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TOM TAT

Bai bdo trinh bay tong quan vé cdc loai hé dong lwe (HPL) khéng phu thudc khéng khi trén
phirong tién ngam dwdi nuée hién dai, bao gom HPL dong co nhiét chu trinh kin, HPL pin nhién
liéu. Trén co sé phan tich nguyén 1y, diéu kién lam viéc, pham vi sir dung cdc loai HPL dé, ciing
nhie tong hop, so sanh, danh gid cdc logi HPL dang dwoc khai thdc thuce té trén thé gici, trinh dé
cong nghé trong nueée, tién hanh danh gia vé hiéu qud, lwa chon loai HPL khong phu thudc khong

khi va kha nang vng dung vao doi tau trong nuoc.

Tw khoa: HDL,; Dong co nhiét; Pin nhién liéu; Khong phu thuoc khong khi; Phuwong tién

ngam.
ABSTRACT

This article provides an overview of the different types of air-independent propulsion (AIP)
on modern submarines, including closed-cycle heat-engine AIP and fuel-cell AIP. Based on the
analysis of the principles, operating conditions, the application field of AIPs of different types, as
well as the synthesis and comparison of AIPs on operated submarines, the technological level of
our country, to assess the effectiveness, the method of choosing the type of AIPs and application

possibilities to the Vietnamese Navy.
Keywords: Power plant;, Heat engine; Fuel cell; AIP; Underwater vehicle.
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1. PAT VAN PE

Su phat trién k¥ thuat ngdm dudi nude
phu thudc rt nhiéu vao chat luong cua to hop
ning luong trén phuong tién ngdm ma trong
tam 1a h¢ dong lyc (HPL). So véi cac loai HDL
tau mat nudc, s6 luong cac loai HPL ngam
kha it 61, bao gém 2 loai, d6 la HDL hat nhan
va HDPL phi hat nhan. Loai thtr hai bao gdm 3
dang, d6 1a HPL diesel-di¢n, HDL may phat
dién hoa va HPL dong co nhié¢t chu trinh kin.
Viéc xuat hién HPL hat nhan vao nhirng ndm
1950 1a mot budc cach mang [1]. Tuy nhién,
HDPL phi hat nhan van chiém sé luong 16n do
chi phi dong méi va khai thac ré hon khoang 10
lan HPL hat nhén [2].

Pb6i voi phuong tién ngam lip HPL
diesel-dién truyén thong khi hoat dong can phai
n6i 1én mit bién hoic theo ché do éng tho dé
1y khong khi dy trir va nap dién cho to hop dc
quy. Ti so giita thoi gian éng thé véi tong thoi
gian hoat dong ngam dung ic quy duoc goi 1a
hé s ton that bi mat, bang 7,0 — 10% [2], [3].
bé giam hé ) nay, hién nay, HDL phi hat nhan
dang phat trién theo hai huéng chinh. Thi nhét,
hoan thién HPL diesel-dién truyén thong, trong
d6 sir dung dong co diesel cao toc (1200 — 1800
vg/ph) cudng hoa cé cong suat tir 700 — 1500
kW, 1am viéc on dinh khi ¢6 chan khong trén
duong nap va dbi ap trén du:ong thai [2]. Bén
canh d6, can nang cao cong suit Va hiéu suét
cua cac may dién, hoan thién t6 hop a ac quy axit
chi truyén théng va ché tao cac loai ¢ quy méi
cd do tin cdy, ndng luong riéng cao (bac-kém,
natri sunfua, niken-cadmium, niken-k€m, kim
loai-khong khi, lithium...) va trong tuong lai
st dung chit siéu dan nhiét do cao (ndm 2030)
[2]. Tht hai, phat trién va hoan thién HPL
khong phu thudc khong khi (Air independent
propulsion — AIP). Céac két qua nghién ctru vé
AIP da cho phép lip dit ching trén cac tau
dong méi cling nhu cai hoan céc tau lap HDL

diesel-dién truyén thong dang khai thac [1], [2],
[4]. AIP str dung cho tau c6 lugng gian nudce tu
1000 — 3000 tan, khi luong gian nudce 16m hon,
t61 wu hon 1a st dung HPL hat nhan [5].

