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Béng 4. Bang do théng s6 may phét w

sTT] Tai [1AJuM]Coso ggg\

Thuén tré | 0,91 | 380 1 B
Thuantré | 1,87 | 370

Thuan tré | 2,88 | 360
Thuadntré | 3,9 | 355
Thuan tré | 4,95 | 350

Ngoai ra, hé théng tram phat dién con
cho phép thyc nghiém, kiém tra hoat déng cla R
tram q’ién trong cac ché do lam viéc khac nhau, 0 0,91 1,87 2,88 39 495 1
cac ket qua cho phép ta danh gia va lam co s¢ Hinh 5. D6 thi dic tinh ngoai cda may phat
khoa hoc cho cac van dé nghién ctru sau:

e Xay dwng cac déac tinh cta cia may phat dién t d6 cho phép phan tich tinh chét dong hoc
cuta td hop kich tir/may phat phuc vu cho nghién ctru, thiét ké bd tw dong didu chinh dién ap;

e Xay dung cac dac tinh cta dong co so cép truyén dong cho may phat dién tlr do cho phép phan
tich tir)h qhét dong hoc cla diesel/dong co lai phuc vu cho nghién ctlru, thiét ké bo dieu toc/cai
dat bién tan;

e Thir cac tinh huéng bdo V&, cac phén (ng cia tram phat trwdc cac yéu tb thay ddi cia tai lam
nén tang cho thiét ké cac hé théng bao vé, tw dong hoéa tram phat nhuw hdoa dong bd tw dong,
phan chia tai tw déng va hé thong quan ly nguén (PMS).

3. Két luan

Mb hinh m6 phéng tram phat dién tau thay déa xay dwng thanh cong str dung cac thuat toan,
cac yéu cau dé Iap trinh diéu khién hoat dong cac thiét bj trong hé nang lwong dién tau thay that,
dap (rng nhu cau cla hoc vién va da duoc kiém chirng béng cac bai thwe hanh trong dao tao, phu
hop v&i chwong trinh hoc va diéu kién phong thuwe tap, thwe hanh, thi nghiém.

Dong co diesel dwgc thay thé hoan toan béng dong co dién khong dong b ba pha thi viéc
phan b te’zj tac dung cling nhw thay d§i tan s6 ra clia cac may phat dwoc thuc hién dé dang hon
b&i cac bién tan. Ngoai ra véi viéc dieu kh[én hoan toan bang dién thi rat thuan tién va tiet kiem
hon so v&i dong co diesel chay nhién liéu dau. Ket cau cta tram phat dién mé phéng rat gon gang,
l&p dat va van chuyén dé dang cé thé tré thanh san pham thwong mai trén thj truong.
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GIAI PHAP CUNG CAP DUGNG KHi CHO HE PONG LUC PAY
CUA PHUONG TIEN LAN
SOLUTION TO SUPPLY INTAKE AIR FOR PROPULSION SYSTEM OF
UNDERWATER VEHICLE

PHAM H(’U TUYEN, NGUYEN DUY TIEN, TRUONG VIET ANH
Truong BPar hoc Bach khoa Ha Ngr
76m tat
Phurong tién 1én ngdy cang dong vai tro quan trong trong céc hoat dong nghién ctu dién
ra trén bién. Phurong tién nay thuong hoat dong duwor nude & do séu nhét dinh, do doé hé
dong e déy dé phuong tién lan di chuyén cé nhiéu diém khéc biét so voi phurong tién
trén bo va trén mét bién. Pé kéo dai thor gian hoat dong cua phurong tién, cén cung cép
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nguon nang lrgng cho hé dong lire déy trong sudt qué trinh lém viéc. Trong trirong hop
S’ dung dong co diesel cén dém bao qué trinh trao doi khi dém bédo duy tri qué trinh
chay. Bai bao na /4 trinh bay cac hé dong e déy thuong dung trén ,olufcrng tién lén, déng
thor xay a’u’ng gidi phap cung cép duwong khi cho dong co diesel st dung trong hé dong
e day cua phurong tién lan phu hop vor didu kién Viét Nam.

Abstract
Nowaaays, underwater vehicle plays an important role in the research activities at sea.
This equipment typically operates underwater in certain depth, so its propulsion system is
different from that of the vehicles on ground or on the surface of sea. To prolong the
operating time of an underwaler vehicle, it is necessary fo provide the energy for the
propulsion system during the trip. When diese/ engine is used in propulsion system, the
gas exchange process needs to be performed in order fo maintain combustion process of
the engine. This paper presents the propulsion systems which are normally used on the
underwater vehicles, and then suggests a solution fo supply infake air for propulsion
system of underwater vehicles suifable for condition in Vietnarmn.

