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Design and Verification of a Burner-based Hot Wind Tunnel Control System

WU Song-wei, ZHANG Tian-hong, LI Ling-wei, LI Jia-ao

(College of Energy and Power Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

ABSTRACT: This paper is to research a burner-based hot wind tunnel control system, focusing on its airflow and temperature
control. For transient air source, the continuous drop in pressure tends to lead to flow instability, and there is a coupling rela-
tionship of flow to temperature control, so a decoupling-based dual-loop PID control strategy is proposed. Aiming at the prob-
lem of poor dynamic characteristics of the large-flow air circuit control valve, a dual-circuit coordinated control strategy with an
auxiliary air circuit is proposed. Through the joint simulation of AMESim and MATLAB, the model of the hot wind tunnel test
system was established and the dynamic characteristics of the hot wind tunnel control system were analyzed. A controller was
built based on the cRIO platform, and practical control experiments were carried out on the hot wind tunnel. The test results
show that the steady-state error of airflow is not greater than 2%, the temperature fluctuation is not greater than 1%, and the sta-

bilization time is > 25 s, which meet the design and use requirements of the hot wind tunnel. Factors such as airflow and fuel
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flow etc. have a large impact on the outlet temperature. The integrated control strategy of airflow and temperature can achieve

airflow control and temperature control under different air flows and maintain a stable state for a long period of time.

KEY WORDS: hot wind tunnel; burner; control system; decoupling; dual-loop PID control; coordinated control
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Fig.1 Hot wind tunnel test equipment
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Fig.2 Frame diagram of hot wind tunnel system structure

JE R 87 B AR R e (E, HA BT A
BFRE 2, teAh, ) 32 R A7 A
J& -« B H RN E T 2% A ), R DX RIAE R 148 4
TFEERUINGS, ToW] W IT Rk, W TR s . T
RUKEE, iR Sma st/ A I E T E, T
PRI B AR A R R, D02t AR it
Z TR, DABEUCIE IR 5B . TEA s i
A FEAEVET R SERE L, B — NSRS nTsE B
PRSACE S (0 3 B AR I, R R L s K S
S BT

i 2 S TAEBRE AT, BRBEAR 10 RE & 11 7 72
N

WeH s =W, T~ W,c,T, (1)

Kb W BT Hy ARRIRAE ;e R
PR W, RIRBEAR T AR, WemWt W ¢,
R R LEINAS s T R BRBEas t THREE s W AR Ak
Has St T BRpEds it R B

PRI, ARt R TR LLRIR R

o W Ve, o

Wy,
T=7(f,R) )

Xb. £ MR, =Wy W, et O R
PO H 1R BE 9 52 ) 32 BRI AE SR ROR s b

FEF IR, AT SE B XGRS R DL SR
SR WA AR, S H A — 7 T E RS B R
SRR R AR A B B Y IR R R T A S R, 4
Frihbeas it D RFEE A s 3 —Jr i, @45 A2
T2 0 25 o e Y A FE LA T, HOAR BT A Y TR
TR foo

1.2 #EHRGEMHR

B RG EEH T cRIO BHRIREHI 2% . i
EPATHN SAGIERER G, K53 itmE 3 i
71N o cRIO 5 il A 45 S i) 2% RT BEHURN AT 81 i
i) FPGA #ibe, F{i#l5 RT #ideiid TCP/IP Hpil
AT SZAEE IR, RT 78 cRIO W5 FPGA i

PCI R iEH:, YU FPGA HIESHA 1/0
BEHAHE, ARG SCBUERD . il MR A S TEE . R
[F] By 1/0 A5 B 57 PHA T HLAS B A% et 190 4 o ol ) A2
% o PATHU LRIV RS TF G . =S
7 R AN B AR T IR, LRk 2R G G T O fL R R
FNMZE LSS o 1L AR G IR L e | AL s
TGRS, TTBORE L R AL 5 R 5
SO, AR AR A s O o s R,
A R WA

! cRIO-9039 !

TCP/IP PCI 5%k :
L TITITIIIITTTIRIIT L.
! CRIIVOBH |
1 [NI 9203+NI 9222 NI 9266 NI 9401 |
|| BHERABSY | | B | | BFEAAIEY ||

|__________________Q_:_:_:_:_
R . I| thkat

e [ |
EHiﬁ%ﬁ%m||mﬁ@m¢i|mﬁﬁaﬁugﬁﬁaﬁui
(R [ ] | )

NECEITGESLR

B3 AR i R G b
Fig.3 Frame diagram of hot wind tunnel control
system structure
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