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Solar Stirling Engine

Most concentrating solar thermal designs use vast arrays of mirrors to power a large central turbine. In contrast, each one
of Stirling Energy Systems’ 35-ft.-wide dishes powers its own 25-kilowatt Stirling engine, which is suspended at the
mirror's focal point. That means power can be generated by a single dish just as easily as by a 30,000-dish installation. The
Stirling engine is a closed-cycle system, using the heat of the sun to expand hydrogen gas, pushing a piston (1), which
rotates a crankshaft (2) to power an electrical generator. The hydrogen is cooled and condensed by a radiator, then sent
back to the expansion cylinder.
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Air Independent Propulsion (AIP) %3506

The principle of integrating the Stirling AIP system
into the propulsion system of a submarine.
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Input) Warn1IANEAIUTEU (Heat Output) wazA)
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Hext Generatmn Submanne Knckums type Aza

Evolution from the proven Swedish A19 Gotland Class submarine
Replacement of two type A17 (Sodermanland)

starting about 2015

Kockums received official RFQ
regarding ‘Design Phase’
Start design work late 2009
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The A26 Submarine

Main Data

Displacement ~ 1600 tonnes
Pressure Hull ~J6.2m
Length ~63m

Crew ~ 20 men

- MIMIRANUSauTManeantUarliAUGU
Foudunirvnizgungiuinaeiduazgnyinld

' ] '
1 o A 1 =

feadnasimdululaieyinlnuseansninau

q

= = v a

Sougaian Fsreafiundunisiinvunnves Radiator
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Air Independent Propulsion (AIP) System

o The latest version of the proven and reliable
Stirling AIP System will be used

o Swedish Navy submarines have accumulated
over 40.000 hours of Stirling AIP Operations
to date with the predecessor to this system
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The Kockums Stirling AIP system
The only operational air independent propulsion system &
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1. CMDR. D.Sc.,,M.E.Tomasz Lus, “Submarine Hybride Propulsion Systems”, Technical

Institute of Ships’Maintenance, The Polish Naval Academy, Gdynia.

2. Dr Carlo Kopp, “Air Independent Propulsion - now a necessity”, Defence Today.

Kockums, “From a Submarine Point of View”.

3. https://en.wikipedia.org/wiki/Stirling_engine

4. http://mel1065.wikidot.com/solar-stirling-engine

5. http://www.ministeam.com/acatalog/Exact_Stirling_Engines.html

6. http://auto.howstuffworks.com/stirling-engine.htm
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ABSTRACT

Nowadays, energy’s demand for the fuel
usage is increasing, petroleum-derived fossil fuel
energy (Fossil Fuel) is declining steadily. Natural
gas has been used as an alternative energy more
steadily. The Naval dockyard recognizes the
importance and role of natural gas and support
the use of liquefied natural gas and diesel oil.
However, natural gas is utilized. Because the
volume of natural gas tanks are large and affect to

the weight of the vehicle. Thus, liquefied natural
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gas (Liquefied Natural Gas; LNG) used as a fuel
instead for natural gas vehicles.
This

development’s technology of liquefied natural

article  represents  benefit of
gas and calculation method of natural gas’s
weight and support for the project with the use
of liquefied natural gas and oil within vehicles. In
order to ensure maximum benefit to Royal Thai
Navy.

Keyword: Liquefied Natural Gas, LNG,

Benefit, Weight, calculation
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Tnu Du Tnsiny Sy sy Wudy F9ilees

Usynovvesiinu (Methane) Wu dwlvg Asdu

3u 9 3 Wu feesueulaeenld lelaswudala
oy Wulmswusarlev Wudy Fsanunsaiiniues
ANNTTTULIH NNNTRUANVDIINNII NN IUTELAN
AuvIsuTnatuiu fu uadlunsa avauduna
uanesesaull auiensuusanmiduinesssun
wezinsiy iesananudounazanunasuvasialan
wazavauegluduiu [7,8]

