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LOY NOI PAU

Trong nhitng ndm gan ddy cde howt déng nghicn ciu, ting dung Néng twong mai vé Tai
1ao & nicdc ta da dirge trién khat khé manht mé va rong khép, Vivdy, nhu cdu 1ai liéu hoc tdp va
tham khdo vé It viee néy tro nén ngay cang Iom. Trong lie dé, do Nang livone mai va Tdi tao
mit nganh Khoa hoe Cong nghé mai, dédc bidt doi voi Vidt Nam, nén tai idu rdt Khan hidm va
néu 6 chii véu lai bang tiéng miede ngoai. Tiv thite 16°d6, cde cdn b khoa hoc thude Trung win:
Ngluén ciru Ndng lwong mor, Tricong Dai hoe Bach khoa HaNet, la co guan dd o6 thue 16 hoat
dong nghién cuv tmg dung Ndng luong mai o Viét Nam gean 20 ndm nay, thay cdn thiél phdi
biéu soun bg sdch va tai liéu chuyén dé vé khoa hoe cong nghé va iing dung Néng licomg mai va
Tdi tao, truac hét la dé phuc v dao tao, nghién citu khoa hoc cong nghé irong Triwcng va sai dé
cd thé la ngudn tham khdo 161 cho nhitng ai guan tam hoc tdp, nghién cav fidh vice néy. Cudn

"Co so Ndng luong mdi va Tdi tao" la mot trong cde cudn trong bo sdcli va tai tiéu néi trén.
Cuon sdach duoce cdu triie thanh 8 cluiong.

Chitong | trinh bay vé nguén Néng Luong Mdar Trov va cde ddc diém cud né ki toi mdt
ddt.

Chitong 2 trinht bay cde rinht chdt nhiée ciia nang heong Mdr Trén va cde cong nghé g

durig nhiér Mdt Troi.
Clueong 3 trinh bay cong nghé thu nhiét Mdt Tréd bang plueong phdp héi 1y va tmg dung.

Chiromg 4 trinht bay nguyén 1y hoar dong va cdu tao cua pin Mdat Tréi, cac dédc triung
quang- dién cita né, cdu triic cia mot 6 pin Mdr Troi khde nhau, cong nghé ché tuo pin, hé
théng dien Mt Troi va ting dung.

Chirong 5 nghién ciitt vé co so thuy khi dong loc tng dung.

Clusong 6 va 7 trink bay cde nguon ndanyg luomg va cong nghé thay dien nha, ndng luong
gié va cde ing dung.

Clucong 8 trindy béy cde cong nghé sinh khét, khi sinht hoc, néng liong dic nhiéf va ndang

long dal duong.

Cic chivang 1, 2, 3, 4 va 8 do PGSTS. Déang Dinh Thong chin trdch nhiéni bién soan.
Cdc chirong 5,6 va 7 do PGS.TS. Lé Danh Lién bién socn.

Ll



Cudin sach dicoc bién soan vor muc dich chinh la ldan rai én glang day v hoc tdp, nén
tac gid chi tdp 1rung vio nhitng vdn dé o6 tinh co bdn nhdi. Vo do bién soan lan ddu nén chdc
chén con ¢ mor s6 khiém khuyét. Cic tde gid rdt biét on va trdn trong cdc ¥ kién phé binh va
20p ¥ cita cdc ban doc.

Cdc tde gid xin chan thanl cam on Vién Vdt Iy k5 thudt va Truong Pai lioe Bdach koa
Ha N6i dd kiueven khich ddng vién va tao moi diéu kién thudn loi cho tde gid trong qud trinh
bién soan. Cdc tde gid ciing xin bay t6 long biét on dot véi su ting hé rdt hidu qud cia Vi Khoa
hoo Céng nghé, B Gido duc va Dao tao vé vide cdp mét phdn kinh phi dé cdac tdc gid ¢é thé
bién soan cuon sach nay. -

Cac tae gid xin edm on ThS. D6 Thi Kim Thoa va CN. Tran Thi Ha dd giiip lam ché ban

bdn thdo cudn sdcli.

Ha Noi, thang 9 nam 2005

Cac tac gia



Chuong 1

BUC XA MAT TROI

1.1- BUC XA MAT TROI NGOAI KHi QUYEN TRAI PAT

Nang lrong mat wdi 1a mot ngudn nang luong vo clng quan trong doi v6i su tOn tai va
phdt trién cla su s6ng trén Qua Dat. Tuy nhién khi truyén 161 Qua Dit bic xa mat turoi phai di
qua 16p khi quyén lam thay doi tinh chat cla né. Vi vay, trude hét ta hily xem xét cdc tinh chat
cha biic xa mat &1 ngoai khi quyén Qua Dat.

C6 thé noéi Mat Troi 13 mot khéi khi hinh cdu ¢6 nhiét do rit cao. Nang lugng khéng 16
do Mat Trdi phit ra la két qua cha cdc phan (ng nhiét hat nhin khdc nhau xay ra lién tuc va di
doi trén hanh tinh nay. Pudng kinh Mat Trdi vao khoang 1,39 .10 km. Nhu di biét, duong kinh
Qua D4t chi la 1,27 .10 km. Khoang cdch trung binh gitta Mit Tréi va Qua Pt 1a 1,496, 107 km.
Mac di Mat Troi rat 16n, nlimg do khoang cach Mat Trén — Qua Pl ciing 16n, nén tir mat dat
chiing ta nhin Mt Trdi dudi mot géc chi biang 32°. Vi viy cdc tia mat trdi khi 61 mat dat c6 thé
xem la cdc tia song song, Nhiét do vi do doé do sdng ciia Mat Troi bién déi tir tdm ciia né ra
ngoal. Nhimg d6i v&i cdc tinh todn tng dung ¢ mat dit ngudi ta xem nhu dé sdng cua Mat Troi

12 dong déu.

Cdc do dac cho thiy ring mat dé dong nang lucmg tir Mat Trii & phia ngodi khi quyén
Qui Pt 1a co thé xem nhu khong doi. Ngudi ta goi phin nang luong miit toi tdi wén mot don vi
dién tich vudng géc vdi cdc tia mat trdi O phia ngoai khi quyén qua dat 1a hdng 36’ Mdat Troi, Ky

hieu I, n6 c6 gid tri gan bing 1353 W/m’.

Qua P4t quay xung quanh Mat Trai trén mot quy dao elip voi do 1énh tim rat nho va
Mat Trdi 0 trén mot tiéu diém. Vi vay khoang cach giita Mat Troi va Qua Dat trong mot chu ky
quay clia né, 365 ngdy hay mot nam, c6 thay déi mot it. Do d6 mat do nang lugng Mat Trdi bén
ngeai khi quyén Qua Dit ciing bi thay d6i mot luong nhd. Gid tri mat do ning hugng Mat Trdi &
mot ngay bt ky ndo dé co thé tinh theo cong thic:

' 360
ISC=ISC[1+0,033COS§6—5—HJ (1.1}



O day n 1a s6 ngay trong nam (tinh tir ddu nam, n =1 13 ngay 01 thang 01 ).

Phan b6 pho cita birc xa Mat Trdi bén ngoai khi quyén Qui Pat duge cho trong bang 1.1
déi voi hing s6 mat troi I= 1353 W/m?. '

Nhu thaly trong biang 1.1, gid tri phé lic diu tang 1én rit nhanh theo budc séng A, dat cuc
dai & A = 0,48um va sau d6 gidm din dén 0. Khoing 99% clia bifc xa Mat Trdi nam trong giai
pho 1ir 0,2um dén 4pm. Hinh 1.1 bidu dién su phan b6 phé ciia bic xa Mt Troi dugce cho trong

bang 1.1,
Bdng 1.1: Phan bd phé bire xa mat trofi bén ngoai khi quyén Qua Pit
by & D, () A e D; (*)
{(um) (W/m-. i) (pm) (W/m-. um)
0,2 10,7 0,008) 0.9 891 63.37
0.3 514 121 10 748 69.49
________ o et 2 T - s
______ = = - o | e
""""" 0,48 2074 19.68 40 9.5 9906
= e T = o P
2 = e o S vy
e 2 s - e o
_________________ e sore ST -
08 1109 56,02 100 | 025 99,94

Ghi clui: (*) Dai lugng D,, duge xdc dinh theo bidu thite sau:

D, = {D-eld}_i’ / E[eldh”xl()o - {D-eldk}lh }xwo

O ngoai khi quyén Qua Dat phd biic xa mat roi gin giéng véi biic Xa cia mot vat den
tuyét d6i theo dinh luat Stefan- Boltzmann & nhiét do 5762K.

1.2- BUC XA MAT TROI 6 BE MAT TRAI PAT

Bic xa Mat Troi nhan duoce & bé mat Qua Dat bi suy giam dang k€ so véi bic xa Mat
Troi ngoai vii tru do cde hign tuong hdp thu, tén xa khi tia Mat Trdi di qua 1dp khi quyén Qua
bit (hinh 1.2). Su hap thy trude hét 1a do sy c6 mat cia phan tir ozon O, va hoi nude H, O trong
khi quyén. Ngoai ra con do sy hap thu cua cdc phan tlr khi khéc (nhu cacbonic CO,, oxit nito
NO,, oxit cacbon CO, oxy O, vi metan CH,,...) va c4c hat bui. Mat khdc khi tia Mait Tréi gap
cac phan tir khi va cdc hat bui néi trén né con bi tén xa vé moi phia, trong do ¢ indl phin ding

ké nang’lugng di trd lat vii try ma khong dén duge mit dat.
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Hinh 1.I- Phd bitc xa Mat Trdfi & ngodi khi quyén Qua Dat.

Bic xa
Mat Troi

Biic xa tdn xa
ud lai vil tru

Gidi han trén

'\T T/' ‘ khi quyén Qud D4t

Téan xa

Kh{ quyén Qua Dat
Tia truc xa

Bic xa

hiéu x
Mat dat /(n 1ot xa

Hinh 1.2- Sy hap thy va tin xa ciia tia Mart Trdi khi qua I6p khi quyén Qué Dat.

Khi quyén & mot dia phuong nio dé trén bé mat Qua Dat thuong duoc phan thanh hai
loai: khi quyén ¢6 may mi va khi quyén trong sing khong ¢6 may mi. Co ché hap thu va tdn xa
1a nhur nhau d6i véi hai loai khi quyén ndi trén. Tuy nhién cudng d6 hap thu hay tin xa ddéi vai
loai bau khi quyén may md manh hon so véi khi quyén trong sdng.

Nhimg ngay trong sing hoan toan khong ¢6 may mit cudng do birc xa Mat Tedi 141 bé
mit Qua DAt o6 gid tri 1dn nhat. Thanh phén cde tia bitc xa Mat Trdt di thang tir Mat Trdi téi mat



dit ma khéng bi thay doi hudng khi qua 18p khi quyén ducc goi la thanh phéan e xa. Con déi
v6i cic tia bitc xa Mat Troi dén diém quan sat trén mat dat tir moi phia dudi bau trai duge goi la
thanh phan nhiéu xg. Thanh phin nhiéu xa duge gay ra do hién tugng tin xa chia tia Mat Troi khi
g4p cdc phan tr khi va cdc loai hat bui trong bdu khi quyén ciing nhw cdc vit can khéc. Téng cia

cdc thanh phiin truc xa va nhiéu xa doc goi 1a Tong xa.

N&i chung, cudng do cha cha cdc tia nhiéu xa dén tir céic hudng khdc nhau trong biu trdi
1 khong bang nhau. Tinh chit dé duge goi 12 tinh chélt bdt ddng iong cla bic xa nhiéu xa. Tuy
nhién khi tinh todn v¢ birc xa Mat Trdi trén mit dat ngudi ta thudng bo qua tinh bat ding hudng
nay ma xem bifc xa nhiéu xa 1a ding huéng.

Mot dai lugng quan trong khdc dac tnmg cho do suy giam clia tia Mat Troi khi qua lép
khi quyén Qua Dat [a airmass (AM). N6 duge do bang ty s6 gifta do dai cla tia Mat Troi di qua
16p khi quyén Qud Dit va do diy cba 16p khi quyén (hinh 1.3}, tde 1

MP

AM=— (1.2)
NP

Mat
Trén

Tang khi
quyén

Hinhl.3- Xic dinh airmass AM.

Goc giita phip tuyén clia mat dan tai diém quan sat va tia Mat Trdi duge goi 13 gdc
Zenith 8,. Gia tri AM phu thudc vao géc 6,. Airmass “khong” AMO twong ting véi bic xa Mat
Tr0i ngoai vii try; AM1 ting vdi géc 0,.= 0, con AM2 iing vdi gée 6,.= 60°,

C6 nhiéu nghién ciru vé co ché hap thy va tdn xa va xdc dinh hé s6 suy gidm bite xa Mat
Trdi trén bé mat Qua Pat lién quan dén cdc thong s& thai it khi hau. Tuy nhién, néi chung 1a
khong thé du dodn chinh xdc duge sy thay ddi ctia khi hau, thai tiet va do d6 ciing khong thé du
dodn chinh xdc duge bitc xa Mat Trai trén bé mit Qua Dat & mot dia phuong nao dé va trong
khoéang thot gian nao d6. Vi vay, dé thiét k&, 1ap dat cdc thiét bi nang luong Mt Trdi ngudi ta
thudng phai Iva chon mét hay mot vai phuong phip sau:
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1. Ti¢n hanh do dac thyc & rong mot khoing thoi gian di dai & dia phuong s& lap dat
thiét bi nang lugng Mat Trai

2. S dung cdc s4 lidu ¢6 the & mot s6 dia phuong khic ma ¢ d6 thoi ti€t, khi hau la gan
gidng nhu ¢ dia phuong tap dac thiét b ning lugng Mat Trai;

3. St dung cic cong thitc du bdo kinh nghiém lien k&t cdc gid tri bic xa Mat Trai véi
cdc thong s6 khi tuong khic ma céc gid 1ri nay di biét & dia phuong quan tam.

1.3- SO LIEU VE BUC XA MAT TROI

Phan I6n cdc $6 ligu vé bite xa Mat Troi duge do & trén mat nam ngang & cdc Tram Khi
Tuong Thuy Vin. Vi du hinh 1.4 trinh bay cdc dudng cong ghi duge trong mot ngly trong sdng

déi v6i cc thanh phin t6ng xa va nhiéu xa.

Cap do buc
F

xa 4 i
\
i
i
l‘_‘-h\.
|
' Téng xa
i
(
i
|
]
]
]
! Nhiéu xa
__——:———_______H%x .
i : [ | | _\_\-"—‘—H-H_ L G-..ld
6 12 8

Hinh 1.4- Cdc dudng cong ghi cdc thanh phin téng xa va nhiéu xa trong ! ngay trong sdng.

Qua hinh v€ nay ta thay rang, su bi¢n doi chia birc xa Mat Trdi 1a khd tron tru vA ¢ mot
cuc dai lan can giifta trua. Doi v6i cdc ngay may mi cic dudmg cong trén s& bién doi phiic tap voi
rdt nhiéu cyce dai va cuc ti€u phu.

Mat do nang lugng bic xa Mat Trdi thudng duge do bang cal/em? hay J/em®. D véi
vige thici ké cdc he thong thi€t bi nang lugng Mat Trdi ngudii ta quan tam trude hét 1a cac gid tri
trung binh clia bitc xa Mit Troi & dia phuvong lap dat thiét bi. Thong thuting ngudi ta tinh gij tri
trung binh ngay clia bic xa Mat Trodi ddi véi cédc thang khidc nhau trong mot nam.

bé tham khao cdc s6 ligu blc xa Mat Troi & cac dia phuong khdc nhau trong mot nude
hay trong mot viing dia 1y ndo day ngudi ta thudng xay dung cdc sé tay tra citu hay cac ban dé
bic xa Mat Tréi. C6 hai dai tuong chinh d€ ddnh gid bire xa Mat Trdi 8 mot dia phiuong nao do,
d6 1a mat do nang lugng Mat Trdi trung binh ngly va s6 giéf ning trung binh hang thdng trong

nam va ca nim.



Bang 1.2 cho s liéu nang lugng Mat Troi trung binh ngay & cdc dia phuong khdc nhau &
Viét Nam.

Bdng 1.2- Luong 16ng xa birc xa mat trdi irung binh ngay cia cic thing trong nam & mot s6 dia
phuong Viét Nam, {don vi: MJ/m’.ngay).

Tong xa Bic xa Mat Troi clia cdc thang trong nam
(don vi; MI/m*.ngay)
T Dia phuong 1 2 3 4 3 4]
7 8 9 10 Ll 12
) 821 8.72 10.43 12,70 16,31 17,56
1 Cao Bang
18.81 "o19.11 17.60 13.57 11,27 9.37
, 18,81 19.11 17.60 1357 11.27 9,37
2 | Méng Ciai
17.56 18.23 16.10 15.75 12,91 10,35
11.23 12.65 14.45 16.84 17,89 17.47
3 Son La
11,23 12.65 14,45 16.84 1789 17.47
8,04 8.09 8,96 12,15 17,73 18,23
4 | Phii Ho
18.39 17,89 16.22 14.41 11,65 10,01
. 8.76 8.63 9.09 12,44 18,94 19,11
3 Lang (Ha Noi)
20,11 18.23 17.22 15.04 12.40 10,66
_ 9.72 9,55 10.18 13,53 20.66 20,32
6 | Yén binh
20,87 18.56 18.44 15.71 12.19 11,35
. 8.88 8.13 934 14.50 20.03 19,78
7 | Vinh
21.79 16.39 1592 13.16 10.22 9,01
) 12,44 14.87 18.02 20,28 22.17 21,04
8 | ba Nang
22.84 20.78 1793 14.29 10.43 8.47
) 17.51 20.07 20.95 20,88 16.72 15.00
9 | Can Tho
16,68 15,29 16.38 15.54 15.25 16,38
16,68 15,29 16.38 15.54 15,25 16,38
10 | BaLat
18,94 16,51 15.00 14,87 15,75 10.07

1.4- HINH HOC BUC XA MAT TROIL

Pé xdc dinh nang luong trie xa 16t trén mot mat dinh huéng bat ky dat trén mar dat,
ngudi a can phai xdc dinh gid 1ri cia thanh phdn ning luong truc xa tdi bé mat trén theo phuong
vudng goc véi nd,

N¢u goi 0 1a goc giita tia t6i ¢ cudng do [, va phdp tuyén cila bé mat quan sdt (géc téi),
thi thanh phén (6i chia tia vudng géc vdi bé mat s& 1a I,,.cos0. Géc t6i 8 phu thude viao nhidu

thong s6 khdc nhu vi do ¢ cla dia phuong quan sat, gée léch & giita tia Mat Trai v mat phéng
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xich dao, géc Azimuth y ciia mat quan sdt, goc gidr cua Mat Trdi o va géc nghiéng B cla mat
quan st so v6i mit nam ngang.

Truéc hét ta hdy dinh nghia cic goc ndi rén.

a- Gée vi tuyén ¢ (vi do) clia mot dia phuong nio d6 1a géc tao boi ban kinh clia Qua
Bt di qua dia phuong dé va hinh chi€u clia né trén mat phing xich dao ctia Qua Pat. Vi do clia
cdc dia phuong trén mat dat bién thién tir O (duong xich dao) dén +90° (diém Cuc Bic) hay —90°
(diém Cuc Nam).

b- Gdc léch &1a gbe gitta dudng ndi cdc tam Mat Tréi va Qua Dét va hinh chifu cia nd
trén mat phang xich dao. N6 xuat hién do Qua Bt quay xunh quanh mot truc riéng ciia nd, truc
Bic- Nam, tao vdi phdp tuyén ctia mat phing quy dao clia Qua Dat quay xung quanh Mit Troi
mot goc 23,45”. Goc & s€ ¢6 gid tri + 23,45 vao ngdy Ha Chi 21/ 6 va — 23,45" vio ngay Pong
Chi 21/12. Gdc léch § 6 mot ngay bat k¥ ¢6 thé xdc dinh duoe theo cong thic Cooper sau day:

. 360
§ (do bing do) = 23,45 sin | ——— (284 + n) (1.4)
365
Trong d6 n 1a s6 ngay cua nam. Vi du vio ngdy 10/1 thi n =1C. Hinh 1.5 cho thay su
bi€n thién cia géc léch & trong mot nam.

Vido
23‘45T -------------------
0 i »
—23 45 M ______________
21/9 21/12 21/3 2t/6 21/9

Hinh 1.5- Su bién doi clia gée léch trong thai gian mot chu k¥ quay cha Qua DAt xung quanh Mart Troi.

c- Gdc azimuth y1a géc ndm trong mat phang nim ngang giita huéng Nam vi hinh chicu
ctia phdp tuy€n cta mat quan sdt trén mit nim ngang. Goéc y ¢6 thé bign doi tir — 180" dén +
-180". Géc y nhan ddu {(+) néu hinh chi€u phap tuyén cta mat quan sit ndm & bén phai hudng
Nam va nhan diu () n€u hinh chi€u phdp tuyén trén mat ngang nim ¢ bén tra: hudng Nam.
Trén hinh 1.6, géc y duge ky higu 1d gbc Asz.
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Phap tuvén mat nghiéng

\{ N phép tuyén mat ngang
|
!
t

Tia truc xa

Huéng cua
mit ngang

Hudng cua mat
phing nghiéng

Huéng Nam

Hinh 1.6- Dinh nghia céc géc dinh hudng clia mot mat thu nang lwgng Mat Trai.

d- Gde gio wla goc xdc dinh vi tri Mat Troi wwén bdu 1di & thai di€m quan sdt. N6 1 s6
do gbc cua thai gian va tuong duong 15° trong | git. N6 ciing bien doi tir — 180° dén + 180",
Ngudt ta quy udc viec do gée @ tir giilfa trua, tic 12 tai [2 gidy trua géc gid o = 0, dua trén thivi
gian thye dia phuong (Local Apparent Time, LAT). N6 6 gid tri duong (+) vao buéi sdng vi ¢d

gid tri {-) vio budi chiéu.

e- Gdc nghiéng B 1a géc giffa mit quan sdt va mat phing ngang. N6 ciing bign d6i tr 0
dén 180",

Ta ¢6 the thay ring géc 16i 8 phu thudc vio céc goc noi trén theo quan hé sau:

cosO = sing (sind cosP + cosd cos y cosw sinf3 ) +
cos @ (cosd cosw cosf - sind cosy sinP) + cosd siny sinw sinf {1.5)
Cdc trigng hop gidi han:
- V&i mat thing ding, B = 90°, khi d6 tir (1.5) ta ¢6:
¢0$ 8 = sing cosd cosy cosw — cosE $ind cosy + cosd siny sinw (1.6)
- V&i mat ndm ngang, =0

cosf = sing $ind + cosp cosd cosw (1.7)

12



Trong trudng hop 8 = 6,, thi tir cic bicu thic (1.5), (1.6) va (1.7) ngudi ta ¢6 thé xdc dinh
dugc gée Zenith phu thude vao thoi gian va vi trf rén mat dat.

- Khi mat quan sét hudng chinh Nam thiy = 0 va
cosd = sing (sind cosP + cosd cosw sinP) + cosp (cosd cosw cosf3 — sind sinf} )
=s1nd sin (¢ — B) + cosd cosw cos (¢ — 3 ) (i.8)
- D&i véi mat thing géc (B = 90%) va hudng Nam (y = 0)
£0sO = sing cosd cosm — cos sind (1.9

Gdc 161 0 ciing ¢6 thé tinh qua géc Zenith 0,, géc nghiéng B, géc Azimuth y va gée
Azimuth Mit Tréi y, nhd cong thie:

cosO = cos0, cosf +sind, sinp cos(y,—y ) (1.10)

¢ day géc Azimuth Mit Tréi v, 13 gée trong mit nim ngang gilta hudng Nam va hinh
chicu cia tia Mat Troi trén mat ndm ngang. D& ¢6 phuong trinh (1.10), trude hét ngudi ta cin
phai tinh 8, va y,. 8, thu dugc 1 phuong trinh (1.7), trong khi v, thu duge tir biéu thirc:

cosy, = (cosO, sinp — sind )/sin@, cosd (1.11)

Vi du: Tinh gée tao boi tia truc xa va phip tuyén cia mot mat bo thu phing vao ngay
1/12 lic 9 gior (gio dia phuong}. Bo thu dat & dia phuong ¢6 vi do @ = 28"35" va nghiéng mot

goc B =36" so véi mat nam ngang va hudng Nam.

