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Tém tit
Nghién ciru sir dung va khai thac hiéu qud nguon nang lwong gié ciing nhir nguon dién pin nhién
lieu deé phat dién co y nghia thiet thuc den viéc giam bién doi khi hdu va giam sw phu thudc vao cdc
nguon nhién liéu hoa thach co nguy co can kiét, gdy 6 nhiém moi truong. Cong nghépin nhién lieu dang
s dung chu yeu pin nhién liéu mang trao doi proton hodc pin nhién liéu Oxit rn.Viéc két hop tuabin
gid véi nguon dién pin nhién liéu noi hml c6 dwoc wu diém ciia hé thong la sw chii dong nguon nhién
liéu dau vao. Pé tuabin gio van hanh 16i wu véi van téc gio nhat dinh, thi hé thong phdi ty diéu chinh
theo su thay doi cua van toc va huong gio. Bai bdo da dwa ra duoc két qua mo phong diéu khién noi luoi
cho tuabin gio ket hop voi nguon dién pin nhién liéu nham duy tri cong sudt phat toi da cua hé thong
bat chap tai noi voi hé thong.
Tir khéa: ndng leong tdi tao; pin nhién liéu; tuabin gié; tuabin gié néi hedi; pin nhién liéu noi ludi.
Abstract

Researching on the effective usage and exploitation of wind energy as well as fuel fuel cells to
generate electricity has a practical meaning in reducing climate change and the dependance on fossil
fuel which is at risk of being exhausted and is the cause of environmental pollution. The current fuel cell
technology uses mainly proton exchanging membrane fuel cell and solid oxide one. With the combina-
tion between wind turbine and grid-connected fuel cell, there will be less depend on input fuel. To oper-
ate efficiently the wind turbine at a certain velocity, the system should be able to adjust to the change of
wind speed and direction. The paper shows the result of simulating grid-connected control of the wind
turbine combined with fuel cells to maintain the maximum capacity of the system with disregard of con-
nected loading power.

Key words: renewable; fuel cells; wind turbines, grid-connected wind turbines, grid-connected
fuel cells.

1. Pit van dé hiéu qua, giam phat thai cac chat gdy 6 nhiém méi
truong, dac bi¢t la khi (CO,) dang la muc tiéu ng-
hién ctru ctia nhiéu quéc gia. Hé théng diéu khién
nbi ludi cho tuabin gi6 két hop véi ngudn dién pin
nhién liéu nham hudéng dén phat trién ludi dién
thong minh va diéu khién linh hoat cac ngudn
nang luong tai tao.

Ngay nay cing véi su phat trién manh mé
ctia thé gi6i, nhu ciu st dung ning lugng ciia con
ngudi ngay cang ting. Ngudn ning luong tai tao
n6i chung, ngudn ning lugng gié va ngudn pin
nhién liéu noéi riéng 1a dang ngudn ning luong
sach, khong gdy 6 nhiém mai truong, dong thoi
tiém nang vé trir lugng cac loai ning luong nay &

3 o . 2. XAy dyng mb hinh diéu khién
nudc ta rat 16n. Theo sO li€u ciia Ngan hang Thé yauns

gidi, tiém nang gi6 ciia Viét Nam (6 d6 cao 65m)
rat kha quan, u6c dat 513.360MW, 16n hon 200
lan cong sudt nha may thuy dién Son La. Cong
nghé pin nhién liéu s dung dé phat dién c6 thé
dat hiéu suat khoang 47% so vdi viéc dung cac
ngudn nhién lidu hoa thach, hiéu suat dat khoang
35%. Tuy nhién, dé khai thac, sir dung ngudn nang
luong gi6 va ngudn dién pin nhién lidu sao cho

Hé thong nbi ludi cho tuabin gié két hop véi
ngudn dién pin nhién liéu bao gdm cac thanh phan
co ban, nhu hinh 1. Hé thong tuabin gié qua may
phat dién cho ra dién ap (AC), qua bd chinh luu
dién ap ra mot chiéu (DC). Pin nhién liéu cho ra
dién ap mot chiéu (DC). Cac dién dp mot chidu
(DC) nay qua bd nghich luvu (DC/AC) dua ra dién
ap (AC) ndi luéi.
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Hinh 1. So' db hé thong diéu khién néi lwdi cho tuabin gié két hop vdi nguon dién pin nhién ligu

2.1. M6 hinh tuabin gié
Theo [1], cong suat cta tuabin gié dugc
, T pA 5
tinh theo biéu thue: P, =C, (/1,,8)7\; (1);
Trong do6:
Pm: Cong suit dau ra cta tuabin (W).

