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Abstract: In order to obtain the performance of one active clearance control (ACC) system, the experimen-
tal rig of model high pressure turbine case was designed and established. According to the analysis of the thermal
environment of active clearance control system and error analysis of the test scheme, a temperature—control meth-
od was used to simulate the heat source, a verification of test data was presented by repeatability experiments.
The tests under different heating temperature with/without the ACC system were carried out, the corresponding
temperature field and displacement field of the case were measured. The experimental results showed that in the
case the ACC did not work, the thermal deformation of the case in the radial direction was at a near—liner
trend along with the growth of temperature, the thermal deformation of case increased about 3.5pum when
the temperature grew 1°C; in the case the ACC worked, the temperature field along the circumferential direc-
tion was in a ‘peak’ shape distribution, also, the circumferential deformation difference grew bigger, the
maximum is 335pm in this paper, an ‘I0I-like’ distribution which represented wall flow area and spring
flow area was observed. Based on the analysis of the test data under different conditions, it is concluded that
the working efficiency of the ACC system is negatively correlated with the thermal deformation of the casing.
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Table 1 Measurment instrument indication error

Item Sensor error Secondary instrument error/%  Installation error/% Total error
Flowmeter 0.64% 0.2 / 0.84%
Pressure transmitter 0.17% 0.2 / 0.37%
Thermal couple 1.3%C(0 ~ 500°C) 0.1 / 3.0125C
Deformation probe 3pum F.S. 0.2 0.38 14.11pm
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Table 2 Information of test conditions
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Table 3 Maximum temperature difference of two test conditions (°C)

Temperature measuring points number/°C

Heating temperature/°C

2f 5* 6 8 10* 12* 14* 15*
100 3.1 1.7 1.4 1.6 1.7 1.6 1.4 1.3
300 8.2 5.6 4.3 3.1 3.7 3.6 6.2 4.6
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Fig. 10 Steady temperature field of 300°C without ACC
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Table 4 Maximum deformation difference of two test

conditions (pm)

Displacement measuring point number

Temperature/C D1 D2 D3 D4
100 14 13 13 8
300 40 38 44 47
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Table 5 Steady mean radial deformation of 300°C (m)

Displacement measuring point number
D1 D2 D3 D4
845.88 830.3 863.21 870.21
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Fig. 11 Radial deformation of D2 under different heating

temperature
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Table 6 Information of test conditions

Inlet pressure/kPa  Total air temperature/°C Re Case
0 / 0 300

0.36 28.2 31209  300-1

3.10 27.9 83337  300-2

9.74 28.0 126708  300-3
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Fig. 12 Temperature distribution of 15# in the

circumferential direction
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Fig. 14  m,., under different test conditions
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Table 7 Radial deformation difference under different test

conditions

Maximum difference/pm

Condition case

D1 D2 D3 D4

300 96 76 91 84
300-1 234 257 312 250
300-2 263 275 283 267
300-3 258 308 335 256

NE RN ARIRE TH T ACCREXM (1Y
(52 8, LATE ACC A1 F s LI (9 A48 08 6 O Bk ofe | o
XA AZTE R K (3), K3, D, HACC RS
R AR, BRI Ab - BR5% I BE T 80 9 & ] o7 B AL
2IARTE A, Dy, B ACC RGE TAER, TR )G i
AR T 1 JE] o P AL AR T

A=— (3)

aLi)
M0 (3) Y58 S, AN R B T 00 B I 4 A
HILIEE DY A 4 TAT A4 LI IR I A A 8] 16 i/ o

M 16 AT LI e AN [ 8 T 00 T, ML $A8
R A AL SR R, Bl v 0 38, BIL I B
T AR Z i/, BRI R Bk /S

0.8
—&— 300-1
—&— 300-2

0.7t —4A— 300-3

0.6 -

~
0.5F
0.4r
D1 D2 D3 D4

Cross section
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Table 8 m,. and A of each cross sections under different test conditions

Dl D2 D3 D4
Temperature measuring point number 5 AVG(6'+8") AVG(10™+12%) AVG(14+15%)
M ace 0.1923 0.2393 0.2564 0.1831
300-1
A 0.7493 0.6642 0.6212 0.6964
Nace 0.2959 0.3722 0.4076 0.2690
300-2
A 0.6745 0.5414 0.4816 0.6293
M ace 0.3612 0.4598 0.4857 0.3624
300-3
A 0.6199 0.4858 0.4143 0.5404
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