Keywords: diesel engine, fuel cell, propulsion system, underwater vehicle

1. Gidi thiéu chung

Phwong tién lan dwoc thiét ké chuyén dung cho cac hoat dong duéi nuéc & do sau nhat
dinh. Trong thwc té, phwong tién lan dwoc dwa xubng dudi mat nwéc bién & do sau vuwot qua kha
néng 1&n clia con ngwdi nhadm thu thap thdng tin phuc vu cho cong tac nghién clru khoa hoc, thdm
do, khai thac, l&p dét thiét bi, ctu tro,...

Mot sb dac diém chinh cla phwong tién 1&n gém [1]:

- Hinh dang phuong tién dwoc thiét ké co strc can nhd khi di chuyén:

- Phan v chinh c6 kha ning chiu ap suét cao va co tiét dién ngang hinh tron dé cé cé thé
chiu dwoc &p suét thay tinh 1&n khi & sau dwdi bién;

- Céac canh lwot thwdng cod ca phia trwée va phia sau;

- Cac khoang chira nuéc phia ngoai than gitip phwong tién 18n xudng va ndi 1én mat nwérc;

- Hé dong luc day phwong tién 1an thwong cé dang kép: St dung hé dong lwc dién dwoc
cung cép b&i &cquy khi 13n, s& dung hé déng luc diesel khi ndi trén mat nuwéc. Ddng thdi hé dong
lwc diesel cling st dung dé nap dién cho &cquy, vi vay phwong tién 18n cin phai co thdi gian hoat
dong trén méat nwéc. Day ciing la nhwoc diém cla hé dong lwe nay, tuy nhién cé thé khic phuc
dugc bang cach sir dung hé thdng cung cép khi doc 1ap (Air Independent Propulsion-AlP);

- Trwong hop ngudn déng luc st dung dong co diesel, dwdng hat khi dwoc thiét ké déc biét
dé co thé 14y khi nap khi hoat dong & dd sau nhat dinh gan mat nwéc;

- Trang bi hé théng cung cp duéng khi d&c biét trong tau gdm cac may cung cap 6xy, thiét
bi héap thu CO,.

Viét Nam co6 chiéu dai va dién tich bién réng 1&n nén viéc thiét ké, ché tao cac phwong tién
I&n phuc vu hoat ddng nghién ciru, khai thac thdm do 1a rat can thiét. D& phwong tién hoat dong
duogc trong thoi gian dai dwdi nwéc, thudng st dung hé théng dong lwc dwoc cung cap khi doc
lap (AIP) v&i nhiéu kiéu phéi hop khac nhau.

2. Hé théng cung cép khi doc lap (AIP) trang bi cho phwong tién lan

Ngoai trtr hé déng lwc s dung nang lweng hat nhan, hé dong Iwc AIP hién nay thwdng gém
cac loai sau: Bong co diesel chu trinh kin (Closed-Cycle Diesel engines-CCD), pin nhién liéu (Fuel
Cells), MESMA (Module d’Energie Sous-marine Autonome), déng co Stirling.

2.1. Hé dong lire str dung déng co’ diesel chu trinh kin (CCD)

Trong hé déng lwc nay, dong co diesel dwoc ndi véi may phat dién dé nap cho &cquy cung
cap nang lvong cho ddng co dién kéo chan vit. Khi phwong tién chay trén mét nwéc hay khi dung
bng thé, dong co diesel ldy khong khi nap va xa khi thai ra méi trwdng nhw théng thweng. Khi
phwong tién 1&n, déng co diesel st dung ngudn éxy dy trir cé thé & dang 16ng (liquid oxygen-
LOX). Trwéc khi nap vao dong co, 6xy dwoc tron véi khi thai hodc khi tro dé& ddm bao an toan cho
céc chi tiét ciia déng co (hinh 1).
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Hinh 1. Sor dé hoat déng déng co diesel chu trinh kin (CCD) [2]

