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Measurement Uncertainty Assessment of Altitude
Performance Test for a Turboshaft Engine

Inyoung Y.amg*)r - Bo-Hwa Lee**

ABSTRACT

Measurement uncertainty assessment was performed for altitude performance test for a turboshaft
engine. Mathematical models of measurement were suggested for major performance parameters such
as shaft horse power, fuel flow, specific fuel consumption, and airflow. The procedure was compared
with the test of turbojet or turbofan engines. Uncertainty involved with the test condition measurement
was assessed. Influence of the test condition measurement uncertainty on the corrected performance
data was discussed. Uncertainty assessment result was provided for a example test case using a real
altitude test facility. For major performance parameters, measurement uncertainties were assessed as

0.65~1.09% including the test condition measurement uncertainty, 0.36~0.94% not including it.
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Total temperature at engine inlet L

Total pressure at engine inlet

Static temperature at venturi

Differential pressure between venturi upstream & throat

Static pressure at venturi upstream |

(@) Outside the Test Cell (Engine is installed inside
the test cell)

| Torque, Rotational speed |

() Inside the Test Cell
Fig. 1 Measurement Parameters and Their Locations
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Table 1. Specifications of Sensors, Transducers and A/D converters for SFC Measurement

Parameter Sensor Transmitter A/D converter
Maker ‘ Model Maker ‘ Model Maker ‘ Model
Shaft horse power (@)
T Torquetronics - Torquetronix Series 700 VXI tech VT1503A
N Torquetronics - Torquetronix Series 700 VXI tech VT1503A
Fuel flow (W)
Whn - - Flow technology FT6-8 VXI tech VT1503A
Wiy Flow technology FT6-8 VXI tech VT1503A
Airflow (1)
T RTD Rosemount 3144 VXI tech VT1503A
y2 - - Mensor 6105 VXI tech VT1503A
Ap - - Mensor 6105 VXI tech VT1503A
d Dial Gauge
D Dial Gauge
C, Calibration
€ Calculation
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Table 2. Uncertainty Assessment for Each Measured Parameters

| Sensor | Transmitter | A/D converter | Combined
Shaft horse power (@)
0 0.102 %FS 0.02 %FS .
T | 013 %FS (output = 0~10 VDC) (FS = -16~16 VDC) | 1410 N -m
0.224 %FS
0.13 %FS 0.02 %FS
N _ FS = 500 Hz) _ - 1.02 Hz
(FS = 500 Hz) Eoutput e (FS = -16~16 VDC)
Fuel flow (W)
0.122 %FS 0.022 %FS
Wa | - (output = 4~20 mA) (FS = -16~16 vDC) | 0-000751 kg/s
Wy | - 0.122 %FS 0.022 %FS 0.000751 kg/s

(output = 4~20 mA)

(FS = -16~16 VDCQ)

Airflow (1)

044 C
o o 0.02 %FS o
T 251 C FS = -200~850C) _ . 341 C
output = 4~20 mA) (FS = -16~16 VDC)
0.01 %FS
0.1 %FS 0.02 %FS
n » (FS = 130 kPaA) _PFS 178.9 Pa
(Fs =130 kPaA) | {0 ™2 6770 Vo) (FS = -16~16 VDC)
0.01 %FS
0.1 %FS 0.02 %FS
Ap % (FS = 4 kPaD) _#ES 5.5 Pa
(FS =4 kPaD) | (oo = o-1b vDC) (FS = -16~16 VDCQ)
d - - - 0.5 mm
D - - - 1.0 mm
o - - - 0.7%
€ - - - 0.03%
Flight condition
0.053 %FS
£ | 300 Pa (FS = 310264.1 Pa) - 395.8 Pa
7, 172 C 05 C - 207 C
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Table 3. Effect of Flight Condition Measurement
Uncertainty (For Sea Level/Static/Maximum

Power)
Uncertainty Uncertainty | Difference
[%] [%] [%]
Q 0.36 Q. 0.65 79
Wel 048 W | 072 50
SFC|  0.60 SFC, 1.00 66
w, 1.05 w,. 1.18 12
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Table 4. UPC of Flight Condition Parameters

UPC [%]
Pm 7-;',71 Others

Q. 37 31 32

W, 30 25 45

W,. 11 9 80
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