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Abstract; Partial surge was kind of axisymmetric, low-frequency, hub region initiated
disturbance by experimental investigations in a transonic compressor. In term of physical
mechanisms, partial surge was much similar to an oscillation in a Helmholtz system. By
Duct-Compressor-Plenum model, the Helmholtz frequency of the system was estimated,
which was very close to the frequency of partial surge. To further verify this link between
the frequency of partial surge and the Helmholtz frequency, experimental investigations were
carried out with variation of specific parameters of the Helmholtz system. The results pres-
ent that the frequency of partial surge varies with the Helmholtz frequency of the system.
And the values of both frequency are very close. Therefore, the frequency of partial surge is

determined by the Helmholtz frequency of the system.
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Table 1 Design parameters of transonic compressor
it S Bt
BT/ (r/min) 22000
Faspinia 1.6
BOFRCR 0. 84
Bt/ (kg/s) 13.5
e A % 17
9 7R/ Ja e 29/29
MY L/ (m/s) 451

AL I SRR TR R R R 1 TR R
ALK Z Ah R S BN R TR R RS 5 B
R L A AN 2 BT R B 5 B 1
HE T 1) WA Ay GBS L 18] e R w, JL R 2
(a) S £ AN Vi ML A 1 43 A L LR, 0
T8 Ay A 1 A T R 1 SRR S AU R R
& S HLHE T 42 0] B R 43 A0 5 1 2% e i ] 1) 2
A A S AS BE T )AL A Cn &l 2(b)) , H
T W -2 BE TR R 5 2 AR U R 1 A A B 3
7 s B R R AL TR AN 2 (o)) o T W T
O AR R S Bk S5 5 s 3w AE 5 %0 s B AL

(a) M 35345 5]
(b) 1 (c) 2 (d) T3 (e) T4

&l 2 SEm &l A B R
Fig. 2 Schematic of test facility setup

BCE 2 3L BRI GE CnE 2(dD) 1T
T E 5 Yot A B R T 4 A ICE 2 32
T S BHEAL CAn &l 2Ce)) s FI T i L 1 42
i) S5 TR 70 A1 3K o S 36 0 A B T 5% B RE A 4k
[ (BRI HIC 2l 14 1 % o BE A B JRD o) e e % T AT Y
S Je. BRI SE I 45 A5 1 Bl 25 T R A 1Y
S5 % — BN L ULV S % 25 8 AT A5 BE 1 30k 78
SO S B e A L A2 B A AR R
i A 4
1.2 50 iR L & K H 45 3 4 AiE

Jey ¥ Wi 4R s o s ML AR e Ik L AT AR A
i) A0S R L AR MR L L L BT R 0 R (A A
AT DX ) S AR R — o Al ) A% R B e . h iR
1 AL AR R A 181 3 BT (L o L A A o T
HAER B e pt B p e KR T
He o U i1 MR VI ZGH ), P o 565K
O v} H ML IR AR 14 i 240 K W 1L 19 T 7 453 A
Jey vl M R BE 42 W] LA Y ) A i 7R TR LR AR

3100 2900
Rotor revolution/r
(a)

-3300 =2700

=2700 -2500 -2300 2100 -1900 -1700
Rotor revolution/r

(b)
0.27F
L3 021
i =015 '
0.09F
=1700 <1500 =1300 =1100 =900 =700
Rotor revolution/r
(©)
0.27
L3 021
i 2015
0.09
=700 =600 =500 -400 =300 =200 =100 O
Rotor revolution/r
(d)
B 3 IR s S 0 R R R
Fig. 3 Instability evolution of partial surge



5114

i 3000 56k 3. & A6 ik, I fie
MR AE—3 250 v B3, Jmy 4 i Bk A 4B, K
T —A Ja i R A 2l T 2% T IR B AR I A
HAETE—2450 ¢ BEIE 5 BE S JR 78 Wi i a2E — 25 i sk A
— 1100 BfFaf , Jmy &6 i 4% A e i 2k 4 AR, Z
JE B R T s vt — B &L, N —T700rIF
U6 s Jey F W B % 2 10 B PR R TR IR IR
JFERIG S T 5 R e e J A1, TR <AL
K.

