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Effects of Characteristic Length Variation for Thrust Chamber on
the Hot-fire Performance of Hydrazine Thruster
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ABSTRACT

A ground firing test for hot-fire performance evaluation according to the characteristic
length(L*) variation of thrust chamber was carried out for the hydrazine thruster which
may be employed in space launch vehicles. A scrutiny into the performance characteristics
of each thruster is made in terms of thrust, specific impulse, response characteristics, and
characteristic velocity at steady-state firing mode with propellant inlet pressure of 2.41 MPa
(350 psia). Through the test results, it has been verified that performance of characteristic
velocity and specific impulse degrades as the characteristic length deviates from that of the
standard model. Thus, it is confirmed that the thrust chamber configuration of standard
model was suitably designed for the requirement specified.
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Table 1. Design specification of 70 N-class
liguid-rocket engine

Parameter Unit Spec.
F, N 675
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m; als 292
Ae/ 4, - 50
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I — % 66+8
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Table 2. Comparison of the liquid-rocket
engine performance with various
characteristic lengths

Parameter A(lst) | A@nd) B C
L* [m] 2.95 358 | 235
) oosure IN] 40.71 | 4095 | 42.06 | 37.44
rﬁf [g/s] 2725 | 2753 | 28.30 | 2547
Ly measure S 152.3 | 151.7 | 151.6 | 149.9
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Table. 3. Ammonia dissociation rate with
various characteristic lengths

Parameter A(lst) |A@nd)| B C
T amper plenum K| 1,028 | 1,032 | 1,024 | 1,035
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Table. 4. Summary of steady-state response
characteristics with various
characteristic lengths (unit: ms)

Parameter A(tst) | A(2nd) B C
Ignition Delay 26 15 29 29
Rise Time 242 482 195 274
Decay Time 55 53 55 62
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2) ACT_45 45 60 1200 o Ic*measwe ! [ EII
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Fig. 7. Comparison of C* and C* efficiency
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56 msZ FAHET. old uwa, WmBe Jp SAEE EEL2 989%s UEHG o8 5%
(opening) 2 ¥ (closing)ol W& A7re wje = AF FEYol dE&R 2Eo] BAS=
Atk Abdo] BEAE AU QFEAF=A|7Ee] AL H] & ¥l (specific heat ratio)oll <]l g <|=H, Fig.
Z47be] 22 7] wir} Abo]st Ao] AWHT Case 6 F Table 3ollA A EZo] S0l gl
A@nd) A9 A% = mdd wate gy = ETEL 4 FHYIKE L& Aolr) AA] o}
ZAzo] WAs ZsbetRon], ol Fig 5ol4 AR HIEHIS dEblY] mie ol SA&E
e FHAEERY BEATAE ofF g & AP HIS® AS vEa 3lH W, Case
e FEAE PANES ¢ & A ojgjg B Case € B FHE SHLmE A
deEdE> FZHd g (water hammer)sol <9 1,244 m/s, 1,214 m/s® FujHom v 54
o ol g ERS UEI k. S4&EE 2EU)R F
T34 E<¢A (hydraulic instability) E= <14 T = = o 7(1&0.;/1]:37’]_0:;]}194 ‘ﬂ_;oﬂ o
Bl A ] wlo]H F(vapor lock) ¥ A4 FHAH iz‘— s NEOT;; e = \ oo oz
.. . < _ A gy A F54 g o8] 274
(combustion instability)el]l 711g+H2]. ESE, 7Y Ao
o =87)e SHUEAO] AL do]l=gr = 2w E470)7} Zsos o8 AY =
7150 vt Axd A FHgAF e ol oL g T -
. _ Ao ool ZASHA HW, F¥7] WHly
7} obd /-8 H (opening: 30~100 ms, closing: LOLA} 2 & ol=l = o o] Zols
_ - . s o g Qe FAA FFHHFel SUISHI
20~50 ms)E # AP A& AR FodTh = o o »
s e e B Hoh 544o] Ao Afde 4w FHAY
SR OAUEAS BeATIAL B RIS 9w gpoz as syel pase pwa 2
ol AFANA, B 2AAN vla S pag weld. e, 2ALTAAd] 2A%)
Al O]'Ci]v‘:—‘ﬂ‘ﬂ"ﬁ‘ A}oo}_ﬂ L-‘HT':oﬂ- oA w AR o] ¥R U Case AQ] =2 Qo] 714 3
A71e) SAE FHAG TSt FAAN S g aAHYLe] FAHH, WA fF 2
e st Ae 2204 FFY EASE agel Iz o
223 EMZolo| wWE EMEES E2 SHA FERE fd FHAM FAH= F
54707} 27] e Anrd Fgrle 5 I aPA] HAHsE eaEd
REE, 8 SASE 0 T EH(C7 ) S
Fig. 70 =4 gHch . 2 £
EAEEE =59 544 H9EFs wA Fo
, FRAAS} FHAH AsS qdse= AW FHAd EA7Z0] M3l wE gddAAFR4A
T2 AFSEY IurEQl velg G AAFA stol=ERl FH7]19 HeHIIE S5 A
stol=ghzl FE7]e] EAEEE F 1300 m/s  IERW FYUE HeHrtE s FH 2 A
o] eolm[11], EAEE E&S N2% ooz  AFHE ", 2 59 HelHE o] &3t HF
dE A UT12]. B Alge] AFEE JErd F 8, HAdH $EEA 2 SAEEY e AE



Aty

xS

42 & 2 5% 2014 2.