Giar: Trong trudng hop nay y = 0. Ngay 1/12 cho n = 335 va tir phuong trinh (1.4) 1a cé:

3=123,45%in [3&(284 + 335)} =-2211°
365

Lic 9 gid, @ = 45° (= 3 gitr x 15"). Thay céc gid tri niy vio phuong trich {1.8) ta cé:
cos@ = sin(-22,11")sin(28,58"-36") + cos(—22,11") cosd 5", cos(28,38% = 0,6982
Tinh duge 6 =45,7"
Tinh 6,: Tir phuong trinh (1.7), dat 0 = 0, ta ¢o:
cos B, = sin 28,58" sin(—22,11°) + cos(28,58") cos(~22.1 1"y cos4 5"

=0,39522 ta c6 0,= 66,72"

dp dung phuong trinh (1.11) ta ¢é:
cosy, = [cos 66,72 5in 28,58" - sin (-22,11°)] / sin 66,72° cos 28.58°
=0,7010 —» y, = 4549
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Thay vio phuong trinh (1.10) ta duge:
cosQ = cos 66,72" cos36” + sin 66.72°. sin36". cos(45,49° — )
=0,6982 —» 0=457
f- Su chuyén dong ciia Mdt Troi trén bdu troi

Ta hdly xem xét su chuyén dong thuc cha Mat Troi khi nhin tir dudi mat dat len. Doi véi
mot nguoi quan sat trén mat dat, trong mét ngay bat k¥ nao dd, Mat Troi “moc™ & phia Pong,
chuyén dong trong mit phang tao mot géc (90°- ¢) d6i v6i mit nim ngang va cudi ngiy “lan” &
phia Tay. Nhu vy, cdc mat phang thyc trong d6 Mat Troi chuyén dong cit mat ngang theo mot
dudng thiang Pong — Tay. Tuy nhién do hiéu tng géc léch &, nén cdc giao tuyén Pong — Tay
khong triing véi dudng Déng — Tay di qua ngudi quan sit ditng & diém O (hinh 1.7). Dai véi mot
dia phuong & Bic Ban Cau dudng dé s& & phia Nam vao mila Dong (géc 8 am) va & phia Bic vao
mila He (géc & duong) va triing vai dudng Dong — Tay di qua ngudi quan sét trong 2 ngiy Xuan
Phan (21/ 3) va Thu Phan (21/ 9), trong cdc ngay d6 8 = 0.

g- Mat Troi moc, Mdt Tréi ldn va dé dai ngay

Géc gio tuong ng voi thoi diém Mit Troi moc hoac 1an w, trén mat nim ngang c6 thé
tinh tr phuong trinh (1.7}, néu thay thé¢ gée 6, = 90", Khi d6 ta c6
cosm, = —1igptgd —
o, =cos’ (—1ge 1gd ) (1.12)
Phuong trinh (1.12), tuy vio dau cha o, , ma ta ¢ gid tri gée givs lic Mat Trai moc {ddu
duong) hay lan (dau am). Vi géc gio 15° tuong duong vdi thoi gian | gio, nén do dii ngay tinh ra
gidr sé 1a:
Smax = (2/15) cos™' (—1go tgd ) (1.13)
Goc gitr lic Mat Troi moc hodc 1dn do ngudi quan sdt O trén mat nghiéng hudng Nam (y
= 0) ciing s& dugc cho bai cong thite (1.12) néu ngly quan sit & trong khodng 22/ 9 va 21/ 3 va
dia phuong quan sit & Bic Ban Cdu. S& di nhu vay 14 vi trong khodng thoi gian ndy géc léch § 1a
am va mat phéngvchuyén dong clia Mat Troi cat mat nim ngang theo moét dudng Pong — Tay
nam phia Nam cia dudng Dong — Tay di qua ngudi quan sat trén mat nghiéng. Tuy nhién, néu
ngay quan sat nam trong khoang 21/ 3 va 22/ 9 thi géc gid lic Mat Trdi moc hoac lan (w,) sé
nho hon vé gid tri so véi gid tri cho trong phuong trinh (1.12) va s& thu duge bing céch thay 0 =
90" vao phuong trinh (1.8). Khi d6 ta cé:

@,= cos™ { —tg(p —BHgd (.14
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Nhu vay, gid tri clia ©, d6i v6i mot mat nghiéng huéng Nam (y = 0) & Bic Bdn Ciu 1a
nhé hon gid tri duoc cho theo phuong trinh (1.12) va (1.14). '

Hudéng Bong
Vao mua he Vao mua dong
21/6 21/12
P e
\
\
: 1
: Y
. I
Hudng % J Hudng
Bac / : /; Nam
]
/ ]
23,45 -23,45

Huéng Tay

Hinh 1.7- “Qui dao” ctia chuyén dong ctia Mat Troi trén biu troi & cdc ngay khdc nhau.

NG6i chung, d6i v6i mot mat phing dinh huéng khong doi Xung, cac goc gio lic Mat Troi
moc hodc lan s& khong bing nhau vé gid tri do c6 dau ngugc nhau. Cach tinh chung la tinh o,
bang cich thay 6 = 90° vao phuong trinh (1.5) va sau dé dung phuong trinh (1.12). Phu thuéc
vao ngay trong nam va su dinh huéng clia bé mat ma sy hiéu chinh phit hop sé& can duge thuc
hién bang cdch lya chon cdc gid tri chinh xdc tir cdc két qua gidi cdc phuong trinh néi trén.

Vi du: Hay tinh géc gio lic Mat Trdi moc va lan vao ngay 21/ 6 va 21/12 d6i véi mot
mat nghiéng mot géc 10° va huéng Nam (y=0). Mat nay duoc dat & dia phuong c6 vi do 19°07
(vi do Bac).

Gidi: DGi véi ngay 21/ 6, tir phuong trinh (1.14) ta cé:
0= cos'[-1g(19,12°-10")tg23,45°] = + 94°
doi v6i ngay 21/12, dung phuong trinh (1.12) ta ¢é:
0g=  cos’'[-1g19,12".tg(-23,45%)] = + 81,4°
(Dau + ting véi ldc Mat Troi moc va dau — l’rngl v6i ldc Mat Troi lan).
h- Thoi gian dia phuong

Dé tinh thoi gian cho phit hop véi vi tri clia Mat Troi trén biu trdi, méi khu vuc dia
phuong khdc nhau trén mat dit c6 mot gid hay thdi gian riéng. Vi du lic 12 gid trua & Ha Noi
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thi ¢ Luan Pon nude Anh dang 1a khoang 6 git sang. Thoi gian hay gi¢ si dung & dia phuang
duge goi 1a thdi gian hay gio dia phuong, né khéc véi gid chudn qudc (€.

Thoi gian diing dé tinh géc gid @ 1a thdi gian dia phuong. N6 ¢6 thé thu duoc tir thot
gtan chuan trén dong hd bing cdch thuc hién hai hiéu chinh. Hi¢u chinh thit nhat phai lam la do
sur khdc nhau giita kinh tuyén (kinh d¢) cia dia phuong va kinh tuyén xdc dinh gio chudn . Gid
tri hiéu chinh 1a 4 phit doi v6i méi mot kinh do khdc nhau mét do. Sy hiéu chinh thi hai duge
goi la sir hiéu chinh “can bang thdi gian™ (equation of time) la do su kién rang quy dao clia Qua
it va t6c do quay ¢6 nhimg thang gidng nho. Sy hi¢u chinh nay dua trén cdc kinh nghiém quan

sat dugc trong nhiéu nam nhy duge trinh bay trén hinh 1.8.

Tém lai, thoi gian dia phuong duge xdc dinh theo gidr chudn va cde hiéu chinh khic theo
qui tac sau day:
Thet gian dia phicong = thot gian chuan £ 4 x (kinh dé thoi gian chudn ~ kinh dé ctia

dia phuong) + (hiéu chinh can bang thoi gian).

Dau (-) trong hiéu chinh thit nhat 1a dp dung cho Déng Ban Cau, cdn diu (+) 4p dung
cho Tay Ban Céu.

Can béng
thai glan

Thing

Hinh 1.8- Hiéu chinh can bang thot gian (trye ding duge chia theo goe phudt).
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Vi dy: Hay xic dinh thoi gian dja phirong tuong Ung véi gio chudn 1a 14,30 & dja phuong
c6 vido ¢ =19"07N va kinh d¢ 72°51 E vao ngay 1/ 7. Thoi gian chuan 18y & kinh do 82,50°E

Gidi. tit hinh v& (1.8) sy hiéu chinh can bing thai glan vao ngay 1/7 1a (-~ 4) phdt. Vi
Vay:

Thoi gian dia phuong = 14,30 — 4(82,50°- 72,85") phuit + (— 4 phuit)
= 14,30 gid— 38.6 phiit _ 4 phiit = 13,47 gid,
1.5- BUC XA MAT TROI TREN MAT PHANG NGHIENG
Nhir da néi ¢ phén trén, cdc 56 lieu vé bite xa Mat Troi théng thudng 1a cdc s6 lieu do
dac trén mat nam ngang. Nhung da s6 céc thiét bi thu ning lugng Mat Tréi duge dat nghiéng

mot gée 3 nao d6 so véi mdt ndm ngang. Vi vay cin thiét phai tinh todn dong ning Iugng tdi

trén mét nghiéng tir cac s6 liéu thu duge trén mat ndm ﬁgang.
1.5.1- Ning lrong tia bire xa truce xa
Ty s6 clia dong ning lugng trirc xa tdi trén mat nghiéng va dong ning lugng truc xa t&i
trén mat ngang duogce goi la “Hé s6 nghiéng” doi v6i tia truc xa, dude ky hiéu bing r,.
boi véi truomg hop mat nghiéng hudng Nam (y=0),1taco:
cos = sind sin(¢ —B) + cosd w cos (p —B)
Doi vaéi r;'lat nim ngang (B = 0), huéng Nam, 6 = 0, nén:
cosB, = 5ind sing + cosd cosw cosp

Dodé: r, = cos8 _ ’ .sm Ssin{ep - )
cosQ, sin@sind + cospcosScos

(1.15)

Bang cich tinh twong tu ta ¢6 thé xdc dinh duge biéu thic cia r, doi véi trudng hop mat
nghiéng khong hudng Nam (y = 0).

1.5.2- Bifc xa tia nhiéu xa

Hé 56 nghiéng r, doi véi birc xg nhiéu xa 1a ty s6 cla dong nang lugng nhiéu xa tdi rén
mat nghiéng va 1i trén mat ngang. Gii tri 1, ndy phu thudc vao sy phan bg biic xa nhiéu Xa trén
bdu troi va trén phdn bau trdi ma mat nghiéng thu bikc xa. Néu gia thi€t bitc xa nhiéu xa la ding
hudng, ta c6 thira s& nghiéng r, xdc dinh bing cong thifc:

ry =%(]+cos[3) (1.16)
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& day 3 1a géc nghiéng cla mat nghiéng doi vdi mat ngang.
1.5.3- Biic xa phan xa
Bac xa phan xa 13 thanh phdn biic xa t6i mit quan st do phan xa tir mdr nén xung quanh

mat quan sat. Gia thiét biic xa phan xa ciing ding huéng d6i véi moi diém xunh quanh mat quan

sdt viu hé s& phan xa bang p, thi hé s6 nghiéng déi vai bitc xa phdn xa s€ 12

rrzp[.'_"zosﬁ] | (1.17)

1.5.4- Nang lurong Mat Troi téi trén mat nghiéng

Goi I 12 téng cdc thanh phén bikc xa t6i tren mit nghiéng, thi:
IT= IhI’h+ Idl'd-i- (Ih +‘[d) I, (l.ig)
Trong do: I, I, 1a cdc mat dé dong nang lugng Mat Troi Gng véi cic thanh phan true xa
v nhiéu xa do duoc trén mat nim ngang.
Cén chi ¥ ring phuong trinh (1.15) chi ding d6i v&i mit hudng Nam (y = 0}, con céc
phuong trinh (1.16) va (1.17) 1a ding d&i mat nghiéng bat k¥ ¢6 goc nghieng B. Goi I, 12 t0ng xa
trén mat ngang, [, = I, + I, thi tir (1.18), ta c6:

| | |
—-—T—:[I—I—"}rb+l—drd+rl. (1.19}

I, g g

Khi tng dung phuong trinh (1.18) ta can phai biét hé s6 phan xa p, ma frong nhicu
trudng hop 12 khong do dugc. Vi vay ngudi ta thudng thira nhan gid tri p = 0,2 dé tinh toin. May
mén 14 thanh phan phan xa chi€m ty 1& kha nhé trong tong Iy, nén sai s6 khong dang ké.

Vi dit: Tinh bic xa trung binh thing treng 1 gid t6i trén mat bd thu hudng Nam (v = 0)

nghiéng mét gée B =15" so véi mat néang vdi cic diéu kién sau:
- Noi lap dat ¢ vido ¢ = 13°N
- Thdng tinh todn: thang 10; Ngay 15/10

- Thén gian: Tir 11:00 = 12:00 (gits dia phuong)

- Téng xa trung binh gid trén mat ngang; I = 2408 k,J]
m=.h
x . T kJ
- Nhic¢u xa trung binh gio: 1, =1073 —; ]
m-.h

- Hé s6 phin xa mat nén: p=0,2
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Gidf -
Vao ngay 15/10 thi n =288, tir phuong trinh (1.4) ta ¢6: § = -9,509°
Thay gid tri 8 vao (1.15) tinh duoc:

o $in(~9,6" )sin(13,00° - 15"} + c0s9,60" cos7.5" cos(1 3,00"_—_1 5"
b sinl3," 5in(=9,60") + cos13° + cas(-9,60" yeos7.5"

=112

Tir cdc phuong trinh (1.16) va (1.17) tinh duoc:
rg=(1 +cos15/ 2 =0,983

r,=0,2 (1 —cosl15%/2 =0,0034

odiyr,=r,; rd =1, Vi E: r, va dat vio (1.19) ¢6:
Iy = (l - ]EB-}{],IZ + 1073 x0,983 +0,0034
1, 2408 2408

= I = T,x1,0624 = 2558k J /m* h



Chuong 2

NHIET MAT TROI

2.1- TUONG TAC GIUA BUC XA MAT TROI VA CHAT
2.1.1- Pinh nghia cac hé s0 twong tac gitra bitc xa Mat Troi v6i chat

Gia str ¢6 mét tia bite xa Mat Troi c6 cudng do E, 18 mot vat ¢6 chiéu day khong qua
}3n nhu hinh 2.1.

Khi t6i bé mat phan cdch phia trén gifta vat vi moi trudng tia sdng E, bi tich thinh cic
tia thanh phan saw:

- Tia phan xa c6 cudng do E, phin xa trg Jai moi truong ;
- Tia di qua vat v 16 ra ngoai duge goi la tia truyén qua, co cudng do E..

- Mot phan tia bi vat hdp thy, ¢é cudng do E..

Hink 2.1- Cdc hién tugng phan xa. truyén qua, hap thu khi tia bire x4 tong tic vai chat.

Theo dinh luat bao toan nang luong ta cd:

E.=E,+ E. +E, (2.1n
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Chia ca hai vé cho E,;

(= K77y o
[—:ﬂ ED FH
Hay Il =p+1+a

dday p= =% duge got 1a hé 56 phdn xa.

3]

C . . .
T= L duge goi la hé s6 truyén qua.

Al

E e
o= --* dudgc goi la hé 56 hap thu.

Noi chung cdc hé s6 p, 1 va a phu thude vio bude sOng clu biic xa va ban chat cla chat.
Vaivatcd p =1, 1 =oa = 0 duge goi la vat trang tuyét déi.

Vo1 vatcod 1= 1, p=o =0 duge goi la vat trong sudt tuyer doi.

Varviateo a =1, p=1=0dugc goi 1a vat den tuyet doj.

D61 v6i cdc vat thue t€tht O<a, p, 1< 1

Tuy theo muyce dich ting dung ma ngudi ta chon vat liéu ¢é p, hay a 16n (hay nho).

2.1.2- Hé s6 phan xa

n

Hinh 2.2- Hién wong phan xa v khiic xa dnh sdng,

Xét bé mit phan cdch gilta hai moi trudng | va 2 (hinh 2.2} ¢6 chidt sust twong ang 1a o,
van,. Mot tra sang ¢6 cuomg d6 E, 161 bé mat phan cdch dudi géc 161 8,. Khi i diém [ tia sdng

E, bi tach thanh 2 tia, mot phan xa tr& lai moi trudng 1 cd cuong do E,, mot tia di vio meéi
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trudng 2 bi déi phuong truyén goi 14 tia khic xa. Goc gitta tia khiic xa va phap tuyén ké tir diem
t6i 1 ky hieu 12 9,.

Theo dinh luét Fresnel thi néu ua tdi 13 tia sdng khong phan cuc thi hé s6 phan xa p duge

xdc dinh bang biéu thifc sau:

Eg 1 sinj(Bl—Hl)Jr‘gz(ez_eJ
E, 2|sin’(6,+9,) 12°(6,+90)

p:

hay p=pl + p// vai

in (6, -0 C PN - )
= s—!nj-( 1= %) 14 hé s6 phan xa dét v&i thanh phan tia phin cuc vudng goc:
sin“ (6, +9,)

tgz(e'? _e]) . " a . - .
p/f = —5-———-—-- la h¢ 6 phan xa doi vdi thanh phan tia phan cuc song song.
tg (8, +6))

Nhir vay hé s6 phan xa (2.3) 1a trung binh ¢ong cua cdc hé s6 phan xa thanh phan phan

cuc vudng gde va phan cuc song song.

P61 vai trudmg hop dac biét, khi 0, = (" thi ngudi ta di chimg minh duoc:

psz_zpffz(nlhnE} (2.4)

n, +n 2
Theo luat dinh khiic xa Snell thi cac gid i 8, va goc khic xa 0, lién hé véi chidt sudt cdc
moi trudng n, v n, bang biéu thiic:

sin@  n, (2.5)
sinf, n, -

Vidi 2.1 Xdc dinh hé s6 phan xa cua thuy tinh 6 chiél sudt n = 1,52 khi ta sdng 161
vudng gdc véi mat gi6i han va khi géc td1 9, = 60°

Gidi:

Khi 6, =0, ip dung cong thic (2.4} 1a co:

152-107
V=] ST 20,043
plo) {I,S?«H,O}

Khi 8, = 60°, tir cong thic (2.5} tacd :

0, = arcsin o0 |- 34,477
1,52

Dat 8, va 6, vao (2.3);
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| 5in® (34,47 -60) 1g’(34.47 - 60)
2| 5in’ (3447 + 69)  1g7 (34,47 + 60)

pia0) =
P{60)=0,093 = %(O.I 856 + 0,001

2.1.3- Hé s0 truyén qua ké dén phan xa

N DN

(r—p) (1-p) p° (1-p) p*
Hinh 2.3- Hien twong truyén qua ké dén phin xa.

Xet mot ban mat song song nhu hinh 2.3 ¢6 hé s6 phan xa p. Tia sdng ¢6 cutmg A0 E, =
I don vi t6i mat trén cla ban va bi phan xa nhiéu 14n trén cdc mat gidi han cla ban nhu hinh vé,
Néu bo qua hién tugng hap thy biic xa ctia ban, thi cac tia xuyén qua ban va 16 ra sau ban chinh
la cdc tia truyén qua. Dé dang tinh duge cudng do cdc tia truyén qua tai cdc diém I,, I,, I1,,..., 1.
v.v... tuong tng s& 1a (1 - p)’. (1 —p)’ p%, (1 - p)*p*... (1 =p) 2 p™

Tir d6 tong nang lugng bitc xa truyén qua ban song song hay h¢ s& truyén qua t, khi tinh

dén hién tuong phan xa trén mat gisi han ciia ban sé 1a;

=l-p+(l-plp’+ (-pip+..
kel = ] _p
To=(l-py Y p ="l (2.6)
g l+p
& day chis6 1 va | trong ky hiéu t,; mudn néi hé s& truyén qua ¢6 tinh dén phin xa va trén | bin
vit chat.

Trudmg hop tia sing E, = 1 don vi di qua N ban mat song song thi hé s6 truyén qua s& [a:

(I-p

_ . 2.7
L+ (2N - Dp =7

TN

Cdc cong thire (2.6) va (2.7) ding cho ca trudng hop khi tinh todn hé s6 truyén qua déi
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v6i cdc thanh phin phan cuc . Can chi ¥ rang. khi tinh todn hé 56 truyén qua doi véi dnh sdng w
nhién thi phai 1ay gid tri trung binh cha ca hai thanh phan phan cue.

Vi di 2.2: Tinh hé s8 truyén qua ctia hé 2 @m kinh phu tng vdi cdc goc 6i 9, = 0 va 607
chon=1,32

Gidi: Dimg cong thire (2.7) va doi véi 8, = 0"t ¢o:

(1-p)_ _ (1-0.043) _

1Y (N—Up 1 +3.0,043)

bl

(]
Khi 3, = 60°
Trong vidu muc (2.1.2) , d6i vdi 8, = 60" thi:

pl = 0,185 va p// = 0,001 nén

+
1+3.0,185 1+3.0.001

T,,(60%)=—

- ~ 0,001
’1{ 0185 1-0,00 }:0‘76

2.1.4- Hé s0 truyén qua tinh dén hap thu

Xé1 tia xdng c6 cudmg do E, truyén qua mot ban vat chit. Do bi chat hap thu, nén cudng
do tia cang di sau vao chit cang yéu dan. Goi cudng do tia sdng ¢ do sau x 1a I, thi theo dinh

luat hip thu Bouguer ta co:
E=E,e" (2.8)

Né&u do diy clia khai chat 1a / (xem hinh 2.4) thi tia truyén qua s& c6 cudng do E. va hon

nita theo dinh Juat Bourger ta cé: E, = E, ¢ (2.9
E.
E L,
—— e ——— TP >
|
|
|
|
k » X
0] X 1

Hinh 2.4- Su hap thu khi tia sdng truyén qua chat.

Véi k duoce goi 1a hé 56 suy giam. Tu (2.8) vi (2.9) suy ra hé s6 truyén qua khi tinh dén
hip thu s& 1a:
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T, =——=c¢ (2.10)

Trong trudng hop néu tia 181 khong di qua khai chdt theo phuong vudng gée vai canh
khai chat ma tao mot gée 6 nao d6 thi hé 56 truyén qua duoc x4c dinh nhdy bidu thic:
T, = CXp{- kffcosB) 2.1
H¢ 56 k phu thudc vio ban chdt cla chét va budce song tia bite xa. D61 véi cdc loai kinh
khic nhau, k bién thién trong Khoang tir 5 dén 25m.
Nhu vay bife xa truyén qua mot moi trudng chiit, do hién tuong phin xa vi hap thu, nén
hé so truyén qua $& la:

- (]__hﬂ e_kl

T=7T. T
(14 p)

(2.12)

Bié¢u thirc niy chi ding khi tich (k/) khi nhé suo cho T, khong qia nhd so véi don vi.
Trudng hop néu tia sdng truyén qua N tdm kinh nhu nhau, ¢6 do dity / thi he s6 truyén
qua cua hé sé la:

(1-p) g MK

_ . (2.13)
1+ (2N -Dp

Vidu 2.3: Hay biéu dién 1, t, vd t d6i véi tia sang khi di qua cdc tdm kinh v3i cdce
diéu kién duge cho dudi day:

-S6tdmkinh N=3

- Chiéu day méi tam kinh ! = 4mm.

