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Inlet Distortion Test of Gas Turbine Engine

Jinkun Lee* - Kyungjae Lee*

ABSTRACT

Inlet distortion test was performed at Korea Aerospace Research Institute in order to evaluate the
degradation of engine performance under the distorted inlet condition. In this paper, only the inlet
pressure distortion was taken into consideration. During the development process of the inlet
distortion test technique, variable distortion screen was designed and evaluated under various test
conditions to establish the experimental database of distortion for engine test. The result of inlet
distortion test for engine shows that the operating point was changed toward the worse direction and
the degradation of engine performance by inlet distortion was verified.
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Fig. 1 Inlet duct with pressure rakes
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Table 1. Flow condition of test section

Table 2. Test condition (DCE0)

No. PkPa) mkg's) Re Category DCBOworst)
1 10 390 1,106,425 Civil subsonic transport 02
2 120 550 1,560,343 Military fighter aircraft -09
3 130 6.77 1,920,640 Industrial, marine engines less than -0.1
4 140 7.86 2229872
5 150 8.83 2,505,060
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Fig. 2 Inlet distortion screen
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Fig. 3 Uniformity of duct flow (110 ~ 160 kPa)
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Fig. 4 Normal Probability Plot at Pt 120 kPa
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Table 3. 90° Screen {(Overlap 90°)

Pt m (kg/s) Re_cal DCO
110000 3.99 1,131,958 -0.3880
120000 548 1,554,609 -0.3829
130000 6.75 1,914,966 -0.3868
140000 7.78 2207176 -0.389%5
150000 8.62 2445483 -0.3921
160000 950 2,695,138 -0.3062

Table 4. 120° Screen (Overlap 60°)

Pt mikys) | Recal DC90
110000 3% 1,120610 | -04016
120000 550 1560343 | 04086
130000 665 1886596 | -0.4064
140000 760 | 2181643 | -0.4085
150000 854 | 242787 | 04114
160000 946 | 2683790 | 04215

Table 5. 150° Screen (Overlap 30°)

Pt mikg/s) Re_cal DCYO
110000 391 1,100262 | -0.3618
120000 537 1523462 | -0.3511
130000 663 1,880922 | -0.3528
140000 7.64 2167458 | -0.3555
150000 853 2419950 | -0.3620
160000 .34 2640746 | -0.3658
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Table 6. 180° Screen (Overlap 0°)

110 kPa 120 kPa

Pt | mgs | Recal DCY
110000 384 1080403 | 0215
120000 535 1517788 | 03315
130000 656 1861064 | 0.22%
140000 761 2158047 | —0.3066
150000 843 | 2391580 | 0330
160000 925 | 2624213 | -033%0 |

Table. 7 Test range from the variable screen

Pt DCWO (min) DC (max)
110000 03215 -04016
120000 03315 -0.4086
130000 -0.3205 -0.4064
140000 -0.3266 -0.4085
150000 -0.3300 04114
160000 -0.3390 -04215

Fig. 5 Photographs of distortion screen
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Fig. 6 Distortion Pattern of 90° Screen(110~160 kPa)
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Fig. 7 Distortion Pattern of 120° Screen(110-160 kPa)
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Fig. 8 Distortion Pattern of 150° Screen(110-160 kPa)
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Fig. 9 Distortion Pattern of 150° Screen(110-160 kPa)

5 A3 Y A9E FI9 oEH 22
Welo) DCYY UL 23 ZHFL 3o A
AT & YSS A3 HY. Figure 59 224
F3 Aol vsl 1o Fig 6~9 & o]
a2z 239 % J93F £F AHE BAEH

25 f& A3 MY
99} el 728 4T FF databaseE vIE

o8 FFFA7Y BEIAA HFE I+ F
T A5 AEe s
ANgzAe watg 07 EE2d7] HaE =
Aoz dy=len 41 29 zAs:
PLA 6V(25,900 rpm)$} 8V(27,700 rpm) &7 ol 4
2399 45 e 24,

—l

Az
TF 5 4 2R A3 X—}%%‘j"] J'} &
Zol=x WO Z ojFEA e AL B
dFx gt} ol dAY Aol 47 ¥¥ &
5 HFel st AFEHASS A0
o]33 A% WL method of parallel
compressors S 2E olu] dFH Heoln 4H
g e ¥ AgH frFo]l A 457
A 9 RE JAFoRH o] T2 AT
Warh dojuA E ZoE EHE + Y2

inlet Total Pressure Distortion

o 102%

e 105% R
oo \WOITINGLINE [
=t Pt distortion
« « Surgeline

X\ il
o
04

0.55 0.65 075 0.85 0.95 1.05
Corrected Airflow (normalized)

88 |-

Presure Ratio (normalized)

Fig. 10 Compressor Map of AETF Standard Engine
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