Sowar 70 AulU [4,5,6] swwiua1susEnauUsELn

dolvisin wierth Anlud
Hwn ?.ms 4.7% 12.6%  vhsfuien

s 1.0%  goudududn

1 LanSEAdIUNS IINRI9U
148,197 &7usiae
fan : b Bauvsus el

aantanlluvesinesssued danwazagels  Anln Wesnifinnsunindauysel uasUsunnms

AavantAnIlUvesiesssuyf fie lilld il Ydesuaarsanledevesniesuudnlginusssuys
a a a5 v ! = < & a o oA = = [y v & a
nau Usiernnansite duwdniuiniteinie WWesn  Wud@ewmdeinidiewseuiieuiunisidvemasy
A 1 ° 1 ] = a [ = I Y -
HANMNENTUNILBYTENING 0.5 09 0.8 Taoueidu  wnnduq Jusiu dwwandlunised 1

finggamiinazanuduussenealiindniiedinng

M5197 1 uansnsiUSeuiisunaansanlodevaanseseudiily NG, LPG, Gasoline fiannuisa 30058
faud (Anw1lme Research and Development Institute Saibu Gas Co., Ltd.) [7,9]

RIT Y]

(Gasoline)

Nl ASLALNLARD

(LPG)

NTGETTNTER

(NG)

TUANANAS

ANSUauNauanlds (5aaazlaglsunns) 0.04 0.04 0.08
lalasmsuau (Fauluaruson) 1,700 1,600 2,200
lulpsiauaanldn (@wluarudiu) 300 900 1,400
asuaulnaanldn (Gasazlnailsunng) 8.5 11.7 14.5
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v

Taeviill Aesssusnfnlaaings

o w

WInaeNveuaIsTIHYATud Aty [3,7]

Y Yy
g

avuvaINan 919ilasAUsznaUNwANA1NiY NallTuegiuanin
AIEAIIUAISI9N 2

=] va [3 6V ad 1 1
13199 2 LLﬁﬂs‘iﬂmﬁ&l‘UG\LLﬁZE]\‘lﬂ‘UiZﬂE]U“UI’J\‘iﬂ']‘Uﬁ’i’iiJ‘lJ’]ﬂVIWUGLULLWaQGI’N q ’UBQUi%WIﬂ‘l‘VIEJ [10]

Arsauutna:eoiads:novvoimusssusitnwuivnkaiaiiquoids:indlne

douus:nou n:dusen| n:Dunn uuau iwel asna

CHA 7A1-77.5% 72.4A%| 62.6-69.6% 95.5%| B84.7-854%
C2H2 5.4-6.0% 3.5% 8.3-9.0% 0.6%| 11.2-11.4%
C3 1.5-2.4% 1.06%| 0.72-5.1% 0.07%| 1.34-1.81%
C4 0.59-0.9% 0.47%| 0.02-0.38% 0.06%| 0.24-0.48%
C5 0.1-0.15% 0.1%| 0.05-0.19% - 0.07-0.14%
Cé 0.02-0.04% 0.7%| 0.01-0.3% 0.02%| 0.03-0.065%
N2 2.0-2.2% 16%| 0.7-0.76% 1.8% 0.5-0.6%
CO, 12.7-14.4% 6.2-6.4%| 20.3-21.9% 2% 1%
astoaud (Iun:aa/anuiAMILNS) A471.9-44.0 38.9-39.3| 34.6-42.14 48.70% 52.9-53.1
fiwziu (PPM) <16 10-19% <16 <500 -

minu 75-82 86% 64-81 106% 75-78
A/F5 11.6-12.0 113 10.3% 15.8% 15.8%

aul - wendisnmsAaskERddulsinevseimusssusinuveIdsandlnenislusasun

l[oeans: daa>nssumans vmidnetasnalulagws:rovinaisuus

Uselovivosfnusssuunn

& & a 1% 1 <3
- Juwemdsasoauazanunsaldlaegiaiu

Usgdvnn esnniianisivduuuauysal

- aANISIARAYEaUNTEIN

- fianuvasanelunisidanuge

Wy sy wavietlnsdouman Wy
Nndoyarng q Fuanddumsisil 2 wandli
Wiul  esrUsznevvestesssuafiaunululmas
wAnTLANE 19y dnansznudonuantRvesfing
555u97R aun dmdnuesinesssuniaaeuiy