- Chi¢t suat cua kinhn=1,52.

- H¢ $6 suy giam k = 15m™",

- Goc a1 ca tia sang 6, = 15°.

Gidi: 8, = 15° 4p dung dinh luat khiic xa tinh dugc:

sin13"
&, = arcsin {‘;ml 1 =08"

1,52
xac dinh cdc hé s6 phan xa pL va p// :

_ sin’(9.8-15)

= — =0,047
sin“(9.8+ 15
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(13 q - 5
o= 8 O8I 4 g
tg=(9.8+15)

ey 10047 o
1+(2N-1p 1+5.0,047
o= TP 20039 s
I+ (2N -Dp/  1+5.0.039
Do dé: =172 (1,1 + /) = 1/2(0.773 + 0,805) = 0,789

Hg¢ 56 truyén hap thu:

1. =exp (—(3.15.4.10%/cos 9,81 = 0,833

Vit 1=1,.1,=0789. 0,833 = 0657
|

T T T T T
.8 L T i
- T, _
s 0.6 T il
s - .
ks 040 §
(.2 L -

0 1 1 1 t 1

§] 300 o A

Goc 1t 9]
Hinh 2.5- Su phu thude ctla cde hé s6 truyén qua 1. 1, va 1, vio géc i,

Khi cho cic goc 161 B, cdc gia i khdc nhau a sé tinh duge cde hé s6 ruyén qua tuong

rng. Trén hinh (2.5} cho thiy su phu thudc ciia 1.1, va 1, vao géc 161 B, ctia tia hike xa,
2.1.5- Su truyén qua cua bic xa nhiéu xa

Cdc dinh luat va cdc phép tinh todn trong cdc myc trén la doi véi ta trye xa. Tinh todn hé
$O truyén qua doi cde tia nhiéu xa ¢6 kho khan hon do cic tia nhiéu xa &1 diém quan sat tir moi
hudng. Vi vay trong thue € v qua cdc do dac thuc nghiém, ngioi ta 6 thé tinh todn hé sé
ruyén gua doi vor cde tia nhién xa ciing ditng cde cong Huie va dink ludt niue doi voi tia e Xy

nining vai goe toi cd dinh 8, = 60
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2.2- HE SO TRUYEN QUA KE PEN HAP THU VA PHAN XA

He s6 truyén qua c6 ké dén déng thoi ca hap thu va phan xa chinh 12 phdn nang luong
ma mot tam hap thu nhan dugc sau khi tia biic xa truyén qua N tdm kinh & phia trén taim hap thu

va bi mit mat nang luong do ca hién tugng hap thu va phan xa (hinh 2.6).

Tia t6i

/ anub
e I\ 7 V4 7/ %Tam kinh

Tam hap thu

™ a(l-a)p, w(l-a) p°,

Hinh 2.6- Hién tuong hap thu c¢6 ké dén hé s6 truyén qua va phan xa.

Néu ta ky hiéu tich s6 (ta) 1a tong nang lugng ma tim hap thu nhan duoe thi né cling
chinh Ia ty s6 gifta phan nang luong ma tam hap thu nhan duge va toan bo ning luong cla tia t6i
(bang 1 don vi).

Nhur hinh 2.6 chi rd, tia bifc xa c6 cudng do bang | don vi, sau khi qua tam kinh day phia
trén, do bi tdm kinh hdp thu va lam phan xa nén chi con mot phan nang luong la t=1,. 1, (6i
dugc tam hap thu. Tia nay khi gap tim hap thu lai bi chia thanh 2 phan, mot phan bi tim hap thu
hap thu ta |, phan con lai phan xa lén mat duéi tim kinh ¢6 cudng do (1- o)t. Tia phin xa nay
khi gap mat dudi tdm kinh lai bi phan xa tré lai tim hdp thu. Tia phan xa tr& lai tim hap thu sé
c6 cudng do (1- a)t.py, & day p, 1a hé s6 phan xa d6i véi cdc tia nhiéu xa cla tdm kinh. Tia
phan xa nay khi t6i tdm hép thu lai bi tim héap thu hdp thu phan nang luong 1a to(1- a)p,, phan
con lai lai bi phan xa vé tdm kinh,v.v... Qud trinh hap thu trén tdm hap thu va phan xa trén céic

tam kinh va tam hép thu nhiéu lin duge mo ta trén hinh 2.6.

Két qua 1a tém hap thu nhan duoc phan nang luong téng cong la:

(ta) = ta + T 1— a)py + ta(l — o) ap,’ + ...
= oL
=‘[C( ]_a n [1:7 (2'14
205D RE FiTa e )

Chi y rang p, la hé s6 phan xa d6i véi thanh phin nhiéu xa ctia hé cdc tim kinh. N6
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dugc xdc dinh bang cédch tinh hé s6 phan xa clia cdc tdm kinh khi cho géc t6i bang 60",

2.3- HIEU UNG NHA KINH VA BO THU PHANG
2.3.1- Hiéu tng nha kinh

Hicu tng nha kinh la mot trong cdc hiéu mg quan trong nhét duoc ng dung dé khai
thac nang lugng bic xa Mat Troi. Hiéu tmg xay ra nhu sau: cdc loai kinh (hay thuy tinh) diing
trong xay dung c6 déc tinh 1a chi cho cdc bic xa Mat Troi ¢6 bude séng A < 0,7um truyén qua
(h¢ s6 truyén qua cua kinh rat nho d6i véi ving phé Mat Troi nay), cic bic xa con lai
A >0,7wn (cdc tia nay con dugc goi la tia nhiét) thi bi kinh ngén lai (hé s6 phan xa cta kinh d6i

v6i ving phd nay rat 16n). Tuy theo tinh chat vat liéu va bé day cia tdém kinh ma bic xa truyén

qua nhiéu hay it. Nhu da biét, phan 16n nang lugng Mat Trdi, khoang 70%, nim trong viing phd

@\

vol A < 0,7pm.

TN A .
(1) Tdm kinh

@ Ldp vo cach nhiét
(3) Tam hap thy

(4) Tia sing mat troi

Hinh 2.7- So d6 hop thu nang luong Mat Trai sir dung hiéu ting nha kinh.

Ta khao sat mot buong kin hinh hop nhu mo6 ta trén hinh 2.7. Mat trén hop duoe day
bang tdm kinh, thanh chung quanh va ddy lam bang vat liéu cich nhiét t6t. Ddy hop 1a mot tdm
kim loai dan nhiét t6t, mat trén ctia tam dugc phit mot 16p son den ¢ hé s6 hip thu cao. TAm
nay duge goi la tdm hdp thu. Tia Mat Troi sau khi truyén qua tam kinh day phia trén hop , t6i bé
mat tdm hap thu, bi tim nay hdp thu mot phan nang luong va chuyén hoa thanh nhiét lam cho
tam hap thu néng dan lén. Khi d6 tam hap thu tr& thanh nguén phat ra cdc tia bic xa nhiét thi
cap c6 bude séng dai huéng vé moi phia. Nho nhan lién tuc cdc tia bic xa Mat Troi nén né duoc
nung nong lién tuc, va biic xa nhiét ciing duge phat xa lién tuc. Nhimg tia biic xa nhiét huéng lén
phia trén bi kinh ngan lai do phéin l6n cdc tia biic xa nhiét thit cdp c6 budc séng dai & > 0,7um
(nhiét do tdm hap thu khong cao), bi phan xa trg vé tdm hap thu va lai bi tam hap thu hdp thu,
v.v....Qud trinh nay dén dén nhiét do tim hap thu tang dan 1én nhd cdc mat ddy va cdc thanh bén

dugc cach nhiét t6t nén nhiét khong bi truyén din ra ngoai hop. Két qua la nang luong tir cic tia
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bitc xa Mat Trén vio ducc hop ma khong ra ngoat duoe. Hop thu ué thanh mot cdi hdy nhiér.
Hi¢n tgng do duge goi la hidu dng nha kinh. Nhigt do cda 1am hap thy cang cao, phét xa nhiét
tir mat hap thu cang 16n, cho dén khi nidng luong ma tdm hap thu nhan dugc Lir bic xa Mat Troi
can bang véi ning luong mat mat cho moi trudng xung quanh thi trang thai can bang nhiét ducc
thiét lap.

2.3.2- Bo thu phang

‘Thiét bi thu nang luong Mat Trai hoat dong dua trén hiéu tng nha kinh véi tdm hip thu
c6 dang tam phang dugc goi 1a Bo thu phing, dudi day ta got tit 12 bo thu. Bo thu phing c6 rat
nhiéu (ng dung nhu dé san xudt nude ndng, sdy nong hii san phiam, clumg loc nude, suoi am
nha cta chuong trai,... Nhung dudi day ching ta chi nghién citu chil y€u bo thu dé sin xudl

nude ndéng phuc vy sinh hoat hay cdc qua trinh san xudt cong nghiép.

Vé co ban bo thu phang ¢6 cdu two nhu hop thu hinh 2.7. D¢ sin xudl nuée néng nguoi
ta han vao mat dudi tdm hap thu mot he dng kim loai va cho nude (hay mot chat 1ong nao do)
chay qua. Khi dé, nhiét s& duge truyén tir tim hdp thy qua cdc ong kim loai vao nude hoac chat
tong lam cho n6 nong lén. Bang cdch nay ngudi 1a ¢6 thé ¢ nude néng dén 80 + 85 "C vio mila

he va 35 + 45 °C vé muia dong. Hinh 2.8 1a 5o d6 mot bo thu phing dé sin xudt nude néng.

C6 hai loai bo thu phang: loai hoat déng theo chu trinh d6i luu ty nhién va loai hoat dong
theo chu trinh d6i hru cudng biic.

a- B6 thu hoat dong theo chu trinh doi luu tu nhién

Hinh 2.9 [a so do mot bd thu san xudt nuée néng hoat dong theo chu trinh doi huu ny
nhién. Nude lanh khi qua bo thu, hap thu nhiét v s& néng lén, khéi luong riéng giam nén noi
len phia trén. Phia dudi cdc 6ng dp sudt nude b giam nén nude lanh lai chay vao. Cif nhu the
nudc s& tir dong chuyén dong tudn hoan theo chiéu mii 1n chi ra trén hinh 2.9, Két qua 1a dong
nude s€ nr chay qua bo thu nhiéu ln va do do nude trong binh chifa (6 Idp cach nhict ot Xung

quanh) sé dat dugce nhiét do cao.

Khi 18y nudc néng trong binh chita dé sir dung, nuéc trong binh voi di va nude lanh tu

dong chay ba sung thém vio.

Uu di€m ctia h¢ théng dun nude ding déi luu tur nhién 1a viée ché tao ldp dat bo thu don
gian, ré tién. Tuy nhién hé théng ndy 6 nhuoe diém 13 nang suat san xudt nudc néng thap. Vi
vay cdu hinh sén xudt nude néng ding d6i luu ty nhién phit hop cho viéc san xudt nude néng
dimg cho sinh heat trong cdc ho gia dinh hay cdc ho sit dung nudc néng khong nhiéu 1am (khéch
san nho, bénh x4, trang trai,v.v,..).



Hiéu suat bo thu hoat dong theo chu trinh d6i luu tu nhién chi dat 40 +5(

Nucc nong ra
i i

—
EE——

= Hrah Lo 2 ]| ;
Nude lanh vao f————— E
(1) Tam kinh C‘D Tia siang Mat Triv

@ Lop vo cdch nhiét '\é) 6ng din nude kim loai
(5\) Tam hap thu
Hinh 2.8- So d6 bo thu san xuat nuée néng (a) va hé 6ng kim loai hin vao duéi tim hap thu (b)

b- Bo thu hoat dong theo chu trinh déi luu cudng biic

Khi can moét luong nuée néng 16n thi hé théng nudc nong doi luu tu nhién khong
thich hop. Khi dé nguoi ta sir dung hé théng dung déi luu cudng bic. Hinh 2.10 1a so dé hé
thong sdn xuat nude nong ding nang luong Mit Trdi voi chu trinh d6i lueu cudng bide

©)

.

o0 TOnTOT Nudc nong

%Y — sur dung
{T\\\‘\‘A / ’ _ \ @
Lk / O

Y

\
\
1
\
! Nudce lanh
™~ / 1 «—S—

~a / Y van bO'sung

Lt _/ . I
/ ®
Vong tuan hoan déi luu tu nhién cua nudce

(1) Tiasang mat troi (3) Pudng dan nudc
@ Bo thu

(%) Thung chira
Hinh 2.9- He théng bo thu hoat dong theo chu trinh déi luu tu nhién
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Thasdng Ma Trdi

T, : Nudc nong
Do
3 £ ]
Pad T //“ 4 A P
§ el S/ 1
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& S S N T o
. AT : - :
A FQ) ,fD Nude lanh
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£ '
/
; 1
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Z‘.' ©h

{13 Bo thu
.'/__\.' - -
‘2) Binh chira

(33 Mdy bom

{4) Thiét bi diéu khién bom
(37 6ng diéu hou dp suat

(6) Bo dun nude dy phong

Hinh 2.14- I1¢ thong bd thu hoat dong theo chu trinh doi luu cufng bire.

Hé thong bo thu déi lun cudng bide chi khiac hé bo thu doi luu e nhién i ¢6 thém mot
mdy bom (3). Nudc bi bom cudng biic chdy qua bo thu ma khong phai chay tuan hoan tu nhien
nhur hé thédng d6i luu ty nhién. Vi vay hiéu suat va nang sudt cua foai thiét bi ndy cao hon. Hiéu
sudt thu nhiét clia hé théng phu thuoc vao 16¢ do nude chay qua bo thu. Dé diéu khién qué trinh
cudng bifc ndy thong thudmg ngudi 1a lap thém mot thiél bi dién ur (4), nd tr dong theo ddi hiéu
0 nhiét do AT =71, - T,. Can ¢ trén hicu s& nhiét do AT ma thiét bi didu khién dién @ & cho
bom lam viéc hay ngimg bom.

Trong trudong hop phai si dung nude néng cho san xudl hay cdc dich vy yéu cau nude
néng lién tuc ngudi ta com lip thém bo phan dun nudc bang dién hay khi dét (gas) du phong (6)

cho nhimg thai gian khong ¢ nang nhu chi ra trén hinh 2.10.

2.3.3- Hiéu suit bo thu phing

Goi q, la nang lugng hitu ich tic la nang lugng ma chat long nhan duoc, S la mat do
dong nang luong Mat Trdi td1 tdm hédp thu, A1 dién tich tam hép thuy, thi hiéu sudt bo thu dirge
dinh nghia bang biéu thic:

n = _(_],_“_

- 2.15
SAL 21



Thong thudng ngudi ta tinh hi¢u sudl bo thu trong mot gio Nye hay trong mot ngay n,,.,
duge xdc dinh theo cac cong thie sau:

XN
Mo = AcDS

trong d6 16ng X g, va X S duge lay trong mot gio hay ca ngay. Con mat do nang lugng Mat Tréi
S duge xdc dinh tir biéu thice sau:

(2.16)

S =L, (ta), + [Ty + (L, + [ 1, ] (ta), (2.17

Trong d6 I, .y, , 4, 1y, 1, di duge dinh nghia trong muc 1.5 chuong 1, (ta), vi (tan, (3 hé
s0 hap thu hi¢u dung ctia tam hip thy (xem muc 2.2 chuong 2) d&i véi cic thanh phén truc xa va
nhiéu xa. Ngodi ra gifra nhiet ¢6 ich g, va tong nhiét hao phi q, ¢6 mai quan he :

@ =S5 A —q (2.18)

Duar day ta s€ phan tich ddnh gid chi tié1 hon vé hiéu suat bo thu phang.
2.4- HE SO HAO PHI NHIET TONG VA CAC HE SO TRUYEN NHIET

Ta hiy xem xét mot b thu nang luong Mat Troi tng dung hiéu ting nha kinh dé san xuit
nudc nong nhu trén hinh 2.8,

Trong bo thu ndy, bén canh qud trinh nhan nang lugng nhiét bic xa Mat Trin theo higu
tmg nha kinh nhu di trinh bay & trén, con ¢é cic qud trinh hao phi nhiét do cdc hién tuong
truyén dan nhiét tir tim hap thu ra ngodi. Ta hay nghién ciru chi tiét hon cdc hién tugng nay dé
xdc dinh hi¢u sudt bo thu.

Goi tong nhiét lugng hao phi tir bo thu a g, thi né ¢6 thé biéu dién qua he s6 hao phi
nhiét téng U, nhiét do trung binh cla tdm hap thu T, nhiét do moi ruong 14 T, vi dien tich bo
thu la A, bang biéu thic;

g =U A (T,—T,) (2.19)

Nhiét hao phi tong 12 téng cila cdc hao phi nhiét do truyén dan va bifc xa nhiét ra ngoii
bo thu theo 3 hudng @ 1én trén, xudng dudi vi ra cdc thanh xung quanh bo thu. Goi cédc nhiét
nang mat mat lén phia trén 1a q,, xudng phia dusi q, va ra cic thanh xung quanh g, , theo dinh
ludt bdo rodn nang lugng ta co:

Q=q+q+q, (2.20)
o day ta da gia thiét rang nhiét mat mét do tich nhiét trén bo thu 1a khong ding ké va bo qua.

Mo1 mot nhi¢t hao phi trong (2.20) ciing ¢4 thé duge bién dién dudi dang twong ty nhu



(2.19), tie la :

q = UA, (T,-T,) 2.21)
4 = UyA, (T, -T,) (2.22)
q=UA(T,- T, (2.23)

¢ day U, U, va U_lan lugt la hé s6 hao phi nhiét lén trén, xuéng dudi va ra xung quanh (hinh
2.11). Khi sosanh (2.19) va (2.20), (2.21)va(2.22) taco :

U=0U+U,+U, . (2.24)

- Hinh 2.11 - Hao phi nhiét theo cidc phuong trén. dudi va xung quanh bo thu.

Céc hao phi nhiét cling c6 thé biéu dién theo ngon ngit tr¢ nhiét nhu dugc chi ra
trén hinh 2.12.

T,
T,
e § R, '
Js R qi
. AN AN * T,
Td Tp q5 Td g Rl
Ry 2 g i
T,
Ta

Hinh 2.12- Cic tr6 nhiét gay ra hao phi nhiét ctia bo thu.



2.4.1- Hao phi nhiét én phia trén

Hao phi nhi¢t 1én phia trén q, 14 wng cua céc hao phi nhiét do cic qud trinh dan nhiét dai
luu va biic xa nhiét tir tim hip thy theo hudng 1én phia trén. DE tinh to4n cdc hao phi nay ta gia
thi€t rang cdc tam day trong suét va tam hap thy [a cic tim song song vdi nhau cé do rong vo
han va dong nhiet len phia trén 13 dong mét chiéu vi dong dimg. Thém nita, ta gia thiét ring, su
chénh lech nhi¢t do trén méi tim day 1a ¢6 thé bd qua v bite xa Mt Tron bi cic tim day hip thy
la Khong twong tdc véi dong nhiét leén phia trén, Birc xa thir cap trén hé 1a bire xa sdng dii nén ¢6
thé xem cic 18m day 12 khong trong sudt. Diéu nay la rat pht hop néu cdc tim day [a thuy tinh.

Ta x¢ét so do hinh 2.13 gdm tam hdp thu cé nhiét do T, phia ren né ¢6 2 tdm day c6
nhiét do I, vi T ;. Moi trudng cé nhi;f:t do T, v bau trdi ¢6 nhigt 4o T,,. Gia sir ca hé thong &

trong trang thai can bing nhiét.

Gt 4
i ~—  Bau troi
Y Y e NV ENT
Maéi trudng
T,
S Tam pha 2
B T Tam phu |
T, Tam hap thu
Hinh 2.13- Xdc dinh hao phi nhiét Jén phia trén U, bo Thu.
Tircc gia thiét do, tu ¢o
o(T} - T}

d_y v (T, =T + EID, (2.25)

A ( o)

—+— 1]

& E )

N o(T) - TL)
:hcln.']{TcI - Ic2}+ e (226)
[_]_ + _1_ — IJ
€, €,

=h, (T, -T) +oe (TS -Ty) (2.27)



trong do: h., - hé $6 truyén nhiét d&i hru gitra tdm hap thy va @m day 1 ;
h,.2 - hé $8 truyén nhiét dai luu gitta cdc tim day thit [ va thi 2 ;
h,, - hé s0 truyén nhiét d8i luu gitta cac tim day trén clng v& moi trudng ;
£, €, - Cdc hé 56 phat xa cua tdm hap thy va tam day.

Phuong trinh (2.25) mo ta dong nhi¢t tir tim hap thy dén tdm day ! : phuong trinh (2.26)
mo ta dong nhiét tir tdm day | dén tam day 2 ; phuong trinh (2.27) 1a dong nhiét tir tdm day 2 ra
mot truong. Cac phuong trinh nay tao ra mét hé phuong wrinh khéng tuyén tinh. Khi giai hé nay
ta ¢6 thé tim ra duge cdc an s6 la q,, T,, vd T.,. Nhung trude khi giai he phuong trinh trén ching
ta can phai thuc hién cic hi¢u chinh dé tinh cac hé s6 truyén nhiét d&i Iuu h,.,, h,,., va h,, cling
nhy nhiét dé bau troi T, .

a- Hé s’ truyén nhiét gitra cdc mdt song song vo han

He sd truyén nhiét d6i luu w nhién déi véi cdc khong gian ¢6 lap gilta tdm hap thu va
ciic tdm day thir 1 hodc giita 2 tdm day dugc tinh todn bang cdch ding mét trong cdc hiéu chinh
dudi day do Buchberg dua ra. Céc hiéu chinh dua trén su nghién citu, phan tich cdc s6 liéu thuce
nghiém c6 thé v tdt ca cdc hiéu chinh tude day.

Nu, = t; Ra, . cosp < 1708

Nu, =1+ 1.-446([——”08
Ra cosf

} » 1708 < Racosp < 3900

Nu, = 0,229 (RacosB)'*™ ; 5900 < Racosf3 <9.23 x 10°
N, = 0,157 (RacosP); 9,23 x 10* < Racosf < 10° (2.28)

Nu; vit Ra, 12 cdc s6 Nusselt va Rayleigh. D¢ dai dac trung L 1a khong gian giifa cic mat,

con cdc tinh chat thi duge ddnh gid bing gid tri trung binh s6 hoc cua cdc nhiét do clia bé mat.
b- Hé¢ 50 truyén nhiét tis tdm ddy trén cang

Hé s& truyén nhiét doi luu hy, tir tim day trén cing cla khong gian co thé tinh nhd dimg
cong thic kinh nghiém sau ciia McAdams:

he, =57+ 3,8V (2.29)

Trong d6 h,, tinh ra W/m’> K va V la van toc gi6 tinh ra m/s. Sparrow va cac déng nghicp
dd dua ra sy hiév chinh khong thit nguyén sau day:

1 =0.86 (Re,") '? (2.30)



o day J duoc goi la thira s6 J va
J =h,/p C,VP, "
Re, " = s6 Reynolds = (VL'/v) trén co s& do dai dac tring L' = 4A/ C, ;
trong do: A, = dién tich bo thu; C,. = chu vi lién hé véi dién tich bo thu.

Phuong trinh (2.30) dugc dua ra trén co s phan tich rat nhiéu thi nghiém vé gié duoc

thuc hién ¢ cac diéu kién khac nhau.
Nhiét d6 bau trdi T, cling duge xdc dinh tir phuong trinh kinh nghiém sau day:
Tyy=Ta-6 (K) (2.31)

2.4.2- Hao phi nhiét xuong phia duai

He s6 hao phi nhiét xuéng phia du6i U, duge ddnh gid tir viec phan tich cdc hao phi nhiét
do déan nhiét qua thanh cdch nhiét va hao phi nhiét do dan nhiét d6i luu tir tam hip thu xudng
phia dudi cta bo thu. Ta ciing gia thiét rang dong nhiét xudng phia dudi cling la dong mot chiéu
va dimg (hinh 2.14). Trong da s6 trudng hop, do day clia 16p cich nhiét 1a I6n nén c6 thé bo qua
phan hao phi nhié¢t do truyén nhiét d6i luu. Vi vay:

U, =—+ (2.32)

Hinh 2.14- Cic hao phi nhiét xuéng dudi va ra xung quanh.

