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EVALUATION OF THE PERFORMANCE CHARACTERISTICS 
OF TURBINE-TYPE FLOWMETERS 

INTRODUCTION 

The purpose of this report is to discuss performance 

characteristi cs of various sizes of turbine meters manufactured 

by_ three flowmeter companies, Potter Aeronautical, Fisch er and 

Porter, and \,Vaugh. The specific performance characteristics 

discussed a r e linearity, range, accuracy and repeatability. Sizes 

of meters tested ranged from 3/ 16 to 6 1/ 2-in. Potter meters, 1/ 2, 

3/ 4 and 2-in . Fische r and Porter meters and 3/ 4 and 2-in. vVaugh 

meters. 

Linearity 

Li_nearity of a turbine flowmeter is a term used to describe 

the relationsnip between the rotating s peed of th e turbine (frequency) 

and discha r g e. It is dependent upon th e geometry of the tu r bine, 

bearing resi stance to t h e rotor and properties of the fluid flowing 

through the meter. A flowmeter that exhibits linearity is simple 

to use becau s e the slope of the frequ ency-discharge curve is con

stant and a single calibr ation factor, K, can be used to determine 

th~ relative di scharge for any output frequency of the meter. 

Range 

Linearity of turbine flo wm eters is limited practically 

because of t h e limitations of the mechanical components of the meter. 

Bearing friction and energy losses at low discha rges and separation 

and cavitation at higi1 discharge s are the principal limitations. The 

range of discharges between a minimum a nd maximum discharge 

displaying lin earity is termed the ra nge of foe meter. 



/ 

Accuracy 
Accuracy is used to describe the deviation of indicated 

discharge from actual discharge. 

Repeatability 

Repeatability is a characteristic which describes how con

sistently the frequency-discharge relationships can be repeated. 

EXPERIMENTAL DATA AND DISCUSSION OF RESULTS 

Data used to evaluate the performance characteristics of various 

flowmeters were obtained from tests made on flowmeters provided 

by the Martin Company and tested in the Hydraulics Laboratory of 

Colorado State University. Flowmeters manufactured by the Potter 

Aeronautical, Fischer and Porter and \Vaugh Comj?anies were studied. 

Potter Aeronautical Flowmeters 

Experimental data for Potter meters were obtained for flow

meters ranging in sizes from 3/ l 6 to 6 1/ 2 inches in diameter. 

Various models. and where possible. a number of different meters 

of the same model were used to describe performance characteris

tics. 

Figure 1 in Appendix A shows a typical calibration curve 

for a 3/ 16-in. meter. The curve of frequency as a function of dis

charge (f-G curve) shows a linear relationship. Because of the 

scale of the coordinates of the graph , it is not easy to determine 

the accuracy nor the range of the meter. Therefore. a curve of 

the calibration factor K, as a function of discharge (K-G curve) is 

shown above the f-G curve. (The abscissa of this curve could be 

frequency as well as discharge because of the linearity of the flow

meter. For convenience of this curve. discharge is used as the 

abscissa·) 
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The dimensions of K are cycles per gallon ( c. ;::>. g.). 

The value of K is the slope of a line (multiplied by 60) connecting 

a specific point of the frequency-discharge curve with the origin 

of coordinates. If the calibration curve included the origin, K of 

each point could be averaged to determine a single value, K , which 

would be the average calibration factor for the meter. 

As shown in Figure 1, the calibration curve passes very 

nearly through the origin. However, the curve of calibration factors 

. (K-G curve) shows that an average linear line through all the points 

determined on the calibration curve does not include the origin as 

a significant point. Considerable deviation in the values of K are 

observed for the lower discharges. 

According to these performance curves, the characteristics 

of the model 3/ 16-308 Potter Aeronautical Flowmeter are: 

The average calibration factor of the meter is K = 24,000 

c. p. g. The flowmeter is linear in a range of O. 25 to 1. 006 

g.p.m. (the maximum discharge calibrated) with an accu

racy of :!:. 1. O per cent. Re peatability is within O. 2 per cent. 