- Isgnnidwemadinsifenusenmau 9
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UINUNYDINY535UYIA (Natural gas‘s Weight)
UNININUIN195550U1H UITA1TAUIA
ag9ls ? Umtinveafingsssus A ANaslugIuUTIT

Annved fusaaudUszianeng o luusazasaly
a1u15amAle (Ananslugud 2) lngdtunaunis
AIUIUANGY) ANFeE R IRe UL

Calculation of Gas Weight
Example
@ @ @ Critical @ Critical @
Gas Kgmez< | PIT_J| Densiy vire Pe_ yipe | bol Vibhw
_Composition 100% % Mol _|| Ko/m'@20 ¢ R Psi
N2 1.165 2078 0.0242087 227 47171 492 10.2238 28.02 0.5822556
Cco2 1.842 6257 § 0.1152539 0.0000 362 226503 44.01 27537057
C1 0.668 85.758 0.5729 343 20415 G68 572.86 16.043 13.7581559
c2 1.624 3.871 0.062865 550 21.2905 710 27.4841 30.07 1.1640097
c3 1.882 1282 N 0.0241272 G666 8.5381 616 7.8971 44.09 0.5652338
1C4 2489 0283 § 0.0070439 735 2.0801 529 1.4971 58.1 0.1644230
nc4 2.489 0.237 § 0.0058989 765 1.8131 551 1.3059 58.1 0.1376970
IC5 (pentang) 616 0117 0.7207 830 0.9711 483 0.5651 7215 0.0844155
nC5 (pentane) 621 0.063 0.3912 846 0.5330 489 0.3081 7215 0.0454545
C6 (Hexane) 592 0.054 03737 0.4936 440 0.2376 90.814 0.0490396
100% 2.29789116 334.59 643.03 19.3043903
I AIR [ 1208 | [ 1.906963618 | | | | | 29 | |
Tank Capacity 150 Ltr 0.150 | Cum ——> 6
Temperature 55.0000 C F 590.67 'R —— o
Pressure 3675 P3lg 3689.7 |PSla o
Z-= 089784 (Compressibility Factor)  Tawpdn z wila lavdadmsenmsg 50 12215
R = 10.73 (Gas Constant] (Ibf (in.2 ) (ft3 )b mole ‘R
g = 0.93 |Gas Efficiency)
P = FMw = FxMwxp = 70,515.13
ZRT Zx1073xT 6,324.20
Tr = T = 59067 3 1765374 = [ s ]
Te 334.59 _ e
= Hg3
Pr = P = 3689.7 = 5.72018
Pe 645.03 Tank 150 itr = Ke

4

1. Aeansudeyavesniulsnneg  Nilkase

dwidnvesiessamnAniomeu el anudy
gl dadulaglua (Mol. Fraction) Usinasuesds
ussyisssund Tdadluresiinmun @uns vaneiay
1-4)

2. AT uANENURf1eY YeIiYsIINYIR
9L AMURUILUUTDIANTUTZNOUANNY U
s55uMATIRamYTl 20 ssrwaiea gamniingmues
NYFIITUVIR mmﬁuiﬂqmaqﬁ"wmsmﬁLLasﬂ‘;ﬂ
winvedasUsEnounae vesinsssuef ldludesi

Mvua @R nneay 1-4 ) lngdayasig o 119

awnsomlaangiiodemnssuiadinessi1]

3. ld¥ayar1 COMPRESSION FACTOR (2)
ansanAle Tag91BIRNNNIATHIUTEAULIUITIR
ISO 12213[12]

4. Tdvayar1 GAS EFFICIENCY (1)

5. \dielddoyarieg vesiwssaumRvianun
WA AhnsAamamvanaivasandvinlvnsiu
ihninvesfesssusaiiiuadlufiussdsfings
o fusnsudUssLnineg Tuustazasldogndlndides
AUNABY