2.4.3- Hao phi nhiét ra xung quanh

Cling nhu trén, ta gia thiét dong nhiét q, (hinh 2.14) 1a dong mot chiéu va dirg. Hon nita
ta cling bo qua hao phi nhiét do dan nhiét d6i luu nhu da 1am véi s



N¢u kich thude tam hap thu la L, va L, va do cao clia bo thu 14 L, thi 1ié1 dién ma dong
nhigt ¢, di qua la 2(L, + L,)L.. Nhié1 dé giam tir T, ¢ tdm hdp thu xudng T, & bd ngodi cua l6p
cach nhiét. Khi chii ¥ ring dong nhiét chi truyén theo phuong vuong géc véi thanh xung quanh

theo 2 chiéu (sang trai va phai) nén:

_T‘_l)

(T,
q. = 21.. (LJ +Lg)k, T (2.3

Mat khic do g, =U, A, (T, —T,) nén rit ra:

Lo+1.
U= Eirlats k (2.34)
L, xL, o

D¢ minh hoa ta hdy xét vi du sau day.

Vi du 2.4: Hay tinh hé s6 hao phi nhiét toin phin d6i v6i mot bo thu phing ¢é 2 tam
kinh day va v6i cic difu kién duge cho sau day:

- Kich thudc tam hdp thu: L, x L, =09x 1,9m?
- Kheang cdch gilia tam hap thu va tdm kinh day tha nhat =4dcm

- Khoang cdch gifta tam kinh day thi 1 va thi 2 =4dem

- Hé 50 bic xa cua tdm hép thu (g,) =092

- He 56 bifc xa cua kinh (&) = 0,88

- Gée nghiéng cba bo thu () =20°

- Nhiét d6 trung binh ctia tdim hép thu (T,) = 70°C

- Nhiét dé moi trudsng (T,) =24"C

- Toc do gid (V) =2.5m/s

- B¢ day 16p cach nhiét phia dudi (0,) = 8cm

- ¢ day I6p cdach nhi¢t xung quanh (8,) =dcm

- Hé s6 dan nhiét cla cach nhiét (k,) =0,05W/mXK
Giui:

Tu phuong trinh (2.30): T,, = T3 -6=2972 -6 =291,1K

Thay gia tri T, T,, €., €, vao cdc phuong trinh (2.25) dén (2.27) ta coé:

5.67x10°%(343,2* - T
AL (32T + TR ( vl la)
c + - 1
(0,92 0,88 ) (2.35)

=D, (343,2 - T, )+ 4,635x107°(138,736x10" - T)
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5,76x10°5 (1 — T4
i:hclcz(Tc] _Tc':)‘l— P 10X .([‘-'] 04)
A ; [ i
’ (= +——-1)
0.88 088
= Mg (Ty = Ty ) +4,455x107%(T4 - T) (2.36)
va Ao, (T,; —297.2)+ 5,76x10°%(T) - 291.2")
A &

=h, = (T, —297.2) + 4,99x107* (T, - 71.9061x10%) (2.37)

C

Tir cac phuong trinh (2.35) dén (2.37) giai ra ta tim dugc cdc 4n s6 I :' . T, va T,

Mudn vay, chlng ta can bi€t cdc gid trj cia h,,, hy va h,. Vi cdc gid tr1 nay phu thude vao T,

va T, nén chiing ta can sir dung phuong phdp #uf va sai s6 nhu sau.

Trudc hét gia thiét cho T, = 325K; T,, = 305K. Ta sir dung cdc hiéu chinh (2.28) d€ tinh
h,.; va h,,., va ding hiéu chinh (2.29) dé tinh h,:
Tinh h,,:
Nhigt d¢ trung binh clia khong khi gilta tdm hdp thu va tam kinh day 1:
223D 334 1k

o nhi¢t do dé:  k = 0,0291W/m.K; v = 19,06 x10° m%s ; p, = 0,696 (cic gid tri ndy c6 thé tra
trong bang )

| (342,2-325)x0,04°

Ra cosp =9,81x : -5 - —x 0,696 c0s20” = 61544
34,1 19,06°x107°

Tir do:
Nu, = 0,229(61544)"2 = 3 6873
6873x0,0291
Dods: by, =2 8x 00T, oy W
0,04 m-.K

Tinh b, 5.
Nhiét d6 trung binh ciia khong khi gifta 2 tam kinh thi | v thi 2 1a:
325+ 305

=315K

Bang cdch tinh tuong ty nhu trén ta thu duge:
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h,..; = 2,803 W/m®.K

Tindi fr,: Nhiét d6 trung binh gifa tam kinh thir 2 va moi truong:
2072
ﬁg 72 _301.0K

o nhiét do d6:  p=1,173kg/m’; C, = 1,005kJ/kg. K : v = 1508 x10®m?*/s va
p. = 0,701 (cdc gid trt nay c6 thé tra trong bang ).

. ,  4A. 4x(190+4 0, 0,90 + 0.08
B¢ dai dac trung trong (2.31): L' = - Ao 4 + 0.08)( +0.08)

C.  2(1.90 + 0,08+ 0.90 + 0.08)

[

L =131lm

. 25x1311
R' =2 x'*.-3-_6=0,20?4x10°
15.80x 10"

vl

Tir phuong trinh (2.31): J = 0,86 x (0,2074 x 102
J=0,00[888

Do dé: h,, =0,001888 x 1,173 x 1,005 x (2,5x 10°) x (0,70]1)*"

h, = 7,04 - W—
m-.K

Sau khi thay cdc gid i vira tinh duoc vao cdc phuong trinh tir (2.35) dén (2.37) chiing ta

thu duge cdc gid tri: T, va T,,. Két qua duge tém 1at trong bang (2.1) sau.

Bdng 2.1
q/A, Ur
T (K) T.. (K)
Ph.irinh (2.31) Ph.trinh (2.32) Ph.trinh (2.33)

325 305 174.8 167.6 127.9

326 307 1657 160.7 1534
3264 3074 162.0 161.1 158.6
326.5 307.6 161.1 160.4 161.1

Cac gid tr1 cua 2—‘ 0 dong cudi cing la tuong d6i gdn bang nhau. Vi thé gid tri trung,

[

binh chap nhan duge 13 160,9W/m’ (= [161,1 + 160,4 + 161,1]/ 3).

T d6 suy ra gid 1} T, va T,, tuong dng 1a 326,5 K va 307.6 K rat gén v6i gid tri gia thiét -
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ban ddu T,, = 325K va T,; = 305K nén khong cdn phai tiuf tinh Yai cdc gid tri hy, he va hy,.

1609 _350w/mlK

Dodé: U, =——
(343.2 - 297.2)

Tit cac phuong trinh (2.33) va (2.35) ta thu duoc :

Ub=0‘9§=0,63wm?.1< .U

= SO,QO igo)_XOl_GV‘QS —033W/ m>K
0,08 ' 0.90x1,90x0,04
va cusi cing: U=U + U, +U;=3,50+ 0,63+ 033

U =446 W/m® K.
2.2.4- Cong thitc kinh nghiém tinh hé s6 hao phi nhiét lén phia trén U,

Tir vi du trén ta thay rang, viéc tinh t04n 88 xdc dinh hé s8 hao phi phigt 1én phia trén U,
1a cong viéc rat khé khan va phifc tap. Dua trén nhimg tinh todn d&i v6i mot s6 khé 1on @m day
va trong mot khoang rong doi véi bo thu phang, Klein da dua ra cong thire kinh nghiém thuan
loi dudi day dé tinh hé s6 hao phi nhiét [én phia trén.

- -

G(T> + TI)T, + T,
S L e T ) g

e T;,TTE,_O‘F h ! —TNH”—});N
i T, N+ f £, +0,05N( ~£,) €,

dday f=(1-004h, + 0,0005 h,” (1 + 0,091N)]

C=13659 (1 ~000883p +0,0001298 B*)

N =6 tdm day.

Khi ditng phuong trinh (2.38), T, va T, dugc do bang do K; b, dugc do w/m K va B
bang d6. Gid tri cha U, s& ¢6 don vi W/m® K. Dicu kién dé st dung (2.38) la:

320<T,<420K

260< T, <310K

0,1<¢g, <095

0V <£10m/s

1sN £3

0<p <90
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Mac du khong dira ra khoang xdc dinh cy thé nhu cdc théng s6 néi trén, nhung nhiing
gid tri &, va 1. cling duge xem la khong doi va bang 0,88 va 2,54 cm. Sir sai léch cia gid ui U,
xd¢ dinh theo céng thie kinh nghiém (2.38) so vdi gid tri tinh chinh xdc theo cdc cong thitc
trong muc (2.41) chi 13 0,14 W/m’ K.

2.5- THUA SO HIEU SUAT BO THU

Trong muc 2.4 ¢ic budce tinh todn hé s6 hao phi tong U, da duoc trinh bay mot cich chi
tiét. Nhu da thay, nhiét hao phi tir bo thu cé thé xic dinh dugce néu biél nhiét do trung binh cla
tam hap thu T,. Nhung néi chung nhiét dé nay 1a khong biét duge. Vi vay nguoi ta cdn phdi xem
x¢t dong nhiét tir 1am hap thu truyén qua cdc 6ng vao chit long. Va tir nhigt do cha chat long
chay vao va nhiét do chat long chay ra (¢6 thé bigt duoc dé da‘m'g hon} ngudi ta s& xdc dinh 1ra lai

nhiét do tam hap thu T, va cdc thong s6 khéc.

Dé don gian bai todn ching ta s& tiép can vin dé néi trén bing cdch thuc hién mot 6
phan tich mot chicu. Trude hél ta s& nghién ¢iu qua trinh truyén nhiét tir 1Am hap thu tdi chat
long theo chiéu vuong gée vdi dong chay cua chat long. Tiép theo ta $& xét qud trinh truyén
nhiét tir tam hap thy cho chit long theo chiéu doc theo chiéu dong chdy cla né.

Ta hay x¢ét mot bo thu ¢ tdm hap thu hinh chit nhat, chiéu dai L, va chiéu rong L;. Goi
khoang cich giita hai éng cho chat long chay qua 1ién ké 1a W = L/ N, v6i N 13 s6 6ng cla bo
thu. Ta ky hi¢u D, va D, la dudng kinh trong va ngoai cia éng.

Xeét mot doan tdm hdp thy ¢6 2 éng chat long nhir hinh 2.15.

Nhiét dé tdm hap thy T, bién d6i theo chiéu OX (chiéu vuong géc véi dong chiy) nhu
duge bi€u dién trén hinh 2.15. Phan bd nhiét do nhu thé la ciing diing cho trén cdc doan khic cia
1Am hip thu: trén cdc 6ng chat 1éng, nhiét do khong thay doi, con gilta cic dng nhiét do dat cue
dai. Xét mot doan chiéu dai dy doc theo chiéu ddng chay va bo qua sy truyén nhiét trén ban hap
thu theo chi¢u doc theo dong chay, ching ta ¢6 phuong trinh can bang nhiét dsi v6i yé&u 18 dién
tich dx.dy ctia tdm hap thu nhw sau:

(Nhiét lugng duge din vao yéu t6) + (ndng luong 161 14m hap thu nhan duoe)
= (nhiét hao phi tir y&u 16)

p—

d-1
hay k8, . > dxdy + Sdxdy = U, dxdy (T, - T,)
O

. d’T, U, S
sau khi don gidn ta cé: F_ =——|T,-T, - R (2.39)
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Tp/dx)=0 .

— T,

T _______!____,—""'__" - _EA'_ T N W ~

I A
; i
Ll ] [ I, )
SN /
D M.

+
-/

Hinh 2.15- Tinh truyén nhiét theo chiéu ngang OX.
Ding c¢idc diéu kién bién :

. dT, _ W-D
Taix=0, =" =0; tai x=_7¢ thil,=T,
dx 2

Va gidi phuong trinh (2.39) ta thu duoe bicu the:

S
P _(’]1;1 1 )
Y. _ coshmx
- .S W-D,)]
[hu - (] B + ) COSh ITI{ . )
U, 5
o day m = (U,/ k, 8,)'% vi ham s6 coshx = i—:('

Phan nang lugng nhiét do tdm hap thu truyén tir vi tri giia 2 éng dén éng chat long
1ur hai phia s¢€ la:

o

k & .2 W
ol 2 b 0 =T |tanh| MY Py
U | jro a 2

[



X —-X
i s N N e —€
g day ham s0 tanhx = ——
¢ +C

X

Mat khidc doan éng dy com nhan duge bire xa Mat Troi doi téi nd va bang:
D, [S-U (T, —T)l dy

Nhu vay nang luong hitu ich mi N 6ng nhin duge trén do dai dy sé fa:

12

k.8 _
dg, =N[S- U, (T, -T )k 2{—%—&J mnhfﬂj&g_91)+_D dy (2.40)

Al
1 “

Phuong trinh (2.40) ¢6 thé viét dudi dang don gian hon bang cach dua vio dai Tugng goi
la fiidu sudt canht I, n6 duoce xdc dinh bang ty s6 cua phan nhiétl do tdm hap thu truyén cho ong

chal long chia cho phéan nhiét 10an phin cua tdm hap thy, tic la

tanh m"( W-D, ]—I
T2 ]

LA (2.41)
*[W—QJ}

m

™=

do dé phuong trinh (2.40) ¢6 thé viét lai dudi dang:

1 dqu N - T
i[g} = [S - Ul(rpn - [.'1 )]X{F(W - DU) * Di‘] (242)

Bay gi¢ xét dong nhiét tir tdim hdp thu truyén cho chat long. €& 3 ud nhiét rong qua
trinh nay, do la:

Tra nhiét ciaa chat han ng chat long vio tam hap thy ;

Tré nhiét qua chidu day éng ;

Tré& nhigt 1r mat trong ng vao chat long.

Néu gia thiét bo qua tro nhiét clia dng (tra nhiét thit 2), ta €6 :

1 d [‘}u - ]

L e T S _!__._‘___._’__)____ (2.43)
N dy [ 3, ] ]
4

knDn Tchh r

o day : 8, = chiéu day trung binh cua 1&p chat hin;
k, = do dan nhiét cha chil han;
T,

= nhiét do chat long trén yéu (& dy;



h; = hé $3 truyén nhiét cla chat {ong.

Khi két hop cdc phuong trinh (2.42) va (2.43) ta c&:

- S—-U(T, - T
L dqu — [ . _| ( { d)] (2'44)
N dy 1 8, 1
i + +
UI[(W_DH)F-!_Dol kaDn TEDIh[-
Néu ta dinh nghia thira 56 hidu sudt bé thy F duge xdc dinh bang bifu thic:
I
E = _ 5 - (2.45}
WU, ] + }
U][(W—DD)F+D0] k-‘lD(} Dinhf
va dat vao phuong trinh (2.44) chiing ta ¢6 biéu thitc don gian sau:
d ]
L1 wrs—u, {1, - T - (2.46)
N dy )

Biéu thiic nay biéu dién nhiét lugng hitu ich ma mdi doan 6ng ¢é chiéu dai don vi nhan
duge néu tdm hap thu cia bo thu ¢6 nhiét do T,.

2.6- THUA SO THOAT NHIET BO THU

Phan tich mot chiéu tiép theo s& duoc ti€n hanh theo chiéu doc theo ddng chay cia chat

1ong. Phan tich nay s& giiip tim mai lién hé gitta nhiét hir ich va nhiét do ddu vao clia chat 1ong.
Hiy xét mot y&u t6 thé tich trén do dai dy cla mot éng (hinh 2.16).
Theo dinh ludt | nhiét dong hoc ta cé:

D)6 bién thien clia entanpy cfia chélt 1dng chay qua yé€u t8 thé tich bing nhiét truyén cho
chit 1ong trong yéu t6 thé tich dé, tic 1a:

m 1 .
(ﬁ]cpdTI = ﬁ dq u W}J[S - Uc(TT' - Tu }ﬂ}*

dT,  WF'U, [ ¢
hay: afy _ WY 1[5, T, |- T, (2.47)
dy (m/N)C, [\ U,

Khi tich phan (2.47) va diing diéu ki¢n biéen y=0, T, =T,

Ta ¢é suf phan bd nhiét do:
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C
(s +T_]]—'rﬁ mC, |
u, !

.

(2.48)

i.ﬂ,_Ta - T ,
U, p{—LEFUeyl

{m= tong luu luong chiy qua N Sng trong mot don vi thai glan},

//——— T

— Tr— | | — THdTy —— Ty

o
|

y
Hink 2.16- Su truyén nhiét theo chiéu doc dng chat long.

Khidaty=L,, T, =T, vao (2.48) ta ¢c6:

(2.49)

3 +Tz| ‘_Tt'o
U, { F'UcLle}
—— —exp -_— =

S ) C
( J + 'l—‘a - Tfl ] " P

Trirca 2 v& (2.49) cho don vi v bién d8i, ta ¢ biéu thiic:
T, -T FUA,
& ﬁ) =1 —exp{— _.]TE‘A'-}
m
L p
U, '

Nhur vay nhiét ¢4 ich bo thu nhan duge s 1a

o FUA,
q, =mC, (T, - T;)=mC, HU— £, ] ~ T ][l _e"'p(* mC, H

= n:JCp [S -U, (Tﬁ =T, )]{I - exp{_ ﬂj_eAc H

(2.50)

. mC

p
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Hay : q, =RA[S-U (T, -T,)] (2.51)

mC FU A T
a da F, = P il—exp| — e & 2.52
Y ? UCAC( p[ mC J (22

i P

F.. dugc goi 1a thira 6 thodt nhiét bo thu. Pai lugng nay 1a mot thira s6 quan trong dé
thiét k& bo thu. Biéu thic (2.51) rat thuan igi dé tinh ning lugng hitu ich, vi ring nhi¢t do vao
cua chat long T; thuong la dai lugng da biét.

Phuong trinh nay thudng duge goi ta phuong irinh Hottel-Whiller-Bless.
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Chuong 3

CAC BO THU NANG LUONG MAT TROI HOI TU

Trong chuong 2 ta di nghién cttu cdc bd thu nang lugng Mit Trdi phing hoat déng dira
trén hiéu ing nha kinh. Dudi day chiing ta s& nghién citu mat loai khdc clia bd thu nang luong
Mat Troi, dé 1 loai héi tu, Loai bo thu nay duge dimg dung trong trudmg hop can nhiét do cao tir
100°C dén 400°C hay cao hon.

3.1- MG PAU

3.1.1- Cac tinh chit chung

Viéc hoi tu cde tia bitc xa Mat Troi ¢6 thé thue hién duge néu dung céce co ciu guong hoi
tu bing cac guong phén xa hay cdc thau kinh. Hé théng quang hoc nay hoi tu cdc tia Mat Troi
vao mot bo hdp thu 6 dién tich nho thutmg dugc bao che xung quanh bang mot 16p kinh hay cic
ban trong suét. Do vay mot phan nang lugmg bi hao phi khi cdc tia sdng Mat Troi di qua 16p bao
che bén ngoai. Hao phi d6 bao gém cdc hao phi do hdp thy v phan xa wén cdc guong hay thau
kinh va hao phi do ¢du hinh hinh hoc trong hé théng quang. Téng hop clia cdc hiéu 1ing giy ra
t6n hao chia h¢ thong anh hudng truc ti€p dén hiéu sudt quang hoc cda bd thu, Tuy nhién, nho
nang luong dugc hoi tu vao mét dién tich nho nén hiéu suit clia bd thu hoi tu thudng cao hon
hiéu sudt bo thu phéang.

Ta ciing da thdy ring, vu diém chia cdc bo thu phéng ta thiét k€ don gidn va bao dudng dé
dang. D61 vai bo thu héi tu thi lai khdc. Do sy ¢é mat cua hé thong quang hoc nén bo thu hai w
thudmg di kém thém bo ddi theo Mat Troi (Tracker) dé hoi tu cdc tia Mit Troi diing dién tich cin
thiét, nén viée thi€t k€, tinh todn va van hanh, bao dudng néi chung phiic tap va khé khan hon.

D6i vdi cdc bd thu khéng yéu cdu do hoi tu cao thi s dinh hudng bo thu ¢é thé chi cin
di€u chinh vai ba ldn trong mot ngay va c6 the thuc hién bing tay. Nmmg véi céc bo thu véu cau
dé hoi tu cao thi cdn phai diéu chinh sif dinh hudng bo thu mot cdch lién tue nhd mot thiét bi goi
12 bo d&i theo Mat Trdi. Sy c6 mit cla cdc bod di theo Mat Trdi nay 1am cho viéc thiét k&, ¢hé
tao cdc hé bd thu hoi tu phifc tap hon nhiéu. Yéu cdu bao dudng ciing 1ang lén. T4t cd nhimg van
dé nay dan 161 1am tang chi phi hé théng bd thu. Mot nhuge diém khédc clia bd thu hai w 1 chi
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thu duge mot phin nho bire xa nhiéu xa.

Trong nhitng nam gan day di ¢ nhimg cai ti€n quan trong ddi véi cic hé bo thu hoi
Mot s6 loai b thu da duge thuong mai héa. Pa s6 cic bo hoi tw ndy cdc bd hai tu mang parabol.
Cic tia sdang Mat Troi duge hoi tu lai trén dudng tiéu héi ty. Tai dubng tiéu nay nhiét do cé thé
dat 400°C hay cao hon. '

3.1.2- Cac dinh nghia

Thudng cé hai thuat ngi: b6 héi tu va hé thong bo thu hay bé thu. B6 hdi tu mudn chi hé
théng quang hoc ¢6 chifc ning hdi tu cde tia bic xa vao bd hip thu. Con thuat ngit hé théng bod
thu hay bd thu mudn néi toan bd hé thdng bao gbm bd hoi tu, cdc tdm phi bao vé va cdc phu
kién khac.

Bay gid chiing ta hdy dinh nghia cdc khdi niém: dé md, 1y s6 hoi tu va géc nhdn.

a) B¢ ma (aperture, k¥ hieu W) 12 bé mat clia bo hoi tu ma qua dé céc tia biic xa Mat
Troi di qua dé t6i mat hot w. P6i vdi cdc bd hoi ty hinh tru hoac mang parabol thi do mé dugc
dac trung bdi 46 16ng, trong khi d6i véi b€ mat hoi ty trdn xoay thi d6 md duge dac trung bing
duding kinh ma.

b) Ty s6 hoi tu (C) 12 ty s6 giita dién tich hiéu dung cla d6 md (mit md) chia cho dién
tich b€ mat cta bo hdp thu. Gia tri cha ty s6 hoi tu bién déi tir 1 dén vai nghin déi véi dia
Parabol.

c) Géc nhdn (20,) 1a géc giua tia Mat Troi va phdp tuyén clia mat mé sao cho tia Mt
Trdi van cdn dén duge b hap thu, Cdc bo thu cé géc nhan 16n dodi hoi chi mot s& it didu chinh
dinh hu6ng bd thu, trong lic cdc bd thu ¢é gée nhan nhoé yéu cdu phai diéu chinh sy dinh huéng
ctia BO thu lién tuc.

3.1.3- Phan loai cac bd thu héi tu

Cdc bd thu hoéi ty thudng dugce phan loai theo mot s6 cich. C6 thé phan loai theo loai
phan xa diing guong hay loai phan xa dang thdu kinh Fresnel. Cac mat phan xa duoc ding ¢ thé
13 parabol, mit cdu hoac mat phing. Chiing c6 thé 1a mat lién tuc hay timg doan. Su phén loai
ciing c6 thé theo quan diém &nh hoi tw 12 mét dudng (nhu méng parabol) hay mot di€m (vi du
guong ciu 16m).

