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Anti-surge model and control strategy of fan in wind tunnel

ZHANG Wen', ZHOU Enmin'*, CHENG Song', LIU Kai'

(1. High Speed Aerodynamics Institute, China Aerodynamics Research and
Development Center, Mianyang Sichuan 621000, China;
2. College of Aerospace Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Based on the application of multi-stage axial fan in continuous high speed wind tun-
nel, the flow rate condition of surge and flow rate characteristic of changeful wind tunnel test state
was analyzed, and an anti-surge model based on inlet flow rate and pressure ratio was established.
The fan flow similarity condition and a flow rate calculating method were given, the generalized
characteristics and work curves of wind tunnel fan were determined, and the anti-surge cluster
curves were set based on rotating speed range and work characteristic of fan. Based on PLC (pro-
grammable logic controller) and WinCC automation system, a multi-level redundant anti-surge con-
trol strategy was proposed and validated in wind tunnel test. The results show that the anti-surge
model has satisfactory effect to reflect the operation situation and safety margin of fan caused by
changeful wind tunnel test condition exactly; standard deviation of flow rate and pressure ratio ac-
quired is 0. 002 and 0. 001, anti-surge control repeatability accuracy is 0. 003, realizing real-time dis-

crimination and automatic control of surge come true, and effectively preventing the surge.

Key words: continuous wind tunnel; axial-fan; surge condition; anti-surge model;

anti-surge control
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Fig. 2 Anti-surge system configuration diagram of fan

2.1 RHLFESHE LR
WU RUBIL A 28 SR T S iF A T 18 2K
B 7 DX LR 1 S B e 3 8 43 45 A i ] —
A B SRR Ma'. 25 RHLA H R S A M,
FIIEJE ok A Ma,, 43 510 AR 45 00 Ma AR 7] R 38
ANBGREE T #HET) p Wi 224k HoHs be o A3
p FEPECRFE AN S, W OR AT AR G VT /p A
P& ek n /TR A Ma., fl Ma, . LIt 2 0k

F 7 WALTERE » WE AT A5 AN 52 A 1T 2% 14 FR i 1 3
PRSP fHT 2 0 B X LA A R4S P Y ) RS Bk
RS X RUBILR A 2 2 47 T4
2.2 BESHIHE
i DRI [ 3% L JE e 1 22 A LA 11 3
ARTAT L 18 AL AL Bl R A 29 50 A AR RE S e R XL
BUA TR 0 LB AL S BOR] — iR RS T
F18 9L 29 S AR K X L v Al 0 XL A T
P A R R [ 42 00 4 3 o 3 3o IR i B AL
Go i BJs W 55 B VL i G4 S A9 3. LE o S KUBIL A
HAH S A FR B R Z E.
Gi= mA, L q(Ma) (3)

0

A
o SB[ (147
= JS[(2) 1]
G — A Zg‘TAf (1)

K po KA R Br s 17 J1 . A ik 5 B ik
LT, M Be i, po WX EFE; A N
75 Wity 55 I 65 T 1T R p M i W 5 B R R L Ap A
SR R AR B T, R 55 I Bl

H1 3% 22 7 FE . MALA Hf & G B35 05 3
B 557 i SC I GT =0, G =Gy 5 s Wi 55 4T
i, G=G, +G .

R SCHR L1128 Hh i 1 gl 3k iy 3 i Bt
T XL o0 I o 32 0 5 T 3 D3R
MUTE A5 B 1755 0 1 1R EL 5 R0CR R0 L S0 S iy
P R LT AL o R R B T SR A B 1T U o
i rp UL A 11 I B RS g o S B e il 5 A
i AR AT e AT A
2.3 4t ik
2.3.1 MK ZE R 5 04

KHLEE 3 N =800~ 3600 r/min, 66°# M
T B i i R SR S 1 RN 3 R,

[Fi) — 5 A YL TE Y A fe DRI [ i L2 4
JRHLA F 38 k0N o B8 38 T e 24 O o B A
B 2 A 8 X, 2 3 X P R B AS B8R 9 o T
Ak BE & WAL 3 T, A I iR L 2 3
R 5 I M g il B L X g R s 31 A RO RS



%6

gk SCRE DR XUBIL B i i A5 78 R R o] 5 g 1437

F1 96kPa EATHIMmIRAMIRE R
Table 1 Surge point test results at pressure of 96 kPa
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3300 57. 20 1. 586 58.56 299. 2
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Fig. 3 Characteristics curves of test result
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Fig.4 Work curves of fan in wind tunnel
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Fig. 6 Principle sketch of anti-surge model
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Table 3 Anti-surge control test results
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Fig. 9 Curves of anti-surge control effect
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