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Abstract: In order to study the effects of the interaction between the common factor variables (mass flow ra-
tio, temperature ratio and gas Reynolds number) in the cooling effectiveness test of turbine blade on the response
variable, an orthogonal test design scheme combined with response surface analysis methodology was carried out
with the main effects and interaction effects analyzed. The results show that the main effects of each factor have
the greatest influence on the cooling effectiveness, and the interaction effect between the mass flow ratio and the
temperature ratio is the second. The temperature ratio with the gas Reynolds number and the mass flow ratio with
the gas Reynolds number show weaker interaction effects. At the same time, the regression equation of the cooling
effectiveness linearization with interaction terms is fitted, and the maximum value of the cooling effectiveness re-
sponse variable in the factor variable space is given (about 0.397). 95% confidence interval is [0.351, 0.449 ].
At this time, the temperature ratio is 1.59, with the mass flow ratio 0.039, the Reynolds number 348000. Final-
ly, the fitting regression results are tested, and the test regression accuracy of two status points is less than 3%.
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Table 1 List of single factor method data

Level Factor A Factor B Factor C
1 0 0 0
2 -1 0 0
3 1 0 0
4 0 -1 0
5 0 1 0
6 0 0 -1
7 0 0 1
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Fig. 1 Spatial distribution of data points with single factor method
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Fig. 3 Spatial distribution of data points in orthogonal table 2
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Table 2 List of two orthogonal data points

Orthogonal table 1 Orthogonal table 2

Level
Factor A Factor B Factor C Factor A Factor B Factor C
1 -1 -1 -1 -1 -1 -1
2 -1 0 0 -1 0 0
3 -1 1 1 -1 1 1
4 0 -1 0 0 -1 1
5 0 0 1 0 0 -1
6 0 1 -1 0 1 0
7 1 -1 1 1 -1 0
8 1 0 -1 1 0 1
9 1 1 0 1 1 -1
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Table 3 Pairwise interaction effects and mixing in the

orthogonal table 2

Level ~ FactorA Factor B Factor C AXB AxC BxC
1 -1 -1 -1 -1 -1 -1
2 -1 0 0 0 0 0
3 -1 1 1 -1 -1 1
4 0 -1 1 0 1 -1
5 0 0 -1 0 0 0
6 0 1 0 1 0 1
7 1 -1 0 -1 1 0
8 1 0 1 1 1 1
9 1 1 -1 1 -1 -1
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Fig. 4 Test device for cooling effectiveness of turbine blades
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Table 4 List of measurement parameters

Parameters Symbol Measurement type
Gas mass flow Gg/( kg/s) Direct measurement parameter
Total gas temperature T;/K Direct measurement parameter
Total gas pressure [JZ/MPa Direct measurement parameter
Static gas pressure p /MPa Direct measurement parameter
Cooling mass flow G J(kgls) Direct measurement parameter
Total cooling pressure Ti/K Direct measurement parameter
Wall temperature T /K Direct measurement parameter
Flow ratio K, The first indirect measurement parameter
Temperature ratio K, The first indirect measurement parameter
Mach number Ma, The first indirect measurement parameter
Cooling effectiveness 0 The first indirect measurement parameter
Static gas temperature T/K The second indirect measurement parameter
Viscosity coefficient ,ug/( Pa-s) The second indirect measurement parameter
Reynolds number Re, The third indirect measurement parameter
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Table 5 List of test status data points

Level K, K. Re,
1 1.59 0.015 348000
2 1.59 0.019 372000
3 1.59 0.039 457000
4 1.73 0.015 457000
5 1.73 0.019 348000
6 1.73 0.039 372000
7 1.87 0.015 372000
8 1.87 0.019 457000
9 1.87 0.039 348000
10(design point) 1.73 0.019 372000
11(test point 1) 1.62 0.027 384000
12(test point 2) 1.67 0.035 417000
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Fig. 9 Cooling effectiveness logarithm fitting residual plot
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Fig. 14 Contour of linearized interaction effect of flow ratio

and temperature ratio
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Fig. 15 Contour of linearization interaction effect of

temperature ratio and Reynolds number
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Fig. 16 Contour of linearization interaction effect of flow

ratio and Reynolds number

TEAR 22 R 30 b, 55 v AU A5G B 32 2800
e 2R PE RN, DR A Y JE R R L G L
KR, — 7 T ST IR N SR T 2 ] A X
e o BRI/ L 53— J7 T A S X R A
TS AT U S B0 U e Rt 3 5 O ELAR HE Ok
Wi R R H g iR TARRCR s Tl .

Jo R 9 A Lb R RO R e R A IR R RGN T L
RN IRZ o YR ACTE v BT B R R
Z[E) ) AR SE A 3G R, BRI AR R AN i A E A
VL B SRy I B A e B O AR A ARG I [ B A
BRI E T Z e S B0 RO BB R
Ko P BR TR T B O R R AN .
U AL TARK OB, Y R RN AL R
Hh I 5 R R A R T B T AR R B R R K it
1 Sl R W A R | B = 7 N N | B
Xof ¥ EIAICER 1 5% e B P A AR . Y IR B A T IR OK P
b, ¥ AT R A R, VA AR KT R TR X O ik KA T i A
25, M AR VA A R RE D R T R R
DL et LU R A 0 A5 1 S e AR R A O DR e O
L 55 1 BE L =2 18] 9 38 B AGONE At R Uk IR R RN, )
IR B —E RS2 . AR )RR 0 5 vk mT LA
S B Lb 5 R AT T O 38 RO K R O L
N 7 QI B Vi | I TS B VA L SR (e
42 wRRET

R H P804 T 05 A 210 i 2 3 A 2K (13) , X 2 HI 3K
SR X o) 17 A ek R AT B OO AR R 1 A3 BT, BB A A
Vet , P28 AR B UE Y BN IE 2235 h 4% R K P
1 E TR, angk 6 i .

M) 7 A5 gt 1) 50 A {E B AH DG DX ) (B AN 26 7 /s, 1%
IR T A A e K AE R 0.397,95% B AR X 0]
[0.351,0.449], iy T 1+ 5 1L 8 1) 3¢ B2 0 Wi 2 5
FOE AR X AR BLE R 2R AR B B 4 B R < R
I 1.59, i i i b 0.039 , A5 4 54 348000,

43 WEEALEREE

MR 3 — PR 2R s [ A A6 S R D s BT A A 56 A
(£ 8P /KF 11 Fe K 12) %456 28 X (13) 317 4
5 BRI 25 R 0 8, N AT LIS mi B AR
HAMAE AR S 258 A K R IH R —
0, A5 1] RS 43 o 2.67% 5 2.50% , AT UL 22 56

Table 6 Range of factor variables

Temperature ratio Temperature

logarithm ratio rithm

Flow ratio loga-

R 1d b
Flow ratio cynolds number Reynolds number

logarithm

[0.464,0.625] [1.59,1.87]

Parameter value

[-4.19,-3.25]

[0.015,0.039] [12.76,13.03] [348000,457000

Table 7 Fitted values and confidence intervals of response

Standard error of

fitted value

Fitted value

95% confidence interval 95% forecast interval

-0.9232

Logarithm of cooling effectiveness

Cooling effectiveness 0.397

0.0384
0.0384

[-1.0456,-0.8009 ]
[0.351,0.449]

[-1.0505,-0.7959 ]
[0.350,0.451]
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Table 8 Test results of two state data points

Cooling effectiveness fitting

Level Cooling effectiveness measurement . . Test regression accuracy/%
regression calculation value
11 0.353 0.3627 2.67
12 0.374 0.3836 2.50
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