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Abstract

In operating the underwater engines such as encountered in exploring submarines, the dumping
of the exhaust gas out of the engine requires a large portion of the total power, frequently
amounting to 25~30% of the power generated. This unfavorable circumstance can be cured by
liquefying the exhaust gas and storing it. In the present study, two liquefaction systems were
simulated to enhance the overall efficiency; one is a closed cycle diesel engine and the other is a
closed cycle LNG engine. The liquefied natural gasiLNG} is chosen as a fuel, not only because
its use is economical but also because its cold energy can be utilized within the liquefaction
system. Since a mixture of oxygen and carbon dioxide is used as an oxidizer, liquefying carbon
dioxide is of major concern in this study. For further improving this system, the intercooling of
the compressor is devised. The necessary power consumed for the liquefying system is examined
in terms of the related properties such as presure and temperature of the carbon dioxide vessel
as a function of the amount of the exhaust gas which enters the compressor. The present study
was successful to show that much gain in the power and reduction of the vessel pressure could be
achieved in the case of the closed cycle LNG engine. The compression power of exhaust gas were
observed remarkably lower, typically only 6.3% for the closed cycle diesel engine and 3.4% for
the closed cycle LNG engine respectively, out of net engine power. For practicality, a design
-purpose map of the operating parameters of the liquefaction systems was also presented.

EXY Be A4l bk 1kg @ $Aehs o] o] 4k
a ofl Ao 4] A ElE o] AlElREA ] of Sbeba-ol ok, kg/kg(0,)
b ARl e drof o By dadl 44 1 kg % sulhe o
a4, gabdsh gatdlel s g % ke/kg(O)
*r59, ASojatm ojstel ) A meke fe W77k B &l felHe 8
rel9l, Aeddm Fobolsh 7] A g} h w7 7beo] o] Absbeta S oA ShE] =



1592 ot - A

h coleky], kJ/kg

Leq o obabsbeba g7 A=A, k]/kgiO,)
C

Lox 1 AbEE718 AdEA, k]/kg(023 7

M, CiAd ol Hapek kg/kmol

s FFA4 1kg v AspA] sl F9ixs=
ek =), kg/kgl{O,)

o DEAbs Tkg owb odshAlawlol A ks
oAl kg/kg(Q

Peo  Dolsbsbebagie] ghe

Pevea - OHkﬂﬂiki%'/ & OJ“—? & ol4bstl el
a-qk

Qeon - 71 0b ol 3bE 7ol g (L) w5 Yl
gk k]/kg(Oy)

Qe - BIET)0l (48 54 Yol
k]/kg(O,J

Qe - V7N T Ao £ %5 el gh
k] /kg(O,!

Qs ABL7]9b o) 3hobel 2wtz Qg 3%
ik kJ/kg(Oy

Qive - LNGoll ola] wgx3= wadak kJ/kg(O
Z\‘

Qerx - ol 7)ol 3 (o) s &= dedsl
k] /kg Oy

Tew olabspulagrie] =, C

T L) ge T

7 Celld A, k] /kg

teo o olARERERZE IOl A Eslele] A ol
21, kJ/kg

7 Do) glell el sl w2l F Ak
o Aupag

Xo Dol AbEtER ARV wh A Lp b il vk
sbaol HeR®

X, A EE

LM

s #) A ubo) kel ol uhel g-Fofl A Aok
gk ol 7iute] o] -0 =]
o) & g 4 & 7] F(underwater engme\,%
3000~6000 me} AdjeA Apgafol ek whets
Tagaaxe 2AAE o] &etA L w59

A Wbl F o} AUy G o]t ol

7| 2hol 2ol

A
\__01}

Gob el elenl bE R AeRe AR
SR EENCEE

of 7|k o R e e sdteln) s3] R

4
of Abgxl 4 glep, 07

o1 3ol 4 ainel QlaE w7kt s
Sl s bs e alsislel Al s o4
slel el welis a7 Heh, SdwAAx R H
sl vl Aol AG Abg8k A4 oyl i 9 csH
kgl el skt 718k el Ale] atelof

upeba] ol gl Abael 7]gtelE ol F-ahe] vl 7]

e,

shne] ol Abshub s o SHAIA el dakshas Al
ol 3k ol o] Folrla glrk w7I7RA T
Gl ohstslel A7l § olrh sbEIIR ARG
EIOJ OMM sgle g Fapslan, deiAle oAl
Sl gkl e, el gbal oz sl )t
223 olxlo afEe Abash AmE{E Gl o
& oA sleh W7k 0‘15:01141 of kLol
2| ol ol 4kstek A (o] 5l ol o] 4bshElan) v oH 3L
anovke] R4 oha] REEE s[o] oo St slvh

uhel welubdaa o ssl2 sheolAls gt
arooofm e el shAelvb (LNG) - AR @st

G, abael vlskel #ub ehulek LNGe| s)shan
A 4 denn wd Eades oA
ol bsfila NshARe FUY & oAg Aew
Aol st o,

