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Tom tat

Bai b&o trinh bay tong quan vé nguyén Iy hoat
dong cac logi pin nhién liéu (fuel cells), sw phat
trién fuel cells trong va ngoai niéc, phan tich hé
dong luc khéng phu thugc khéng khi s dung fuel
cells (fuel cell AIP) trén phirong tién ngam hién
dai. Bdi bdo ciing dé xudt so do va dinh hwong
thiét ké, ché tao fuel cell AIP trong nwéc.

Tir khoa: Té bao nhién ligu, pin nhién lidu, thiét
bi ngam, AUV, UUV.

Abstract

The article presents an overview of the operating
principles of fuel cells, the development of fuel
cells in our country and abroad, as well as an
analysis of fuel cell AIP for modern underwater
vehicles. The article also proposes a schematic
and an orientation for the design and manufacture
of fuel cell AIP in our country.

Keywords: Fuel cell, fuel cells, underwater
vehicles, AUV, UUV.

1. Mé dau

Té bao nhién ligu (fuel cell) hay pin nhién liéu (fuel
cells) 1a mot hé thdng dung dé chuyén dbi truc tiép
hoa niang thanh dién ning bang cach 6 xy héa nhién
lieu. Khac vai pin dién chi sir dung duoc mot lan (pin
hét dién khi cac phan tir hoat tinh ngirng hoat dong),
hoic dc-quy dung dwgc mot sé 1an (sac va giai phéng
dién), pin nhién liéu hoat dong lién tuc néu dugc cip
nhién li¢u va chit 6 xy hoa.

Nhién li¢u trong fuel cell dong vai tro chét khu,
nhu hydro (Hz), metan (CH4), metanol (CH3sOH),
etanol (C,HsOH), dau diesel (DO) va chat 6 xy hoa la
6 xy duoc lay tir khong khi trong cac tng dung trén
bo hozc tir cac ngudn khdng phu thudc vao khong khi
trén phuong tién ngam dudi nudce, nhu, thiét bi ngam

tu hanh (autonomous underwater vehicle - AUV),
thiét bi ngam khong nguoi 1ai (unmanned underwater
vehicles - UUV), tau ngam (submarines) va trién vong
trén ngu 161 (torpedo).

Mot s thiét bi ngdm hoat dong trong ving nudc
ndng c6 thé sir dung ngudn dién dugc cap tir bo hoic
tir tau mat nude bang day dan. Phuong an nay ¢6 nhiéu
han ché, nén viéc sir dung hé dong luc (HPL) khong
phu thugc vao khong khi (air independent propulsion
- AIP) dugc uu tién.

Str dung AIP cho AUV, UUV la diéu d& hiéu, vi
chdng c6 nhiém vy tham do dudi nuée, thoi gian, tim
hoat dong ngdm va do6 sau lan cang 16n cang tét, mac
d6 on cang nho cang tt. Bdi vai tau ngam diesel-dién,
thoi gian hoat dong ngam han ché do giéi han du trit
dién ac quy. Pé sac ac quy, tau ngam phai noi 1én mat
bién hodc dong co diesel hoat dong ¢ ché do ong tho,
do d6 xac suat thu ngam bi phat hién bang radar, hong
ngoai, quang dién tr va &m hoc tang. Ty € gitra thoi
gian ong thé dé sac ac quy va thoi gian dung dién 4c
quy duoc goi 1a “hé sb ton that tinh bi mat” (0,07+
0,10 [1]). Dé giam hé sb nay (dén 0) va tang thoi gian
hoat dong ngam can st dung AlP.

AIP trén phuong tién ngam gém: AIP c quy, AIP
CCD (closed cycle diesel - diesel chu trinh kin); AIP
MESMA (moduled energie sous marine autonome -
tua bin hoi chu trinh kin); AIP Stirling va fuel cell AIP.

Theo [2] fuel cell AIP ¢6 wu diém vuot troi so voi
cac AIP khac, nhu d6 6n thap, kich thudc-khdi lwong
nho, hiéu suat cao (~70%). Do do, fuel cell AIP la
phuong 4n lya chon day htra hen trén cac phuong tién
ngam hién tai va tuong lai.

Muc dich nghién ctru la phan tich nguyén ly hoat
dong céc loai fuel cells, sy phét trién cong nghé fuel
cells trong va ngoai nudc, cling nhu fuel cell AIP
trén phuong tién ngam hién dai, dé xuat so do va dinh
hudng thiét ké, ché tao fuel cell AIP trong nudc.