2.2. Hé dong lirc swr dung pin nhién liéu

Pin nhién liéu 1a thiét bi chuyén dbi theo nguyén tac dién héa, trong d6 hydrd va 6xy két hop
véi nhau tao ra nwéc, dién ndng va nhiét. Trong ngudn dong lwc day phwong tién 1&n thuong st
dung cong nghé mang dién ly 0ponmer (Polymer Electrolyte Membrane-PEM) vi c6 nhiét do lam
viéc twong doi thap (khoang 80°C) va lwgng nhiét tda ra nhé. Hé déng Iwc pin nhién liéu hoat dong
ém, qua trinh bdo dwdng sira chira ciing twong dbi dé& dang va chi phi hop Iy hon so véi cac hé
thdng AIP khac. Ngudn dong lwc nay tao ra ngudn dién & tbc dd cham va én dinh, phu hop véi cac
loai phwong tién cé tbc d6 van hanh thap (Hinh 2). Véi cac loai cé tbc d6 van hanh cao hodc moi
trwdng séng I&n, can phai st dung hé théng acquy, hé théng nay dwoc nap dién bdi pin nhién liéu.

w - Motor diy
-4
Con | B i

Acquy

Hinh 2. Hé déng lire str dung pin nhién liéu [3]
2.3. MESMA (Module d’Energie Sous-marine Autonome)

Trong hé déng luc nay, nhién liéu va dxy dwoc dbt trong budng chay cung cap nang lwvong
cho thiét bi tao hoi. Sau d6, hoi dwoc dan téi tuabin hoi sinh cdng dé quay may phat dién (Hinh 3).
M&i chat chay tao ra ap suat khoang 60bar va nhiét dd 700°C nén can co hé thdng lam mat thiét bi.
Nguyén ly hoat dong ctia hé théng nay dwa trén chu trinh Rankin v&i hiéu suat nhiét khoéng cao,
thwong chi khodng 25%, lwong 6xy can thiét cho qua trinh chay 16n va khi hoat dong phat sinh
tiéng on, tuy nhién cdng suét tao ra b&i ngudn dong lwc nay 1a kha cao.
2.4. Hé dong lirc str dung déng co Stirling

DPong co Stirling s& dung trén phwong tién 1an thwong dwoc cung cap nhiét béi viéc dbt
nhién liéu diesel c6 ham lwong Iwu huynh thdp véi 6xy 16ng trong budng kin c6 ap suét. Lwong
nhiét nay duoc truyén cho méi chat cong tac (thwdng 1a helium) hoat déng theo chu trinh kin (Hinh
4). Lwc khi thé tac dung 1én dinh piston day piston chuyén ddng va sinh cong dan déng may phat
dién. Ap suét chay ctia nhién liéu cao hon 4p suét bén ngoai bién nén cho phép khi thai ra ngoai
hoa vao nwéc bién ma khéng can s dung may nén gitp lam gidm tiéng n. Thoi gian & trang thai
I&n cla tau ngdm phu thudc vao kha nang du trir dxy 1dng. Hé thdng AIP str dung déng co Stirrling
c6 wu diém 1a s dung ngudn nhién liéu diesel va 6xy théng thuwdng nén ciing dwec ng dung trén
kha nhiéu trén phwong tién I&n.
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Hinh 3. Hé déng lirc MESMA [3] Hinh 4. Hé déng e swr dung déng co .S‘t/r//ﬂg /37

3. Xay dwng giai phap cung cap dwdng khi va xa khi thai cho dong co’ ddy cia phwong tién
lan
3.1. Xay dwrng gidi phap

~ Qua nghién ctru nguyén ly hoat dong ciing nhw wu nhwoc diém cac hé dong Iwc day & trén,
doi v&i phwong tién 1an s dyng hé dc}ng, lwc déng co diesel chu triqh kin 1a phu hgp trong diéu
kién Viét Nam do don gian, dé van hanh Iép dat va co thé st dgng }hiét bi hién cbo. E)é kéo dai thoi
gian hoat déng cua dong co diesel, hé thong nap thai dwoc thiét ké ddm bao cung cap dwdng khi
va x& khi thai & ca hai trang thai khi phwong tién ni va I&n (Hinh 5).

