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for Gas-Dynamic Resonance Tube Heating Process
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Abstract: The experimental measurements of gaseous pressure and temperature histories at
the end of the resonance cavities of three types of resonance tubes,i. e. , cylindrical, cone and
cone-cylinder shaped tubes wete carried out by employing high frequency heat —resistant pressure
transducers and thermocouples. The experimental results confirm that the intense oscillating
shock wave accumulating dissipation is surely the major heating mechanism of the resonance
tube. The gas in the tube is irreversibly compressed to a high time-averaged temperature over the
stagnation temperature of the jet. The results also show that resonance tube heating effects are
related to the pressure oscillations in the tubes,whereas the pressure oscillations are related to the
pressure of the driving gas,and further,different types of resonance tubes have significantly dif-
ferent heating properties. The results are useful for actual designing of resonance tube igniters of

liquid rocket engines and can be used as typical data for verifying correctness of numerical simula-

tion.

Key words: aerospace propulsion system; resonators; shock wave heating;

liquid rocket engine

W B#: 2002—06—17; 1T B 2002—09—25
ESTH. B gAB ¥R S WM A (59906001)
EB®T: EHA6T—), B . NELFRAEFA XFEMESMRRKEFRERALE.



416 i =

3 ¥ #®

% 18 %

1 8 &'

S Shil BB B R B R B LA K, B P Sh R
ZHITT T ZRERANBRE . ANFRIhER
Bx—FRNERREEENENTELBRR
SEEA TR A TREXF RN AKR
GRS EH IR SR, REiBRE SRR,
BERRIERE IEI. W b B RS R
B AR A TR T B BAE h B A
B R B W S AR B B i B AR RE L TR TR
PABUE 3 B0 A A2 1R XEEE T 3045 S iR Y
T A 0 R 0 BB R AR A AT 2 B
B 5T, 1R et S A 8 (L 3 3 0 IE 8 4k SR B
B .

2 3O AL TE | (B 4 TR 8 AT = R T
AWEREHRT TXE, WE T IFRERSER
PRI AT R R, 50 B iR A SNER A ML,
B BB S R IE IR B0 N AR R L O T B I TR
AL, BT B AR T R R R s TR A
I i 72

2 LRES

2.1 BEIREXBRER
SHERELREBEHIR T BE. K3
WREHR, A 1 i, B YREEBEEE, AD
HA2N 010 mm, i A RN d=5 mm, KF¥ A
R 45°, BEECh 1 mm, B IBRE GERE A B
REAODER D=>5mm,KE L=50 mm;i§EE
BigiRlEAOH®E D=5 mm, K& L=100 mm,
RELERE . BREADER D=7 mm, K&
L=30 mm,KfLE®R D,=2 mm. #HEEERE:
WIRBEAOHEZ D=7mm, ¥ L=50 mm,/EfL
HE Di=2mm, HBEKE L,=20 mm, LR T
ATEERE S ERE.
2.2 HERERSG

BREXERGFTEAES GRS ABME. R
ERFBPEREKMGAR. b TilRENENR
GRRERE BRRERSEBRERE, K&K
#XARBEESEREENEEXER HBE RN
CYG1145,¥8® H 0. 25% , il i 55 % & 100 kHz,
AEERAELERAS —REARE, AR E
2 H 42 ©0. 2 mm, WE i 33 FF P, 7T LA & 1000°C
ZHERE ERE, ENEXFSREERET
WRERR, BN IRRERS KRS E A

MEE. RERREBRERFERREST Y
% 35 kHz,

_———/—__| L
s(al -
A=

=3
(a) P M — R T RE 454
G

— L
— —_— _
il L g

b
| |

(b) B —R I R E S

—nhtr_ %

__/'_;'" Q:h L

(o) R — MR I IR B 451

Bl [PERELREEFIER
Fig. 1 ~Configuration of gas-dynamic resonance

tube heating devices
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Fig. 2 Temperature risings at the end of the

cylindrical resonance cavity A
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Fig. 3 Pressure oscillations at the end of the

cylindrical resonance cavity A
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Fig. 4 —Temperature risings at the end of the

cylindrical resonance cavity B

—=—p/p=35
—&— p/p=155
—y—p/p=175

t/s

B5 RAEREREBRREDHE
Fig.5 Pressure oscillations at the end of the

cylindrical resonance cavity B
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Fig. 7—Temperature risings at the end of the

conical resonance cavity
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Fig. 8 Temperature risings at the end of the

cone-cylinder shaped resonance cavity

MBE AT LLE Y, AT i 3R iR R T &
HERBRERZ, ENYHBE T RERE
wRE, HEAEEGR TRSEIERE, #HEHE
#RE 0.5 s WA BFHEIRE, BB ERE 1 s i
BB IR B L O /D T8 R S B ok B0 A5 IR
B9 10 s ZH KB EN, X7 RER B Tl kg
A ORI, O M FE A 1) 32 B 2 3, I8 7 il 1



% 3 M

LR EERE MBI B IES W & 5 50 i 419

AR L UR 5 Y 38 R O i P R AR
T, B4R ERAIEX R A
B X — AT LU A IR R R AR IR
W (A% BUESE L i T 3 IR ) fR AR M BR 1 B A

X F BT AR KT & 3 HLIK R B I Bk
> — MR E B0 HE b R S8 BLHE O R AT R AR Y
ALK IER B ) A . X B SE R A R R R A
RETE 8 O B FUH I R B 9 IO B R R 1
HEF SR T RT AR K 46 S8 R K R SR B ]
a1 B AT E A #9503 w0 B R sl ik
B KRR AT R R X — 2R

4 # #®

Xt =R K (R | I/ AT 1
B TR M hn A B, T B AR T AR I Y
R T A (R T 9 PR B PR T R G .
1809 A1 R % i 2% 5 BLE 2 W R AR Y £ 89 5K
TR Y E B LR B IR S RBUM WL
i VTR U O IR O L 2 S0 Hh B IE B
WA E A A MGR ., LRERERBRER
PRI 55 s R S PR 4% 5 I O AR R A R
T 71 R 5 110 W L K 70 990 5 e 8 AR R AU A
W

5 0 B i R B A BEVR R AR EL L AR USRI K

5 £ SR O M 1 b ST W o 9 R R T R AT f AR
£ P TR B R B LK RE R B R X
AR, LR G RX U SE R B I IR B A KA
EHER.

WS, S 56 5 Rk BT AR KA 46 U B LAY
R,

2 % SCHk

[1] Rocketdyne Engineering. Advanced Ignition Systems Final
Report[R]. NASA N71—35152,1971.

[2] Kessaev J V. Ignition of non-hypergolic Propellants{R]. Pro-
ceedings of the 3rd International Symposium on Space
Propulsion , Beijing : China, 1997.

[3] BREH.DH,KEAMAF AFHEREAKERTR. il
HAR[1],2001,22(4) ;286 289.

(4] RES.OK.BER. % SXHBRE MBI L LR,
#H AT, 2002,23(1):52—56.

(5] REH.KER, 5 EA S THERE A EBENR
(3. SR ML E R 2241999, 25(6) ;692 695.

[6] Grau J CsKoenig W H. Temperature and Pressure Fluctua-
tions-in—a Resonance Tube[R7]. ATAA PAPER No. 80 —
0863,1980.

[7] Thompson P A. Jet-Driven Resonance Tubel[]]. AIAA Jour-
nal,1964,2(7) y1230—1233.

[8] McAlevy IR F,Pavlak A. Tapered Resonance Tubes:Some
Experiments[J]. AIAA Journal, 1970, 8(3):571—572.