Ty s& hot tu cling thudng duge ding nhu 1a mot phuong phdp phan loai cdc bo thu hoi ty.
Vi ty s6 ndy mét cich gin ding xdc dinh nhiét do lam viéc, nén phuong phép phan leai nay 1
trong duong véi cach phéan loai bo thu theo dai nhiét d6 lam viéc.
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Mat kiéu khdc 1a dé mé ta b6 thu 1a dua theo loai thiét bi dinh hudng theo Mart Troi. Phu
thudc vao géc nhan, sy dinh huéng theo Mat Trdi ¢6 thé 1a timg doan, khong lién we (vi dy mot

1an diéu chinh cho mét ngdy hay mot s6 ngay) hay lién tuc. Hon nifa sy dinh hudng ¢6 thé thue
hién trén 1 truc hay 2 truc quay.

3.1.4- Cac loai bo thu héi tu

Mot s6 loai bo thu hoi tu duge trinh bay wén hinh 3.1

114

T

: d
© (d)

(e)
Hinh 3.1- Cic loal b hoi tu,

Loai ddu tien (hinh 3.1a) la loai bo thu hoi tu phing cé cdc guong phin xa c6 thé didu
chinh dugc do hoi tu cac tia Mat Trdi vao tim hdp thuy. Kiéu nay dé thiét k€, ¢6 ty sd hoi tu chi
cao hon 1 mot it va chi dugc dung dé tao ra nhiét do tir 20°C dén 30°C.
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Loat thit 2 (hinh 3.1b} 1a b thu héi tu parabol két hop (CPC). Bo thu hoi ty gém cd céc
phan mat parabol. Ciing nhu loai 1 loai bé thu nay khong cé anh hoi ty 18 rét. Ty s6 hai w
thuémg nam trong khodng tir 3 dén 10. Uu diém chinh cia loai bé thu nay 1a géc nhén 1én va do
do khéong phai diéu chinh dinh hudng nhiéu. Hon nita chi s6 hoi tu chi ¢6 thé dat duge gia tri cue
dai & mot goc nhén tuong (mg.

Mot loai khéc cua b thu héi ty (hinh 3.1c) 1a be thu mang parabol, anh ciia mang la truc
ho1 1u cua ming. Nhiéu he théng bo thu kiéu mang parabol nay hién nay di duge thuong mai
hoa.

Khéng nhu loai bo thu rﬁ&ng parabol ¢6 thé quay theo Mat Trdi dé hoi tu céc tia sdng,
loa1 bo thu chi ra trén hinh 3.1d ¢6 b hoi tu ¢6 dinh, cdn bo hip thu (receiver) thi cé thé chuyén
déng duoc.

Mot kiéu khic ciia bo hot tu Ja mot day cic guong phing, dai va hep X€p mot cach tras
dec theo mét mat hinh tru. Sy sip xép cdc guong tao ra mot anh dudng thang hep, anh nay
chuyén dong theo mot dudng cong nhu chuyén déng clia Mat Troi. Budng cong nay clng gidng
nhu dudng cong x€p cdc guong phing. Nhur vay bo hap thy chuyén dong doc theo dudng cong dé
déi theo Mat Troi.

Su hoi tu ciing ¢6 the thuc hién nhd dung cdc thiu kinh. Pa s6 cdc thigt bi déu diing cic
thdu kinh Fresnel nhir chi ra trén hinh 3.1e. D6 12 mot tdm phdng, mét mit cha tdm dé phing,
con mit kia ngudi ta tao ra cdc rinh cong. Cde gée clia cde ranh dude 1am sao cho céc tia sdng
Mat Trosi khi qua ban mong hoi tu lai trén mot dudng. Vat lién 1am thau kinh thuong diing
plastic. Cdc bé thu hoi tu gidng nhu cdc bo thu trén cdc hinh 3.1c, d, e thudng ¢6 ty s& hoi tu
gilta 10 v 80 va dat duge nhiét do 150°C dén 400°C.

Bé ¢6 1y 56 hoi tu va nhiét d6 cao hon, cdn tao ra cdc bo hoi tu diém. Bo thu hoi tu diém
dia parabol la mot trong bo hoi w diém. Ty 56 hoi tu ctia nd dat duoc trong khoang tir mot vai
tram dén vai nghin va nhiét do cé thé dat duoc 2000°C.

Tuy nhién theo quan diém ciia thiét k€ co hoc thi ¢é mot gi6i han vé kich thude cha dia
hoi ty va do do luong nang lugng dia nhan duge cling bi gidi han. Cic dia thuong mai ¢é dudng
kinh lén t6i 17m. ¢ thu dude lugng nang lugng 16n tai mot diém nguoi ta dua ra mo hinh bo thu
trung tdm. Trong trudng hop nay bic xa tryc xa bi phan xa tir mot s6 rét 16n cdc guong phan xa
duge di¢u chinh mot cach doc lap dé cic tia phin xa hoi tu vao mot bo thu dit & trén mot thap
cao dung & trung tam.

3.2- BO THU PHANG CO CAC GUGNG PHAN XA PHANG

Bo thu phang cé cac guong phan xa phing la mot bo thu héi tu khong ¢6 anh hoi tu 16
¢t Vi mét bo thu don (mot cdi riéng 18) ngudi ta ¢6 thé ding 4 guong & xung quanh. Nhung
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vii mot diy cdc bo thu phing ngudi ta ngudi ta chi ¢6 thé 1ap 2 diy guong phan xa, trong dé mot
ddy huéng Bic va ddy kia hudng Nam (hinh 3.2). Cic guong phan xa cé thé phan xa bic xa
trong mot pham vi géc tdi nae dé cla tia Mat 1roi cling nhur phan xa mat phan bife xa nhiéu xa.
Ty s6 hoi tu tvong d6i thap va thong thudng nam trong khoang tir | dén 4. Nhiét dé dat duge tir
130°C dén 140°C. Mot uu diém cla loai bo thu nay 13 ¢6 thé hoi tu mot phin thanh phan nhiéu
xa trong bie xa Mit Trdi ma khong bi ling phi hoan toan.

B¢ phan xa
hudng Nam

4{}]@1 xa

hudng Bac

e

ey
/ Béthu‘;\)hé@

Hinh 3.2- Bo hoi tu guong phang.

Trong thuc t€ ngudi ta chi ding mot diy guong phan xa hudng Bic cho mot day bd thu
phang vi dé diéu chinh bing tay cdc guong hon 1 day guong hudéng Nam. Géc nghiéng cua cic
guong thudng duoc diéu chinh mot 1an trong maét s6 ngay.

D6} véi trudng hop ddy guong phan xa hudng Bic ¢6 kich thude bing kich thude bo thu
phang thi géc nghiéng y clia cdc guong phan xa s 1a:
Yy o= (m— P-20+25)/3 3.0

& day B = géc nghiéng clia bo thu phang. Phuong trinh (3.1) thu duge v6i gid thiét rang céc
guong phan xa duge diéu chinh sao cho cdc tia Mat Trdi t6i canh trén cua cdc guong ldc 12 gio
{gi®s dia phuong) bi phan xa tdi canh trén cia bd thu.

Néu ta gia thiét ring dia phuong Jap dit bo thu & Ha Noi (¢ = 21") va gée nghiéng clla bd
thu B =@ =21°thi y bién thiéng trong khoang 23,36" (v6i 6 = —23,45") va 34,63° {khi & =
23.45%).

Tai cédc thai gian khic budi trua (12:00 gi®) chi cé mét phin bitc xa tdi cdc guong phan

Xa t6i duge bo thu, con phin khdc bi phan xa ra ngoai.
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3.3- BO THU MANG PARABOL
3.1- Mo ta

BO thu ming tru parabol cfing con dugc goi 13 bo thu hoi w dudng thang hay bo thu
mdng parabol. Cic thanh phin chinh clia b6 thu gém cdé: (1) - mot Sng hap thy dat ten dudmg
hoi tu ctia mdng phan xa, trong 6ng ¢4 chét 16ng dé thu nhict; (2) — mot ong trong sudt dong truc
v6i ong chat 1ong bao boc phia ngoai dé bao vé ang hap thu v (3)- bo thu hoi tu parabol.

Di¢n tich thu bic xa clia cdc bo thu hoi w thuong mai nim trong khoang tir 1 dén 6 my’
va chiéu dai 16n hon chiéu rong clia tiét dién thu. Ty s6 hoi tu dat duge trong khoang tir 10 dén
80 va g6c m& (gdc gitra dudng noi dudng hoi ty clia mdng dén mép mdng va dudmg néi duting
hoi tu cla mdng dén dinh mdng). ¢, tir 70° dén 120°. 6ng hap thy thudng duge lam bing thép
hodc dong va c6 duding kinh 1ir 2,5 dén Scm. N6 thudng duge phi mot 16p son den h&p thu nhiét.
B6i v6i b thu chat lugng cao 6ng hap thy duge phii mot 16p cht hap thu chon loc nhu crom
(Cr) den va khoang khong giita ng hdp thy va ong thuy tinh che bén ngodi duge hiit chan
khong..

Chat Iéng dimg dé tat nhiét rong Sng hip thu duoe lva chon tuy theo nhiét do yéu cdu.
Thong thudng ngudi ta diing cdc chit 1ong hitu co. Do do dédn nhiét cda chat 1ong nay thap nén
h¢ 6 truyén nhiét cha chét 1ong ciing thip. Vi vay, cdc thiét bi tién ti€n c6 dang cdc bang kép
hoic cdc voi dong tam (n6 tao ra cde éng vanh khan cho chat long di qua) dé 1am ting thém gid
tri ctia hé s& truyén nhiét,

B¢ mat phan xa néi chung 12 thuy tinh duoc ma bac phia sau va duge udn cong. Cic tam

phim nhom di¢n phan va dugc anot hod va ciing nhu cdc tim phim acrylic phi bac thudng cling
dé dung 1am mat phan xa.

B¢ phan xa duoc ¢ dinh rén mét két cati nhe lam bang nhom. Viéc thiét ké 16t h¢ théng
ket cau nay dé né <6 thé chuyén dong duge nhe nhing 12 rat quan trong. Mot s6 thong s& can
phai chd ¥ khi thiét k¢ hé théng két cdu nay 1a nhing théng s6 gilt cho he théng khong bi bién
dang do trong lugng cla nd va hé théng c6 thé chiu duge cdc luc ddy cha gid.

3.3.2- Sur dinh huéng va cac loai diéu khién dinh hwéng

Mot bo thu ming parabol duoc dinh huéng sao cho truc hoi tu cia né hodc theo huténg
Dong ~ Tay hoac Bac — Nam. Theo dinh huéng Pong — Tay, truc hoi tu s& nim ngang, con theo
dinh huéng Bic — Nam truc hoi ty ¢6 thé nim ngang hay nghiéng mot géc nao dé. Cic loai thiét
bi diéu khién dinh hudéng bo thu theo Mat Trdi gdm c6:

Kiéu I: Truc hoi tu theo hudng Dong — Tdy va ndm ngang, diéu chink mét lén

Bo thu s€ quay xung quanh mot truc Pong — Tay va duge diéu chinh mot ldn trong mot
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ngay sao cho tia Mat Troi vudéng gde véi mit md cla bd thu vao lic giira trira ciia ngay dé.

V&i kiéu nay, mat mé bo thu 1a mot bé mit ao v6i goe azimuth y = 0” hoac v = 180°.
Trudng hop v = 0° xuat hién khi (¢ - 8) > 0 va v = 180° xuit hién khi (¢ — 8) < 0. Dé xdc dinh
gdc nghiéng B cGa mat mo ta thay diéu kién ldc giita trua, tirc 1a » = 0, 9 = 0 va phuong trinh
tinh cosB (9 14 goc 161 cha tia Mat Trdi 161 mot mat nao dod) va thu duge:

B=(9p-08)khi y=0" (3.2a)
f3=(8 - ¢)khi y=180" (3.2b)

Goc t8i cla tia Mat Trai (truc xa) doi véi mat md trong mot ngay s€ tinh duge néu dat
(3.2a) va {3.2b) vao phuong trinh (1.5) chuong | (tinh cosf). D61 v6i trudng hgp y =0"vay =
180" ta nhéan dugc:

cosh = sin’d + cos’d cosw (3.3)
Kiéu 2: Truc hoéi tu theo huéng Pong — Tdy va ndm ngang diéu ching lién tuc

Bo thu dugc lam quay xung quanh truc ndm ngang theo hudng Pong — Tay va duge didu
chinh lién tuc sao cho tia triuc xa ¢6 goc t6i nho nhét d6i véi mat md tai moi thdi diém trong
ngay.

Trong truomg hop nay, mat mé cling 14 mot mat ao cd goc y = 0 hoac y = 180", Phuong
trinh (3.3) dp dung cho y = 0° vd y = 180", Dé tim diéu kién sao cho 0 dat cyc tiéu, ta dao ham
phuong trinh (3.3) khi da dat y vao d6i vdi B va cho bing zero (= 0). Khi d6 ta dugc :

tg(ep - B = (1gdfeosw)  dotve y=0" (3.4&)
tg(p + B) = (tgdfcosm) doi véiy = 180° (3.4b)

Cic phuong trinh (3.4a) va (3.4b) c6 thé ding dé tinh géc nghiéng B cla mit mo.
Phuong trinh (3.4a) tuong 1ng vdi v = 0" dugc ding dé tinh 3 néu gid tri géc azimuth ¥, nhd hon
90", cdn phuong trinh (3.4b) wong ing véi v = 180" duge diing néu vy, 16n hon 90° (y, 14 géc
azimuth Mat Troi 1a gé¢ nam trong mit ndm ngang gitia dudng huéng Nam va hinh chiéu cia tia
Mat Troi (6 diém tinh géc v, ).

Dat (3.4a) va (3.4b) vao phuong trinh tinh gdc tdi (3.3) ta thu duge doi v&i ca hai trudmg
hgpy=0"va y=180":

cos0 = (1 — cos®d sinw )'* (3.5
Kiéu 3: Truc hoi tu ndm ngang theo hudng Bde- Nam

Bo thu duge 1am quay xung quanh truc ndm ngang Béc — Nam va dugc diéu chinh lién
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tuc sao cho céc tia trige xi: tao cdc gée 1di cuc tiéu doi véi mat mé tai moi thoi diém.

Theo kiéu nay gdc azimuth bé mat v = + 90" trudc budi trua va y = — 90° sau budi trra.
Nhut vay, truée budi trua phuong trinh ¢3.3) trd thanh:

cos8 = (3ing sind + cosp cosd cosw) cosf + cosd sinw sinP (3.6)

Dé tim didu kién dé 8 thoa mén diéu kién cuc tiéu ta dao ham (3.6) d6i vdi B v sau dé

cho bang O ta s& thu dugc:

B tg"[ cosdsinm } 3.7

sinesind + cospcosdeosm
Phuong trinh (3.7) ding d€ xdc dinh gée nghiéng B clia mat mé déi voi khoang thoi gian
budi sdng (trudc budi trua). Khi thay (3.7) vio (3.6) ta c6:
cos8 =[{sing sind + cose cosd cosw)® + cos’d sin‘e 1? (3.8)

Sau budi trua, y = - 90° ta thu duge:

B:tg'][—— ~ cosdsinw ] (3.9)

SINQ Sind + COSQPCOSd COs®

cos =[(sing sind + cosp cosd cosw)’ + cos®d sinw 1'?

Kiéu 4: Truc hoi tu theo huéng Bdc — Nam nhung nghiéng mot goc cé' dinh béing vi
dé noi dat bé thu
Nhu viy truc hdi e song song vdi truc cia Qué Dat (hinh 3.3). Ba thu duge [am cho
quay xung quanh mot truc song song v6i truc Qua Dét v6i van tée gée bing va nguge hudng doi
VOl van t6c goée chia qlia dit xung quanh truc cda né (115%gid). N6 duge diéu chinh sao cho lic
gilfa fria mat mé cha bo thu 12 mét mat nghiéng huéng Nam. Nhur vay, khidat = ¢ viw =0
vi1o (3.6) (phuong trinh tinh cos® khi y = 0) ta thu duoc:
8=2%8 (3.10)

Tai moi thoi diém, vi Bé thu quay vdi t6c do gée bing 16c do gée cla Qua Dat quay
xXung quanh tryc cta né nén phuong trinh (3.10) luon luén diing.

Kiéu 5: Truc hoi tu dinh hudng Bdc - Nam va nghiéng mét géc

Bo thu duge lam quay lién tuc (nhung van 16c goc khong phai 1a nhu nhau) xung quanh
mot tryc song song vdi truc hoi tu cling nhy Xxung quanh mot truc ndm ngang vuodng géc vai truc

kia, va dugc diéu chinh sao cho tia Mat Trdi t61 vudng gée véi mat md & moi thoi diém.
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Do d6 dé& dang thiy cos = 1 va vao lic giita trua goc nghiéng B =[¢ — 8]

Phurong ngang )
! ,r [n_.uc cua Qua Dat
Mat nhin J W
. P -~
anh sang || & t -
\ / Y
\\
T oe=s i \
1§
Phip tuyén
——

Y,

Xich dao

Hinh 3.3- Bo hoi ty dat nghiéng mét gée o6 dinh bing vi d& noi dat bo thu

Dué6i day chiing ta sé so sanh lrong nang lugng Mat Troi ma Bo thu nhdn duge trong
mot ngay d6i véi cde kiéu dinh hudng da trinh bay & trén qua mot vi du bing s6 sau day

Vi du 3.1- Mot bo thu hoi tu mang parabol duge dit & vi do ¢ = 28,58°N, kinh d§
77,20°E. Hay so sdnh bifc xa tryc xa t6i trén lm’ clia mat md cha bo thu dé tir lic 6:00 dén
xa duge cho trong bang 3.1 sau

8:00 (gitr dia phuong) vao ngay 10/ 6 ddi voi 5 kiéu dinh hudng néi trén. Gid tri cuong do true
Giai:
- Vaongay 10/ 6:n=161 dodé 6=23,012"
co: e 10.30, o =22.5°

- Ap dung phuong trinh (1.7, chuong 1) ching ta tinh vi du cho trudng hop lic 10.30, ta
cos8, = sin 28,58 5in23,012° + cos28,58" cos 23,0127 cos22,5"
Péi véi kiéu |: T phuong trinh (3.3)

=0,9338
cosO = sin® (23,012" + cos%(23,012°)c0s22,5"
do d6 thira s& hiéu chinh géc r, 461 véi mat mé bang

cosB
r, =

cosB,

={,9355
09353

=1,002
709338

5y

(3.11)



Cuong do tia true xa t6i vudng goéc trén mat ma sé Ja:
S=1,1,=495x 1,002 = 4959 W/m?

Bang cich tinh twong ty cho cdc kidu dinh hudng khdc ching ta c6 két qua nhu bang 3.2

Sati.

Bdng 3.1- Cung d¢ true xa trong cic doan git trong ngay

Than gian (gid) I, (W/m?) Thaéi gian (gid) I, (W/m?)
6.30 110 12.30 523
7.30 240 13.30 495
8.30 333 14.30 445
9.30 424 15.30 322
10.30 495 16.30 220
11.30 550 17.30 118

Cic gid i1 Ly, thu duge trong ca ngay cho trong bing 3.3. Téng nang lugng Mat Troi
tr 6:00 dén 18:00 thu duge bang cdch cong cic gid tri Ly, trong cde doan gi%y . Ta gia thiét rang
gid tri tfc thoi ciling 13 gid tri trung binh d6i véi khoang thdi gian trong mot gio, Nhu ta da thay
trong bang 3.3, ki€u 5 cho gid tri téng nang lugng Mat Trds trong mot ngay la 16n nhat. Biéu nay
dé hi€u vi trong kiéu S bo thu duge dinh hudng theo Mat Troi trén 2 truc. Cic kiéu khic cho két
quéa nhd hon. Két qua thu duge trong vi du nay phu thuéc vao vi d dat bg thu, ngay trong nam
va cudng do bic xa Mat Troi.

Trong thyc t€, céc ki€u 2, 3 va 4 1 thong dung nhat, kidu 5 khong duge sir dung nhiéu vi
tinh phic tap cia cdc chuyén dong theo 2 truc. Kidu 1 khong duge sir dung vi né6 khong tao ra
dugc anh hoi tu trén trye héi ty. Theo quan diém 1hi€t k&, cac ki€u 2 va 3 14 don gian hon so véi
cde ki€u 4 va 5. Vi tryc hoi tu nim ngang, nén ngudi ta dé dang ghép cdc by thu ndi tiép (ddu ra
cta b thu nay ghép voi ddu vao ciia bo thu tiép theo) dé ¢6 thé diéu khién ca hé théng nhd mot

co cdu trye quay. Dién tich mat bing cédc kiéu nay ciing tist kiem hon.

Bdng 3.2- Nang lugng tia truc xa t6i trén mat mo bé hoi tu déi véi cac kiéy dinh huéng khic nhau

Kiéu dinh huéng
Kiéu 2 Kiéu 3 Kiéu 4 Kiéu §
cosh 0.9359 0.9980 0.9204 1,000
Th 1.0023 1.0688 0.9857 1,0709
| Ly, (W/m?) 496,1 529.0 487.9 530.1
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Bdng 3.3- So sanh cic kiéu diéu khién

o Lr, (W/m™ T
Gigr dia phuong th) = - — = .

Kidu 1 Kiéu 2 Kieu 3 Kiéu 4 Kigu 3

6.30 99.1 153,83 360.4 340.1 376.1

7.30 230.7 2545 476,1 4451 483.6

8.30 3279 335.0 489.0 4513 490.4

9.30 4223 4240 511.% 471.2 511.9

10.30 4959 496,1 529.0 487.9 530.1

11.30 5524 5524 5540 5122 556.4

12.30 5253 5253 5269 487.0 529.1

13.30 495.9 496.1 5290 4879 530.1

14.30 4432 4450 537.2 4945 537.2

15.30 3170 3239 472.8 436.4 4742

16.30 2114 2332 436.5 408.0 443.3

17.30 106.3 165.0 386.6 3713 403.4

Téng s6 (kWh/m?) 4227 4404 5.809 5.399 5,866

3.3.3- Danh gia hiéu suat

Ta hiy xem xét cu thé mot bo thu hoi ty ki€u mang parabol ¢6 chiéu rong mit md W,

chiéu dai L va géc m& ¢, {hinh 3.4). 6ng hap thu c¢6 dudng kinh trong D, dudng kinh ngoai D,;

ong thuy tinh bao quanh 6ng hap thu ¢6 dudng kinh trong D,; va duong kinh ngoai

D... Chat

Lt

16ng chay trong 6ng hap thy véi luu lugng m, nhiét dung dang 4p C,, nhiét do chat long vao Ty,
va nhiét do cla chat long ra T,..

Te

e S —

Hinh 3.4- Bo thu héi tu kiéu ming Parabol:
1. 8ng hip thu; 2. dng thuy tinh bao che.