HDL dong co nhi¢t bao g6m HDL diesel
chu trinh kin (closed cycle diesel — CCD),
tuabin hoi chu trinh kin (moduled energie sous
marine autonome — MESMA), tuabin khi chu
trinh kin (closed cycle gas turbine — CCGT),
dong co dot ngoai Stirling. HDL may phat dién
hoéa 1a mot to hop gdm cac cum pin nhién liéu,
hé thong nhién liéu va chét 6 xy hoa, hé thong
thai san phdm phan tng, hé théng kiém soat
nhiét do, hé théng giam sat va tg dong. Hién
nay, chu yéu sir dung loai pin nhién liéu mang
trao d6i proton nhiét do thip LT-PEMFC.

Muc dich nghién ctru la phan tich va
danh gia cac loai AIP, céc ti€u chi lya chon AIP,
thyc trang va khuynh huéng phét trién cong
nghg, tir d6 danh gia kha nang phat trién va tng
dung AIP trong nuéc. Phuong phap nghlen ciru
la nghién ctru ly thuyet trén co s& tong hop cac
dir 1i€u, phan tich, dé xut so do, Iva chon loai
AIP va dinh hudng thiét ké, ché tao.

2. NOI DUNG
2.1. HDL diesel chu trinh kin

Trong HPL CCD, mdi chit cong tac cip
cho dong co diesel co thé 1a hon hop nito (khi
tro) véi 6 xy (d6t nhién liéu) hodc hdn hop CO,
va 0 xy (CO, dugc nén trong binh hodc hap thu
bang dung dich hodc CO, theo dong chan vit).
Céc so d6 nguyén 1y cua loal HDL nay da duogc
cAc tac gia bai bao nay trinh bay trong cong bd
trude day [6]. Trén thuc té, HDL CCD da duoc
Duc lap trén tau ngam thir nghiém U-798 (Hinh
1), lugng du trit 6 xy thé khi 25 tan (ap suét 40
MPa) va 40 tin 6 xy hoa long [2]. Sau chién

tranh Thé gi6i II, Lién X6 da dong loat tau lip &
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HDL CCD (mdu A615, 30 chiéc), trong 6 CO,
duogc hip thy bang dung dich [1], [7].

Uu diém vé mit cong nghé ciia HDL
CCD la str dung dong co diesel thong thuong
nén co gia thanh thap va don gian trong dao
tao kip tau. Tuy nhién, dong co diesel c6 nhuoc
diém chinh 1a c6 d6 dn cao khi lam viéc.

Hinh 1. So dé nguyén Iy HDL CCD “Kreislauf”:
I - Péng co diesel; 2 - Cap khong khi ¢ vi tri noi;
3 - Binh 6 xy; 4 - Van giam dp o xy;

5 - Van gidm dp cdp 6 xy; 6 - Thiét bi tron lam
giau 6 xy; 7 - Mdy nén khi thdi; 8 - B6 diéu chinh
ap sudat khi lam viéc theo chu trinh kin;

9 - May lanh; 10 - Bau loc khi; 11 - Thai khi dw
khi lam viéc theo chu trinh kin; 12 - Ludn hoi khi
thai; 13 - Van tiét luu dé diéu chinh nhiét do khi;
14 - Thai khi & vi tri néi; 15 - Chan vit;

16 - Khop néi; 17 - Dong co dién lai chan vit hanh
trinh tiét kiém, 18 - Hop giam toc;

19 - Thiét bi chuyén khi thai sang chu trinh kin.

