DCSTAN -

CSTAM 2008-0035
R T 2 sh# 7RG 1R #4 F3 455 1 3K B mY /)N B
M3 5 3 T XL

HEW, BXE, TFH, AR
B E R BT T FE I TR R
BB A I e AR A 0

F—REEBREREFEASTIN
2008 &£ 12 A 28-30 H =i/ *» WL

Copyright © 2007 WA HE S22
Huhib: JERtHTAEPUSR e 155 HBEGRID:100190  Address: No.15 Beisihuanxi Road, Beijing 100190



F—lEEmBEERFEARSIN
2008 &£ 12 A =@l

CSTAM-2008-0035

R T A& sh L 2R PR #3 A T SR B RY
N ZE BRI
B, BXE, TEE, RAK

CREREERE D) F T4 B T S kbe oL, JbRlTdLPUIRTGE S 15 %5, 100190)
Crp R Bt i A Ry, B TR ERPEER 15 %5, 100190)

FEE X 150kW /N B I HLRAS B 4A KREEAT T IR, 7 400Pa — S0kPa Y& [ Y 343 1444 43 v 14
(R S5 B ARG . BT T 45 B R AR A AR AR PE R S, 3RAG T ARG = T 2500K (1476 7 3
S e RIS ATIN TR T KT 30 20h o S il R iy 0 i 2 A it S Tl AN A S AT
TR U, X LE T Bl S AR AR 3 LA S R AR AL

XA

51

il

e B P T AT T Ak 2 AT R
BOASE, i R RORE R LT R AR R AMY
LIty W NP U IR IV P )
G LU 7 5 N R =4 ) T SO S G R N
WP AR PRI PR BT A
BHEZE U 2 AF R IObenl. Préafetr
Xl R AT AR IE A K A B AL BAT
R o KA WU R I H 5 AT
MBS T B AR KA Rz
ATAS L, IFANE EL T KR TT AR PEAT K
L0 T T2 A ERAN R Vi R S AT T S T
SE IRAT i BEUL (1 55 B T AR, 3 E T
FURERLBE T AL 0 AR B[ 1] /NS A 2 11K
WG AN eS8 iUl ol R AT 8% ML R BBl
PERPEIRF LIRS . BEAT AR B S Fg s N,
AEORE A2 /NP AR SR 1 (14 =5 0 kA
PRBE,  JT ARG RS PERIE B AT SR (R
B EEAEAT T ST ARG, AR
Uf s RTA RO P EAT HE A R T R R
R, A RPRHIK ORI E $2 fikdle , e T
TF AR} i BE AL HLERAIE 9 L o A 4
PRAAG, AT ARG AT 55 75 5K A I ] AR UL A
5, TR A, JFEar 58 %
B BOHT K KR B (12 %

HE TN Y A B ARG bR A B
b AW L T T e TN AR A

ANVEE BT ARG, SRR, RIS

P T B AR R PE BE AL 56 AL ERF 9 . A
FEl 0 PN ks oA A B KPR 20 50kW R HLSIT
5 1A KU AE - 3RAS TR
6MJ/kg — 11MI/kg M55 &R, HT0E506
B BE U R PR (2] H AT LSBT S0
U (JAXA) Oy DUSHR A SEILR St AR
PERERIIN, LT TR T B T10kW ) i ARk
I IS B AR X, SO A GAET R AT A
WG RLEAT mR A A . el SR AE R RE
WEFT[3]. FEAIN SR T TRAR D) #0150 Be (Von
Karman Institute for Fluid Dynamics) 7ECFH
L2MW A5 3 7R KU SR L, g T DR
15kW FRPEEN I N R 85 8 1 AR XU, T AEAT
BRI A BEAT AR i AL F PR 5T
(4]

o s 2 B ) 2 T 9 BT A T A AR A
IERCT 150kW /N HLTEE RS AR, T
e T RAT A A BB AR A B L RE VR
Mo A SORE T 2 4112 /N Y 55 B 1R KT )
AR R IR LR AR G AR 5T R TRy
PEREAT R LA