Phuong phap nghién ciu 1a nghién ctu ly thuyét,
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bao gdm tong hop cac dit liéu, phén tich, danh gia, két
luan va dé xuét dinh huéng.
2. Nguyén ly hoat dgng cua cac loai fuel cell
V& co ban, nguyén ly hoat dong cua fuel cell
nguoc lai qua trinh dién phan nudc, nghia 1a néu cho
hydro va 6 xy tac dung véi nhau khi c6 mat chat xuc
tac va trong diéu kién xac dinh sé& sinh ra dién va nuéc.
Phan tich tong quan c4c nghién ciru trong va ngoai
nuéc [1, 3, 4, 5, 6, 7, 8, 9], cac dit liéu da cong bd
khong hoan toan théng nhat. Céc tac gia di so sanh,
d6i chiéu va tong hop thanh so d6 nguyén ly hoat dong
cuia cac loai fuel cell (Hinh 1). Mot s6 ky hiéu: AFC -
alkaline fuel cells (pin nhién liéu kiém); PEMFC -
proton exchange membrane fuel cells (pin nhién liéu
mang trao d6i proton); SPFC - solid polymer
electrolyte fuel fells (tén goi khdc cuia PEMFC);
PAFC - phosphoric acid fuel cells (pin nhién li¢u axit
photphoric); MCFC - molten carbonate fuel cells (pin
nhién liéu cacbonat néng chay); SOFC - solid oxide
fuel cells (pin nhién liéu oxit rin); YSZ - yttria-
stabilized zirconia (oxit yttria va zirconium 6n dinh);
Al-O2/H,0; - semi-fuel cells (ban pin nhién liéu); t -
nhiét do; e - hiéu suat; vat liéu 16p xuc tac c6 thé 1a
Pt, Pt-Ru, Ni, NiO hozc kim loai khéng quy hiém.
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Hinh 1. So dé nguyén ly hoat dgng ciia cac logi fuel cell

Nhu vay, cd 5 loai fuel cells co ban (AFC,
PEMFC/SPFC, PAFC, MCFC, SOFC) va 1 loai semi-
fuel cells, trong d6 sir dung nhdém hoac kim loai khac
lam nhién liéu (khéng dung H2 hozc khi tong hop).

Trong logi PEMFC c¢06 logi sir dung truc tiép
metanol hogc etanol lam nhién li¢u ma khéng cé budc
chuyén héa thanh Hz nén duwoc goi tirong img 1a pin
nhién li¢u metanol truc tiép (DMFC - direct methanol
fuel cells) va pin nhién li¢u etanol truc tiép (DEFC -
direct ethanol fuel cells) [6].

HOI NGHI KH&CN CO KHi - PONG LIPC 2021

Nguyén ly hoat d6ng cia DMFC:

Trén anot: CH3OH + H,O — CO; + 6H* + 6¢

Trén catot: 1,50, + 6H* + 6e" — 3H,0

Téng quat: CHsOH + 1,50, — CO;, + 2H20

Nguyén ly hoat do6ng cua DEFC:

Trén anot: C;HsOH + 3H,0O — 2CO2 + 12H* + 12¢

Trén catot: 30, + 12H* + 12e” — 6H,0

Tong quét: C;HsOH + 30, — 2CO; + 3H,0

Cac loai fuel cell khac nhau vé két ciu, cac dién
cuc, cac chat tham gia phan tng, cac chét dién phan,
xUc tac, nhiét do 1am viéc va hiéu suit.
3. Sw phat trién caa fuel cells va fuel cell AIP

Fuel cells du tién duoc phat minh vao nim 1838-
1845 boi Christian Friedrich Schoenbein va William
Robert Grove [9]. Tuy nhién, ching phét trién khéng
dang ké so véi dong co nhiét trong suét thé ky dau tién
vi nguon nhién liéu héa thach doi dao. Budc dot pha
dat dugc vao nhirng nam 1950-1960, khi phat trién cac
chuong trinh khéng gian. Cu thé, hing General
Electric (My) da phat trién PEMFC cho tau vil tru
Gemini, AFC cho chuong trinh vii tru Apollo mission
va Space Shuttle. AUV “Deep Quest” dau tién lap fuel
cells dugc My ché tao nam 1978 [10].

Tuy nhién, d&én nay, viéc st dung rong fuel cells
trong kinh té - xa hoi con gap mot sé tré ngai do su
nghi ngo vé loi nhuan cua mot sé cong ty vé cong
nghé nay.