L Te+dTy
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Bo thu hoat dong theo mat trong cdc kifu di néi & trong muc 3.3.2 va biic xa Mat Troi
lruc xa 161 vudng géc voi mat mo chia bd thu c6 gid tri Lr,. Trong mot s& kiéu dinh hudng, cic
tia Mat Troi t6i dudt mét gde nio dé va s& tao ra sur hoi tu virgt ra ngoai dutmg hot ty clia méng.
Ta guid thiet rang ong hip thy 12 di dai dé nhan dugc dnh hoi tu d6. Trong thue € didu nay ¢6
nghia I 6ng hoi w ¢ thé dai hon mot it (khoang 10%) so véi bo thu va do dé dong nang luong
Mai Troi s€ khong déu nhau doc theo 6ng hap thu. D€ don gian cho viéc phan tich chiing ta bo
qua phan dai hon cia dng hdp thu va coi phan b nang luong doc theo chiéu dai ong 1a dong
déu. Chiing ta ciing bd qua chénh léch nhiét do trén céc thanh ong thuy tinh bao bén ngoai va
ong hip thu,

Ty s6 ho1 ty cua bo thu duoc cho bdi:

C = Dién tich hi¢u dung clia mat md /Dién tich 6ng hap thy
C_(W“DU)L_(W_DU)
D L D

(3.12}

Phuong irinh can bang nang lugng trén phin dx cia ong hip thu & didm cdch ddu nude
vao X sé la:
dq, = {Lir,{W - D,) py(ta), + LD, (tot), — U.nD, x (T, -T)] dx (3.13)
trong do : dq, - nang lugng ¢& ich nhin dugc trén chiéu dai dx ;
p - hé &8 phin xa cia bé mat bo thu ;
Y - thifa $6 nhin = phan nang lrgng bifc xa héi tu vao éng hip thy :
(ta}, - gid tr1 trung binh cla tich truyén qua x hap thy doi véi tia tryc xa ;
U, - hé 56 hao phi tdéng ;
T, - nhiét d¢ ong hap thu ;
T, - nhi¢t dé moi trudng.

36 hang thir nhat trong v€ phai cia phuong trinh (6.13) {2 phin nang luong clia birc xa
truc xa bi 6ng hap thu hip thu sau khi phan xa tir mat médng parabol ; con s6 hang th hai la phin
nang lugng cia bic xa truc xa dén trye 1i€p trén 6ng hap thu.

36 hang thit hai 1a nhd hon so véi thir hang thit nhat nhung khéng thé bo qua d6i véi cic
bo thu ¢6 ty $6 hoi tu nho. S8 hung thir ba [ phin nang luong mét mdt do dsi L.

Néu bay gits ta dua vio ky hiéu ddng nang luong S duoce xdc dinh nhu sau :

D
S=Lrpa (rad, + L, (ta), Win (3.14)
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Thi phuong trinh {3.13) sé tr¢ thanh:

U
dqu = I_S__C_J (TP_T(I}] (W _Dn) dx (3‘15)
v biéu dién nhiét ¢6 ich dudi dang:
dg, =h,n D, (T, -~ T)) dx (3.16)
(3.17)

=m C, dT,
& day h, 1a he <& truyén nhiét trén mat trong cia ong hdp thu va T; = nhigt do cua chat

tong O diém quan sat. Két hop cdc phuong trinh (3.15) vi (3.16) ta thu duge:

&
dg,=F" [S— ?‘ (T, = TO1{(W -D,)dx (3.18)
F' duoc goi 14 thite s6 hiéu sudt ciia bo thu va duge xde dinh bang bi¢u thic;
F'= r (3.19)
U, l + D,
U, Dh,
két hop cdc phuong trinh (3.17) va (3.18) ta thu duge phuong trinh vi phan:
dT, F=ab, U, -
_lzniﬂu_ .gﬁ_(]"f - Ia) (3.20)
dx mC,, |
Khi tich phan (3.20) va dung cic diéu kién bién:
Taix =0, T, =T tas&cod:
[ES+T“]_T" F'aD U
i _ —exp{-— g f} (3.21)
mC,

[ €5 + Ta } - ’l‘ﬁ

Khi chat {ong chay ra khoi éng tai x = L thi nhiét do cla né T, = Ty, Dar diéu kién nay

vao (3.21) va bién doi ta c6 :

o — Te F'nD
C(STlinf_'_.)_ —l-e p{* _f[_o&} (3.22)
+ Tn - Tii . me P

¢

nhu vay rhiét ¢d ich hé théng nhan dugc s€ la:
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oS FaD U, L
q, = mCl,(Tm e mC{E—Jg— +T, T, }{l —exp{_ et A H

. mC,

=F (W=D, )L{S - Léj (T, - T, )] (3.23)

Trong d6 Fy duoe goi 1a thirw s6'thodr nhiét va dugc xéc dinh bing biéu thiic:

mC ' 'nD 1.1 1
T L
F = .. l). . 1 —ex [ 3'24)
. D, LU, { p{ mC H (

Hiéu sudt tiic thoi clia bo thu n s& duge xdce dinh bing biéu 1hic:

— —f'Iu .
(1,1 + 1, )WL

n, (3.25)
N€u bo qua thanh phin bite xa phin xa tir nén (p = 0) thi hi¢u svat tie thoi déi véi birc
Xa tryc xa sé la;

S

= {3.26
" I,r, WL )

3.2.4- Hé 50 hao phi tong va cic hiéu chinh truyén nhiét

Trong muc niy ta s& dua ra phuong phip tinh hé s6 hao phi téng U, va cdc 6 hiéu chinh
can thiél d€ tinh todn cic hé s6 truyén nhiét. Su tinh todn U, dua trén céc hao phi do din nhiét
dor Iuu va do biic xa nhi¢t thi cdp £16ng nhu cdch da tinh hé s6 hao phi nhiét U, lén phia trén
trong bo thu phang. Ta coi ng hip thu va ong thuy tinh bao quanh 1 cdc 6ng hinh tru dong tam
va du dai. Vi gia thiét ddng nhiet hao phi tir 6ng hdp thu dén 6ng thuy tinh bén ngoai va tir éng
thuy tinh ra mét trudng 14 dong dimg, chiing ta c6:

onD (T -1}
oy (T, ~T)nD, + — 2.,

L w I Du 1
—+ ] —-1
e, Dyle.

=h (T, =T, mD_ +onD_ e (T} ~T! ) (3.28)
o 8 a [} ¢ sky

Lo

(3.27)

rong d6: le; - nthiét hao phi trén don vi chiéu dai éng :

hy. - hé s6 truyén nhiét déi luu giita &ng hap thu va 6ng thuy tinh bao che bén ngoai;

T, - nhiét do trung binh cia 6ng hap thy;
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T, - nhiét d6 cia 6ng thuy tinh,
Céc phuong trinh (3.27) va (3.28) tao thanh hé 2 phuong trinh phi tuyén. Néu cho biét h,

vi h, thi gidi ra ta_s& tim duge + va T,

Hé s6'truyén nhiét giita éng hdp thu va ong thuy tinh bue quanh

H¢ 6 truyén nhiét d&i luu ty nhién h, d6i véi khoang khong gian kin giita cac 6ng hap
thu va éng bao quanh nam ngang, dong tam tinh dugc khi ditng cong thic Raithby va Hollands

sau day:
% =0,317(Ra")"* (3.29)

¢ day K.y - do din nhiét higu dung duge dinh nghia 13 hé s3 dan nhiét cta khong khi tinh giita
hai 6ng gy ra su truyén nhiét tir dng hdp thu dén éng thuy tinh bao quanh.

Ra* - 56 Rayleigh lién hé véi s6 Rayleigh thong thudng biing phuong trinh:

o Al l D J'JID :
(Ra')* = MPa/Ds) g (3.30)
sl 1 |
b (D:ir'ﬁ +F}
) (8]

¢ day b = (D, — D,)/ 2 la d¢ day cta 18p khong khi giGa 2 6ng; cdc tinh chat duge danh gid &
nhi¢t do trung binh (T, + T.)/ 2; k = hé s6 dan nhi¢t. N6i chung k., > k. V1 vay ty 58 (k,/ k) dat
bing | néu ding phuong trinh (3.29) ¢ gi4 tri nho hon 1.

Lién h¢ giita h, va k., ¢6 thé tim dugc biing cach cho cdc biéu thire hé 56 trao d6i nhiet

rén don vi dai va k., bang nhau. Khi d6 ta cé:

2nk (T

. /D - T.)=h, =D (T, -T)

2K
N = —— e (3.31)
D, In(D_ /D)
Cac gidi han khi diing biéu thiic (3.29) 1a Ra" < 107 va b < 0,3D, .
Heé s6 truyén nhiét trén mdt ngodi ciia dng thuy tinh bao quang éng hdp thu

Hé s& truyén nhiét tir mit ngoai chu 6ng thuy tinh h, cling ¢6 thé tinh dugc ding biu

thic su hiéu chinh dya trén s6 liéu cua Hilbert:
N, =CR] (3.32)

& day C, vi n Ia cdc hang s& c6 gid tri nhu sau:
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D6i vai 40 < R, < 4 000, C, =0.615, n = 0,466
4 000 < R, < 40 000, C, =0.,174, n=0,618
40 000 < R, < 400 000, C, = 0,0239, n = 0,805

D, 1a dudng kinh dac trung ciing duge ding trong phuong trinh (3.32). Cac tinh chat
duge dinh gid & nhiét do trung binh (T, + T,)/2.

Nhu da nhin manh & trén, phurang trinh (3.32) da thu dugce khi cudong do gié xody 1a nho.
Trong thuc t&, cudng do gi6 xody théi trén dng thuy tinh ¢6 thé 1a ddng ké. Do dé cé mot sai s
nio dé dai véi h,, va gid i tinh tir (3.32) ¢6 thé thap hon gid tri thue tir 10 +15%. Nhimg sai s6

nay ctia h,, chi lam cho hé s8 hao phi nhi¢t toan phan sai léch chi khoang 1% hoac 2%.
Hé s6'truyén nhiét trén bé mdt trong cua 6ng hdp thu

Hg 58 truyén nhiét d6t huu hy & mat trong cia 6ng hap thu ¢é thé tinh dugc néu gia thigt
rang dong chat long chay trong 6ng 13 hoan toan ddy. Gia thiél nay 1a hop 1y vi ty s& do dai Sng
L va dudng kinh cta né D, (L/Di), 1a 16n vi thong thudng ¢é gid tri khodng 20. Néu so
Reynolds nhé hon 2000, thi dong chay 1a chay theo 16p va hé s6 truyén nhiét ¢6 thé tinh duge tir
phuong trinh:

N,=3,66 (3.33)

Mat khéc, néu s& Reynolds > 2000 thi dong chay 1a dong chay r6i vii hé s6 truyén nhiét
¢6 thé tinh dugc tir phuong trinh Ditus — Boelter da biét:

N, = 0,023R® p®* (3.34)

Kich thude dac trung ding dé tinh N, va R, trong cdc phuong trinh (3.33) va (3.34) 1a D.
Cic tinh chit duge ddnh gid tai nhiét do trung binh (T, + T,,)/2. Cin chi y rang phuang trinh
(3.33) va(3.34) chi ¢6 gi4 tri d€ tinh todn h; d6i véi bo thu phing diing chat Jong.

Trong phén 16n cic trudmg hop, luu lugng chét 1ong m 1a nho va dong chay 1a chiy 16p,
vi vay ngudi ta s&€ dung phuong trinh (3.33). Hé qua 13 h, ¢6 g'ié tri nho vi dé phil hop véi gid tri
cha Fy. Diéu nay cang ding néu chdt 16ng sir dung trong bo thu 13 didu din nhiét. Cic chat ddu
nay c¢6 diém soi cao, nhung lai ¢6 do ddn nhiét thap va s6 Prandtl (Pr) cao. Trong nhing trudng
hop nhu the ngudi ta thudng dp dung k¥ thuat gia tang dé 1am tang hé s truyén nhiét. Mot trong
cdc k¥ thuat don gian nhit a sit dung mot bang c6 do rong D; ldp vao doc tat ca mat trong cia

&ng hap thu. Hong va Bergles da dua ra su hiéu chinh sau day ddi véi trudng hop nay:

TR A A
N, :5,172{1+o,005484{pr(Rc1x)~ | } (3.35)
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g day : X - ty s6 bang quin trong ong hap thu X = H/D,.
Véi H - do dai cia biang dé quin duoc 180" & mat trong Sng.

Po dai dac trung diing d€ tinh N, va R, 1a D,. Nhimng tinh todn dung céng thitc (3.35) cho
thay ring, viéc sit dung mot bang quir mat trong 6ng 1am ting rat ddng ké hé s6 truyén nhiét
n€u s& Prandtl ¢6 gid tri cao. Dong thoi, sy giam dp suat khong dan dén su tang véi cing ty I¢.
Su giam 4p sudt ¢6 thé tinh duge tir sy hiéu chinh sau day dua trén cic cong trinh cua Date va

Singham:
fR, = 38,4 (R/X)™* dsi véi 6,7 < (R/X) < 100
= C, (R/X)"™ dsi vai (R/X) > 100 (3.36)
O day f 1a thira 6 ty 1é:
C,=0,8201X —2,1193X* + 0,2108X" - 0,0069X*

Vi du 3.2. Hay tinh hé s& tdn hao toan phin U. déi vdi bo thu kiéu méng parabol. Bo thu
bao gébm mat 6ng hédp thy phi chit hdp thu chon loc v mot 6ng thuy tinh bao boc phia ngoai.
Cho biét cac 56 liéu sau:

Pudng kinh trong ctia 6ng hdp thu I, = 7,5¢m, dudng kinh ngoai D, = 8,lcm.
Pudng kinh trong 6ng thuy tinh D, = 14,4cm, dudng kinh ngoai D, = 15cm.
Hé s& bifc xa cua thuy tinh €, = Q,15.

Nhiét do trung binh cta éng hap thu T, = 170°C.

Nhiét do moi truéng T, = 25"C.

Toc do gid V = 4m/s.

Giai: Khi thay cic gia tri cho & trén vao PT (3.27) va (3.28) ta thu dugc:
5,67.107%.1.0,081(443,2° - T})

Lo 0081 1
015 014410388

=0,2545h,( 4432 - T,) + 0,214 x 10* (3858 x 10°-T.% (3.37)

_q[_, =h,, (443,2 - T,)n.0,081 +

qf‘ =h, (T, -2982)n. 0,15+ 567.10% . 0,15.0,88 (T, ~ 292,2%

=0,4712h, (T, - 298.2) + 2,3513.10* (T,* - 72,9.10% (3.38)

Can bang (3.37) va (3.38) ta s& gidi ra dugc cdc an s6 lef va T,. Mudn vay can phdi biét
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h,. vah,. Vih, vi h, ciing phu thuéc vao T, nén can thyc hién mét phép thir nhu sau.
Trucve hét gid sie it vai T. = 310K,
Tinh f,.: Nhi¢t do trung binh clia khong khi giita 6ng hap thu va ong thuy tinh:

_ 44324310

5 =376,6K =103.4'C

Tai nhi¢r do d6 tra bang ta c6: k = 0,0323W/m.K; v = 23,52 x10°m¥s ; P, = 0,688
Do dé:

I (4432-310)0,031 5
'376,6 (23,52)>.10° "

R, =981

a

0,688 =134877

Tir (3.29) tinh dugc:

K. —0317 [n(0,144/0,081) o (134877) = 3.6349

k 34 ] I
(0,0315) —+ ——[5/4
(0,081)° * (0,144)""

Tir(3.31) tacé: h, = 2x3,6349x0,0323 =S,036—\;V——
P 0,081.1n(0,144/0,081) IK

Tinh h,: Nhiét do trung binh giita 6ng thuy tinh vi moi truding:

_310+298,2

5 =304,1K =30,9°C
Tai nhiét do nay tra bang ¢6 : k = 0,0268W/m.K; v = 16.09x10°m?¥/s

Gid sir rang vén tc gi6 théi tir cdc géc ben phai téi truc clia bd thu, dung biéu thic
(3.32) ta s€ ¢6;

o= 205 39300
16,09x10"
N, =0,174(37300)**" =116,4
h, =116,4x 0,0268 _ 20,79 w
0,15 m?.K

Khi thay cdc gid tri cta h,. va Rk, vio cdc phuong trinh (3.37) va (3.38) ta thu duoc cic
gid tricta T, va (q, /L) theo phuong phédp thit sai s6 nhu cho trong bang 3.4.

Céc gid tri clia (q,/L) & dong cudi cling 13 xdp xi nhau. Nén ta s& chon gid tri trung binh

la 225.8W/m. Vi cic gid trj clia hy. va h, khong thay déi nhiéu khi gid tri cna T, thay déi fir
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310K dén 315,1K nén khong can phai lap lai phép thit.
@/L) 2258

Tém lai: U, = = =612W/m’ K
x D (T, - T,) 7x0,08lx(170-25)
Bdng 3.4
. 1
T.(K) {q./L} tr
PT (3.37) PT (3.38)
3]0 2335 1613
315 225.9 2247
315.1 225.6 226.0

3.2.5- Phuong trinh kinh nghiém dé tinh hé s6 hao phi téng

Dua trén viéc tinh todn mét 56 rdt 16n trudng hop trong mot khoang rong cdc bo thu hoi
tu mang parabol, Mullick vd Nanda di dua ra mot cong thite ban kinh nghi¢m dé tink truc tiép

hé s6 hao phi tong U,. Cong thitc nay cho két qua vdi sai s khong dang ké.

1 . 1
U = +
- B 0,28 2 b / l_ & L _
C(T, - T,) w{c(Tp + T (T, +Tc} {sp + D, [Ec IJH
D, 1
+ . . — (3.39)
D, Ah, +os (T +T T, + T,
Hing sa C;, thu dugc tir hiéu chinh cha Raithby vi Hollands va ¢6 dang:
17,74
C, = : 3.40)
3 (Tp +Tc)0,4 DO(D;U‘?S + D;iu,?s) (
Nhiét do cua ong thuy tinh phil bén ngoai T, dugc cho bang:
LI
T —-T D Y 6+9 )T
- 1=0,04075) | h M(2-3e, + (0 +9e,)1, (3.41)
T, -T, D, 100
Néu 333 < T, < 513K, va bang:
0.4
T.-T Dy’ 1+3e )T
S0 =0063 —=| h*¥|2-3e + (23, )T, (3.42)
T, - T, D, P 100
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N&u 513 < T, < 623K

Khi str dung cdc cong thuc (3.39) dén (3.42) thi T, T. va T, duge do biang do K; D,, D,

va D,; do bing mét (m); o do bing W/m>K* h,, do bang W/m*K. Gi4 tri cia U, s& do bing
W/m® K. Phuong trinh (3.39) chi dugc 4p dung trong céc gidi han sau:

0,1 <€,<095
0,0125<D,<0,15m
15 <h, <60W/mK;
273 <T, < 313K

Cic bi€u thitc (3.41) va (3.42) cho T, sai khdc + 10°C. V@i do chinh xdc nay 1a di dé x4c
dinh U, theo (3.39) v&i do chinh xac +1% trong khodng 333 < T, < 513K va 2% trong khoang
513 <T,<623K.



Chuong 4

PIN MAT TROI

MG PAU

Nhu da trinh bay trong chuong 1, nang luong Mat Troi 1a mét nguén nang lugng sach va
¢6 thé néi la vo tan. Mot trong cdc k§ thuat sir dung nguén nang luong ndy 13 sdn xuat dién
ning- dién Mat Tro1. Dé san xuat dién Mat Trdi ngudi ta thuong st dung hai cong nghe: nhiér
dién Mdt Tran va pin Mdr Tred hay pin quang dién. Trong cong nghé tha nhat, nang luong Mat
Troi duge héi tu nhé cac hé thong guong hoi tu (nhu mdng parabol, dia parabol, guong
cdu,...(xem chuong 3) dé (ap trung 4nh sang Mat Troi thanh cdc ngudn nhiét cé mat do ning
luong va do do ¢6 nhiét do rat cao, c6 thé lam boc hol nude & nhiét do va dp sudt I6n vi sau do
hai Fm quay céc tuabin dé san xuét ra dién nang. Con trong cong nghé pin Mat Troi, nang
lugng Mit Troi duge bién déi true tiép thanh dién ning nho cdc 1€ bao quang dién ban din, hay
con goi 1a cic pin Mdt Troi, duge ché tao tir cdc vat liéu bdn dan dién. Cac pin Mat Trdi san xuét
ra dién nang mot cach lién tuc chimg nao con cd bie xa Mat Tréi t6i né. Cac hé thong nang
lugng pin Mit Troi rat don gidn, khong ¢6 phdn chuyén dong, khong doi kol phai bao dudng
cham séc thudng xuyén nhu cdc hé thong nang luong khdc, nén 1a cdc hé thong rat duge quan
tam nghién ctru, phét trién va tng dung. Ngay tir nam 1950 cdc pin Mat Troi da ¢ thanh nguén
dién rat tin cdy cho edc v¢ tinh nhan tao va hién nay 1& cdc tau vo tru. Pac biét tir cude khing
hoang dau lira nam 1973, cic hoat dong nghién cifu hoan thién cong nghé pin Mar Tréi d phat
trién manh mé. 1lién nay san xuél pin Mat Trod d3 trds thanh mot trong cdc nganh cong nghi¢p

quan trong & nhicu nude cong nghiép phét trién wen thé gisi.

Duéi day ching ta sé€ nghién citu nguyén 1y hoat dong va cau tao, cdc dac trung co ban

ciia pin Mat Trdi va mot s6 ing dung cia nd.
4.1. HIEU UNG QU;\N(‘-DIEN
4.1.1- Hi¢u éng quang dié¢n trén hé thong hai mifc nang luong
Xét mot hé hai muic nang luong dién wr E, va B, trong do E, < E, nhur hinh 4.1a.

Binh thuomg dién tr chim mic nang luong thap hon E,. Khi chiéu sdng hée théng, luong

67



tr dnh sang- photon- ¢6 ning lugng hv (h 13 hing 6 Planck, v 1a tin s6 4nh sang) bi dién tr hij

thu va chuyén lén mifc nang lugng E,. Phuong trinh can bang ning luong cé dang:
hv=E,-[ (4.1

Trong cdc vat ran, do tuong tdc rat manh ciia mang tinh thé lén dién tir vanh ngoai, nén
cdc muc nang lugng cla nd bi tach ra nhiéu mic nang luong con rat st nhau va tao thanh céc
ving ndng liugng. Vung nang luong thap bi cac di¢n tir chiém diy khi & trang thdi ¢an biang goi
Yl ving hod i c6 nang luong b phia trén la E,. Ving nang luong phia trén tiép dé hoan toan
trong hoac ¢hi bi chiém mot phan got 1a ving din, bd dusi cua ving ¢6 ning luong 1a E. Cich
ly giita 2 ving hod tri va ving dan 1a mot ving cdin 06 do rong nang luong E,, trong doé khong ¢6
mic nang luong cho phép nao cla dién tir (hinh 4.1b).

Khi chiéu sdng vat ran co cdu tric viing nang luong noi trén, photon ¢d nang luong hv
té1 he thong va bi di¢n tlr & viing hod tri hap thy vi né cé thé chuyén ién ving din dé ud thanh
dién wrw do ¢, d€ lai & viing hod tri mot 18 tréng ¢6 thé coi nhit "hat” mang dién dwong nguyvén
16, ky hi¢w h'. L6 tréng niy cé thé “di chuyén™ va tham gia vio qud trinh dan dién.

Hi¢u tmg luong 1 cla qud trinh hap thu photon ¢6 thé mo ta bing phuong trinh sau:

e, +hy => ¢ + h'

A i I E

by v A
NI T T Vinghot

E o SN — Vung hod tri

af b/
Hinh 4.1- Cic qud trinh {uong tir rong hé hai muc(a) vi hai viing nang lwong (by).
Diéu kien de dién tir ¢4 thé hap thy nang luong clia photon va chuyén tir viing hod tri lén
viung dan, o ra cap dién - 16 tréng [a hv = he/ ) = E,=E, - E, . Tirdé co thé tinh duge bude

song gidi han A, cha dnh sdng dé€ ¢6 thé o cap e — h' i (trong cong thifc nay nang luong tinh
bang don vi eV):

helpmy == o= (4.2)

Trong thuc € cdc hat din bi kich thich e va h' déu ty phit tham gia qud trinh “héi
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phyc", chuyén dong téi by clia cdc ving nang luong: dién tr ¢ giai phong nang lueng dé chuyén
t61 bo ving dan E,, con 16 tréng h* tdi by E, (hinh 4.1b). Qud trinh hdi phuc chi xdy ra trong
khodng th&i gian rat ngan 10" + 10" giay va gay ra dao dong mang (phonon). Nang luong bi
ton hao do qua trinh hoi phyc sé 1a (h, - E).