As already discussed, by definition K assumes the origin 

as a significant point. As noted in Figure 1 however the origin is 

not a significant point in the linear relationship (that is, at frequency 

= 0, discharge = some finite quanitity). Hence, the fact that an 

average calibration factor K can be used for a range of discharges 

is only because of the proximity of the origin to the calibration curve. 

When values of K are determined for the large discharges, the dif

ference between K and the slope of a linear function which best 

fits the calibration data, is very small. In order to show the difference, 

a linear function was calculated from the measured data used to plot 

Fig. 1. T h e function was of the form 

f =MG+ F 
0 
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where 

f = frequency in cycles per second 

M = slope of the line 

G = disch arge in gallons per minute 

F = int e rcept of the function with the curve G = 0. 
0 

The computed results were: 

M = 411. 45 

F O = :. 2. 38 c. p. s. 

or, converting M to cycles per gallon, 

M' = 24,22 t> c.p.g. 

In a range of O. 25 to 1. 0 g. p . m. the accuracy i s + 1. 3 per cent. The 

data of Nov. 7, 1959, give: 

M 1 = 24, 240 c. tJ . g. 

F 
O 

= -2. 22 c. p. s. 

Accuracy in this case is also within ~ 1. 3 per cent in a range of O. 25 

to l. o g . p . m . 

Comparisons of th e two m ethods describing Potter flowmeter 

performance characteristics s h ow tnat although there is error in 

the assumption which enables use of K as the calibration factor for 

the meter. its use enables greater accuracy in determining discharge 

than does M' within a specified meter range. The lower limit of the 

meter range is arbitrarily set at the discharge when the accuracy of 

the meter is exceeded. 

The curves of Fig. 1 are only for a model 3/ 16-308 flow

meter, serial No. GLMD-10. Fig. 2 shows compa rative curves 

of calibration factor K for differ ent meters of foe same model. Note 

that the values of K differ for each meter. 

Figs. 3 through 15 show performance curves of flow meter 

models 3/8-405, 1/2-308, 3/4-80, 3/4-308 , 1 l/2-354A, 2-353, 
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3-349, . 4-317, 4-353, 4 l/ 2-317, 5 l/ 2-317, 6-353, and 6 l/ 2-317 

respectively . Comparative performance of various meters of the 

same model are shown in Figures 16 to 27. These performance 

curves show that the ' frequency-discharge curve of all the meters 

tested pass very nearly through the origin of coordinates. Because 

of this significant meter characteristic, it is more advantageous to 

use the calibration factor K and to limit the meter range, than it 

is to apply a linear function if an accuracy less than :!:. 1. 0 per cent 

is required. Each flowmeter exhibits different characteristics 

depending upon both size and model. The smaller sizes are generally 

more variable between different met ers than the larger sizes, but 

in all cases the variance requires that each flowmeter be calibrated 

separately. It is to be noted furth er in Figs. 3 to 15 that the same 

meter recalibrated after some amount of use, shows differences in 

the average calibration factor. Therefore, it would appear desirable 

to recalibrate meters from time to time to establish a new calibration 

curve so that the required accuracy can be maintained. 

Fischer and Porter Flowmeter s 

Expe rimental data for Fischer and Port er flo wmeters were 

obtained for meters 1/ 2, 3/ 4, and 2-inches in size. Performance 

curves for these meters are shown in Figs. 28 to 31 of Appendix B. 

There is considerable variation in the value of K for each point cali

brated for th e 1/ 2-inch meter of Fig. 28. Because of the constant 

change in t h e values of K with discharge, there is no average value 

of K applicable to any range of discharge. Using the concept of cali

bration factor K , it would be necess ary to use a specific K for 

each frequen cy output. Note also the difference in meter performance 

at a different fluid temperature. The values of M' and F O are also 

shown on the Figure. Using these values and the calibration of 

December 26, 19 57, the variations between the measured values and 

the linear fu nction are ~ 3. 0 per cent in a range of 1 to 10 g. p. m. 
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The performance curves for the flowmeter modei 10C1505, 