XoF R il R 1 B AR 5 AT DR ) L A
(FET SR 4 o, B AT LA 5 ¥ i
PRI ANy 12. 65 Hz, HE— 25 43 BT B A~ K i Ji) 49
r Jeg S i 41 B 42 (8 2R AR Ak BT 5 D O TRl AN R E
KB B Jay #6 Wi A &I A X6F L, wT DL A BEAS [
B Bt 114 Jy 38 i 41 JE) B AR 29 26 A - 2 JRL 1
RSN TAEFE 19360 r/min W56 T, AR ¥
THE AN A B B Jmy 5 Wi 4% (0 45 R #2912, 65
Hz, 3 5t 4 B Jm 356 i 3 19 00 R 76 B 1 3 AR FR
SE R BT R PR R AR . AR 2R Bk S D ) S
H IR IR T R Wi i 2 AR AR Y A 2 TR
W LG, Rl miR LW E ke fE 55
i B+ 43 28 AL, T & A B 3 P BT AH R T W iR
WA 0 bSO IR AR 24 Ay Wi 4R 19 5 JE Bk
JE R G Helmholtz Ml 8 41k ¥ 5 A & 43 2% # 48
Hh R A PR A TR R R 48 Helmbholtz M %2,
il 98 RSP TP Y 2R 40 00 3 o) R, e e A AR R 1
BF 5 TAE 6L 45 Fink, Dehaner, Day A [116] A e
O FE AL AR ML b B X6 Wi 31k B0 42 1 5 %
FEPEFF R0 F 5T, A ATTIA 0 52 Wi R mild surge
(A 8 il A R G MR T X P R 48 R R R
Helmholtz 4R I B85 3. T84 o X5 T Jg 3 Wi 47 1)
PRM T, 5 &4 Helmholtz #il R X &SAE 1A 4
FE 1 Py SR 2R W 7

RY5 T Is

2000
1600 -/ 12.65 Hz
1200 -

800 1

Amplitude

400
" ok . ;
0 100 200 300 400 500
Frequency/Hz

B4 FRulia ik iy FET A45
Fig. 4 FFT analysis of partial surge disturbance

W R T4« Jm o W B A0 i B Ak 58 T vk 2669
027 ‘ 26T N
e 021 M
oS 0I5t
0.09 +
-3245 -3235 -3225 -3215
Rotor revolution/r
(a)
027F " 26r .
e 021 M NN
a|*0I5F
0.09 +
-2485 -2475 -2465 -2455
Rotor revolution/r
(b)
027 F 26T
< 0.21 j\/\u M\M\,
:'}_ 2015 F
0.09 +
-970 =965 -960 —955 -950 —945 —940 —935
Rotor revolution/r
(c)
027 F 261 N
Ele 021
T 015
0.09 F

=305 =300 —295 -290 —285 -280 -275 -270 =265
Rotor revolution/r

(d)
[l 5 A& B 2 Jay 3 Wi I 5028 (4 X L
Fig. 5 Comparison of period of partial surge at

different revolution

2 Helmholtz E£iRFEFEE K EE %

Helmholtz 4 i iy #F 1145 18 1y 11457 18 Fl
— AN R ) 25 e 2 B, 2 O A I O 11 A 3
PR i A v A G E W e B D AR o 5 2 R I s
WK TR T WY R 8k 23 ] b letL 4% 76 -
Teids s R A 3, 28 S I sl 5 R 8
AR T E H AT A3l B A A7 ¢ 2 B, B8 2 T
SR Wl A LIRS [ B I B A AR A 2 A
il o 72 R N L A B SR Bl L DA T3 R AR
PRI 23 U 22 A [ 1 Jok e S5 0

T A %oy 740 Wi 4 i 7 S 30 T =R B 1Y) B A5 45
2K Helmholtz Ju4R i i T4F 3, AR P
BFE LA AT 5 PR B 5 e ML 0 s 41 28 01
HEEHENRFGAH YT Helmholtz FLIR IE, oy #%
IR DX B ST S A A R Y A
A8 1) 1R 23 T AT BB AL 2 0 46 R 3 X b 0 3l Bt
P R« B T 7 A ) g A

