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Study on the water-based propulsion system

Zhang Xiaoguang, Wang Changhui, Liu Yu
(School of Astronautics, Beijing Univ. of Aeronautics and Astronautics, Beijing 100191, China)

Abstract; Water-based propulsion system for advanced spacecraft applications has enabled new
options for spacecraft propulsion, power, energy storage, and structure. At the heart of this system is
a unitized regenerative fuel cell that uses electrical energy from the vehicle’s solar amay to convert
water into its constituents of hydrogen and oxygen which can be burned to generate thrust or recom-
bined to produce electric power. The components and the working principle of the water -based
propulsion system are introduced. Through mass estimation and performance analysis, the work ca-
pacity of the water rocket and its application field are pointed.
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Tab.1 Technical parameters of a Hamilton Sundstrand SWF URFC cell

hEW J et /(kg)

FE38/(MPa)
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Fig.2 The performance comparison of RFC to battery
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Tab.2 The vacuum specific impulse of typical space propulsion systems
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Tab.3 The baseline missions of mass estimation
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Tab.4 N,0/N;H, vs. H,0 propulsion system mass comparison/(kg)

it 7% N,O/NH, H,0
ot 3205 400s
% 1 2 3 4 1 2 3 4
#AHH 23 34 68 68 23 34 68 68
e 56 83 125 125 - - - -
URFC - - - - 32 48 80 80
Hi R 267 1020 2355 9,521 219 859 2012 8449
8¢ ] 37 137 332 1,304 86 199 281 696
w1 24 4 4 24 36 36 36 36
TH 2 5 10 10 4 10 20 20
WERS 30 45 60 60 - - - -
BAREEEM, 439 1348 2974 11,112 400 1,186 2497 9349
AAFLE MM, - - - - 41 162 477 1,763
(AM/My ) (%) - - - - 93 120 160 159
¥ &P My I NONH BREZREHNRR,

23 BER

RSARA—FEHBAT, KAFSREHLH
I BRI,

KAEOER S EHEH, CHy, GO,
BREER, XATHER, RALENERSY GH,,

GO, A& T H0 ML FREMB B i, MH
HHNERN TREHEMTH, BEREMX
HEMMBE, THRENERZRE, ¥ Xe.
N:H,. Teflon £, AN, BE2BESRE
EMRERRTE, MXiKKH N Rk E—



14 X #O##

2000 %2 A

oy, Bit, KXSHEREREL,
£S5 KKE SRR
Tab.5 Energy consumption of water rocket

and electric thruster

* =8 BNHEE/N-kW)
KA H,0 0.17
Arcjet(2.2kW) 0.08

B3
XIT(2.6kW) 0.03

24 {ERMHE

KKGLHEAELE, LEM, Ht, Ei
AR A SRR &, AR S R X
BHEHE, FTREMR N SR AR S R AR R E
K, WNMRET %A, 8T TERE,

TN, KKBHIMASIAT —SFEETER
il &

(1) KEIBY %

KEIK A (273.15K) BE, T2 [EKRR
WK AR, HE TS NH,. NO, #K&E
(751 274.69K . 261.95K) #iE, HELEHE
A A N;H,, N;O/MMH # 3 4 (9 61 3808 5 3%
AREPAT,

) ZREMHLE

KEBRESEMFHTBLBTH, GO, &
B GH, % 8 1%, i GHYGO, #f /1 8RR S
PE# h 5~6, LB “SRR” R “Eid
" W3B URFC B FRFRBERMSIAEH
A E# TR GO, R it B %
[

AR EMEER REHTT. SEWATRAE kR
oV AL A K 28 AT X 5 7R 0 ki
ERUEE 3

3 MM

KKEEMTREHE, KEGRKE,
3.1 mHiE
KKEREBBEKHEE, 24 59kW-N", EH
BEMM, ASKAERET, KAGBEILE

HHEE, KAEE LS TR, BER A
TKKEFHK S ALA FENERRBEAT KK

EhREEnf A,
EREMEAF
_T —_QL— 1 R . RE
ST =360 =180 22mesin h+RE)

KX, FREMBEF, REMYP L. NHERANT
ZH; p AR BB RO AER, deg; B N
MXBPUERE, km; R OVHERER, 6378 km,
mEATH, BRENERETER N, 3%
Xk [8] WA . EHHE (LEO, k=550 km)
MRS, SERERH 5 REMSBELFH K
£9 5500 K E M, K E M E%EME %R 36 min
(BATHEMA); MR, HHRHIEHE
(GEO, h=36,000 km, 0°ffifi) Wi XKasE4ER
207 90 KB, B FFEEAE R 72 min,
FiAh, MK 285 K RH A PE &t B e K k5
MAMEENE, KRB SHERANES
BE LRI &8, fEk, k82K ik FE Ak
SRIE (W-m?) KKK 2,596, 1,358, 585, TifE
AEMEMNRA 50, B, hTFATEERSHEER
KK, BXHHBIRR T XRERK, FE
ABHERITEHITHRMEOM K 2, KA
R R AL, LACRBTHMBAEER, m
4
32 KEH
SERMERBHLL, KXGTEFEENL
W, B RN, BT A A ) G R A A 2
A5t 4 #f ik B IR B AR 11
KAFEL . KEMRBRESEHER
HERRERR—EMERT, ETIHE K& EH
B, BKAFERTEREQMN RS, HAtHEE
NS MHETH TEE S, sk, BiE
EHSESHBEFRZEBERBAIRERE,; W
BRI EGHINRBEREHELMAY, hiE
HATHERE, HHKATREDRATEZNY,