Mic du vay, theo phan loai sang ché quéc té (IPC)
dugc xac dinh boi nhém chuyén gia vé IPC cua T
chtre So hitu tri tué thé gisi [11]: Cong cu phan tich 1a
cdng cu tra ctu Orbit cua Questel; Pham vi khéng
gian toan cau; pham vi thoi gian tir 01/01/2006; ngay
thuc hién tra ciru 14/4/2020. C6 tong s6 17.994 tai liéu
séng ché lién quan dén fuel cells, trong d6 c6 51,3%
séng ché da duoc cip bang. Trong 3 chi don hang dau,
Toyota motor dd ¢6 1505 ho sang ché, Honda motor
c6 748, Samsung SDI ¢6 656.

Cac ma IPC dugc nhom trong 35 linh vuc codng
nghé [11]. Theo do, tir 2006 dén nay, cac sang ché fuel
cells chi yéu tap trung vao cac linh vuc cdng nghé
thiét bi nang luong; hoa hoc vat liéu co ban; phuong
tién van chuyén; cong nghé moi truong; céng nghé bé
mat; vat liéu luyén kim; ky thuat héa hoc.

Trong nude, Bé Khoa hoc & Cong nghé ban hanh
Quyét dinh vé Danh myc c4c cong nghé chu chot cua
cugc Cach mgng cong nghié¢p 4.0. Theo dd, c¢é 41
cdng nghé chui chot, dieng vi tri thir 16 la “Céng nghé
ché tgo pin nhién liéu (Fuel cells)” [12]. Nhu vy,
nghién ciru 1am cha cong nghé ché tao fuel cells 1a

SO DAC BIET (10-2021)



HOI NGHI KH&CN CO’ KHi - DONG LUC 2021

mot van dé thoi sy trong nude, can duoc quan tam,
dau tu thuc hién.

Budc dau da co mot sé nghién ciu vé fuel cells
dugc thyc hién trong nudc. Trong d6, c6 mot sb
nghién ctu tong quan, phan tich, danh gia vé& cong
nghé fuel cells va tng dung cua n6 [2, 4]; nhom
nghién ctru ctia GS.TS. Vii Thi Thu Ha, Vién Hoa hoc
cdng nghiép Viét Nam va nhom nghién cuau cua
PGS.TS. Nguyén Thi Phuong Thoa, Trudng Pai hoc
Khoa hoc Ty nhién, Pai hoc Qubc gia TP. H6 Chi
Minh bat dau nghién ctu vé& chat xtc tac cho fuel
cells; nhom nghién ctu ctia PGS.TS. Nguyén Manh
Tuén, Vién Vat ly TP. H6 Chi Minh ciing nhu nhém
nghién ciu cia TS. Nguyén Chanh Khé, Trung tam
R&D Saigon HitechPark nghién ciru vé DMFC [13];
nhom nghién ciru ciia c&c tac gia bai bao nay di tién
hanh ché thir fuel cells kiéu PEMFC véi 8 cap pin, cho
ra dong dién mot chiéu 3,5A va dién &p 6,96V nhién
liéu sir dung 1a hydro tinh khiét va chét 6 xy hoa la 6
xy tinh khiét (day 1a két qua ban dau vé fuel cells, hi¢u
Suit tich toan ban dau chi dat 24%).

Thdng qua cadc nhom nghién ctu, ciing nhu viéc
ché thir fuel cells trén, c6 thé thdy, trong nuéc hoan
toan c6 thé tiép can vai cac loai vat liéu dé ché tao fuel
cells theo muc dich sir dung.

Nhu vay, hién nay céc nghién ciu vé fuel cells ¢
nudc ta déu trong giai doan ban dau, chi yéu la nghién
ctru hiéu urng vat liéu xdc tac trong phong thi nghiém,
ché thir fuel cells theo mau va hau nhu chua c6 nghién
ctru bai ban vé cong nghé ché tao fuel cells.

Fuel cell AIP ¢6 uu diém vuot troi so vai cac loai
AIP khac, nhat 1a vé d6 6n. Nhimg nim ngan day cac
nu6e nhu My, Nga, Duc, Nhat, Canada, Trung Quéc

khong ngirng ché tao AUV, UUV sir dung fuel cell AIP,

Duéi day trinh bay tong quan vé phat trién fuel cell
AIP cua thé gigi [1, 3, 5, 7, 8, 10, 14]:

Thuy Pién, theo dat hang cua Hai quan Thuy Dién,
nam 1964, cong ty ASEA da ché tao thir nghiém fuel
cell AIP dua trén AFC cho tau ngam.