1 R RBEMLETE

AR 150kW /N B 308 FE IR 251 XUl
ARG T E S BTN w5 B
I B SR R DL R A R G HLIR
R, WHIRS. SRS SHCEL R
T RGELI . B 1 AIZRGORL B Bl



ERURE . BRI R AN E Tl
W BT, 7 AR A 1 T ARG R 2R i PL R
JIN3EE W o SR FH R T B MR (1 I B 45 4
Bevk, DUEARGE AR S H e, e o e m i
TR A AT AN B A 10 58 2 7 RSO . ey
P EARN 10-20mm. Fl B A A T2 E80CE
P ZYERE R G, AT SEPLKVFE i JEFFAT
=Y RIS BR A LA AN B €5 20 SN X
473 90 Mok D00 DA il T R JRE AN A T 8, R
s ) A AR N s g W s EIE IR )
o (ESHRTRCE EAR N 1mm KIAHEHAT, B
T SO B AR A, A AR O S A
WIRE AT 2 BN it il A5 v L SR IR

-

\3

N

| pyrometer

delecion To cushion chamber
& vacuum system

2 SEETARRGR RS A

B 2 R RGN . HERGEHHE
600L % K AE+150 THE WRAEAT0 THE v 52 K e )
FRHNAN . URE TEEERE NN, R
HA N 10" Pa. [N, X RGMARIEAT Tk
s, R —EEATEEER (2atm) R IEW
TAE . Z ARG Z BEAGIA EIIK 53 3R R
ANFE B AFEATA A, A HKIR R th £ AR B4R

SR, HZETRR RS . AT
BT SES 46 BT NThR 10-50kW; IR
Wit 100-350A; AU R 15-200slm; KR L 7KIE
ATISA] 10-30 434 FF B kiNf 3] 10-60s.

2 HR5IE

2.1 FBEFHRGRIRE

FEJ H A 0.4-50kPa s [l 4 3k A T AR 145
BRI . AN TR i R SR o 45 1E R S
TR RT3 rhe JEOR v 38 mT LS5 0 (4 2 6
W, ULEHAE R A R IRA T P S A
St

K 3 AN o0 T R R AR KGR R B . (a)1kPa,
4li%;(b)10kPa, 4li%; (c)30kPa, HHA

WA 2 R S TE S — e, g
EY IR, Pk 3.2 Bng] 5.9 i, £
1kPa, A% FHRESINE 4 (a) AN
Kl 4 (b) o fEAHFSES TS5, Tk
—ER, N OB SRAR N K R .

BB, KA. B E N Tk 4 1kPa, AR, WER G IR B AR S

. (a) WEEY KLY 3.2;

(b) WEEY RN 5.9,



SR T R AR R AR R )
FAR, TR s s BT SRR . B 5
AN TR A 9IS B A PR AR 2 e 1k
. MWERATLLE T, BEE TR ER N, ZEAH
LA AT T, A . AEAT AR
N, AR 2 LU T 22, B R K
JAB AN K

o9
150 o
o]
o 5 *
"
S e %
% 1004 e
=)
8
3 = 20sim O 40slm
> - A 60 slm v 80slm
50+ 4 100sim 3 120sim
< 130sim @ 140 slm
® 160 sim * 180 slm
@ 200slm
0 T T T T
150 200 250 300

Current (A)

Bl 5 10kPa, ZHUMF R, 458 Tk A SR 2o b
SRR iR Y Ay

s i SRS AL T A . RSk
ok 3.2 HIWEAE, 7F 1kPa NN T 2R 46 5 1
A SR LM 2 b IR TR Sy A . DA PR WA
40-90mm B, S AR ATPI0 B 16 S A HE 1= £