Tém lai, khi chigu sdng vét ran, dién tir & viing hod try hap thy nang {uong photon hv va

chuyén lén viing dén tao ra cap hat din dien tit - 16 tréng e — h', tic la da tao ra mot dién thé.
Hién tuong dé goi la hicu tng quang dién bén trong.
4.1.2 - Hiéu suat cia qua trinh bién déi quang - dién
Tir eée trinh bay & trén ta ¢6 thé xdc dinh duge 2idi han 1y thuyét cia hiéu suat 1 bién

déi nang luong quang dién cia hé théng hai mic:

_Ac

l:g 1 ()R

{ JO(}UJ{ . }d}k

0 A

Trong dé J(A) 1a mat do photon ¢é bude séng ; J (A)dX 1a tong 6 pholon 16i ¢6 bude
song trong khoang 2. + A + dA; he/A 1h nang lugng cla photon. Tir s6 cla (4.3) 4 nang luong hity
ich ma dién wr hap thu tir photon trong qud trinh quang dién, con méu s6 1a téng nang luong cla
cic photon t6i he. Nhur vay, i 1a mét ham s6 cha E, (vi &, ciing la ham s& clia E,) nhur dugce.drinh
hay trong hinh 4.2.

7 Nhy} T

{3 ‘ o
0.4 | ) X ‘i\
03 1 : / N
02 1 | e N\

s e 3 Y

i 023

0.1 2 | N

O o - - - - 0 2 3 hV {e\f)

2 Eg{eV)

Hink 4.2- Hi¢u suit bién doéi quang dign phu Hinh 4.3- Nang lugng 16n hao va hiéu suat bién

thude vao do rong ving cam cla var licu. ddi quang dién clia Si.

Nhu thay trén hinh, vé mit 1y thuyét, n ¢6 mot cyc dai n ,,, = 0,44 xung quanh gia i
E, = 1,5 ¢V. K&t qua nay c6 tinh 16ng qudt va dp dung cho cdc h¢ 2 mitc nang luong bat ky.
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Ning lugng t6n hao trong mot qud trinh bicn doi quang dign chu yéu do cdc nguyén
nhan saun:

- Cdc photon ¢6 nang luong hv < E, hay > A_ khong bi dién hap thu dé o cap
e —h", ma truyén qua vat ran ;

- Do qud trinh héi phue, dién tir va 16 trong gidi phdng nang luong AE = hv — E, cho
mang tinh thé vat ran dé (6i-ddy cdc ving nang luong;

- Do qua trinh tdi hop dién ur - 18 trong.

D31 véi bin dan silicon Si, E, = 1,16 ¢V, tinh toén cho thiy 23% mat mdt nang lurong do
photon truyén qua; 33% bi mit do qud trinh hdi phuc cia e va h* 16i céc b vimg E, va I, nhu
duoc chi ra trén hinh 4.3, Nhu vay d6i v6i qud trinh quang dién trén vat liéu Si, thi vé mat iy
thuyét, n < 0,44,

4.1.3- Hiéu ing quang dién trén lép tiép xde ban din pn

Tir trén ta thay rang khi duge chigu sdng trong vat ran o6 thé duge tao ra cdc cap dién ur
va 16 éng e - h' lién két yéu vdi nhau.

n =N, E
E‘o.ooo--- E_‘ — 1
ST it et ¢ 3 *
E v.oiooy !
| H
i A 1 E,
..... —x )
: |
] N . > ___ F
: 1 I -k
E e et Dbt
F 1, 0 CCoCo0n o
]:\ PR E\.- f{
p=N,

Hinh 4.4- Bin dan loai n va p trude khi u€p xic  Hink 4.5- Sur tao thanh 16p 1i€p xiic ban din pn.
(electron ki hiéu bang cham den. 18 trong -
vong tron nho).

Dé c6 thé tao ra dong dién, trudc hél can tich e” va h' khoi lién két cap va sau dé bt
ching chuyén déng c6 hudng. Hieu img nay ¢6 the thue hién nhd mot dien tridmg E nao d6, vi
du nhu sir dung dién trudng dinh x{ trén 16p 1i€p xuc pn giita hai loai ban dan.

Hinh 4.4 14 cdc so do cdc ving nang luong cua hai loai bin dan n va p . Trong bdn dan
loai n, mét do hat ddn dién (& n, rat I6n hon mat d¢ 18 wong p, (n, >> p,). Vi vay ngudi ta goi
di¢n tr 1a hat dén co bdn, con 16 tréng 1a hat din khong co ban. Mot cich gin ding thi mat do
dién tr n, gdn bang mat do tap chat nguyén tir donor Ny, duge pha vao ban dan tinh khict. Con
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trong ban dan loai p, 16 trong lai }a hat ddn co ban. Mat d6 16 trong P, lai rdt 16n hon mat 4o dién
wrn,, p,>>n,. do dan chi yéu do 16 tréng ¢é mat do p,. nd gian bing mat do nguyeén tir tap chat
acceptor N, duge pha vao ban dén tinh khiét.

Vé mat nang lugng. su pha cédc tap chat donor va acceptor vao ban dén tinh khiét da lam
xuat hién cdc miic nang luong tap chit trong viing cdm: cdc mic tap donor nim sat dudi day
viing dan E, trong ban dan loai n, duge biéu thi bing cic dau "+ trong hinh 4.4 . Nguge lai, cdc

mitc tap acceplor lai nam sdt dinh ving hod tri trong bdn din loai p va dude bidu thi bing diu

L v

Khi cho cac ban dén n va p tiép xiic v6i nhau, tao ra mot tiép xidc dien t& pn, thi do
chénlt Iéch vé mdr do cde hat dan, cic dién tir s& khuéch tdn tlr bin din n sang bdn dn p, con 16
tréng thi khu€ch tdn nguge lai. Sy khuéch tin nay Iam cho phia bdn dan n sat 1p 1i€p xdc tich
dién duong, con phia ban dan p déi dién tich dién am. Trong mién tié€p xiic hinh thanh mot dién
triong tiép e hudng tir bin dan n sang p ngdn cdn cdc qud trinh khuéch tin cla dién ur va 16
trong. Su hinh thanh dién trudmg tiép xic dén dén sy tao ra mot hang rao thé nang nhu hinh 4.5
ngan can sy khuéch tdn clia cdc hai tii dién co bin qua 16p tiép xic. Khi dat trang thai can bang,
di¢n truomg va hiéu dién (hé tiép xic s¢ dat gid tri 6n dinh phu thudc vio bin chit vat licu va
nhiét do cla I6p 1i€p xiic va ¢d thé biu dién biang cong thife sau:

_ kT 0 " pﬂ kT N dN_ﬂ

U =—I BUNLINEP N | q
x q n? q n?
i i
nopo -
va the nang uép xic qll tx = kT In ———,}—p— (4.4)
n;
p n Pp
vi nf=n_p =p an_->qU, =kTIn " =KkTIn—%
1 non P p tx
n P
D n

trong do n; 1a mat do dién t(r dan trong bdn din chua pha tap chil, n6 ciing bing mat do 15 trong
pi ;T la nhigt do 16p L€p xic pn; k 14 hang $6 Beltzmann va g la dién tich clia dien .
O trang théj can bang, d6 cao hang rio 1hé V|, = qUyy ¢4 gid tri gdn bing do rong ving

cdm F, cua vat lieu va dién trudng ti€p xic c6 gid tri khodng By ~ 10° =+ 10° V/iem. Do day cia
1Gp Ligp xtic W cé thé duoge xdc dinh theo cong thire:

2e,8(N_ +N U
Waw +w =8 di
\ll qHNﬂN

d

71



trong do W,, W, la cdc do day L6p ti€p xiic & phia bidn dan n va p, ¢, vi ¢ 1h hing s6 dién va hang
s0 dien moi cla ban dan. Gid tri dién hinh cia W vao khoang 0,1 = | um. Chd ¥ ring, dién
truéng va do do dien the ti€p xic chi tén tai trong 16p ti€p xiic. ngoai 16p ti€p xic tinh chat cia
vat lieu khong bi thay déi, |

O 16p ti€p xiic, cde hat dan di¢n tu do da bi lam nghéo do qud trinh tdi hgp va qud trinh

khuéch tdn cta cic hat dan. Vi vay dién trd cia 16p 1iép xdc 1a rél 16n.
4.1.4- Pac trung Von-Ampe t6i
Ta xét tinh chat cia 16p ép xidc khi clutu dioc chidu sing.

bt mot nguon the ngoai vao mot 16p ti€p xic pn va nghién ciu su phu thude ciia dong

dién qua I6p ti€p xic vao hiéu dién thé dit vao né nhu hinh 4.6.

Hay phdn cuc ngicoe 16p ti€p xiic pn, nghia {a néi cyc duong ca ngudn ngodi vao bin
dan n, cyc am vao ban dan p (hinh 4.6a). Khi d6, dién trudng ngodi E, vA dien trudmg ti€p xic
Ey cing chiéu. Dién trudng tong hop E = Eqy + I, trén 16p tiép xtic rat 16n, hang rao the nang bi
nang cao lén, do vy ngan can khong cho dong cdc hat tdi dién co ban qua 16p tiép xuc. O trang
thd1 niy, mac di dong cdc hat tai khoéng co ban duge gia té¢ manh, nhung do mat do nhd nén

dong cidc hat khong co ban nhanh chéng dat 161 bdo hoa ¢d gia tri rit nho 1.,

Boi phan cuc ngudn ngodi, tie 1 phdn cite thudn 16p ti€p xiic pn (cuc duong ngudn thé
ngoai ndi vao ban dan p, cuc 4m vio bdn didn n). Khi d6 dién truong ngeai va dién trudng tip
x(c ngitoc chiéu nhau, nén dién trudng tong hop E = E,, - E\x < Ej«. Két qua 12 hing rio the &
16p ti€p xuic giam hoac bi khir hoan toan, dong cdc hat tdi dién ¢6 mat do 16n qua 16p ticp xic
tang rat nhanh (theo qui luat ham s6 mii- cong thic 4.5 ) theo hiéu dién thé ngoai. Hinh 4.7 cho
thdy hang rao the nang cla cdc hat tai co ban & mién tiép xdc khi né bl phan cuc nguge va phan

-

cuc thuan.

Hinh 4.8 cho duding cong biéu dién su phy thuée cla dong dién qua lép ti€p xiic pn vao
hi¢u dién thé ngoai dat vao nd khi 16p tiép xiic khong duge chiéu sing (dudng cong qua goc toa
do) va khi duoc chiéu sdng. '

Pudng cong khi 16p tiép xdc khong duoc chicu sdng dugc goi la duong déic trung 167
Von-Ampe (VA} cia op tiép xiic vA né duge mé 1a biang phuong trinh diot ban dén thong
thudng:

_ av .
Iy= ls[exp T I} (4.3)
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Phin cue nguoe

Hinh 4.6- Cic mach dién do dac trung VA Hinh 4.8- Diac trung 161 va sang
clia 1i€p xiic bdn din pn. clia iép xic ban dédn pn.

Hinh 4.7- Hang rio 1hé nang ¢ 16p tép xtic pn kKhi phan cuc thuan va phan cue nguoc.

Trong cong thic (4.5) T, 12 dong qua 16p 1i€p xic pn : I - dong dién nguoc bio hoi:
V- higu dién thé diit vao 16p tiép xdc pn ; k - hang 6 Boltzinann ; T - nhigt do cia 16p LEp xiic
pn va q - dién tich cua dién tr. Dong dién nguge bio hoa [ phu thuoce vao mat dé cac hat 1ai
khong co ban n,, p, . vio do dai khuéch tan 1, L, va thoi gian song 1, , T, cla chiing theo bidu

thive sau:




Tom lai. o trang thdi Khéng chidu sdng, 16p tcp xic pn 1a mot phdn ai tha déng. khong
tacr ra nang lugng va ¢6 tinh chit chinh luu, chi cho dong dién qua khi phan cue thuan né. Duodng

dac trimg Von-Aumpe 11 1 dutmg dac trung cha diot ban dan thong thudmg.
4.1.5- Duong dac trung Von-Ampe sang - su tao dong quang dién

Chiéu sang 10op ticp xtc pn. Dudi tdc dung cua cdc photon dnh sing., cic cip dién -6
tréng duoc tao thanh, va do tic dung cia di¢n rudng 1ép xiic By nén cic cap bi tich ra va b
gla tde vé cdce phia do1 dién va o ra mot sudt dién dong quang dién. Néu noi cidc dau ban din
loai p va n bang mot day dan thi rong day ¢6 mot dong dién — goi la dong quang dién- v ¢é the
cho ¢ mach ngoai moét cong sudt hiru ich. Sudt dién dong quang dién xuat hién trong 16p Liep
Xiic pn khi chidu sang nd. phuy thude vao ban chit cic bian din, vao nhiét do 16p ticp xtc vi vio

bue séng v cudng do danh sing (5.

Hié¢n trong xudl hién sudt dién dong quang dién teén 16p ticp xic ban dan pn khi chidu
sang  duoc gol la hi¢u (ng quang dién bén trong (phan biél vdi hieu img quang dién ngoai 1a
hi¢n tuong cdc dign tr thodt khoi bé mat kim loai khi chiéu dnh sdng thich hgp vio bé mat kim

loai).

Cin chi y rang. chi ¢6 cic cape - h' duge tao ra & mién L€ xiic hoae cich ba mién tigp
xtic mot khoang L, dwoe goi ¥a dé dar Muedch tdn triung binh cia ¢dp e - B’ (xem hinh 4.9} thi
mdi bi dien trudng tiép xic tich ra va wo ra dong quang dién. 1., 1 ham cla hai tham s6: do
linh déng cua hat dién p (16c do chuyén dong/ mot don vi dién trudmg) va thdi gian séng trung,

binh T cua cap trude khi bi i hop:

l‘[') =f{l. .L ])

p
172
(K1 I 1/2

I‘Dn _IK q “nTnJ :(Dn n] (4.0)
a

l kT T TH_ !D T ]”3

R - 1 =

Dp qlpp/ A

trong do, dai luong :

D=—1p
q

VoL 1 dién tich nguyén 10, goi la hé s6 khuéch tin cua hat din.
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Dn 1op

Hinh 4.9- Sy tao thanh dong quang dién.

Nhur vay dong quang dién L, ty 1¢ v6i tong s& photon bi hip thy va ¢6 thé duge bidu dién
boi 4.7):
e
Iph =qK ([JJ[,(Md;\. (4.7

trong do K la mét hé s0 va duge goi 1a fiiéu sudt gbp cha 16p tiép xic, né ¢6 gid tri cuc dal bang
I. Ngudi 1a ciing ¢4 thé viet:

Ac
[J,(A)dx (4.8)

b

]ph =qKN oh v N ph =

O day N, la s6 cdc cap it

¢” — h' duge tao ra trong gidi han

budce song A. Khicho K =1, N, va

do do I, la ham so0 cuta E, (thdong
qua %) va duge bigu dién trong N
hinh 4.10.

Ta hiy nghién ciu dudng Lo N

dac trung Von-Ampe clia lap tiép

xtc pn duge chidu sdng. Nhir da néi

g trén, dudi tic dung cva mot chiim

B ev)

sang ¢6 cuong do khong déi, trong ; " = T
r —r '1!

mach xudt hién mot dong quang i oL L

Hinh 4.1 Su phu thuoc cia s6 cap e™ h' duge tao ra khi chidu

dien Ipn, 06 la dong chuyen dong sdng 16p tigp xiic pn vao do rong ving cam cla vat lidu,

~
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cua cdc hat dan khong co ban. Dong téng cong qua Iép ti€p xtic pn khi dat mot ngudn thé ngoai
V (xem hinh v€ 4.11) ¢d the bicu dién bai tong dai $8 cla hai dong, dong quang di¢n Ion va dong

diot Id nhuv sau:
— _ 0 5 —_ (
=1 h ] | = [ph ls[u\p T |:| {4.9)

Buting dac trung 1 = (V) theo (4.9) goi 12 dirdng déic trung V' — A sdng ciic tiep xuc ban
dan pn (hinh 4.8). Tir d6 ¢6 thé thay 13 dudng dic trimg sang V — A clia lép uép xic pn ¢6 thé
suy ra tr duong dic trimg V — A 161 ctia né bang cdch tinh tién theo truc OI trén hé tou do OIvV

mot gid tri bang dong [pn.

Nhu vay mot I6p ti€p xte ban dan pn khi duoe chi€u sing c6 thé trds thanh mot my phdr
dién, cho cong sudt dicn mach ngoai hitu ich. Thiét bi sit dung hiéu ting quang dién trong trén
I6p bdn déan pn dé bién ddi tryc tép ning lugng cua dnh sdng Mat Trdi thanh di¢n nang duoc goi
1a pin quang dién hay pin Mdr Tréi. Chiing ta 58 nghién ciu k§ hon cac dic trung cd ban cua

pin Mat Trdn & cac muc sau.

4.2- PIN MAT TROI
4.2.1- Cau tao va nguyén 1y hoat dong cia pin Mt Troi

Mot I6p tiep xte ban dan pn ¢6 kha ndng bién dai tryc tiép nang liong bic xa Mat Troi
thanh di¢n ning nh& hi¢u tmg quang dién bén trong goi 1a pin Mt Troi.

Pin Mat Trdi duge san xudt va ng dyng pho bién hién nay 1a cic pin Mt Tréfi duoce ché
tao tir vt liéu tinh the bin dan silicon (Si). Si 1a mot chat bin dan dién hinh va 6 hod tr1 4. Tir
tinh thé Si tinh khiét, dé cé vat liéu tinh thé ban din Si loai n, ngudi ta pha tap chat donor 1a
photpho (P) ¢& hod trj 5. Con dé c6 vat lieu ban din tinh thé loai P thi tap chat acceptor duoc
diing dé pha vio Sila Bo ¢6 hod tri 3. D6i v&i pin Mat Trai tir vat lieu tinh thé Si khi duoc chieu
siang thi hi¢u dién th& hd mach giita hai cuc vao khoang 0,55V, con dong doan mach cia né dudi
bitc xa Mat Trai 1000W/m?’ vao khoang (25+30) mA/em’. Hién nay nguol ta ciing da dua ra thi
truong cdc pin Mat Troi bang vat li¢u Si vo dinh hinh (a-Si). Pin Mat Trdi a-Si ¢6 vu diém 1 tigt
kiém dugc vat liéu trong sdn xudt do d6 ¢6 thé ¢4 gid thanh ré hon. Tuy nhién, so vdi pin Mat
Trdi tinh thé thi hiéu suat bién d6i quang dién clia né thdp va kém Sn dinh khi lam viéc ngoai
tro.

Ngoai Si, ngudi ta cdn nghién ctu va tha nghiém cdc loai vat lieu khic ¢6 nhiéu hira hen
nhu h¢ bin dan hop chat ban dan nhém I11-V, sunfit cadmi-déng (CuCds), galium-arsenit
{GaAs),.Tuy nhién, hign nay vi¢c nghién ciu ché tao vi sir dung cdc pin Mat Trén 1lr cac vt
liéu khac Si chi méi & pham vi va qui mé thi nghiém.
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Mot huéng khdc nham nang cao hiéu suét bién doi quang dién ctia pin Mat Troi 1a thiét
k€, ché tao cdc pin Mat Troi gdom mot s6 16p ti€p xic pn dé tang cudng kha nang hap thu photon
6 nang luong khdc nhau trong pho biic xa Mat Troi. Ta s& dé cap cic van dé nay & cdc phan

sau.
4.2.2- Cac dac trung dién cua pin Mat Troi
4.2.2.1- So do twong duong

Nhu da trinh bay ¢ trén, khi duge chiéu sang, néu ta néi cac ban dan p va n cia mot ti€p
xtic pn bang mot day dan, thi pin Mat Troi phat ra mot dong quang dién Ipn . Vi vay trudce hét pin
Mat Trdi c6 thé xem tuong duong nhu mot nguén dong.

Ldp ti€p xiic ban dan pn ¢6 tinh chinh luu tuong duong nhu mot dior. Tuy nhién, khi
phan cuc ngugc, do dién tro I6p ti€p xiic ¢ gidi han, nén vin ¢6 mot dong dién- duoc goi la
dong do- qua né. Dic trung cho dong do qua 16p tiép xidc pn ngudi ta dua vao dai luong dién tro
son R, (shun).

Khi dong quang dién chay trong mach, né phai di qua cdc 16p ban dan p va n, cac dién
cue, cdc tiép xiic,... Dac trung cho t6ng cdc dién trd cta cdc 16p d6 1a mot dién tro R, noi tiép
trong mach (c6 thé coi la dién trg trong ctia pin Mat Troi ).

Nhu vay, mot pin Mat Troi dugce chiéu sang ¢6 so do dién tuong duong nhur hinh 4.11.

Tir so d6 tuong duong, c6 thé dé dang viét dugc phuong trinh dac trung sédng Von-Ampe
cua pin Mat Troi nhu sau:

q(V + RS[) V+RS[
=1 =g =gy =Tpp ~ g exp—— 5 -1 ~ o (4.10)
sh
A l
I
R_-; i’ + s “““—-——-_._.__‘_
M
[ P,
ID I<h m v
!6T Rsh 4
)1 | V
L -
O Vﬂ) V"U

Hinh 4.11- So do tuong duong cta pin Mat Trdi (a) va duding dac trung sdng cua pin Mat Troi (b).
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trong dé -

[y - dong quang di¢n (A/m’):

[, - dong qua diot {(A/m7);

1, - domg bito hoa ( A/

n - duge goi Iy thita s6 1y tedng phu thuge vao cde mic do hoan thién cong nghé ché 1o
pin Mat Trai. Gan ding ¢6 thé [ay n = 1;

R - dién trés ndn tiép (dién 1rd trong) cla pin Mt Trési (Q/m?) ¢

R, - di¢n G son (dien rd do) ({/m?) va

q - dien tich cta dién tr (O,

Thong thudimg di¢n tré son R, rdt [on vi vity 6 thé bd qua s6 hang cudi trong bicu thic
(4.10). Pudmg dic trumg sing Von-Ampe ¢ia pin Mit Troi cho béi bieu thite ¢6 dang nhu dudng
cong trong hinh 4.11h. Cé 3 diém quan trong trén dudng dac trung nay:

- Dong dodan mach T,-;

- Th& hamach V- vaa

- Biem lun viée cong suat cuc dai Py,
4.2.2.2 — Dong dodn mach I,

Dong doan mach Iy T dong dién trong mach cuia pin Mat Trdi khi mach ngoai ctia pin bi
chap Lan € di¢n ra vivhiéu dién the mach ngoai bang 03, Khi dé, tir phuong trinh (4,107 ta ¢é:

qR [ -
| oo=1 =T lexp 2% _]j- 3>3“ (4.11)
s¢ph s nkT R
sh
O cic didu kicn chiéu sang binh thuong (khong <6 hoi ty) thi hicu tng dién ud noi Lép
Ry ¢6 the bo qua, vitl, = 0 vado dé tlr (4.8) ¢6 thé suy ra:

1 =1 —al

8¢ ph
trong do : E fa cuong do sdng. o la mot h¢ 56 (y 1. Nhur vay & diéu kién binh thudng, dong doan
mach Iy cua pin Mat Tedi ty 16 thudn vai cutmg do biic xa chicu sdng. Hinh 4.12 cho thay cic
duting dac rung V — A clia pin Mat Trai phu thuge vio cimg do chidn sdng. Vi pin Mat 1o
tinh thé Si | 1=30majem® khi cuong do birc xa t6i E, = 1000 W/m® va & nhiét do T = 25" C.
DPuong cham chim 1a didng ndi cic diem lam viec 161 vu o cong suat cye dui & cic cuong do

birc x4 khic nhau.
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Hinh 4.12- Su phu thuge cia dac trung V-A cda pin Mat Tedi vie euding dé bire xa Mat Trén,
4.2.2.3- Thé homach V.