2.2. HDL Stirling

Nguyén ly lam viéc, két ciu, dic tinh
cua dong co Stirling dugc mo ta rd trong cac
tai liéu chuyén nganh [2], [4], [8], [9]. Nam
1982, hang “Kokus Marine AB” (Thuy Dién)
lan dau tién thir nghiém HPL Stirling dong
vai tro 1a HDL phu song hanh vé1 HDL diesel-
dién truyén théng. Pong co Stirling c6 thé st
dung céc nguén nhiét khac nhau, trong do6 gém

ngudn khong lién quan dén chay nhién lidu.
Khi sir dung nhién liéu thi yéu cau thap vé chat
lwong nhién liéu 1ong (ham luwong tro, chi sb
cetane hodc octane). Do qua trinh chay lién tuc
va déu nén dong co Stirling co mirc 6n va rung
thap (thap hon tir 20 — 40 dB vé do on, 5 — 30
dB vé rung), hiéu suat kha cao dic biét & tai
cuc bg, tang tinh kinh té nhién liéu dén 20% so
voi dong co diesel [2]. Khi hoat dong dong co
Stirling téa nhiét it vao khoang dong luc, muc
dd ddc hai cua khi thai thap (chu yéu la CO va
hoi nudc), md men xoan it thay doi (ti sb gitra
mod men tic thoi va md men trung binh trong
mot vong quay truc khuyu 1a 0,95 — 1,05, trong
khi 0,9 — 3,7 ddi véi dong co diesel), muec ti€u
hao dau boi tron thip, ap suat khi thai cao nén
cho phép thai san vét chay ra man ¢ do sau dén
200 m ma khong can sir dung may nén.

Nhuoc diém chinh cta dong co Stlrhng
1a gi4 thanh cao, két cau phtic tap, cong suat thap
(hién nay, thuong 1a loai 75 kW, mot s6 it dat
cong sudt 600 kW) lam cho viéc tng dung HPL
Stirling con khiém tén so véi HPL CCD. Vi du
vé HPL Stirling 1a cac dy an “Viking”, A-17
“Vastergotlands”, A-19 “Gotland” (Thuy Dién),
“Collins” (Australia), Imp. Oyashio (Nhat Ban),
Type 041 va 043 (Trung Quéc) [2], [10].

2.3. HbPL MESMA

MESMA dugc st dung trén tau Agosta-
90B va Scorpene ctua Phap (Hinh 2). Theo [11],
[12], cong suat cia HDL MESMA 1a 200 kW,
trong d6 san sinh nhiét ning bang cach dot
chay hon hop khi etan va 6 xy trong vong so
cAp cua thiét bi trao doi nhiét (6 xy duogc bao
quan ¢ dang long, nhiét do thap). Nhiét luong
sinh ra dugc cap cho nudc trong vong thur cap
va tao thanh hoi c¢6 ap suat cao 1am quay tuabin
hoi dan dong may phat dién téc do cao. San
vét chay gom hoi nuéc va khi thai dugc thai
ra man tau. Qua trinh chay dién ra trong budng
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chay duéi ap suit 6 MPa nén tau c6 thé hoat
dong ¢ d6 sau 600 m (san vat chay dugc thai ra
man tau khong can may nén). Pay 1a vu diém
ndi bat cia HDL MESMA. Hiéu suit ciia HDL
MESMA chi vao khoang 20% do t6n thit ning
luong & nhidu cdp (d6t chay nhién liéu, thu
hoi qua nhi¢t, san sinh di¢n ba pha sau do lai
chuyén thanh dong méot chiéu) [12].

Hmi 200°C
3 ) 4

2
aa I e B
700°C
i 50°C
2 0°C
10 KChi thii
—I

Hinh 2. So' do nguyén Iy HPL MESMA:
1 - Binh 6 xy nhiét do thdp; 2 - Binh etan;
3- Buo”‘ng chay; 4 - Thiét bi trao doi nhiét;

5 - Tua bin hoi dan dong may phdt dién; 6 - Thiét
bi sinh hoi; 7 - Thiét bi ngung; 8 - Vong tua bin
hoi; 9 - Vong nuwoc man; 10 - Vong trung gian,

11 - Ong cdp 6 xy; 12 - Bom nuée ngot;
13 - Bom nude man; 14 - Thiét bi trao doi nhiét
ciia vong trung gian; 15 - Thiét bi héa hoi 6 xy.