sol=ehxl F7]9 FHd S Mt daAwel vAE 9% 149

= S 4ol e F¥7]9

Br1etgh £F 2D Case A(L*= 295

Faxd)e 49 ALFE 4071 N
o

off ¥
o

—_
o

1 £
1o 32 =
o
H

N
2
Alm
s
SO
- 0,
ik
s
o, —
o i _
(O8]
\
Ly
frtl Ji
o olr
ol rlo
o|N
N

~

of ¥@ i

o = o
ox %
olr
T
2
ol
oy
e 2

=)

off g 2 ox o 4N T3 ox R

iy 2
ol
o
=2
b

RN
2
il NEEN)
e B

it
R
Lo
oo
i
M
ox
o
fo
ro
ol
ol
N

oy
o|
>
N
N,
tlo
jus)
ot
O
ol
2
™
ot
Ry
e
>
A

;

o 1f N 2 ox o
o
T
td
in

AN
o
Ol
32
v
&N
L
o
>,
o
ko
i)
o "
N
re
>,

2,

123
=
)

— e
ol
b
>
N
N,

o ro
ox
}01:

° %
>~
=

rr oo

<l

s £

tlo olff Lo,
>

o

o
o &
rr
ox
oo

(e

o) of
NS

A

0,

>
o
r

1o
i
o

0,
2 i
z OF
o
B>
)
2 1o
P 3
ot
tlo
f
8
£
L

ox I i H & A AL o
2

mu:
[z
Lo

N oX
olr
O
o
A
B
=2

rr

=
Ny ot
B
)
ot
i
ol
=‘|3L_"

_‘d
or
oX
o
o
M
p‘L
°
K
re

B
>
o
oX,
olr
tlo
iz
ol
ok
N
o %
ol B

w
e
ol
3R
o
=
s FH
AN
ol
o
J[m
o
X (n
NP ox

2
¢
R
Lo
o
EN
ot
o:
olr
i
ox lot
-0,
2 o
o\ ‘g’ o

oX,
o

o
=
24
N
)
A
u
o
I
>
J|m
o
(o3
Lo @
N
N

o
"
0
Lo
z°
=
IS

N
N
o
i
~
N
[
Ay
>

o 2
o ooX NS oml| ox (o b

o,

= o
ot

2l
aa oM.
=3
AN
b
i)
Lo
ofr
o
o

X
ox ¢
ofr
2
Nl

ol rl i 1o o T m Rt
ot
o
N tlo ol\
o Y [
>
R
T i)
oX. h
oll‘ _]lm d
A oX,
oX, my
o o
£ oy
o B
= fr
rr o
pou
)

z
o eFAvIeN e AYdE ol FaH
-2 (NRF-2011-0020890).

Reference

1) Kim, J. S, Jung, H., Kam, H. D., Seo, H.

S, and Su, H. "A Development of the

Maneuver/ACS
and Their Application to Launch Vehicles," /.
of KSPE, Vol. 14, No. 6, 2010, pp. 103~120.

2) Kim, J. S, "Thrust Performance of 1-1bf
Class of Liquid-Monopropellant Rocket Engine,"
J. of KSPE, Vol. 8, No. 2, 2004, pp. 32~38.

3) Kim, J. S, Park, J, Kim S, Choi, J., and
Jang, K. W.,, "Test and Performance Evaluation
of Small Liquid-monopropellant  Rocket
Engines," AIAA, 2006, AIAA-2006-4388.

4) Kim, J. S. and Kim J. S, "A
Characterization of the Spray Evolution by

Thrusters for Space-Vehicle

Dual-mode Phase Anemometry in an Injector
of Liquid-propellant Thruster," JMS7, Vol. 23,
No. 6, 2009, pp. 1637~1649.

5 Kim, J. S, Kim, ]J. S.,, Jung, H., Park, ],
Kim, S, and Jang, K. W, "A Study on the
of a Liquid-Propellant
Thruster  Injector by PIV/PDA  Optical
Measurements," 5th Jjoint ASME/JSME Fluid
Eng. Conf, 2007, FEDSM2007-37105.

6) Jung, H, Kim, J. H, and Kim, J. S,
of Nonimpinging-type

Spray Characteristics

"Spray Characteristics
Injector According to the Injection Pressure
Variation and Angular Direction of Orifices," /.
of KSPE, Vol. 16, No. 3, 2012, pp. 1-8.

7) Kim, J. H, Jung, H., and Kim, J. S,
Thrust
Hydrazine Thruster for Attitude Control of
Space Launch Vehicles," /. of KSPE, Vol. 16,
No. 6, 2012, pp. 48-55.

8) Jung, H., Kim, J. H,, Kim, J. S.,, and Bae,
D. S., "Pulse-mode Response Characteristics of
Small LRE for the Precise 3-axes Control of
Flight Attitude in SLV," J of KSPE, Vol. 17,
No. 1, 2013, pp. 1-8.

9) Kam, H. D, Kim, J. S, and Bae, D. S,
Analysis  and

"Steady-state Characteristics of

"Performance Configuration
Design of the Thruster Nozzle for Ground
-firing Test and Evaluation," J of KSPE, Vol
16, No. 2, 2012, pp. 10~16.

10) DOD(USA), "Performance  Specification
(Propellant, Hydrazine)," MIL-PRF-26536F, 2011

11) Brown, C. D., Spacecraft Propulsion, AIAA,
1995

12) Sutton, G. P., Rocket Propulsion Elements,

8th ed., John Wiley & Sons Inc., 2010





