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ABSTRACT

The realm of space is gradually expanding, so manned and unmanned exploration of planets in the
solar system, including Mars, is expected to increase. Accordingly, the innovative propulsion systems
with a different concept from existing propulsion engines are being studied for manned exploration of
Mars. This study is the result of the conceptual design and analysis of the Brayton cycle of a 500 kW
nuclear electric propulsion system that can be used for a manned or unmanned Mars exploration
vehicle weighing more than 10 tons. The reactor uses UC series low-enriched nuclear fuel of 1511 kW
thermal power. To improve system efficiency, heat exchange using a recuperator occurs inside the
system, and a gas cooler is used to extract heat, from the system to the outside, which is emitted into
space through radiators. A radial turbine and centrifugal compressor are used to produce 500 kW of
electricity, and a helium-xenon mixture gas is used as the working fluid of system. As a result of
system analysis, the thermal efficiency of the Brayton cycle is calculated to be 33%, and the required

surface area of radiators is calculated to be 390 m?

= =

Fo Foo] Mt gojEo] st o, S HIRT HFA ﬁﬁﬂoﬂ g f5d BAE A
2t ‘“o}é_l Ao oFETh old wat s /9 A }—3— A3t 71Ee] F 7144% e Jde F
A71#EC] ATFHIL Atk B AF = 108 o4y 7 stAEAAY F27|He 2 AE 7HEd
500 kW 928 A7)F3 A 2="le] B olE Ato]Fel tig /MdAdA 2 A Aot dAEE &
&% 1511 kWe|] UCAIE AsSH AAEE AHESTh A=Fe] 88 TS 93t g FAEolHE A
3to] Alzgl Y JBol A F mdko] Yojup, Al2Hle] & FE FE37] st 7t E7t AR
TS AlxEl 9RE FE2H 2 fddeolHE Fite 52 WEHT 500 kW] A7E A4

Received 2 January 204 / Revised 10 February 204 / Accepted 14 February 2004
Copyright © The Korean Society of Propulsion Engineers
pISSN 1226-6027 / elSSN 2288-4548

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org
Jlicenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.6108/KSPE.2024.28.1.009&domain=http://journal.kspe.org/&uri_scheme=http:&cm_version=v1.5

10

LIRSS

=H3 SRS EE K]

Azt FAERNS AAUF7I7E AREE, 2" AsiAs AF-A= Y V1AE AT Al
28l 3|4 Ay BHolE Ato]Fo] dE 8L 33%, HrldlolEe] da WAL 390 m’E ALtETh

Key Words: Nuclear Electric Propulsion(€42+% Z17]5=%l), Brayton Cycle(E#°]E Alo]&F), UC
Reactor(UCAIE ¥YAZ), Recuperator(2]F-3 & ] Hl), Radiator(] T ol o] E)

3

gh

gc
rh

rc

Nomenclature

: pressure of each station

: pressure loss of components
: temperature of each station
: pressure or expansion ratio
. efficiency

: constant pressure heat capacity
: ratio of heat capacity

: effectiveness of gas cooler

: effectiveness of recuperator
: mass flow rate

: heat per mass flow rate

: work per mass flow rate

Subscript

: compressor
. turbine

: hot side of gas cooler

: cold side of gas cooler
: hot side of recuperator
: cold side of recuperator
: reactor

: inlet

: outlet

: hot side

: cold side

. system
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Fig 1. Layout of nuclear electric propulsion.
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Fig 3. System analysis results of brayton cycle.



16 LIRSS

=H3 SRS EE K]

Fig. 33 #Zom, Hogge 457 794
208 kPaol™, AA29 H4H L 205 kPa, H
Hlof A o] AR = 1.952 A4t

EF Ax"He] HYexes AR ETOA
1450 KolH, A2 HA 2T+ 1270 Ko|th
ThaZe oA Al2" SRR Fd FZFo| WA
Hell hEF71E FdHE AsHAY 222 A
A Al2="o A HA L2521 436 Ko|t}.
HAZAA A2=® YEE FFEHE FEFF
g0l 187 kW/kg?l HHOE Apo]Fo] A
Ho A dAg EBW 58 9@ A5 HAE 453}
71 Y3l AR" 5% Eq. 149 Eq. 159 @&}
77+ 159.1 kW, 89.3 kWE A4tRTH mhahka Al
2" HF 7] 872 Eq. 169 e} 61.9 kW
2 AME™, Eq. 179 whet Al="e] 82 33%
2 Ak

49 KEE A7l E¥Eke] 619 kwWolE=R
500 kW =& Aitsts dAg B olE Al
o] 7] AeAME FeaAd EE-A= F
Zo] 8.08 kg/s7} Holok @} wekx HEHQ
Azwle] a4 A5 3t Table 134 2T}
A AHgk vpel o] YAY M7 F3
HolA Fa% 18 A2 Axd" WA FF
o, FFA 7HF ZE BFE AR Aol
grjololE o] Ba WHAo|th JtaFeo] AR
o} m2Ro H&FE HIE 055 HAAHIAY
Eo odelHE 3= FEFA NaKe
&2 856 kg/s7t =i, d&+ 2571 742
417 K9} 529 Kolm & #rjeo]Ele] HA LT
473 K7}tk WM Eq. 18 o] &3ty el

>

>
[>

0}

Table 1. Design and performance parameters.

Parameters Values
R-eactor Power per Mass Flow Rate | 187 kW/kg
Electric Power per Mass Flow Rate 61.9 kW
Mass Flow Rate of System 8.08 kg/s
Thermal Power of Reactor 1511 kW
Total Heat emitted at Radiator 947 kW
Total Electric Power of System 500 kW
Thermal Efficiency of System 33%
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