Nhugc diém chinh cia HDL MESMA
la kich thudc 16n (so véi HPL CCD va Stirling
cing cong sudt), tinh kinh té thip (tiéu thu
nhién li€u va 6 xy 16n), nhi¢t do chdp chay cua
etan thap nén nguy co chay nd cao. Uu diém it,
nhugc diém nhiéu nén HDL MESMA duogc str
dung v6i quy mé khiém tén hon so véi HPL
CCD va Stirling.

2.4. HDL pin nhién li¢u

Pin nhién liéu 1a mot hé théng dung dé

chuyén dbi tryc tiép hoa ning thanh dién ning
bang cach 6 xy hoa nhién liéu. Khac véi pin
dién chi sir dung dugc mot lan (pin hét dién
khi cdc phan tir hoat tinh ngimg hoat dong),
hoic dc-quy dung dugc mot sb 1an (sac va giai
phong dién), pin nhién liéu hoat dong lién tuc
néu duoc cip nhién liéu va chét 6 xy hoéa.

Trén co s& phan tich cac nghién clru
trong va ngoai nudc [2], [6], [14-20], chiing t61
da téng hop cac loai pin nhién li¢u ¢ dang so
dd, duoc thé hién trong cong bd trude day cua
nhom tac gia [13]. So d6 tong quat HDL pin
nhién liéu duoc dé xuat nhu trén hinh 3.

Viée thiét ké, ché tao HPL pin nhién
liéu khong chi 1a thiét ké ché tao ban than cum
pin nhién liéu ma con cac h¢ thong ciia no dé
tao thanh may phat di¢n hoa. Cac nudc di tién
phong trong phat trién HPL pin nhién liéu gdm
¢6 Thuy Dién, My, Nga, Purc, Tay Ban Nha,
Anh, Canada, An do, Nhat Ban. Cac du 4an
cliia cac nudc di duogc trinh bay cu thé trong
[13]. Cac hing di dau trong san xuat pin nhién
liéu gém Simens, General Electric, Fuel Cell
Energy, Ballard, Mitsubishi Heavy Industries;
trong phat trién HDL pin nhién liéu gdm c6 cac
hang Lockheed, Perry Energy Systems, AIP
Engineering, Rubin, IKL, HDW, FS, Ballard
Power Systems; trong nudc chua c6 nghién ctiru
vé ché tao HPL pin nhién liéu.

g thng thai
an plam phis

B ihing: lins

IFi va cap

mihiidn ligw

Hinh 3. So do tong quat HPL pin nhién liéu.
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2.5. So sanh va lwa chon AIP

Céc hang san xuat-xuat khau AIP hang
dau gdbm TNSW (DPtc, du an 212A, 212B, 214,
209mod, 209PN va Dolphin); DCNS (Phap, du
an Agosta-90B, Scorpene va S-80A); Kockums
(Thuy Dién, dy 4n A-17, A-19, A-26). Cac nha
san xudt phuc vu trong nuéc gdm Mitsubishi
(Nhat Ban, du 4n “Improved Oyashio”); Yuan
(Trung Qudc, du 4n 041); Rubin (Nga, du 4an
Amur 1650). Theo [9] ti trong tau lip AIP
chiém khoang 15% HDL phi hat nhan cia thé
giéi. Bang 1 1a két qua thong ké mot s loai
tau lap AIP dién hinh, trong d6 HDL pin nhién
liéu dugc ky hi¢u 1a FC. Qua do6 cho théy, van
tdc ngdm cua cac tau dung AIP khac nhau, gin
bang nhau, thoi gian hoat dong cia HPL pin
nhién liéu vuot trdi hon cac loai khac.

AIP ¢ cong sudt 150 — 300 kW cho
phép tau chuyén dong & trang thai ngam voi

van toc 3 — 4 hl/h, tim hoat dong ngam khoang
1500 hl, thoi gian ngam khoang 20 ngay dém,
chiém gan 50% tong thoi gian hoat dong ngam
(khi str dung 4c quy va AIP) [9]. Gi6i han thoi
gian ngdm ctia AIP 13 do han ché du trit 6 xy
long ddi véi tat ca cac loai AIP. P6i véi HDL
pin nhién li€u con bi gidi han lugng hydro luu
trir trong hop chét lién kim loai.