Tai My, cudi nim 1960, hing General Electric da
phat trién 2 fuel cell AIP loai SOFC thir nghiém c6
cong suat twong ung 1,8 va 44 kW. Nam 1978 hing
Lockheed lan dau tién d thir nghiém thanh cong fuel
cell AIP cho AUV “Deep Quest”. Trén d6 lap 2 AFC
c6 cong suat 30kW duoc san xuit bai hang United
Technologies Corp.

Ciing trong nim 1978, hing General Electric ché
tao fuel cell AIP c¢6 cong suit 17kW cho “Canadian
Defense Research Establishment” dé lap 1én AUV.

Nam 1989 hang Perry Energy Systems (Florida)
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hop tac vé6i hing Ballard (Canada) san xuit fuel cell
AIP loai PEMFC & ldp cho 2 AUV Perry PC 1401.

Co quan Nghién ctru khoa hoc Dy an Tién tién
Quéc phong (Defense Advanced Research Projects
Agency (DARPA)) da tai trg cho hang International
Fuel Cells (IFC) dé ché tao UUV 44 inch Iap fuel cell
AIP cong suat 15kW bao gém 4 PEMFC.

Trong khudn khé khoan tai tro 500.000USD nhan
dugc vao nam 2011, hdng API Engineering va
Nextech Materials da ché tao UUV lip fuel cell AIP
loai SOFC c6 cong suit 2kW, dudng kinh 21 inch.

Nam 2012, hang Fuel Cell Energy d4 nhén tai tro
3,8 triéu USD dé ché tao fuel cell AIP loai SOFC cho
UUV c6 thai gian hoat dong doc lap dén 70 ngay.

Tai Nga, dau nhimg nam 1970, hing Rubin da
nghién cau ra fuel cell AIP cho tau ngam du an 865,
thiét bi ngdm Poisk-6 va Sirena-K. Sau d¢, fuel cell
AIP loai AFC cong suit cao sir dung cho thiét bi ngam
Kristall-27. Ngoai ra, trong nhiing nam 1980 hang
Lazurit da phat trién dy &n trang bi fuel cell AIP cho
tau ngam du an 613E véi cong suat 280kW, cac nha
phét trién Kvant va Cryogenmash, Applied Chemistry,
Rubin va Admiralteyskie Verfi di ché tao mot hé
thong san xuat hydro lién tuc bang phuong phap 6 xy
hoéa thay nhiét bot nhdm. Cong nghé nay duoc cac
nude Phuong Tay goi la semi-fuel cells.

Tai Buc, AUV sir dung fuel cells dugc phat trién
tich cuc vao ddu nam 1980. Gitra nhitng nam 1980 tap
doan tau ngdm DPuc (GSC-German Submarine
Consortium) bao gdom cac hang IKL, HDW va FS da
san xuat thir nghiém cac fuel cell AIP trén co s& fuel
cells cua hang Simens. Két qua thur nghiém cho thay,
fuel cell AIP c6 hiéu qua khi sir dung trén tau ngam.

Nam 1989 Hai quan Puc két thic thanh cong 9
thang thir nghiém bién tau ngdm U-1 du an 205 lap
fuel cell AIP. Trén dé, st dung 16 AFC, mdi cai SkW.
Nam 1992 tau ngdm U-1 dugc hoén cai lip AIP CCD
thir nghiém. Céc thir nghiém hoan thanh ndm 1993,
dwa vao két qua ndy, Hai quan Duc ding déng tau
ngam chi lip HDL diesel-dién, ma lap HDL “hybrid”
(9om HPL chinh diesel-dién va fuel cell AIP phy).

Fuel cell AIP dugc l4p trén 4 tau ngam 212A cua
Hai quan Pt va 2 tau ngam loai nay cua Italy, ciing
nhur loai xuat khau 214 cho Hai quan Hy Lap va Han
Qudc. Trén tau ngam duy an 212/214, chat 6 xy héa 1a
6 xy dugc luu trit ¢ trang thai dong lanh, nhién liéu
hydro luu trir & dang hap phu trong c4c hop chét lién
kim loai (Intermetallic compound - IMC). Hai tau
ngam dau tién loai 212A duoc trang bi fuel cell AIP
c6 cong suat dinh mac 306kW, gom 9 PEMFC BZM
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34 cia hang “Siemens” mdi cai 34kW, hai tau ngam
tiép theo dwoc lip 2 PEMFC BZM 120 mdi cai 120kW.
Fuel cell AIP nay con duoc trang bi cho tau ngam
“Dolphin” va 209PN, ngoai ra, nd con dugc trang bi
cho tau ngdm “Okeanos” cua Hy Lap.