Cp(k B): Hé sb bién dbi nang lugng (1 ty sb
gitta toc d6 dau canh A va goc canh B); A: Tiét
dién vong quay cua canh quat (m?); p: Mat do
cua khong khi, p=1.255 (kg/m3) Tt biéu thic
(1) ta thdy van tbc gio 1a yeu t6 quan trong nhat
clia cong sudt; cong sudt dau ra ting theo liy
thira 3 van toc. Hé sb bién doi nang luong Cp(A,
B) ctia biéu thirc (1) theo [2], dugc tinh nhu sau:

21

C,(4.p)= 05176(——04[3 5)e % +0.00684 (2);

l

.1 1 0035 5
YU T 270088 1+

Nhu ta di biét ty s6 tbe d6 dau canh tuabin
gi6 va toe do 1a: 5 _ R@

Trong d6, ® tbe d() quay cua tuabin, R ban
kinh cua tuabin, v van toc cuia gio. Theo [2],
momen cua tuabin gié dugc tinh nhu sau:

P, 1 s @ (4);
T,=""=—mRC,— "
" 2N ey

Tir cac biéu thire (1), (2), (3), (4) da phan tich

0 trén, mo hinh tuabin gié dugc xdy dung trén
Matlab/Simulink véi thong s6 dau vao toc do
gi6, tbe d6 cia may phat dién va thong s6 dau ra
momen, nhu hinh 2.
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Hinh 2. M6 hinh tuabin gio
2.2. M4y phat dién dong bd nam chim vinh

ctiru (PMSG)
Theo [3], phuong trinh dong va ap trén hé
toa do dq:
_disd Li o ii Lu
dt ]—;d ! ’ Lsa’ . Lsd ! (5)
di L
TR R 4] (6)
dt L, T, * qu

Trong d6: Lsd dién cam Stator do & vi tri
dinh cuc; Lsq dién cam Stator do & vi tri ngang
cuc; tur thong cuc (vinh ctru); Tsd, Tsq la h?mg
sb thoi gian Stator tai vi tri dinh cuc. Phuong
trinh mémen tinh nhu sau:
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D¢ xdy dyng mo hinh may phat dién PMSG
trén matlab/ simulink ta dwa vao cac biéu thirc
(5), (6), (7), nhu hinh 3.
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Hinh 3. M6 hinh mady phat dién PMSG

Cong sudt may phat 1 2l5W

35 rre (p) 2

Tac 46 rotor (@) 175 rad's
Prign twd stator (E,) 0.42502
Dign cam stator (L) | 84mH
bI& men 4UNm
Tix thing 0.433Wh

Bing I: Théong sé co bin ciia PMSG

2.3. M6 hinh pin nhién li¢u

* Dya vao moi quan hé giita dién 4p dau ra
va 4p suét riéng phan cua hydro, oxy va nudc
theo [4], m6 hinh pin nhién li€u mang trao dobi
proton — PEMFC (Proton Exchange Membrane
Fuel Cell) dugc tinh nhu sau:

9 K .
—z o K ®);
P, NNM 4, "

9,0 K,

K

—= 9
Puo ﬁMHzo H,0 ( )

Trong d6: 4, : dong chay du vao cua hydro
(kmol/s); P, :ap suatriéng phén cua hydro (atm);

Kan: hing sb van andt |, tee v lu -li_ ; M
khoi luong phan tir hydro (kg/kmol); X, : hang
sO phan tr van hydro [kmol/(atm.s)].