Hién nay, cac tau phi hat nhan cia nude
ngoai st dung 3 loai AIP: pin nhién liéu (Dtc,
Nga), Stirling (Thuy Dién, Nhat), MESMA
(Phap). Mbi nudc uu tién chon hudng phat trién
cho riéng minh cin cir vao mirc d6 phat trién
nganh ché tao may dan sy. Trén co s phan tich
cac loai AIP, c6 thé téng hop cac tiéu chi dé so
sanh, danh gia cac loai AIP nhu trong Bang 2.
Trong d6, do HDL CCD str dung dong co diesel
truyén thong nén dugc chon lam co s dé so
sanh cac loai AIP khac.

Bdng 1. Cdc thong s6 co ban ciia mt sé tau ldp AIP trén thé gidi

Loai, dy . 212A «Dolphin» KSS-2 «Agostay- «Scor- Improved Salvatore
4n tau Amurl650 | 209mod | 209PN 212B +(2124) 214 214) S-80A 90B pene» A-l7 A9 A-26 «Oyashio» Pelosi
Nha san xudt Rubin IKL KL HDW KL KL KL DCNS DCNS DCNS | Kockums | Kockums | Kockums | Mitsubishi
PO . An do, Tay . Thuy
A Bo bao e, . .r = . Brazil, 3 Thuy Thuy A
Hai quan Nga Hy lap Nha ltaly Israel Hy lap Han Quoc Bar‘l Nha, Pakistan Ando . Dién, Pién Dién Nhat ban Italy
Chile Singapore,
Lugng gian 2000 2020 1830 2000 1800 1860 2400 1980 1850 1600 1550 1860 4200 1631
nude ngam, T
Chiéu dai, m 66,8 624 67,9 57,2 67,3 65 65 71 76,2 744 60,5 60,4 63 84
Budng 7.1 62 6.5 7 6.8 6.6 63 73 6.8 62 6.1 62 6.4 9.1
kinh, m
Do séu lan, m 300 250 400 300 350 400 400 320 350 300 - - 300 250
Kip tau, 35 31 31 27 30 27 27 3248 36 31 27 27 17-26 65
ngudi
Loai AIP FC FC FC FC FC FC FC FC MESMA | MESMA | Stirling Stirling | Stirling Stirling o)
Thanh phan 2 2 2x 4x
24 phan, BZM- | BZM- | 9xBZM- | 2xBZM- | 2xBZM- | 9xBZM- 2x Mk-3 3x Mk-3
Z‘;,gl:;j“ 120 120 34(306) | 120(240) | 120(240) | 34 (306) (300) 1x200 1x200 (150) V?EZSP‘ (200) V?;f)z)ik
; (240) (240) .
PR H, H, ) . . Bioethanol . .
Nhién ligu 0, H, oy | vy | MO | H,AMO) | 1, (MO) | 1, aMC) | EERE | Ethanol | Ethanol DO DO DO DO DO
Thoi gian
hoat dong 45 50 50 45 30 45 45 50 50 - - - - 45
dac lap,
ngay-dém
Van toc ngam 21 215 215 20 20 20 20 20 20 20,5 20 20 20 20
toan bo, hi/h
Vin the ngﬁm
ding ATP, 3 - - 3 35 4 4 4 4 5 4 4
hi/h
Tl1§i gian
ngim AIP, 9 12 17 20 14 13 14 15 15 17 14 15 15
ngay-dém
Tém boi
ngdm ding 650 1440 1176 1248 1440 1440 1632 1800 1440
AIP, h
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Bang 2. So sanh, danh gia cac logi AIP