" <N O i
IsAIsNsNaNiinGtsa Uszand 2559
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ddlunsdisesnefiuandidiuonisdiuand
wlekadns Ao Gussyinesssuvfvun U3uns
150 3715 @IN30UTTYIN5TINYIR N 200 UNS
gUTinmie Ussana 26 Alandu fafu frdiuon
AALUFomENuTeaaTesudTauTIYN YR
Uszana 300 ussinlagnisvaasduda Arenis
Alansusausnazdsldszozmesyana 2 Alawns
Tumilifaussafineuuin 150 Gnsll s0aeislduszann

52y, (MSVAERUTURLiU an mAIedsud Lag

“ NISAIUIMAISIVUN VBN 1Y TSUYIAUY

Umtnussnn)  saUTINNILFARAIE 6 Tu azaanse
JusalasvegyneUsyana 312 nu. Fsaedivmings 6 Tu
Tuaz145 Alan3u saUssana 870 Alansy szwiula
1 MsUTsinesssuyd Tuds JUadrinvesuTuiu
Makasdmuinuesdsing  SU99ANABINITNNT
o (% ) 1 aal e

Ursasnwssuuiluegniuinsgiumsisidussuy
wsiugs  Anamusuaifinaiadugnseunes

seuuinesssuyalulagdu

2ADINTIVAMYTANG  AdNansenuiadIninyas

fvsssuyd laln Away gamgil dndaulaelua (Mol Fraction) Usu1asvesdiussinvsssuyi

AU MUYEA15YsENaUA N 9 YasissIuyIfvigamgil 20 asAnvalles gampilingavadiiy

595UV AINAYINGAYDAIs TSN IRz IIINYaa1sUsENaUR19g YasRrusTsurad (Tuay 1Walsf

iigasan AN Yesf1wsTINYIA”

oglsfinudeasulidn  fesssuvAi
inluseloningg  tuegluanuzing  Tsligngeu
fio  awnsaussefesssunAadludsusseinedian
faeglusnsudUszanin 9 Idluvinades fna
ldanmsedslalussormedy q  wasdeudufe

maisssuvfmal (Liquefied Natural Gas) (LNG) [13]

AwsssuTIAval (Liquefied Natural Gas)
Aagls? fngsssumAman (Liquefied Natural Gas)
vidofi3endn LNG fe fnwsssumiingnidasuanuy
nfineliegangreunainieldaniizdonuds
TngrunszuIunMsangauvniinGonin Liquefaction
(5U1 3) Tneldgamafiduinfsuszuna au 161
(-161) srwadea vlifesssuvAiuasuanniy
Huveanaiimuduusseinia fthdeyanuaa
vosiusssnAfigumadausann 9 Tldlunns
Furant TN isnsiila naau1ugat s
AU Ay limsuInAesssusaaIlnslgUsuIng
dies 1 Ty 600 vesUsunsiidesmsdlafisuiufne
sssumAfiaduUTIINIe  Snaviilvianinsouse
MasssurRldunnty  dudlerunszuiunisdeu
aouzanvesaniiufng A3 Regasification [14]
Snndaiteanunsai U dudoumaddusunnue

FsaIsNsuaninsisa Ussanl 2559

sssuAvseass  mtuiiodunsunlelgmdnediu
Jainsiewemdsrialuyunlgwnuiiesssuend
SN “Aesssuymual  (LIQUEFIED  NATURAL

GAS)”¥58 LNG

a

lnfingsssuvfmvaituasgniiusnwbiludaiy
=

sonwuunduiiiavesnuuuiiluiwivlaeiams 9
158771 Cryogenic sea vessel and cryogenic road
tanker (3U1 4) Fsanansaifvinwgamgiivesine
sssurAvadlsun luanufuiivszina 10 ung
(AnufuUszanufine LPG Mitluatiew) Suhld
fwrindesnindiussquesfesTsumAuniae 5 wi
SnvedsanansaussafnesTsnrRmald wnnhine