R I e

2h ke whed sh
datv] siste] b ol absbria
£7b lem ool uhet
s =
G I R

sl 7] -

]
Fo)al & ol 4 gl ol 2t
>T,S’,l,‘5;'; R4

% /39t

A4 Abzel gl FE

ul) 7| v} R 2l 7)vd W | 7] b E

.‘H J]i é{—o] 70 % o] AOLO*A_‘

il 7] ool shs ol Ak stubast bre] ERbARY
o ol shubae] Askrbgor ¢ 4 Ak
woelel din, EeldAw s3z o)
Asle Abael e AhxE w3 R w7
s ol spa g E e olol WEk Aol A
o gatol Alaule] AHaA w S4E sloige
2, Alzsdlel A w gzl 2gel vz
A5 Agetae gl
2. H3lZ2 C{EAXIe] HstAl A

PEERCREEE

Ao} ofstal 29 g
ehuel Fig 15 gheh,

Azpgoz o
EEE R R RS



R Y R g W - DA R

1593

Fuel Sea Sea O, vessel
‘ water water
in lout
Electric Diesel i =)
generator engine Mixer -
‘ Compressor
1-f, PHX
L2 — AN
B A
T fo o
Condensated water
Sea water out Sea water in

Fig.
engine.

Aok el Al s A

2o Fsz, e+
2871 A FH
A2A A 2
A3 AdAe had
o AeaE ol bstiae] £Rsbadl dlng
stel Fel g aldlEch o 14 o absbebsis
o ot zol SlalAl MAE = o] of 4h3tELAnHE
P P T P PP PN
A2 g ol FA Hek whebd vl aelel ]
S wirbas A EEE e ol4sie
G372 AR o7 dhre) seEi of
Aphebaolis @ apolsh 9o m e (o] 4ksEL40] 4

2 0.8 MPaol|4] o03}2 vl —46Colw, AbAo
249 0.8 MPaol4 o4l it —157C Q) Absi
FoNstrbag shAsle], HEpAl Arlof A= ol4bd}
R R R AN § s

ole]dl Aba e} o)abstrba
oz $lxlE wrlzhsag

o, dlgadolel oAl

91 ooko{] u}d]— QH§]~K]Z:
Abel 7} elel) Al sl
Al de] cf2-at

2ot o714 Al ") edgs AehCHy on
st
CisHsa + (24, 5+ 56) 02+ «CO;
— 16C0O:+17H20+ aCO2 + bO: )
o} 714 zhe) olAbstelA o, 3] Al b oA

002 vessel

1 Schematic diagram of liquefaction system in underwater vehicle with a closed cycle diesel
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Tabel 1 Simulation conditions of liquefaction system for closed cycle diesel engine

Variables Values
Combustion gas temperature 2000 K
External water temperature, 7, 10C
Inlet temperature of dehydrated exhaust gas, Ts. 20°C
Inlet pressure of dehydrated exhéust gas, [, 1.013bar
CO, mole concentration of dehydrated exhaust gas, Xsco, 7%, 72%
Oxygen delivery temperature, 7, ) 0°C
Liquid oxygen temperature, 7, —173C
Oxygen vessel unit heatvloss coefficient, L .. 0.02 kJ/kg(02) C
CO, vessel unit heat loss coefficient, L., 0.02kJ/kg(02)C
The mass of CO, produced per unit mass of 0, burnt, B¢ 0.8982 kg/kg(O»)
Fuel consumption per unit mass of Q. burnt, B, 0.2888 kg/kg(O:)

Cold energy of Q.

{ 360 kJ/kg(O.)
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Tabel 2 Simulation conditions of liquefaction system for closed cycle LNG engine

Variables Values
Combustion gas temperature 2000 K
External water temperature, 7. 10°C
Inlet temperature of dehydrated exhaust gas, Ts, 20°C
Inlet pressure of dehydrated exhaust gas, Fsa 1.013bar
CO, mole concentration of dehydrated exhaust gas, Xsco, 97%, 72%
Inlet temperature of compressor >—53C
Temperature of CQ. vessel >—-53T
Oxygen delivery temperature, 7T, <0C
Liquid oxygen temperature, 7\ -173C

Oxygen vessel unit heat loss coefficient, Lox

0.02kJ/kg(O)C

CO, vessel unit heat loss coefficient, L.

0.02kJ/kg(0.)C

The mass of CO. produced per unit mass of O, burnt, Be

0.7035 kg/kg(O.)

Fuel consumption per unit mass of O, burnt, B,

0.2549 kg/kg (O

Maximum cold energy utilized at precooler and CO, vessel

364.4 k] /kg (0.}

Maximum cold energy untilized at compressor intercooler

197.9 kJ/kg(0,)
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