Tay Ban Nha, cong ty “Navantia” da phat trién tau
ngam du an S-80 I4p fuel cell AIP loai PEMFC cong
suit 300kW hoat dong bang cach tai ciu tric
(reforming) etanol. Dy &n nay bit dau tir nim 2006,
hién tai tau ngam S-80A duoc xuat khau cho nhiéu
quéc gia.

Tai Anh, dau nhiing niam 1990, hing Vickers
Shipbuilding and Engineering két hop véi hing
Ballard Power Systems da phat trién du an tau ngam
Type 2495 trén co s& 2400 (Upholder). Hién nay, cac
du a4n vé PEMFC cho UUV dugc hdng Defense
Science and Technology Laboratory thuc hién.

Tai Canada, nhitng nim 1980 Co quan qudc phong
Canada d3 bét dau phét trién AIP 300kW loai PEMFC
cua hang Ballard cho tau ngim “Oberon”. Céc nghién
ctu duge hoan thanh vao nam 1992, nhung khong dugc
&p dung. Sau d6, hdng Ballard Power Systems xay dung
fuel cell AIP 250kW sir dung etanol lam nhién liéu cho
tAu ngam “Victoria” (Tén Canada cta tau ngam Anh
thuoc du an “Upholder™).

Tai Nhdt Ban, fuel cells cho phuong tién ngam
duogc phat trién bai mot s6 cong ty va trudng dai hoc,
nhu, PEMFC béi “Mitsubishi Heavy Industries” c6
cong suat 2kW. Nam 2005, AUV "Urashima" (Hinh
2) hoat dong ngam trong 56 gio voi tim boi 317km &
do sau 800m.

Autonomous guidance system
(STN ATLAS, TU limenau)

Fuel cellenergy management

(ZSW/Enitech)
H, and O, gas storage
' (ATI) Trim system

(AIR)

Hinh 2. Hinh dang AUV sii dung fuel cells

Qua khao sat trén, rat ra mot sé nhan xét sau:

- Cac hang di dau trong san xuat fuel cells:
Simens; General Electric, Fuel Cell Energy; Ballard,
Mitsubishi Heavy Industries;

- Céc hang di dau trong phat trién fuel cell AlP:
Lockheed, Perry Energy Systems, AIP Engineering,
Rubin, IKL, HDW, FS, Ballard Power Systems;

- Trong 5 loai fuel cells va 1 loai semi-fuel cells
dugc liét ké ¢ phan 2, ddi véi AUV va UUV c6 thé sir
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dung cac loai AFC, PEMFC, SOFC, dbi vai tau ngam
sir dung AFC, PEMFC hoac semi-fuel cells. AFC doi
hoi Ha va O, tinh khiét nén chi duoc lap trén mot sé
phuong tién thé hé dau, hién nay khéng con str dung.
Uu diém chinh caia PEMFC la c6 nhiét do lam viéc
thip (Hinh 1) nén duoc wu tién sir dung trén ca AUV,
UUV va tau ngam.

- Trong nudc chua c6 nghién ctu nao dugc thuc
hién vé thiét ké, ché tao fuel cell AIP.

4. Pé xuit so do fuel cell AIP va dinh hwéng
thiét ké, ché tao

So d6 tong quat cua fuel cell AIP trén phuong tién
ngam dugc dé& xuat nhu trén Hinh 3.

Hinh 3. So dé téng quét fuel cell AIP

Viéc thiét ké, ché tao fuel cell AIP khong chi la
thiét ké, ché tao ban than céc fuel cells (fuel cells
stacks) ma con cac hé thong cua no, bt dau tir chon
loai nhién liéu, chat 6 xy hda.

Chon céc chét phan ung trong fuel cell AIP theo
cac thong sb chinh, nhu thé dién cyuc; hoat dong dién
hoa; duong luong dién hoa; hiéu qua kinh té.

Mic du, thé dién cuc dic trung cho kha niang khir
ctia nhién liéu, nhung n6 khong phai 1a théng s6 chinh
vi hau hét céc chét khir c6 thé dién cuc gan nhu nhau.

