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Reliability of Measurement Estimation in Altitude Engine Test

Jinkun Lee*, Inyoung Yang®, Sooseck Yang*, and Jae Su Kwak**

ABSTRACT

The altitude engine test is a sort of engine performance tests carried out to measure the
performance of a engine at the simulated altitude and flight speed environments prior to
that at the flight test. During the performance test of a engine, various values such as
pressures and temperatures at different positions, air flow rate, fuel flow rate, and the load
by thrust are measured. These measured values are used to derive the representative
performance values such as the net thrust and the specific fuel consumption through a
momentum equation. Hence each of the measured values has certain effects on the total
uncertainty of the performance values. In this paper, the combined standard uncertainties of
the performance variables at the engine test were estimated by the uncertainty analysis of
the measuremert values and the repeatability and reproducibility of the altitude test
measurement were assessed by the analysis of variation on the repeated test data with
different operator groups.

Key Words @ Z32 24 (Reliability of Measurement), 248 &2 (Uncertainty of
Measurement), 242 (ANOVA), 1@ 1= Al g (Altitude Engine Test)
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£ | Uncertainty estimation of variables

variables | unit | A type | B type u(x)
P, Pa 1.296]  3.534|  3.764
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T, K | 6.547e-3| 2.000e-1| 2.00%e-1
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Pree Pa 3.879| 3.000e+1| 3.025e+1
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3 2 Combined standard uncertainty of W,

input |sensitivity coeff.| uncertainty | percentage
P 2.648e-5 3.764 0.0027
AP, 7.697¢-4 1173 0.0259
T, 1.139%-2 2.001e-1 0.0633

d 5.243e+1 1.443e-5 0.0052
D 4.019¢-1 1.443e-5 0.0019
G, 7.234 3.637e-3 -
Wi 2.642¢-2 0.3653

3£ 3 Combined standard uncertainty of £,

input |sensitivity coeff.| uncertainty | percentage
Wi 139.1335 2.642¢-2 0.3653
Pgy 0.0105 3.005¢+1 0.0220
Py 0.054640|  3.007e+1 0.0224
Prys 0.049441 3.000e+1 0.0214
Pos 0.047436]  3.104e+l 0.0234
Trys 1.129692 1.200e-1 0.0380
Py 0.040467 7.558e+1 0.0746
Fy 1.000 3.015 04126
Ao 2.273e+3 2.000e-5 0.0362
A 3.535e+4|  2.000e-5 0.0304
Prc 1.764e-2|  3.025e+1 0.0215
Troe 2.729 2.003e-2 0.0063
F, 50909  0.2646

% 4 Combined standard uncertainty of SFC

input |sensitivity coeff.| uncertainty |percentage
W 5.198e-4 2.101 0.6973
Fy 8.062e-5 5.091 0.2646
SFC 0.001167 0.7449
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(Vg7 =315 > 100) HES BF Ao st A 7o d%
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Ugr =k + wgpp=2x 0.001167 = 0.002334

(V57500 = 258 > 100)
3 5 Degree of freedom of w,,,
DOF variable A type B type
B 49 200*
- 49 200*
" T, 49 200*
d N/A co¥*
D N/A co¥*
c, N/A co**
Verr Wioi 3307427
3£ 6 Degree of freedom of 7,
DOF variable A type B type
Win 49 3307427
Py, 199 200*
Py 199 200*
Pr 2099 200*
Py 199 200%
y Tros 399 200*
P, 49 200*
£y 49 200*
Ay N/A co**
Ao N/A oo k¥
P 199 200*
Ty 199 200*
Verr Wor 315
¥ 7 Degree of freedom of SFC
DOF variable A type B type
B W 49 200*
' F, N/A 315
Vess SFC 258
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¥ 8 Comparison test result

Sampling Team A* Team B*
1 5310.0 5244.5

2 5377.1 5369.5

3 5383.8 5312.2

4 5254.0 5249.0

5 5361.4 5346.1

6 5266.8 52334

7 5366.6 5342.1

8 5255.9 5314.8

9 53273 5229.1

10 5372.3 5346.7

11 5292.7 5260.5

12 5262.0 5236.1
13 5380.9 5375.6
14 5318.6 5301.8
15 5230.7 5261.6
16 5352.5 5361.6
17 5248.0 5376.4
18 5372.1 5300.0
19 5264.0 5272.9
20 52873 5360.4
21 5367.1 5299.5
Average 5316.6 5304.3

Std. eviation 53.0 514

+ ol ol fE Yol AFuE A3

¥ 9 Two-way ANOVA result

Source DF SS MS F P
Team 1 172 172 1.10| 0.307
Sample 20| 8974 449 2.86; 0.012
Error 20 3140 157
Total 41| 12286
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