§I5UVMUNR 1NV 3 111 lIUInO RN

AaanUAnlUvasinesssugfmag
S v
- fanwaugla
- Liflgnsiduansinnseu
- e
- Lifindu

- JuninunnInenne



unuRIasMdsssuRNfisoNsuamMsGo

Pinit

TO RELIEF E i 2
STACK

BUFFER TANK

REGULATOR

FILTER SHUT OFF YALVE

RELIEF VALVES

SUPER INSULATION
AND VACUUM

1
LNG VAPORIZER XY [ vaLvE
ouT
-
-—
IN

7

DS, SRR IRINIIIY

Fad

VALVE

: e T A
_}::;.b LNG TANK g.
FHIBIBIIY ¥

CROYOQGENIC PUMP

PRI

— NG LINE
= LNG LINE

—— ENGINE COOLANT

3 usmamwhouvessevy InG lueweud (14

snusInn i

drarlssineit
aamdiriia
Cryogenics
wWiel¥ LNG

.,
VIRAWRY

a

LENINISANAITZUUNDY

Hazard LMG LPG Gasoline Fuel Oil
Toxic No MNo Yes Yes
Carcinogenic Mo Mo Yes Yes
Flammable Vapor Yes Yas Yeas Yes
Form Vapor Clouds Under special condition Yes Yes No
Asphyxiant Yes, without adequate O, Yes, same as LNG Mo Mo
Extreme Cold Temperature Yes, but in a vapor cloud Same as LNG Yeas Yes

if refrigerated)

Other health hazards No MNo Eye irritant, Narcosis, Same as gascline
MNausea, others

Flash Point, °C -188 -104 -48 60

Boiling Point, °C -161 -42 32 204

Flammabile limits in Air % 5-15 2.1-95 1.3-6 N/A

Stored Pressure Atmospheric Pressurized (atmospheric Atmospheric Atmospheric

Eehaviaor if Spilled

Evaporates, forming
visible "clouds"
Portions of cloud could be
flammable or explosive

under certain conditions

Evaporates, forming
vapar clouds which could
be flammalkile or
explosive under certain

conditions

Evaporates, forms
flammable pool;
environmental clean up

required

Same as gasoline

25EIsNSNaNInSsa Ussanl 2559
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ndeyarag  finanundhefuuandliiiiu

1 AesssunAvandundinunadeniiunziu
miﬁmﬂsﬁmLmuﬁ”Wﬁiimqaﬁagjamuzﬁ”wv‘f]u
981999
TulagtulivnamiignuinieingsssueIf
wanldluldwuiu loun  dliusmsiSelagansaass
WAULEU  UAesIsuYIAmal (LNG) Auiselaedns
Aaasaunay Wudnwaenslifusssuvfmaisiu
Funsliisiu [16] wanisvaseuUszauAudSan

WUNY VUZLALINUNITNAILIATUNSIUNLADNLAE

G

NnnsTinsugnmsEerdumhemadaly
syeumAtdugilumsAnusumdanunaden
wululefioa uagiussaumnlngnaon ety
nndeyasneifertufnesssunaman fieudad
wAnatiuayulvinsugnmsseasvinsanyily

NstigsTsUIRMaINIUTEYNALTT MU UEUA

LONE1591999

Totesssusmrainse LNG 1 Usewalnalagniie
a A P o o o 3 = )
NuUAieNdas  Masdkurluulunis@nwiwazwmun
atsiallles  ieatuayunasnulugnamnssua
f Ao & v Vey a @ ) P
a9 Iendudeslafingsssurmdunasnusiuia
Taslaliteing o Aigedldfinesssurflundsnusiunu
= gj %3 o Y & A

annanisiaulldiueusuAs o saway

Semaslasuauaulaiiesainanuqualunis
& ) = Ao a a Aa

AN ULAZLUUNGINUN LN NNUTZANTAINNNAINM

AuAlusuIAnndsunanas1dulaantesas

YDINBIWINITD WU FOUTTNNNNGINTVBINTUEIMSITE
y3ei3aMn953n56neY Alsfudnnsunyaainsves
nowmiZedudu ieidunisiwiesslusumade
Y9INTUGNNI5F0  lun1siauIInaIuaINiY
sssumivannld ddiilenelfiAnyselovigaan
sonasinSadilinaainiseyuting To become the
best lusnundsnuniadenssly
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