Puong lugng dién hoda biéu thi cho viéc cir mot
dién lugng 1C chuyén qua chat dién phan thi giai
phong duoc mot khdi lwong twong wng chét d6 & dién
cuc. Do d6, duong luong dién hda gian tiép dic trung
cho khéi lugng can thiét cua chat phan tng dé thu
dugc 1C. Céc chat co duong lugng dién hda thap hon
can khdi lugng it hon. Theo théng sb nay, cac chat khir
tiém nang duoc sip xép thanh mot day:

H, < CH4 < C3Hs < LiBH4 < C < CH30H < NH3

Céc chat khir nhe nhat bao gdm hydro, khi tong
hop, hydrocacbon, hydrua bo.

Theo gia tri duong lugng dién hda, cac chat & xy
hoa dugc xép thanh mot day:

0,<H,0; < F, < HNO3 < HCIO4 < Cly < HoCrOg4
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Nhu vay, wu tién chon nhién liéu Ia Ha, sau d6 mai
dén ankan, con va chat 6 xy héa 1a O, sau d6 méi dén
nudc 6 xy gia.

Trén AUV va UUV, H; c6 thé duoc luu trit dong
lanh trong binh dac biét dugi ap suit 170MPa, ¢ nhiét
d6 17-20,4K. Phuong phap hién dai dé luu trir hydro
& dang khi 13 Iuu trir trong dng nanocachon va céc
binh mini 1am tir nhya thay tinh c6 duong kinh R =
20-500um, ty I¢ R/h = 20-100, h la chiéu day thanh
binh. Ap suit binh mini tir 50-200MPa [10].

Coéng nghé luu trit hydro trong hop chét lién kim
loai, nhu LaNis, FeTi, Mg2Ni, ZrV, duoc nhiéu nuéc
&p dung trén cac phuong tién ngam.

San sinh hydro tir hydrua kim loai bang qué trinh
phan hay nhiét, vi du ddi voi MgH, ¢ 200°C hozc tir
hydrua lién kim loai LaNiHy (x = 6 - 7) va FeTiH,.

LaNisHx <> LaNis + zH,

San sinh hydro bang thiy phan hydrua kim loai va
bohydrua kim loai nhe [15]:

NaBH4 + 2H,0 — NaBO; + 4H; + 117,39kJ/mol

Trén tau ngam ngoai cac phwong an luu trir va san
sinh Hz nhu d6i véi AUV, UUV, H; con duoc san sinh
tir metanol khi c6 chét xuc tac, nhu hop chit cua Cu,
Zn, Pt & nhiét do 227°C + 427°C:

CH;30H « CO + 2H; - 90kJ/mol

San sinh hydro tir metanol ciing c6 thé thyc hién

bang qua trinh chuyén héa hoi theo phan ¢ng:
CH30H + H,O — CO, + 3H> - 49kJ/mol

Tuong ty, ¢ thé reforming CoHsOH hoic DO dé
san sinh Hz ngay trén tau ngam.

Néu chat 6 xy héa 13 6 xy thi n6 dugc luu trir dong
lanh & nhiét @6 -160°C + - 180°C; st dung H,0, lam
chit 6 xy hoa, c6 wru diém 1a luu trit & nhiét do thuong
tai 4p suit bat ky trong binh nhe va vo mém, dé dang
bé tri trén phuwong tién ngam. Nudc 6 xy gia chuyén
ddi thanh 6 xy theo phan ng:

H,0, — 0,50, + H,0 (hoi) + 3300kJ/kg

Viéc lya chon loai fuel cells cho phuong tién ngam
doi hoi phai phan tich nhiéu tiéu chi, day ciing la
know-how cua c&c nha san xuat phuong tién ngam.
5. Két luan

Str dung fuel cell AIP dé nang cao tinh bi mat, kéo
dai thoi gian va tam hoat dong ngam ciing nhu ting
chiéu sau lan cua phuwong tién ngam 1a xu huéng tat
yéu, cAn dugc nghién ctu phat trién.

Trén AUV va UUV hién dai c6 thé lap fuel cell
AIP loai PEMFC, SOFC; trén tau ngam lip loai
PEMFC va semi-fuel cells.
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Da dé xuat so do fuel cell AIP, cach chon nhién
ligu va chét 6 xy hoa ciing nhu dinh huéng thiét ké,
ché tao fuel cell AIP trong nuréc.

Thuyec trang cdng nghé cta nudc ta, cling nhu viéc
tiép can céc loai vat liéu hoan toan cho phép thiét ké,
ché tao fuel cells str dung cho phuong tién ngam.
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