange 316L SS ANSI 150 lb PFR 

 2-inch 300 lb flange 316L SS ANSI 300 lb PGR 

 2-inch 600 lb flange 316L SS ANSI 600 lb PHR 
 

Process Fluid and 
Ambient Temperature Process Fluid:
 Standard temperature sensor:  –40° to 400° F (–40° to 205° C). 
 Medium temperature sensor:  250° to 500° F (120° to 260° C). 
 High temperature sensor:  250° to 750° F (120° to 400° C). 
 
 Ambient:
 Operating:  –5° to 140° F (–20° to 60° C). 
 Storage:  –40° to 150° F (–40° to 65° C). 
 0-98% relative humidity, non-condensing conditions. 
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Power Requirements Loop powered, 12 to 36 VDC. 
 
Output Signals  Analog: field rangeable linear, 4-20 mA output signal, 1000 ohms 

maximum loop resistance, selected by user for volumetric flow rate 
or mass flow rate. 

 
  Pulse: field rangeable volume/pulse output for totalization is a 50-

millisecond duration pulse operating a solid-state relay capable of 
switching 40 VDC, 40 mA maximum. 

 
Display  Alphanumeric 2 x 16 LCD digital display. 
  Six push buttons (up, down, right, left, enter, exit) operable either di-

rectly on the display panel or with a hand-held magnet through the 
display glass of the explosion-proof enclosure. 

  Viewing at 90° mounting intervals. 
 
Totalizer  Based on user-determined flow units, six significant figures in scien-

tific notation. Total stored in non-volatile memory. 
 
Wetted Materials Series 220 In-Line Flow Meter: 
 316L stainless steel standard. 
 C276 hastelloy or A105 carbon steel optional. 
   
 Series 221 Insertion Flow Meter: 
 316L stainless steel standard. 
 Teflon® packing gland below 500° F (205° C). 
 Graphite packing gland above 500° F (205° C). 
 
Enclosure NEMA 4X cast enclosure. 
 
Electrical Ports Two 3/4-inch female NPT ports. 
  
Mounting Connections Series 220: Wafer or 150, 300, 600 lb ANSI flange. 
 Series 221 Permanent installation: 2-inch MNPT; 150, 300, 600 lb 

ANSI flange with compression fitting probe seal. 
 Series 221 Hot Tap(1) Installation: 2-inch MNPT; 150, 300, 600 lb 

ANSI flange and optional retractor with packing gland probe seal. 
 Note: (1) Removable under line pressure. 
 
Mounting Position(1) Series 220 In-Line Flow Meter: No effect. 
 Series 221 Insertion Flow Meter:  Meter must be perpendicular 

within ± 5° of the pipe centerline. 
 Note:  (1) For liquid applications, pipeline must remain full at all 

times. 
 
Certifications Construction Inspection ( ANSI/ASME B31.3). 
 Materials  (NACE MR-01-75[90]). 
 CE and FM approved. 
 CSA, CENELEC approval pending. 
 
 FM approvals: 
 Class I, Division 1, Groups B, C, & D, T6 at Tamb = 60°C 
 Class II/III, Division 1, Groups E, F, & G 
 IP66, NEMA 4X 
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Appendix B  Glossary 

A  B  C  D 
A Cross sectional area. 
 
acfm Actual cubic feet per minute (volumetric flow rate). 
 
ASME American Society of Mechanical Engineers. 
 
Bluff Body A non-streamlined body placed into a flow stream to 

create vortices.  Also called a Shedder Bar. 
 
BTU British Thermal Unit, an energy measurement. 
 
Cenelec European Electrical Code. 
 
Compressibility A factor used to correct for the non-ideal changes in 
Factor a fluid’s density due to changes in temperature 

and/or pressure. 
 
CSA Canadian Standards Association. 
 
d Width of a bluff body or shedder bar. 
 
D Diameter of a flow channel. 

E  F  G  H 
f Frequency of vortices generated in a vortex flow 
 meter, usually in Hz. 
 
Flow Channel A pipe, duct, stack, or channel containing flowing fluid. 
 
Flow Profile A map of the fluid velocity vector (usually non-

uniform) in a cross-sectional plane of a flow channel 
(usually along a diameter). 

 
FM Factory Mutual. 
 
Ft Foot, 12 inches, a measure of length. 
 
Ft^2 Square feet, measure of area. 
 
Ft^3 Cubic feet, measure of volume. 
 
gpm Gallons per minute. 
 
Hz Hertz, cycles per second. 
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I  J  K  L 
In-Line Flow Meter A flow meter which includes a short section of piping 

which is put in-line with the user’s piping. 
 
Insertion Flow Meter A flow meter which is inserted into a hole in the 

user’s pipeline. 
 
Joule A unit of energy equal to one watt for one second.  

Also equal to a Newton-meter. 
 
LCD Liquid crystal display. 

M  N  O  P 
m Mass flow rate. 
 
mA Milli-amp, one thousandth of an ampere of current. 
 
µ Viscosity, a measure of a fluid’s resistance to shear stress.  

Honey has high viscosity, alcohol has low viscosity. 
 
∆P Permanent pressure loss. 
 
P Line pressure (psia or bar absolute). 
 
ρ act The density of a fluid at the actual temperature and 

pressure operating conditions. 
 
ρ std The density of a fluid at standard conditions (usually 

14.7 psia and 20° C). 
 
Permanent Unrecoverable drop in pressure. 
Pressure Loss  
 
Piezoelectric Crystal A material which generates an electrical charge 

when the material is put under stress. 
 
PRTD An resistance temperature detector (RTD) with plati-

num as its element.  Used because of high stability. 
 
psia Pounds per square inch absolute 
 (equals psig + atmospheric pressure).  Atmospheric 

pressure is typically 14.696 psi at sea level. 
 
psig Pounds per square inch gauge. 
 
PV Liquid vapor pressure at flowing conditions (psia or 

bar absolute). 
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Q  R  S  T 
Q Flow rate, usually volumetric. 
 
Rangeability Highest measurable flow rate divided by the lowest 

measurable flow rate. 
 
Reynolds Number A dimensionless number equal to the density of a fluid 
or Re times the velocity of the fluid times the diameter of the 

fluid channel, divided by the fluid viscosity (i.e., Re = 
ρVD/µ).  The Reynolds number is an important num-
ber for vortex flow meters because it is used to deter-
mine the minimum measurable flow rate.  It is the ratio 
of the inertial forces to the viscous forces in a flowing 
fluid. 

 
RTD Resistance temperature detector, a sensor whose 

resistance increases as the temperature rises. 
 
scfm Standard cubic feet per minute (flow rate converted 

to standard conditions, usually 14.7 psia and 20° C). 
 
Shedder Bar A non-streamlined body placed into a flow stream to 

create vortices.  Also called a Bluff Body. 
 
Strouhal Number A dimensionless number equal to the frequency 
or St of vortices created by a bluff body times the width of 

the bluff body divided by the velocity of the flowing 
fluid (i.e., St = fd/V).  This is an important number for 
vortex flow meters because it relates the vortex fre-
quency to the fluid velocity. 

 
Totalizer An electronic counter which records the total accu-

mulated flow over a certain range of time. 
 
Traverse The act of moving a measuring point across the 

width of a flow channel. 

U  V  W  X  Y  Z 
Uncertainty The closeness of agreement between the result of a 

measurement and the true value of the measurement. 
 
V Velocity or voltage. 
 
VAC Volts, alternating current. 
 
VDC Volts, direct current. 
 
VORTEX An eddy of fluid. 
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