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Abstract Modeling studies are conducted to investigate the characteristic of heat transfer and flow
in low and medium power arcjet thrusters with hydrogen as the propellant. It shows that low and
medium power arcjet thrusters share some common features for the flow and heat transfer. The
highest plasma temperature appears at the location near the cathode tip due to the arc heating in
the near-cathode region. And the maximum velocity appears in the downstream of the constrictor.
With the increase of the power, the maximum temperature and velocity within the thruster increase.
Modeling results are found to compare favorably with available experimental data for the arcjet
thrusters with different power levels.

Key words

03 &

arcjet; numerical modeling; low and medium power; heat transfer and flow

B I R & SALJE — Phe AU A e B HE 2R,
Aifesifb DAY, RARWE ., OEER. &
TR SR, MR BRI RNV E BRI
ATRY EEELMERFEMESEE U, %)
REy s glimH ARSI AR FEEK =ML T-&
MBS 2,

KRB THBRINMAEINEFREZHEL
RAMPETHEFRERER, ERIOINEFHRH
VEARA T —EBEMINR. YaEITmE Il
DIFE 1 kW HnE] 10 kW BH&ET, RHLEGEH
MIESHHEZ R EZL, BlmARENERSH
0.635 mm HHE] 2.5 mm, THESERE (EEN LT
YES fRBt) B 14 mg/s #ANE] 100 mg/s, KIHLE

WRSE . 2011-12-27; #iTE#: 2012-08-13
BES&IE: BXERPFEES (No.11072020; No.50836007)

TAEEFA 10 A BANFE] 140 A, BSR4 ZR g hnat,
Il R VA EEERRFFERL, HE
RENERA TESHH T HRFBHATBRE
MEESAUREIVE RS, K SHESEE
A, MAR RS TRIVAKERSH
HERHITHEBFR, FTHRZE M £l EF S
BRI TR GBS R PR BPERE, DAR MRS
MR B PE I EHNEEE & B EHRENR
&%,

1 BUERT &

FXPEBUFRANEABRELHE: 1) &)
PLRFSEHIRSI N E R . BXTFR. B 2)

EEEST: JEE (1982-), B, I'REAAN, BLHRE, EEAFEEETE.



1602 T & 9 B %

33 %

HFRTRLT RERIETERE, MR EE
W 3) LERAE, HER TR ERER
WMIZETR N EHHREN R, HHEPRABESR
M BERARE RN E R ERSG. S RA
W R T A

p pu pv
0 | pu O | pu+p 0 puv
= + = +=—1
ot | pv 0z puv or | pw?+p
pet puH pvH
pv 0
]. a 2z
1 pm; _9 T N
r| opv 0z Ter
pUH UTzy + UTor — Q2 _
0 0
0 Tra - B
v r + .7‘ (i "
or Trr ‘]zBG
UTrHVTrr — Qr szz + err ]
0
- 2r 19} ( v)
3 0z ur
I P 2r£( %
- " o0 3,u 3 Or 'ur (1)
2 2
UTzr + UTrp Qr — S H——
3" r
2 8, v? 2 0 wv
57"5( —) - ‘?;7““2‘(/17)

3,
per = p (u* + ) /24 p/(y - 1),
pH = pe; +p,q, = —r0T/0z,
g = —KOT/Or,
Tz = i (40u/0z — 20v/0r) /3,
Trr = i (40v/0r — 20u/2) /3,
Tor = Try = §(0v/0z + Su/Or),
Too = p (—2(8v/Or + Ou/0z) + 4v/r) /3
A (1) FHEALHE p. u. v, p. p. K, 0, j0 BRI By
SRRSEERE. M () BE, 20 () BE. E
B, BERY. AR, AR, HRFE. B8R

R JR RN ERE . ASCR AR REMEM TR
(1) FEATRER, WETEITUR A e - R REeT
B, MBIURA Roe #53X 1¥ HATESHL, §BOIR
FARRD A TR . REBRR IR i ST 607
BRA RS R pria S B AR

9 {1 a(ng)} 0 [1 8(1~B9)}

ro Or

or

0z

ro Oz

(2)

O(uByg O(vBy

Mo[ ((‘)z ) 4 (c% )]

R (2 F po NEFHSE, BRFENEL TR

AR 0( ) 0B

1 rBg 1 o

“w or “wmo: @

PUERB T2 AR A NASA Lewis 1.0 ff

B89 K 3 R B I B & S AL 4 (Thruster L) Al

Stuttgart K22 #9 H F T R A 58 454 B0

# & AL Bl(Thruster M) MR T, R0 E

BEMSHME 1R, B 1 ARSIV AR
B, # 28T MM BREMG.

® 1 RN EREHEY
Table 1 The key geometrical sizes of
the thrusters

b3 Thruster L Thruster M
WmB M/ (°) 30 50
HRBER/mm 0.635 2.5
AR K E/mm 0.25 5.0

BETHREM /(%) 20.0 17.5
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Fig. 1 Schematic diagrams of the computational domain
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Table 2 Boundary conditions
B-C CcC-I1-J-F F -G G—H H-K-B
w5 WAEEAD e BE THT BREL O POEt: PP A% BE THT
B-C-1-1J J—-F F-G-H H-K K-B
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Fig. 2 Comparison of computed temperature field (a), (b)
and axial velocity distribution (c), (d) within the Thruster
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Table 3 Comparison of predicted results and

experimental results

2% Thruster L Thruster M
- Gt T8 B TR
B/ (mg/s) 14.2 13 100 100
EE,iﬁi/A 10 10.3 140 140
IjJ$/kW 1.37 1.43 13.32 15.4
#H/N 0.107 0.1057 1.12 1.07

K. /s 768.5 830 1139 1090
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Fig. 4 Comparison of the predicted variation of axial

velocity with the experimental results of Thruster L
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