size 3/ 4-23 are shown in Fig. 29. Using calibration factor K, linear 

operation exists in a flow range from 4. 5 to 20 g. p.m. with an accu

racy of 2" 1. 0 per cent. The average calibration factor K is 1505 

c.p.g. For the same calibration data M' = 1507.9 c.p.g. and 

F 
O 

= • 27 c. p. s. With an accuracy of 2 0. 9 per cent in a flow range 

of 2. 4 to 23 g. p. m. The performance characteristics shown in 

Fig. 29 are with water as the metered fluid. The performance charac

teristics of the same meter using hydraulic oil of larger kinematic vis

cosity than water, are shown in Fig. 30. Comparison of meter per

formance with water and oil shows that the viscosity of the metered 

fluid has considerable effect. (The effect of viscosity are discussed 

in a separate report). For this meter, an increase in the viscosity 

decreased the range and decreased frequency output. For the hydraulic 

oil 

K = 1505 c. ~ .g. inarange froml0to22g. p .m, 

M' = 1536.34 c, i.) .g. and F
0 

= -12.42 c.p.s. in a range 

from 4 to 24 g. p .m. 

The accuracy of the meter using the linear function for measuring 

hydraulic oil is i 2. 0 per cent. 

The performance curves of a model 10Cl505 2-inch Fischer 

and Porter meter are shown in Fig. 31. The general characteristics 

discussed for the 1/ 2 and 3/ 4-inch meter pertains also to the 2-incn 

flowmeter. 

\Vaugh Meters 

Performance characteristics of Waugh meters were determined 

for the 3/ 4 and 2-inch meters. Fig. 32 of Appendix C shows frequency

discharge and K-discharge curves for a 3/ 4 inch meter model 

MTll0-2511. The calibrating fluid was hydraulic oil at l00°F. Note 

that because the f-G curve is displaced from ti1e origin of coordi-

nates, the values of K change significantly and constantly with 
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discharge. The value of M and F are 1753.4 c.p.g. and 0 . 

-8. 08 c. f. s. respectively. Accuracy of the meter is within..:!:' 0. 5 

per cent using the linear relationship in a flow range of 3. 8 to 

26 g. p. m. A single factor K cannot be applied to the meter; either 

specific values of K for different discharges, or values of M' 

and F 
O 

could be used for calculation of discharge. Fig. 33 

shows similar characteristics for a 2-inch flowmeter. 

SUMMARY AND CONCLUSIONS 

Turbine-type flowmeters were tested for performance charac

teristics. In a specific flow range and within a specified accuracy, 

all the flowmeters show linearity between frequency output and dis

charge. Either of two methods may be used to determine a single 

calibration factor for a turbine meter. One method is to use an 

average value K which may be determined from a curve of K as 

a function of either discharge or frequency output. The value of K 

is the slope of an imaginary line from the origin of coordinates to the 

points on the f-G curve. The second method is to determine by 

linear regression, a line to fit the set of measured data. Constants 

M' and F 
O 

of the linear r elationship could then be used to calcu

late the discharge from measured frequency. 

The results of the study shows that for Potter Aeronautical 

flowmeters of the sizes tested, the first method is per~1aps superior 

if an accuracy of 2 1. 0 per cent is required. This applies particu

larly to the small meters. For the larger meters, either method 

will give satisfactory results. 

Use of an average calibration factor K limits the range for 

sizes 1/2 and 3/4-inch Fischer and Porter flowmeters. The linear 

expression for the calibration curve will extend the range of the 

meter, but with sacrifice of accuracy. In this case, the only re

course is to use different values of K for each meter frequency 
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to determine foe discharge. Eiti.1er K or the linear expression 

may be used for the 2-inch Fischer and Porter meter. 

The \.Vaugh flowmeters of 3/ 4 and 2-inch sizes tested show 

linear characteristics. The linear function results in a wider range 

for the 3/ 4-inch meter than use of K . Either method will give 

discharge measurements within + 1 per cent for the 2-inch meter. 
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APPENDIX A 

POTTER AERONAUTICAL FLOWMETERS 








































