Théng s6 danh gia HDL

CCD Stirling MESMA FC
Cong suat riéng, kW/kg Co so ! ! 1
Hi¢u suét, % ~30 ~30 ~20 ~70
Bién doi ning luong Khong tryc tiép | Khong truc tiép | Khong truc tiép | Truc tiép
Nhiét d¢ lam viéc, °C > 400 > 750 > 700 ~80
Lam mat Sinh han nudc Sinh han nudc | Sinh han nuéc | Vong kin
Tiéu thu 6 xy, kg/kW 0,75 1,0 1,1 0,4
Pic tinh khéi lugng-kich thudc Co s 1 1 l
Thoi gian hoat dong ngdm ding Co so 1 1 1
Mirc d6 truong vat 1y tong hop Trung binh Trung binh Trung binh Thap
Mirc d6 tiéng on Co sé l l i}
Mtrc d6 toa nhiét Co sé l l i}
An toan chay nd Co sé = l 1
llz/lhl;f t(}ilg; Cd(m gian va an toan trong Co s& ! ! !
Tudi tho va gia thanh khai thac Co so ! l 1
CKéhng;égg nsg f;iung co so ha ting Co s& | | l
Ghi cha: ky hiéu 1 - ting; | - giam; = - khong thay doi

Ta thay, HPL Stirling, HDL MESMA
va HDL pin nhién liéu c¢6 wu thé hon HDL CCD
vé mirc do tiéng On va toa nhiét. Xét vé tong
thé mac do trudng vat 1y tong hop cia HDL
pin nhién liéu 1a thap nhat gitp ning cao tinh
bi mat [20]. Hiéu suit ctia HDL pin nhién liéu
16n nhét, c6 thé dat 70%, hon gip doi HPL
CCD. Khi lya chon loai AIP can xét dén hiéu
qua kinh té — k¥ thuat, ciing nhu kha ning trién
khai phuong an lua chon trong diéu kién cong
nghiép dan sinh va trinh d6 cong nghiép cua dat
nude. Cac chi tiéu dé Iya chon AIP duoc téng
hop thanh so d6 cau trac nhu trén hinh 4.

Theo phéan tich, so sanh, danh gid ¢ trén
thi HDL pin nhién liéu c6 chi phi san xuét 16n,
gia thanh cao, nhung céc tiéu chi con lai c6 wu
diém vuot troi cac loai AIP khac. Lua chon

HPL pin nhién liéu cho phuong tién ngdm noi
chung va tau ngam noi riéng 1a xu hudng tuong
lai.

Knéilugng AIP+ Dy b An i vitkhi-nhit |
‘Thi tich AIP+ Dy i Thiigian hogt égag ngim |

Co 56 khoa hoc ki thujt

Gid trj vong 4&1 AIP X o
) | Khi ning lim chi nén

e céog nghifp
R Dé tin cjy vi vic séng J Khi ning xiy dyng vi
= cii tién co s ha tng
r&dﬁu;-_q;i & thujt J Tiéu chi chi phi
_aitﬁldlgi'p J_ Tiéu chi khi thi

Hinh 4. So d6 cdu tric cdc chi tiéu dé lira chon
HDL khéng phu thuoc khong khi

3. KET LUAN

Hién nay, c6 bon loai AIP dugc st
dung, d6 1a HDL CCD, Stirling, MESMA va

pin nhién li¢u. Trong d6, HPL pin nhién li¢u =

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 342, thang 6 nim 2026 BEE)

cokhivietnam.vn



NGHIEN CUU - TRAO DOI

dugc sir dung phd bién hon ca. Sir dung HPL
pin nhién liéu dé nang cao tinh bi mat, kéo dai
thoi gian va tim hoat dong ngam ciing nhu
tang chiéu sdu lan ciia phuong tién ngam 13 xu
hudng tat yéu, can duoc nghién ctru phat trién.
Trén thiét bi ngdm khong nguoi 14i hodc c6
ngudi 1ai thuong lap HPL pin nhién liéu loai
LT-PEMFC.

Nghién ctru d3 tong hop céc dir liéu vé
cac loai AIP va so dd céu tric cac chi tiéu dé
lra chon AIP. Dé xuét lwa chon HDL pin nhién
liéu, so dd HPL pin nhién li¢u, thuc trang cong
nghé ctia nudc ta, ciing nhu viée tiép can cic
loai vat li€u hoan toan cho phép thiét ké, ché
tao HDL pin nhién liéu cho phuong tién ngam.
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