Greizter 557 20 T W 5% R 45 & 48 1 K Fa B



2670 i

E¥

]

VAR 5 30 %

K, oRH T Helmholtz 2R I& 19 # 18 , 7E — 4 . A
AT BT AL R 4628 Duct-Compres-
sor-Plenum £ 4¢. ¥ 6 HiZ R G MR ZEIE. K
He EAHLE D1 i 0 A4 E 16 Helmholtz 4
Ji A E HE 1T R R ASHIL S Wi BT A AR BT AR Dk %
Ji I FEAS I 0 i B8 T 1], Greizter &% i
PRz b 7 MR e i AR b, T 9 R A
Duct-Compressor-Plenum % 4t H 1 04 i 12 (my)
ANTHET i G s ST AU AR B A7 AR 25 s v 48
5 AR R T v R T R B R R
SN A R AHL A HE O B R AR
22 1) O A BT S 45 T PRI T 08/ R
K. 2E NS TEBERRRIEN SR FERE
HEAT FERRURIRE A o AR 02 10T e 4 0 BE 42 T
Jed S Wi I B4 5 s 4R 2 AL, AN ) 7R T R S g A
RO AT R AL AR XL

AL I
C i N——
— i, —mn,
; B

%l 6
Fig. 6

Duct-Compressor-Plenum £ 4t 7 2 &

Schematic of Duct-Compressor-Plenum system

BT RIRBIS AT A SOR BRI AL
L & 54T Helmholtz F:4R 12 i 1k, 32586 4 SF 1
fiJm I E 1 prR. Ok B R 1 B 1k, i S
- T A1 =y AT A B A K Y 2B
8 JLAR DG 2% AT R0, S 36 £ e s 4R AT AR I KT
SHLEE OB AR (29 FASHLEE O TR 20 £5)
S RS A R0 B0 Bl ) B BE AL 5 om/s. TR
SMUIERS A h i RS 282 KA B < 2R A
L, R AU T Ak E 0 R s T A
MY EuF RREAR 5 AL O R e O &5
BT Y ELRH RS, BB, 7F Helmholtz 3e4 B faj 1L 7T
2 LR T Y B A YR BRI A 5 ©
HE T SRR Y T Ak R AP B3 I R =2 (R
FiAT A TE AR O IR AL FAE IE s TR L2 e
JIT AT 4 T8 A PR FRERAE Ry 25 I A AR .

A4 Z J5 1 S 36 63 S5 A8 a1 7 FroR B R
GRS HNE 2 iR, MR HE Helmholtz 3545 JiE 1
BRI, AT DL R S S R R, A5 AR Ay ] B A B - T
Py G0, A IE A 2 T R, A 2 T B
i, 22 BOE TE 10 % HOM Y TR BR IR ) e A%

4, & 48 Helmholtz [ 551 % 11 55 5 AH 24 T 53 55
YRGS AR THE ST 53] R4 Helm-
holtz #5 3R f TH3E A 2

oy = i VAV, 1D

K a RRGEWF-H A, A 2 #m AR, Lo
WKV, B ERBL 785 #2 v, o 1R B
280 KMt R EE 249 R 320 K, BOBCTE 243 BE Ry
300K, fIf A7 8 a i 347.19m/s, &35

_ 347, 19J 1
o 27 32. 341 X 0. 537
(2)

H g Al R, 587 5845 2 59 Helmholtz 1
5 S0 A5 ) SR 790 M IR 45T (12, 65 Hz) AR 4
AT 2 B R i IR 19 99 R 5 R 48 Helmholtz R
] REAFAE ) FEOCHK.

(@YD)

= 13. 26 Hz

O P H A I
S l S VI
! i RERi il
S o
5L
K’ 7 fifk)5 i) Duct-Compressor-Plenum & 4

Fig. 7 Schematic of simplified Duct-Compressor-

Plenum system

x2 BREESHNEITHEHNSH

Table 2 Design parameters of transonic compressor parts
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