—
Binh
rgon
Van diéu |
chinh khi &
.'_‘, faw ) <
Argon Van nap 2 Vannap 1 & = Van thai 1

b+ —

Van giam ap * B6 trn

Binh
oxy bong co

Truc truyén

dong

Van théi 2
A h4 B& ngun
BO hép thu | o ol g* =

CO, | tu hIUI
nuéc Bo loc
mudi than

Hinh 5. Gidi phdp cung cap dwéng khi cho hé déng lirc diesel trén phwong tién lgn
Nguyén ly lam viéc cia hé théng dwoc mé ta nhw sau:

- Khi phwong tién & trang thai ndi, cac van nap 2 va van thai 2 déng, van nap 1 va van thai 1
m&, khi nay cac dwdng nap thai cia dong co diesel dwoc thdong véi moi triwdng bén ngoai. Do do
khéng khi nap dwoc lay tr méi trwong cung cap cho dong co va khi thai tir déng co' cling dwoc
day ra ngoai moi trwong;

- Khi phwong tién & trang thai 1an, bao quanh phwong tién 1a nwéc cé ap suat nén khong
thé 14y dwdng khi cling nhw thai khi thai truc tiép ra méi trwdng xung quanh nén can hé théng
cung cép khi doc 1ap hoat déng. Lic nay van nap 1 va van thai 1 déng, van nap 2 va van thai 2
m&; hdn hop khi gdm khi 6 xy (tlr binh 6xy), khi Argon (tir binh Argon) va khi thai da dwoc xa Iy
(con lai chu yéu la khi Argon va 6xy dw) dwgc hoa trdn trong bd trén va nap vao déng co. Hé théng
xt 1y khi thai gdm bd loc mudi than loai bd cac chét thai dang hat, binh ngwng tu dé loai bé hoi
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nwoc va bo hap thu CO,. Van diéu chinh khi Argon gitp diéu chinh thanh phan khi nap pht hop.
Khi Argon & day duwoc st dung véi vai trd nhuw Nito trong khéng khi nhdm dam béo thé tich khi
nap vao xylanh. i i
3.2. Tinh todn so’ bg tiéu hao duwréng khi khi st dung hé thong cung cap khi déc lp

V&i giai phap cung cap dwéng khi va xa khi thai nhw trén, co thé tinh toan xac dinh lwong
tiéu hao khi 6xy nham xac dinh th&i gian Iém,viéc cla hé,cung cap khi déc lap. Gia thiét dong co
diesel‘ st dung trong hé dc}ng Iu’(; c6 cong suat 3,5kW, suat tieéu hao nhién liéu 0,26 kg/kWh, nhién
lieu gom 85% C va 15% H ve khoi lwgng va qua trinh chay la hoan toan.

Cac phuong trinh 6xy héa hoan toan C va H trong nhién liéu gom:

2H, + O, = 2H,0
C+ 02 = COZ

Dwa trén cac phuong trinh nay, co thé tinh toan duoc rang dé dbt chay hoan toan 1 kg
nhién liéu can 3,47 kg Oxy.

Lwong nhién liéu tiéu thu trong 1 gid: 0,26 kg/kWh x 3,5 kW = 0,91 kg/h
Lwong dxy can thiét tiéu thu trong 1 gid: 0,91 kg/h x 3,47 kg = 3,16 kg/h

DPong co diesel thuéng c6 lwgng 6xy nap Ién hon can thiét, hé sb dw lwong khong khi A 1&n
hon 1. Tuy nhién, lwong 6 xy dw nay con ton tai trong khi thai va cé thé tan dung lai dé quay vé
dwong nap theo nhw nguyén ly néu trén.

4. Két luan

Hé théng cung cép khi doc lap (AIP) gilp kéo dai thdi gian hoat dong ctia hé dong luc trén
phwong tién 1&n. Hé théng AIP ¢ nhiéu nguyén ly va mirc do phire tap khac nhau nhw dong co diesel
chu trinh kin, pin nhién liéu, MESMA, déng co Stirling,... trong dé hé dong lwc st dung dong co diesel
chu trinh c6 két cAu don gidn va dé ap dung. Tuy nhién, véi hé dong luc nay can thwc hién qua trinh
trao doi khi dé& dong co hoat déng dwoc ngay cé qua trinh I&n. Bai bao da dé xuét mot giai phap cung
cép dudng khi phu hop véi dong co diesel trong hé dong luc diesel chu trinh kin. V& méat nguyén ly,
gidi phap nay c6 tinh kha thi cao phu hop véi diéu kién Viét Nam. Bén canh d6 véi cac tinh toan so b
giup xéac dinh dwoc lwong khi tiéu thu khi hé théng cung cép khi déc 1ap hoat dong. Cac két qua nay la
co sé& cho nghién ciru sau hon va nghién ciru thye nghiém tiép theo.
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