N 47.2-58.5 °, XN EHRECH 1.17-1.36, 5k
EHURGE = PSR SR ST (K 6)
2.0
1.5
g ° o © o o lo)
E 1.0
S
= 0.54
0.0 T T T T T T
40 50 60 70 80 90

Distance to nozzle exit (mm)

6 1kPa, ZH5AH B 7RI A 2 L ARk

TH R A B R R AR S nT LA (i g
G TN - 48 (< N N P b - i
ENI B . 10kPa N, WK 100slm
RAEE TR, S A BT 150A 37N
FJ 200A I, PEWTE H 0 80mm AR 1) 5
JEE M 1600°CHEIN ] 3300°C s FRBEE HY 11,
SPIELE A K 30kPa, i A Th# 40kW, %

AL 200stm B, A5 Pl 1) 2L A S 4 A
42K/mm. FEEMEE 1 80mm AL IS S R
J55 I I Hs 398 K T W AT 93
2.2 PHREE R IR SR I8

RN A 52 IR F BUR R R 3 2 =
K, —REAMERHGR, EHRREEE.
WREAT G ZRRIMASZ I )R8 ) )7,
5SWET BE. WA MmN
AR, sl IR, S5 m5
WL TR AT %, BN R AL R
TEELGE AL BRI T, 0 Z0AE A L2 1] SR T 2
MR L, i, WM R RS R T
AN, BIU) S R O, DU R B R
B Ie 16 7 O A BRI, R S5 LR
ANFERGR: R B U R, ) R T
A E MG AN ETY) )5 RS B N TR
B, IR SRR, i AR AR
—EIL R E IR

1500
Alloy2 t a
__Alloy2 top (@)
031000_ /Alloyltop
@
=
© F. .
] Ll ! \
500 -
5 Alloy rear ~ Alloyl rea
= /
/
i _—
0 T T
0 20 40 60
Time (s)

|50 mm
Kl 7 i A B IR E AU B T (@)
P b T A TR BERE I TR A4 2 (b) - (d) 430
SR Alloy1, Alloy2 A1 Stainless ¥F i et 1 26 T FE A
RSO iR G R 4 YSZ Rk
VR il G A A AN A 20%vol 4
SRV N HEAT TR AR SIS o R A TR R
WKV BIRIER A KIS RN, WE YSZ
R R J2 T I8 2 S el B < (R T R ik e
EFFEFHR SR, A YSZ IZFEM R A



B Reh, WRIZ SR G R, 10s Bella R
WS B ERZ VA -

B 7 AANFE 00 R s o 4 5 3l ANE AN
FF ity 1R 75 10 B 3 il S RIS ) PR A8 A R R A
20kW, 100slm 355 RMEAAF T, & S FE 5
(Alloy1) 40s A MG 2B WA, A I (i) 14
T, A i 2 TR TR 250N . AE 30kW,
100sIm ¢ 38 (1) >k i 45 4 8, A 55 AN FE
(Stainless) 5 FPRIBE e, T il & 4 4F i
(Alloy2) 10s MEERFRI 7M. AT 2 k-
FH, NENTHEES ., hFRe A, 52
560 J5 TR 1 T A S R AN R,
SN P A it 2 TR R L T 2L 22 o P () 354 o g 32
AR K o B 2R LS H B DU G =,
FASC AT L (A AR A 700 FERA 1, 700
FELL R AR R R &5 R, 75 15kW Kif
SAET S A SRR 200 150K, 1k
i, A SR R R T ANE, A W
BRI BRI Y S8 S AT T R
TR (1600K) 1545t N A& 21 B W 31,
ANERANATO T il A i 5 AN Bl

1 (llilm

Bl 8 il A GrbE B S BMUBSRRT E . () bl
T, RAESATIE I (o) BellJE, RAESHIEM; (o
By, SMEME: (D BEHUR, SHEME

Bl 8 4 myift & & 4F 5 /5 30kW,30kPa,
20%vol (14~ ZUSF 25 7 AR 5 AL rh b e iy s D i
BROESURT L, Bl ]2 10s. & 8 (a) 1 (b)
K AAE G AR VAT I R AOE S . I AT LR
o, BebiE, AR S et b P AR K AL
LI RASFZ50 100pm.e 3% 7] BE A T RE S 7E S
TR A, R AR R RO VA A i
BT, HRAh, 53 By ke tiuAr () e i B vT i i

