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Measurement Uncertainty Analysis of a Turbine Flowmeter
for Fuel Flow Measurement in Altitude Engine Test
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ABSTRACT

Measurement uncertainty analysis of fuel flow using turbine flowmeter was performed for the case of altitude engine test.
SAE ARP4990 was used as the fuel flow calculation procedure, as well as the mathematical model for the measurement
uncertainty assessment. The assessment was performed using Sensitivity Coefficient Method. 11 parameters involved in the
calculation of the flow rate were considered. For the given equipment setup, the measurement uncertainty of fuel flow was
assessed in the range of 1.19~1.86% for high flow rate case, and 1.47~3.31% for low flow rate case. Fluctuation in
frequency signal from the flowmeter had the largest influence on the fuel flow measurement uncertainty for most cases. Fuel
temperature measurement had the largest for the case of low temperature and low flow rate. Calibration of A-factor and the
interpolation of the calibration data also had large influence, especially for the case of very low temperature. Reference
temperature, at which the reference viscosity of the sample fuel was measured, had relatively small contribution, but it became
larger when the operating fuel temperature was far from reference temperature. Measurement of reference density had small
contribution on the flow rate uncertainty. Fuel pressure and atmospheric pressure measurement had virtually no contribution on

the flow rate uncertainty.
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Table 1 Sampled fuel property (JP-8) I'
20000 .
Property | Symbol Value Reference temperature 10000 Jrer o '0' S I I SIO'
Density Do 7924 kg/m’ 7,,=157C 0 80 160 240 320 400
Viscosity < 5708 ¢St Ly =20 GC reiesy
Vs 7171 cSt 1, =40 C Fig. 1 Universal viscosity curve of the flowmeter
Table 2 Calculation data of fuel flow using turbine flowmeter
Name | Unit Case01 Case02 Case03 Case04 Casel5 Casel6 Case(7 Case(08 Case09 CaselO
7, C 40 86 -20 -32 -40 40 8.6 -20 -32 =40
Y op cSt 1.169 1.926 3708 5.363 7171 1.169 1.926 3.708 5.363 7171
F - 1.0E-04 84E-05 69E-05 63E-05 60E-05 | 1L.OE-04 84E-06 69E-05 63E-05 6.0E-05
Deg bar 84E-03  16E-03 26E-04 11E-04 55E-05 | 84E-03 16E-03 26E-04 11E-04 55E-05
G - 099990 099991 099993 099994 099994 | 099990 099991 099993 099994  0.999%4
e | 1T 95E-04  95E-04 95E-04 95E-04 95E-04 | 95E-04 95E-04 95E-04 95E-04 95E-04
AT T 25 -6.4 -3 -47 -55 25 -6.4 -3 -47 -55
VCF - 0.976 1.006 1.033 1.044 1.051 0.976 1.006 1.033 1.044 1.051
Proy | ke/m'’ 7735 791.2 8184 827.1 833.0 7735 791.2 8184 827.1 833.0
Hy cP 0.904 1.536 3.03% 4.436 5973 0.904 1.536 3.035 4.436 5973
Gy - 1.003 1.003 1.003 1.004 1.004 1.003 1.003 1.003 1.004 1.004
o cSt 1172 1.932 3.720 5382 7.199 1172 1.932 3.720 5382 7.199
f Hz 406.2 382.5 354.4 339.1 324.8 126.3 1169 104.8 96.8 89.8
flv,, | Hz/cSt | 34667 198.00 95.260 63.001 45.119 107.789 60.513 28.169 17.984 12.475
K,, |pulse/hr/l| 31413 30491 29001 28045 27053 29305 27944 25727 24029 22435
W, | keg/r 36.00 36.00 36.00 36.00 36.00 12.00 12.00 12.00 12.00 12.00
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Fig. 2 Schematic diagram of fuel supply system
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Table 3 Standard uncertainties of measurement uncertainty elements

Parameter | distribution | Range R(x) Std. uncert. u(z)
T, normal - 11T
v, rectangular 0.0005 ¢St R/\V3
Vo rectangular 0.0005 ¢St R/V3
T, rectangular 05 C R/V3
T, rectangular 05T R/V3
Dop normal - 0.3 bar
Datm rectangular 0.55 bar R/V3
Pref rectangular | 0.05 kg/m’ R/V3
Ty rectangular 05 T R/\V3
; _— ) 23 Hz (high flow)
09 Hz (low flow)
" 1 | rectangular | Refer to sec. 3.1 R/3
2| normal - 0.11 % (std. dev.)
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Table 4 Expanded uncertainty of the fuel flow measurement
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Table 5 Uncertainty peroentage contribution of each parameters [%]

(a) W;, =36kg/hr

Do Case o1 02 03 04 0%
7, 102 | 108 | 247 | 363 | 438

v, 000 | 000 | 000 | 000 | 0.00

Yy 000 | 000 | 000 | 000 | 0.00

7, 269 | 178 | 121 | 015 | 0.00

7, 127 | 037 | 000 | 02 | 156

Pop 000 | 000 | 000 | 000 | 000

Patm 001 | 000 | 001 | 000 | 001

Pres 000 | 000 | 000 | 000 | 000

7., 023 | 019 | 013 | 010 | 007

f &1 | 87 | 709 | 594 | 444

« 1 000 | 000 | 055 | 196 | 866
o 2 351 | 316 | 247 | 18 | 142

(b) W, = 12kg/hr

- Cased o6 | o7 | o8 | 09 10
7, 100 | 190 | 244 | 473 | 498

v 000 | 000 | 000 | 000 | 000

vy 000 | 000 | 000 | 000 | 0.00

7, 372 | 233 | 083 | 050 | 0.00

7, 208 | 126 | 000 | 076 | 235

Pop 000 | 000 | 000 | 000 | 0.00

Patm 001 | 001 | 000 | 001 | 001

Pres 000 | 000 | 000 | 000 | 000

7., 015 | 012 | 008 | 005 | 0.02

f 799 | 727 | 732 | 480 | 207
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” 2 229 | 194 | 147 | 101 | 045
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