* P6i véi dong chay hydro phén tir, c6 ba yéu
to quan trong: dong chay dau vao hydro, dong

chay dau ra hydro va dong chay hydro trong
phan g. Mbi quan hé giita cac yéu to nay co
thé dugc biéu dién nhu sau:

of ¥

(i v (10)
Trong d6 T: nhiét do tuyét doi (K); R: hing sb
khi Iy tudng [1 atm /(kmol.K)]; Van: thé tich anot
(m%); CIZZ . dong chay dau vao hydro (kmol/s);
q;" - dong chay dau ra hydro (kmol/s); qH2 dong
chay hydro trong phan tng (kmol/s). Biéu thirc

(10) 91, dugc tinh nhu sau:

r _ NONSIFC —
I, == 5p  © 2K, 1 e (11)

Véi:, N, s6 I}ang cﬁg pin nhién liéu trong
ngan xép; NS: s0 ngan x&p duogc st dung trong
nha may dién; IFC: dong dién pin nhién li¢u (A);
Kr: hang s6 mé hinh [kmol/(s.A)]; F: hiang s
Faraday (C/kmol). Tt biéu thirc (8),(11) ta bién
d6i Laplace, ap suat hydro dugc viét lai nhu sau:

ISl LR L LR e
Voi: 7y, : - hing s thoi gian cua hydro (s) va
T, KVRT (13). Dién ap cua hé thong pin nhién

liéu duoc tinh nhu sau: Vcell=E+nact+nohmic
(14) o day: Y., BIn(Cl,.) (15);

Va o pmic R™I rc (16) Trong d6: Rint: ndi
tré cua pin nhién liéu (Q); B,C: hing s6 dé mo
phong qua dién ap kich hoat trong hé thng
PEMFC (A1) va (V); E: dién ap tirc thoi (V);
nact: qua dién ap kich hoat (V); nohmic: qua ap
ndi trd (V); Veell: dién ap dau ra cua hé thong
pin nhién li¢u(V).

bién 4p tc thoi dugc xac dinh nhu sau:

I I [P,
E NJI|E log| 21 I|

oV S E | PH20 || (17)

Trong do: E: dién ap chuan khi khong tai
(V); P,:ap suat riéng phan ciia oxy (atm); Pio
ap suat riéng phan cua nudc (atm). HE thong pin
nhién li€u ti€u thyu lugng khi hydro theo nhu cau
cua phu tai dién. Theo [5], luong khi hydro co
san tir thung chtra hydro dugc tinh nhu sau:

g NN IFC ( )
B2FU
Trong do: Iy Hz : s luong khi hydro can thiét

dé dap ung sy thay doi tai (kmol/s); U: hé s sir
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dung, tuy thudc vao cAu hinh hé théng pin nhién li¢u, dong chay ctia khi hydro va oxy. M6 hinh pin nhién
liéu (PEMFC ) duoc xay dung trén matlab/simulink nhu hinh 4.
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Hinh 4. M6 hinh nguon pin nhién liéu

Bdng 2: Thong so ciia pin nhién liéu
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st gt 8 1 ML) 3.1. M6 hinh trén Matlab/Simulink
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Hinh 5. H¢ thong diéu khién néi lwéi cho tuabin gié va nguon pin nhién liéu
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2. Két qua mé phéng
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Hinh 6. Dong dién va dién ap ciia pin nhién li¢u

800

]
| |
M .
800 \‘_ __Khong tai
400|

Dong tai
200 \ 12

noi ludi
| <
— AL 1

0 — T T
0 002 004 006 008 01 012 014 016 018 0.z

Hinh 7. Cong sudt ciia pin nhién ligu (W)
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Hinh 8. Cong suiit ciia tuabin gié (W)
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Hinh 9. P_ tong ( tuabin gié+pin nhién liéu) (W)

Nhén xét: Qua két qua mo phong cho théy tai
thoi diém t < 0.02s cac gi tri dong dién, dién ap
va cong suit dao dong, nhung khi t > 0.02s hé
théng bat dau 1am viéc én dinh.

4. Két luin

Diéu khién ndi ludi cho tuabin gié két hop
v6i ngudn dién pin nhién lidu di phat huy duoc
cong suat phat ra. Tai thoi diém t = 0.08s dong
tai thuc hién ndi ludi, dong va dién ap ciing nhu
cong suit dau ra ludn dat gia tri on dinh va béng
gia tri dat. Hé thong ndi ludi thong qua méy bién
ap 400V/22kV va duong day tai dién. Mo hinh
diéu khién nbi lu6i cho tuabin gi6 két hop ngudn
dién pin nhién liéu nhim hudng dén viéc phat
trién ludi dién thong minh va diéu khién nbi ludi
linh hoat cho c4c ngudn ning luong tai tao.
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