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ABSTRACT

Gas flow measurement in a closed duct was performed using multi-point Pitot tubes. Measurement uncertainty was assessed

for this measurement method. The method was applied for the measurement of air flow into a gas turbine engine in an altitude

engine test facility. 46 Pitot tubes, 15 total temperature Kiel probes and 9 static pressure tabs were installed in the engine inlet

duct of inner diameter of 264 mm. Five tests were done in an airflow range of 2~10 kg/s. The flow was compressible and the

Reynolds numbers were between 450,000 and 2,220,000. The measurement uncertainty was the highest as 6.1% for the lowest

flow rate, and lowest as 0.8% for the highest flow rate. This is because the difference between the total and static pressures,

which is also related to the flow velocity, becomes almost zero for low flow rate cases. It was found that this measurement

method can be used only when the flow velocity is relatively high, e.g., 50 m/s. Static pressure was the most influencing

parameter on the flow rate measurement uncertainty. Temperature measurement uncertainty was not very important.

Measurement of boundary layer was found to be important for this type of flow rate measurement method. But measurement

of flow non-uniformity was not very important provided that the non-uniformity has random behavior in the duct.
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Fig. 2 Layout of the multi-point Pitot tubes (Numbers are the
distance from the duct center line (in mm))
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Py 05,19 Sensor 0.05%FS FS = 103 kPa
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Table 2 Airflow measurement uncertainty and uncertainty percentage
contributions of each measured parameters

case number ‘ 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5
Test data
D51 (kPaA) 1047 | 1151 | 1323 | 154.6 | 1853
T 051 K) 2963 | 299.5 | 2994 | 300.2 | 301.0
Pyo5.1 (kKPaA) 1042 | 112.8 | 128.0 | 148.2 | 176.6
Vos (m/s) 304 54.5 714 80.5 86.0
Re,, 45ES5 | 87E5 | 13E6 | 1.7E6 | 2.2E6
Air flow
s (kefs) 2015 | 3911 | 5829 | 7.642 | 9.724
W, (kgfs) 1.998 | 3.872 | 5.855 | 7.776 | 9.866

Wiy — W, (%) 085 | 101 | 044 | -1.73 | -1.44

Extended uncertainty

2xu(W;) (kg/s) | 0.123 | 0.077 | 0.059 | 0.061 | 0.074

2xu(W;) (%) 6.1 2.0 1.0 0.8 0.8

2xu(W,,,) (kg/s) | 0038 | 0.034 | 0.045 | 0.057 | 0.072

ven

2x<u(W, ) (%) 1.9 0.9 0.8 0.7 0.7

ven

Uncertainty percentage contribution

YUPCp g )%) | 196 | 159 | 295 | 163 | 180

XJ_) UPAT, o5 )(%) | 0.1 0.7 2.7 43 47

;UPC(ps.(IB.k)(%) 803 | 834 | 6719 | 794 | 773
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case number ‘ 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5
Air flow from table 2
W (kgls) ‘ 2.015 ‘ 3911 ‘ 5.829 ‘ 7.642 ‘ 9.724

Air flow neglecting boundary layer (sec. 3.3)

W5, non (KE/S) 2135 | 4.156 | 6.191 | 8.129 | 10.329

Wos mon = Wos(%0) 53 6.3 6.2 6.4 6.2

Air flow neglecting flow non-uniformity (sec. 3.4)

max(o(p, o5.,))(kPa) | 0.040 | 0.14 | 045 | 046 | 057

Wis 1rare (kgfs) | 2,027 | 3907 | 5795 | 7.619 | 9.669

Wos 1rake = Wos(0) | 0.6 0.1 -0.6 03 0.6
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