JSALIR PR R R 22— o 10— 20 % B AL T i SR A
T EIAT M ERALEHT.  8 (o) Al (D) 2
HEAT 4B ol s BE S I AN ZR . R IR
JEg 4 (FeCl3 + HCl + CH3CH20H ¥,
20min) , KRS OFES S TR, TLLE F)
A B A o TS TR PRV S AN 52 B
AR NE R ET JE B EAN K, S K

ool R S P S AR R AT T .
AT A 100g, PRIEIAIY 15s. 450K, ke
T R RS SRR, AREIRET ) 330HV T
B A% 170HV. K 9 45 T 8ehb fa ke S oo
N T T U o JEE 88 g 1) P 5 A 1 . AN
T DL R R RE T IR R RS, el s A
s S B 2R 3K, R IE 2R 0.65mm B[R] 57 )
AP ol s A

350+

300+

250+

Hardness (HV)

200+

150 T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Distance to surface (mm)

9 Joe i veita & < R it RO FEE Y PR T 1) 90 A

3 45 1

ASCHIWETR W], R/ AL GIAE B 144
AT DL ARG AL 7 n iR R RS
TR PR T AT A R BRI AR B AR DL AR 2
IR . HABAT AT, AT R EITREM Bl
WG R PE T T 0 SR BT < A et
1T T AR EE Ripe e o AEM IR S5 AF T, Bk
e Uk A < O AN BB B i b vk e 4, YR
200pm AU S B TR 2 T SO ARHA R 1
(P4 eI

Bt

AL TAERR] T B K ARBIERES (5
45 50702064, 10621202) % FF.



1.

B3 30k

AuweterKurtz M., Kurtz J.L., Laure S. Plasma generators for
re-entry simulation, Journal of Propulsion and Power, 1996, 12(6):
1053-1061

AuweterKurtz M., Plasma source development for the qualification
of thermal protection materials for atmospheric entry vehicles at
IRS, Vacuum, 2002, 65:247-261.

. Tto T., Ishida K., Mizuno M., Sumi T. 110 kW new high enthalpy

wind tunnel heated by inductively coupled plasma. AIAA
2003-7023, 15 -19 December 2003.

. Vancrayenest B. An introduction to high enthalpy plasma wind

tunnels — lab notes, EUROAVLA symposium, 4-7 November, 2002

. Jackson T.A., Eklund D.R., Fink A.J. High speed propulsion:

Performance advantage of advanced materials, Journal of materials

science. 2004, 39: 5905-5913.

ASMALL ARC-HEATED PLASMA WIND TUNNEL FOR THERMAL PROTECTION
MATERIALS TESTING

HUANG Hegji

PAN Wenxia FU Zhigiang WU Chengkang

(Plasma and Combustion Center, Institute of Mechanics, Chinese Academy of Sciences, No. 15Beisihuanxi Road, Beijing 100190, China)

(Hypersonic Research Center CAS, No. 15 Beisihuanxi Road, Beijing 100190, China)

Abstract Experimental research on a 150 kW arc-heated plasma wind tunnel was conducted. The dependency of

plasma jet characteristics on the generation parameters was studied. Stable jet with continuous run time longer

than 30 minutes was achieved for nitrogen, nitrogen/oxygen compositions at chamber pressure between 400Pa —

50kPa. Supersonic jets with stagnation temperature over 2500K were utilized to test typical metallic materials

used in the engines of hypersonic vehicles. The microstructure and hardness of the alloys before and after

gasdynamic heating test were compared.
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small-scale plasma wind tunnel , thermal protection materials, gasdynamic heating test
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