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Abstract :-Compressor characteristics maps-need to beinterpolated and dispersed during
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gas turbine engine performance s mulation. Meanwhile the maps usually need to be extrapo-
lated asthe characteristics data of low-rotational speed are absent. Animproved method of u-
sng dimensonal surface to illustrate compressor characteristics instead of rotational speed
lines was proposed. Characteristics data were calculated from start-up test results of a small
gas turbine engine. Based on these data and the known characteristics datafrom the original
map , a characteristic curve was generated using moving least square (ML S). The generated
curve covers all the operational range and has a high degree of accuracy. It is very suitable
for performance smulation asit need no interpolation.

JAgrawal ,

. Wayne'®



1742

24

[45]

Kong

’

Ghorbanian M. Gholamrezaei'®”!

ML P(multi layer perceptron

(moving least
square,, MLS) .

ML S

(69% ) :

1 2
Okm 3 18km ,

MLS

0,15,

2km 3. 18km 4

457
4.0+
35T
3.0t
25¢
2.0

1.0

1 s Bl 0 km B SN T AL

Fig. 1 Start-up operation line of altitude test
(H=0km)

1. R ST SO B R R T
20 25 30 35 40 45 50 55 60 65
W

cor

B2 gyZs Rl 3. 18 km AR Bh N THELK
Fig. 2 Start-up operation line of altitude test

(H=3.18km)



1743

8
50 %, 40 %, 30%, 20%
10 % ,
Te
ptz , Tu pta. ,
(81
Neor = N 88 15/ Tu (1) ) (
Tle = p2/ pu (2 ’
Weor = Apu - (o1
e X
210337 e -
Tu® - DL pu P 0 (2 =[x,y] (5)
_ <1 @ X,Y,z , n
N = Tl Tu) -1 zi =(xi,yi) ,
0=i:O=(Xi,yi) (i=1,2, /,n.
10% 50%
1
0 =[0y O O.]" (6)
1
Table 1 Characteristics data calculated-from test data 6(2) =[b(2 k(2 tn(2) ] -
Nwrzlo% Ncor:30% Nu:r=50% )\l(z)
W or Tl Woor T War Tt )\ Z
RSN (7)
1 0. 49 102 201 113 3 34 1 45
2 04 103\ 168\ 115 332 ~151 An(2)
3 039 103 161 121323 158 b(z2) m . h=1,
4 037 104157 123 318 161 b(2) m A (2)
m , .
' , A (2 z
, 6 6 5
36 MLS
2 MLS (O (2 = bT(Z)}\ (%) (8)
n
GAD1=[BAN (D -0 1"W®)[B (D) -0] -min (9)
b' (z) bh(z) hk(z) bn (1)
b (2)| | b(z) k(z) bn (22) (10)

bT(Zn) Q(Zn) Q(Zn) bm(Zn) nxm



1744 24
w(?) = , MLS
W1 (/i- Zl) 0 0
0 0 1y 31
0 0 wn(2- z)d nxn Woor
Noor . 3 y
b(Z) y Zi
) B 7-
W , Wi (Ii- z) 6 !!‘.
. By
1] 5- :
B(z) , ol !
= §3 3 9
w(2) x| -
>0 Vx B(z) H 1
w(z- z) 12 2r
{ =0 if not (12) L H
, G A o I O S O A O
0.1 02 0304 0506 070809 1.0 1.1
_%_ :0 Ncor
A (2
3
BTW(2) B\ (3) =B"W (30 (13) Fig.3~Domain nodes distribution before adaption

A2 =[B"W(2) B] ‘B"W(2)O (14)
(10) (5), p

0w (2) =b' (2[B"W(2) B] "B W(%0 —(15)

?
A(D,

0(2) =b (2)[B"W(2)B] 'B"W(2)T (16)

W(2) , (16)
2 el
we(s<l) = 1 elmz (17)
we(s>1)
a 4,s z i

Il z- 2zl

D

Weor =

arctan W miny arctan Wer
NOZ)I’ Noor

maxX| arctan Wer |, min arctan W
NCDY NEDI’

(18)

1.01 ¥

09F #

08¢+ + ¥ ! o
0.7F X
0.6

L5 0.5F ¥

= oaf i
0.3+ +
02f
0.1}

¥

*
* ¥
¥ * Kk
* ol

*

L

0.1 02 0304 05 06 0708 09 1.0 1.1
N,

cor

4
Fg.4 Domain nodes distribution after adaption



8 : 1745

32

Tc(z) - T (z)
"N Z‘ T[C(Zl (19)
b(z) =[1 x y x* xy y* X’ ¥y xy* y’1" . (2z) z
MLS T (2z) : ,
49763 x10 ",
5 , 6 (
ML S 10% 50%) , 47947 %107
69% 102%
, 5 0683 x 10"’
4.5
& 4.0}
35¢
3.0r
e
Ncm 2.0 r 0.6:
05, N
| 1.5 04 ,""\
B 5 ENEIGS %S W) 4 A P 1.0 0.1 02034\“\ ) )
Fig. 5 Domain nodes dimensional distribution 0 1 2 3 w 4 5 6 7
4.5 _ ’ 7
4.0 Fig.7 T map generated from the fitted surface
3.5
3.0 , ,
w250
2.0
1.5 ML S
1.0
0.5 J '
1070506 o7, 03 5 03 06 09 12 1S 60 %
Wcor ‘Vwr , ( 7 ) ,
.4

6 FEACHLI R b A 1 A 25 ] 48065 i i

Fig. 6 Fitted surface of compressor pressure ratio

0. 004 27.



1746

24

Fig.8 HEficiency map generated from thefitted surface
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