4 4iig

(1) KAFAEREFAETME K, Mk



E3sEF1LE

kiEt, ¥ KRR RGR 15

TRER RN T MR,

() KAFARHERE, Lheazhiis,
gHfe, RS, RREEBARRKER
ZE, XM TFREKAFEREEEEEL,

(3) KKFtenr, B, AN TH A%
it HaffZE, FRRAENNFELERY, HRA
AREHSHEE, ERHTRER. BIGENA
X,

(4) KB EMRBEEME RS, F i
ERZEK BRI, ERREETHERA—IK
fLitit, BREAIHE.

(5) AR XEE, TEM, Bk, SFM%EF,
EEMEMTE, BNEEKNOBE. 2REML
BERE,

BEUH:

[1] Mitlitsky F, Weisberg A H, Carter P H. Water Rocket-

Electrolysis Propulsion and Fuel Cell Power[R]. AIAA99~
4609.

[2] Jensen K, Heinitz D, Cater P, et al. Warm-Gas Thruster
Development Using Gaseous Hydrogen and Oxygen with
Catalytic Ignition[R]. AIAA2000-3163.

[3] Samuel Hollander, Karen Swider-Lyons, Michae] Osborn,
et al. Water-Based Propulsion for Space Applications[R].
AIAA 2005-4122.

[4] Yasunari Hashimoto, Kyoichiro Toki, Tadashi Ishii, et al.
Preliminary Experimental Studies of Water-Energy—Cycle
Space Propulsion System[R]. AIAA 2004-3491.

[5] Yasunari Hashimota, Koji Tanaka Studies of Water- Energy -
Cycle Space Propulsion System-Experim— ental Study
[R]. AIAA2007-5438.

[6] Fittkr, kLR, —AXTTEA MM 1. LEHE,
2006, 10(10): 1375-1380.

[7] Wim A de Groot, Lynn A Arrington, James F McElroy, et
al. Electrolysis Propulsion for Spacecraft Applications[R].
AIAA97-2948.

[8) . EWAK: MERFATIM]. KB =, TRk # 3t
W EEREH A, 2007.

(#WE: B &)

LR N S N

(t®¥Esm)

[3] £h4%, FFEN. MANRREAGEIENILRRER
A B i FART . MR BB 5% (T]. 2005, 18(1): 53—
56.

[4] Weingartner S. Sanger—the Reference Concept of the Ger-
man Hypersonic Technology Program [R]. AIAA 93-5161.

[5] £35, WM. B E S R A WS N R () A
S, 2007 (11): 49-53.

[6] Tetsuya Sato, Nobuhiro Tanatsugu, Hiroshi Hatta, et al.
Development Study of the ATREX Engine for TSTO
Space—plane [R]. AIAA 2001-1839.

[7] Harada K, Tanatsugu N, Development Study on Pre-cooler
for ATREX Engine [R]. AIAA 99-4897.

[8] Matthew E Thomas, Kirk Christense. Air-Turbo-Ramjet
Propulsion for Tactical Missile [R]. ATAA 1994-2719.

[9] Henrik Edefur, Fredrik Haglind. Design of an Air -
Launched Tactical Missile for Three Different Propulsion
Systems: ATR, Rocket and Turbojet[R]. GT2007-27844.

R 3 S =)

(10] Ffs, BHH, THRE. AHEA SR (RBCC) KL
HHE R, K EEHE ). 2007, 33(5): 6-10.

[11] X i%. RBCC 3| 5 A F7 AP AE 5 B o B & & 55(D).
BEE . T Tl R L4418 3, 2001.

[12] ¥ €. RBCC SIS K i B BMED]. W% . B
Tolk K 2 A X, 2004

[13] XEE, EAE, BE, F. k¥ L4 4 7EF(RBCC)HE
HEH BT IR )). B R K EFE AR, 2003, 26(1): 1-3.

[14] BRZ, FTE3%. RBCC 1 TBCC A4 £ 3#l RLV £
BE FALT). K8 #E3dE, 2008, 34(3): 39-43.

[15]) &, Mg, MEF. EEEAXBEREHS T
BB EFF[I]. CIT %, 2008, 34(3): 39-43.

[16] &3, ), & REXBEFHLM TR
WMAEHRI]. Bk E &R, 2007, 30(1): 5-8.

[17) B k%55 H 4 7% 5F (RBCC) % 3 HLHE R 40 47 B A0 BF
(D] TR T Tk K% 8 L6113, 2005,

(%38 PRLIM)