Thé ha mach V- 1a higu dién thé dugce do khi mach ngoai cua pin Mit Troi ho (R = =),
Khi dé dong mach ngoai 1= 0. Tir biéu thire (4.10) vi gid thigt R, rdt 16n ta 6 thé xic dinh V.

nhd bicu thie sau:

[, 1
nkT h 5

V . [ —— ll'l _P. . .
oc q 1
5
, e ~ nky, ph

vily >> 10 nén ¢ the viet V = n - - 413

oc¢ q ]s

Trong biéu thife (4.13) ta thay V.. phu thudc viwo nhigt do mot cdch true tiép (thira s6 T &
trude bidu thife) vh gidn Gép qua dong bio hoa I, Nhir dd biél, dong bdo hoa I, 1a dong cdc hat
1ai dién khong co ban duoc 1ao ra do kich thich nhigt va hi gia toc hoi dién trudng uep xue. Khi
nhiét do cta pin Mat Troi tang dong bdo hoi I, ciing Lang lén theo haun mi :

[, =qAg

Ly =qALlpg, |exp -

E 0
Sth I\

T (4.14)

A
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E, )|
(’)'dfly o £ expl — - ~ I
sth 4] kT |

L,

trong biéu thic (4.14), A la dién tich bé mat tép xdc pn, g, la mat do hat din duoc tao ra do
kich thich nhiét trong 16p ti€p xic, g, = g, khi T = oo duge goi 1a hié 5o kich thich nhiér. Dat cic
biéu thife nay vao bidu thic (4.13) ta ¢é:

Eg nkT Lpg,A
Ve == — In———
q q KNph :

Tir d6 ta thdy, chi khi T = 0 thi méi thu duge & cde ddu ra clia 1ép xde pn dien the bang
thé nang E./q cuacape - h'. Con khi T'> 0 thi :

<
A
o=

L4AY 4

1,00 =—=

0.73 ¢

0.50 b E = const

40" c

\
L Luw

0 0,53 .60 0,72

au" ¢

Hinh 4.13- Sy phu 1hudce cita dac trung sdng V-A cta pin Mat Trén vio nhigt do cha pin.

Su khdc nhau gifta cdc th€ nang khi T = 0 va khi T > 0 phu thude vao ii¢ so kich thich
nliiér g, va vao hiéu suat gop K. Khi chiéu sang véi cudng doé sing cao thi N, tang Ién va v,
cang gan (6i gid tri E/q. Ngoaira, V,, tang theo ham loga vdi dong quang dien Ip, ma dén luot
no lal 1ang tuyén tinh véi cudng dé bire xa chidu sdng. Ké&t qua 1h the hd mach V. ting theo
ham loga theo cudng do biic xa chi€u sdng va gidm tuyén tinh khi nhiét do cha pin Mat Tran
tang. o1 v6i pin Mat Trod tinh thé Si, khi nhiét dé tang trong khodng tir 20'C dén 100°C thi V.-

gidm khoing 2mV/'C, con dong quang dién tang 1&n  khoidng 0.03mA/cm’"C. Hinh 4.13 cho
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thily su phu thuge cua dac trng sdng V--A cta pin Mat Troi tinh thé Si vio nhiét do trong
khoang nhiet do tir — 40 "C dén + 60" C.

4.2.2.4- Biém lam viéc voi cong sudi cue dai

Xétmot duting dac rumg VA coa pin Mat Trdi déi véi mot cutme, d6 bic xa cho trude
viv o nhiét do xde dinh. Néu cdc cue cla pin Mat Il duge noi vai mét 1al tieu thu dién R thi
diém car nhau coa dudmg diic trung V-A cia pin Mat Troi v dusng dac trung cla tai trong toa
do OIV 1a diém fam vide cla pin Mat Trai. Néu tai tiéu thu dien cia mot pin Mat Tréi 1a mot tai
dién trg Ohm thudn, thi dudng dic wung tai 1a mot duong thing qua goc toa do va ¢6 do nghiéng
o doi vén truc OV vivtge = I/R trén hinh 4.14. Trong trudng hop nay. cong suit pin Mit Tro

cap cho tai chi phu thudc vaoe gid i dicén tré R.

Trong toa do OIV, cong suit pin Mat Trdi ¢ip cho tai R bang dién tich hinh chir nhat
gidi han boi hoanh do vi tung do cla diem 1am viec. Vai cic gid tri R khidc nhau, cdc diém lam
viéc € khdac nhau va do dé céng sudt tdi tiéu thy cing khic nhau. Tén tai mét gid tri R = R,y
ma tai dé cong suat tai néu thu a cue dai. Diém lam viéc tng v&i cong suat cue dai. diém A trén
hinh 4.14. la diém ép xdc gifta dudng dac trung V- A cla pin Mat Troi v dudng cong suél

khong doi (duting cong sudt khong doi [V=const Ia cic dudng hypecbal).

Hinh 4.44- Diém lam vicc va didm [am vige cong suat eye dal.

Gia trj cta dién trdés tal 61 1 Ry, duge xde dinh i cde thé va ddng cla no theo dinh luit
Ohm:

g1



R, oo 4.15
Opt — _] o ( ] )
opt

O di¢u kién cudng do bac xa Khong doi va d nhiét do cho trude ta thay:

- Néu dién ro tai R nho, R« R, . pin Mat Trifi s¢ lam vice tong mién MN (hinh 4.14)
[3 mién ma cudng do dong dién gian nhu khong déi va gdn bang dong doan mach L.

- N€u di¢n wértai R [6n, R » R, . pin Mat Troi lam viée trong micn PS (hinh 4.14), voi
hien dien the gan nhir khéng doi va bing thé hd mach V..

RO rang Ta pin Mat Trei chi lam viée ¢6 hiéu qua khi tii tigu thu dién cd gid tri lan can
R, . Diéu nity khong phii lic nio ciing dé dang dat duroe boi vi dicm [am viee ngay déi vai mét
mady tieu thy dien ciing thay doi. Ngoai ra bite xa Mat 'T'rén viv nhiét do cia moi trudng thay doi
lién tuc theo thai gian, nén dudng dic trupg V-A clia pin Mat Troi ciing thay déi va do do 1am
dich chuyén dicm Fm viee ra khoi diém Lun vige 180 wu.
4.2.2.5- Cdc tham s6 anh hiwong dén ché do lam viéc va hiéu suat cda pin Mdt Troi

(o nam thant s6 dnh hudng dén ché do lam vidge vithiéu sult cia pin MacTron. D6 1a:

- Bién ré noi (dién o ngi eEp) Ry s

- Pien ura son Ry, ;

- Déng bio hoa [,

Cdc tham s6 trén duoe goi la cac tham 6 “chil quan™ cua pin Mat Troi. Hai tham s6
“khach quan™ khidc la:

- Cuding do bie xa MatTrot &

- Nhiét dé cua pin T,

O diéu kién biic xa binh thuong {(khéng hoi 1) cdc tham s6 wrén ¢6 thé xem nhu cdce
tham 6 doc lap. chi irir dong dién bao hoa I va nhiet do 1.

Pién 1rd son Ry, dic trung cho dong do qua ldp tiép xdc pn, phu thude vio cong nghé
ché tao 16p tép xiic. Thong thudmg gid trl ca R, kha lan, nén dong do ¢ thé bo qua.

bi¢n trdh ndi Ry 1 tong cha cdc dién o dién rd ép xic gifa dicn cue dudi va bian din
p. R, : dién rd 1ép ban dan loai p, R, ; dién tra [dp ban dan loai n, R, ; dign tro uép xdc giira bdan
din n Vi cue kim loai trén, R, dién tra cda cuc ludt kim loal mat rén , R va dién tr¢ ca cdc

thanh gop kim loai mat rén, R, (hinh 4. 15). Tic 1a:



6
Ry=D Rj =Ry +Ry+R3+Ry+Rs+R (4.16)
1=1

Su tang Ry hodc sy giam Ry, anh huong xdu dén cong suat phat dién cua pin Mat Tro.
Vé mat dé thi, cic dién trd nay s& lam bién doi dang cua dudng dac trung Von-Ampe cua pin
Mat Troi. Rq gay ra su giam do nghiéng cua dudng dac trung 1 = f(V) trong mién pin lam viéc
nhu mot nguon the., Con dién tro son Ry, lam tang géc nghiéng cua duong dac trung trong mién

pin Mat Troi lam viéc nhu mot nguon dong (hinh 4.16) .

(A

0,15

0,10

0,05

0 0 WY

.2 0.4 @B.6

Hinh 2.16- Dac trung sang V-A cta pin Mat Troi phu thuoc dién tra son Ry,



4.2.2.6- Hiéu sudt bien doi quang- dién cua pin Mdt Troi

Cong suat dinh (peak power) clia pin Mat Trai 12 cong sudt do pin Mat Troi phit ra khi
nG lam viee ¢ di¢m lam viée (01 vu dudi biic xa c6 cudmg do 1000W/m? va o nhiét do 25°C. Cong

suilt dinh duoe do bing odtpic (Wp) hay kiloodtpic (kWp.

[iéu suat bien doi quang dién cta pin Mat Trdi 13 1y 56 giita cong suat dicn dinh va 16ng
nang lugng bite Xa 61 pin Mat Troi ¢ mot nhiét do cho trude:

P
n= 2P (100%) (4.17)
Ao

trong dd: n - hiéu sudt bién doi quang dicn (%) ;
A - dién tich bén mat pin Mat Troi duge chidu sang (m’) ;
E, - cudmg do biic xa chuan = 1000 W/m®.

D01 v6i pin Mal Tron tinh thé Si thuong mai, v thudng vio khoang tir (12+15)% . Irong
phong thi nghiem. v da ¢6 thé dat dén (20:22)%

Nhur da not, nhigt do ¢6 anh huong [én cic dic trung et pin Mat Trot. Cu thé 1a. dong
quang di¢n tang theo nhiet do véi gid 1ri 0,1% khi nhiet do tang 1'C hay 0,03mA/'C.em’. Su tang
dong quang di¢n cta pin Mat Troi 12 do sy giam do rong ving cdm cua vét ligu E, khi nhiét do
tang theo dinh luat:

-

al
T+b

E, (T)=E

=

L0y - {d.18)

o=

V@i a va b la cic hang s phy thudc vao vat liéu, E(0) la do rong ving cim cua vat lidu

& T= 0"K. Bing 4.1 cho cdc gid trj cua E,(0), a v b cla vai var liéu pin Mat Trai dién hinh,

Bang 4.1- Cidc gid tri E,, a v2 b ciia Si vd GaAs

EL0) (eV) 210evs [ bk |
Si 1.16 7 1100 ‘
i GuAs _ 1.52 5.8 300 i

The ha mach Vi, giam mot cich tuyén tinh véi sif tang nhict do vi dong bio hoa [ tang
theo ham mi. Dong hao hoa 1a dong cta cde hat tdi khéng co ban duoc tao ra do kich thich

nhiét. Sy phy thude cta dong bio hoa vao nhiét do c6 the bi¢u dién nhu sau:
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F‘%
[ =1, exp(~ _I\%) (4.19
rong do I, = I (T = =) = qALy,g, (xem cong thitc 4.14) dong vai trd 1a mét he sty 1é.

Két qua 1a cong sudt cuc dai ¢6 thé cia pin Mat Trdi bi giam khoang 0,35% khi nhiét do
tang 1" C vi vi the hiéu suat ciia pin Mat Tron cling bi giam vdi hé s nhu vay. Hinh 4.17 biéu

dien su giam cla hidu suat bin déi quang dien theo nhiét do doi véi cac var iéu Siva GaAs,

15 . 5 [y
aligu sudt (%)

30 ¢

20 ¢

10 ¢
i ) 1.5

4 A M 3 .
300 400 5300 600 T(K)

Hink 4.17- Su phu thude coa higu suat pin Mat Tréi vio nhiét dé.
4.2.2.7 - Thira 5o lap diy (Fill Factor)

Thira 50 1ap day FF Ia ty s& gilfa cong suat dinh Pou=V <l vatichse V, =1

i

AV |
Fp ot opt

VOC I sC

{4.20)
Tt bicu thite (4.17) ta ¢6 thé bi¢u dién hién suit bién ddi quang dién cha pin Mit Tros
qua thira 50 1ap day nhursau. Vi P, =V _ lopt = VI FF, nen:
Vool
N =IFF—22% (100%) (4.21)
AEo
Thong thudmg d6i vai cdc pin Mat Trdi thuong mai thi gid trj ca FF > 0.7,
4.3. CONG NGHE CHE TAO PIN MAT TROI TINH THE Si

Hién nay, khoing 90% cdc pin Mit Trai duge san xudt va tmg dung la cdc pin Mat Tréi

tir var ligu silicon (Si) tinh the hay vo dinh hinh, nhung chii yéu i dang tinh thé. Vi vay dudi day
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ta chi nghién citu cong nghé ché tac pin Mart i tinh the Si. Qua trinh cong nghé¢ nay bao pom

6 cong doan nhu sau:
- S¢ loc cdt thach anh dé 6 silicon ¢ d6 sach k§ thuat (d6 sach luyén kim)
- Lam sach ti€p dé cd silicon ¢6 do sach ban dan ;
- Tao cdc don tinh thé Si tir silicon ¢é do sach bin dan :
- Phu tap dé cé Si-n v Si-p va tao tiép xic pn ;
- Tao tiép xiic dién, dién cuc, 16p chong phan xa ;

- Tao modun. kiém tra. phan loai.

4.3.1- So loc cat thach anh dé€ ¢6 silicon ¢6 dé sach k¥ thuat

Cdt ding lam vat Héu ban ddu ché o Si phai la cit giau thach anh §iQ, (ham Tuong
Si0, vao khoang 90% hoac cao hon). Trong 16 ho quang nhi¢t do cao, Si(), duge cho phan g

v6i cacbon (C) dé cho silicon (Si) c6 do sach k¥ thuat theo phan tng:
S10, + 2C — Si+2C0
4.3.2- Lam sach tiép dé cé silicon c6 d¢ sach ban dan
C6 ba cong nghé chinh dé lam sach Si dén do sach ban dan:
- Qua trinh silan
- Qua trinh silicon fluorid ;
- Qua4 trinh trichlorosilan.

Quu trinh trichlorosilan do Cong ty Siemens nghién ciu iing dung ja mét qud trinh 11éu
chuan dé lam sach Si ¢6 d¢ sach k§ thuat. Qud trinh nay nhu sau:

Trong mot thung dung bot Si ¢é do sach k¥ thudt ngusi ta d6 axit clohydric long vao va

dung chat xuc tic 1a déng, Si va HCI phan ttng theo phuang trinh sau day:
Si+31HCl - SiHCL +H, T
(trichlorosilan)

Sau dé bang phuang phap chung cit nhiét nguoi ta tyo duoc S1IHCY, dudi dang hat kho va
11<p d6 ding phuong phdp boc hai ngudi ta thu duoc Si ¢é do sach bian dan

SiHCl, Y Si + khi hoc hoi

San pham thu dugc 14 vat liéu da tinh thé goém cac hat don tnh thé Si nho.
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4.3.3- Tao don tinh thé Si

C6 thé 1o cdc don tinh thé Si dudi dang thanh ((hdi), dang tam hoic dang bang. Cic
céng nghé tao don tinh thé duge dilng phé bién 12 cong nghe Czochralski, cong nghé viing néi va

cong nghé trao doi nhi¢t. Dudi day chiing ta & gidi thieu cac cong nghé dé.
. Ky thudt tao thanh don tink thé Si bing cong nghé Czochralski (€Cz)

Trong k¥ thudt nay nguoi ta gan vao dau dudi cia mét can hinh tru mot miam don tinh
thé Si va né duge nhing vio mot néi Si néng chay (hinh 4.18). Sau dé vita kéo 1én vira quay cén
v6i mot toc do duoe kiém sodt chat ché (thuding tée do kéo va quay nho hon 10cm/gids). Si long
bi kéo 1én, két tinh din va tao thanh thoi Si don tinh thé. Cac thdi Si don tinh thé dién hinh cé
duding kinh tir 7.5 dén 10 cm va chiéu dai 1 d&€n 1,5m. Thong thuding nguoi ta pha luon tap chat
Bo vao ndi dé ¢6 duoge thoi tinh thé Si loai p. PE giam gid thanh sin pham ngudi ta con lap dat
thém mot thiét bi cho phép lién tuc cho vat lién vao ndi va do d6 ¢6 (thé “kéo" lién tuc cic thoi
tinh thé. Dung qud trinh kéo lién tue nay c6 thé tao ra duge céc théi Sitinh thé ¢é dudng kinh

15 cm va chiéndai 1.5 m.

1

[l
Cudn dot Thoi tinh
cao tan B thé Si
== N&i Graphite
Sinéng chay
Si0,-ong
graphite

Hink 4.18- So dd che o don tinh (hé Si bang phuong phép Cz.
b. Tao thoi don tinh thé Si bang kj thudt ving noi

P¢ 1i¢n hanh tao don tinh thé Si bang k¥ thuat viing néi, trude hét cidn mot thoi da tinh
thé (thuting ¢ dang hinh wru) vi mot mam tinh thé Si. Ngudi ta gin mdm vio ddu dudi cla thoi,
Sau dé cd thoi vi mdm duge dua vao ong mot cuodn day dién trd lam o nung (hinh 4.19). Cudn
day dién trd ¢6 thé chuyén dong doc theo thoi. Dau tién dich chuyén cuon day dé phin da tinh

thé gifta mam va thoi néng chay. Sau dé cho cuén day chuyén dong dan lén phia trén (ving
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néng chdy chuyén dong din lén theo cudn day) thi cac phin thoi da tinh thé bi néng chay ke
tinh lai din dan thanh mot thoi don tinh thé.

Ving néng Thoi da tinh thé Si
chay

Hudng dich chuyén
Cuén dot dich ciia cudn day
chuyén duce

Pon tinh thé Si mam

Hink 4.19- So dd ché tao tinh thé Si bang phuong phip ving nai.

D¢ hoan thién qua trinh ket tinh don tinh thé 6 thé cho cuon day chay lén xudng mot sé
chu trinh.

Nhuge diém cha k¥ thuit nay la kha nang tich tap chdt ra khoi thdi don tinh thé kém hon
k¥ thuat Cz vi khoi lugng va thé tich viing ndng chay 1a nhé. Nhung mat khiac né c6 wu didm 12
tranh duge sy lam ban thoi tinh thé vi cudn day khong ti€p xiic véi thoi. Trong ki thuat Cz. su

tam ban bdi oxy, do vat lieu truc tip duge nung trong néi, 1 mot kho khan ddng k¢,
c. Ky thudt trao doi nhiét (HEM- Heat Exchange Method)

Trong k¥ thuat HEM, Si néng chay duoc 1am déng dac xung quanh mot mam tinh the d¢
ta0 ra cdc khoi don tinh thé Si gan hoan hao dang khai trong diéu kién duoe kiém sodt nghiém
ngat. Mot phuong phdp dic méi cho phép diing vat liéu néng chdy c6 tap chit thay cho mam
tinh thé ban ddu . K§ thuat nay da cho phép tao duge vat lieu d¢ san xudt cic pint Mat Troi hinh

vuong ¢d hidéu suat dén 15,5%.
4.3.4- Cit théi Si don tinh thé thanh cac phién Si

TruGe hét ngudi ta cat got khdi tinh thé Si sau khi nudi dé thdi ¢ dang hinh try déng
déu, thudng c6 dudng kinh D = 7,5 — 10 cm. Sau d6 ding cua diamang. cua day hoac tia laser
cit thoi thanh cdc phi¢n hinh diu rdn ¢6 chiéu day ¢ 0.3 - 0.5 mm. Sau dé mai nhan vi Lun
sach bé mat cdc phicn bang phuong phdp an mon hod hoc dé khir cdc khuyét tat bé mit do qud
trinh cua cat gay ra. Pong thoi sy an mon hod hoc tao cho bé mat phién bi “gd ghé” nham lam
giam phdn xa dnh sang. Khodng 50% vat li¢u bi mat di do qud trinh cira cdt va an mon niy. Vi
vay, hi¢n nay ngudi ta con dung cic k¥ thudt ché tao cdc don tinh thé Si dudi dang bang (LEF()

hoac dang taim (DWG) ¢6 do day yéu cdu d¢ irdnh cdc khiu cua cir, an mon. ...
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Trong k¥ thudr “kéo™ tam don tink thé bdng khuén (EFG) ngudi (a nhiing khuon ¢6 mot
khe hep vao mot noi Si néng chiy. Phia trén khuon cé dat mét mam don tinh thé Si (hinh 4.20).
Si long dang len theo khe do hién trong mao din va sau dé bam vio mam. Khi kéo tim Si din
len (v 16c dg Khoang | Sem/phit), Si long ngudi va két tinh tao ra bang don tinh thé Si, thudng
€6 do day 25+100um, do rong 2+Sem. Vat licu lam khudn 8t nhat 1a graphit. Nhuge diém cua
k¥ thuat nay [a s lam ban biang Si do khuén va Si léng 1iép xiic trre nép voi nhau. Ngoil ra su
an mon khuon cling 14 mot van dé lon.

- Ky thudt “kéo” tam don tinh thé Si (DWG) duge thue hién nhur sau:

Trude hét cin che tao mot “khuon™ bing don tinh thé Si ¢ dung hinh mdng hop, chiéu
rong khoang 50mm, chiéu dai tir 5 d€n 10 cm. Sau d6 nhing dau dusi kKhuon vio néi Si nong
chay. St long bam vao khuén va nguoi di mot it. Khi tie tir kéo khuon 1én thi “tdm™ Si long giifa
khuon bi fanh di va két tinh thanh tdm don tinh thé Si (hinh 4.21). Phuong phdp nay tranh duge
su lam ban 1dm Si vi khong diing khuon vat liéu khic, do do da cho cic pin Mat Troi ¢é hiéu
suat dén 15%.

Chidu day ]
20 = 100 mm

Buong kéttinh «-

Ving nang
chay ~1

S5ilong

Hinh 4.20- So d6 thiét bi “kéo™ tam don tmb thé bing khuon EFG.

Nhuge diem cha ky thudt nay 1d doi héi diéu chinh nhiét do chinh xdc va téc do kéo
phai rat cham. Ngodi ra ngudi ta ciing phai ciit cde tam duge kéo niy dé duge do day yéu ciu vi

nhu vay lat phai hao phi mot phin vat liéu.
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Chuyén dong M

Bang tinh thé T " tinh thé
Ong cho Si
|

‘50 mm

|
|
|
I

Vung Silicon 1ong

A

l
l Lo
I

j

Cudn dét 1o

Hinh 4.21- So d6 thiét bi “kéo™ tam don tinh thé bang phuong phap DWG.
4.3.5- Tao tiép xac pn

C6 hai phuong phap dién hinh tao 16p tiép xtic ban din pn la khuéch tdn nhiél va cay ion,
a- Phuwong phdap khuéch tan nhiét

Tir cdc phién Si don tinh the dé ¢ dirge Si loal n ngudi ta ding tap 14 photpho (P}, con dé
¢6 Si loai p dung tap 1a bo (B). Cic ngudn tap c6 thé 1a ran nhu cdc mudi P,O;, B0, 16ng nhu
PQOCI,, BBr, hoac khi nhu PH,, BCl.. Qui trinh cong nghe pha tap (ir cdc vat ligu ban déu ran.
léng hodc khi durgc mo ta trong cdc so d6 hinh 4.22 va 4.23,

Vi du. dé tao n- Si, ngudi ta dat mudi rin P,Q, vao 1o ciing véi cc phién Si. O nhigt do
khodng 950°C, P,O; bi béc hoi. Ding hén hop khi (N,+0,) theo mot ty lé thich hop fam Al
mang va 1héi qua hoi tap chat P,Os t61 cdc phién Si di duoc nung ndng & nhiét do cao v céc
nguyén tlr P s& xam nhap vio bé mit cdc phién Si dé tao ra bin dan Si loai n. n-St. Néu nguon
tap 1a long nhu POCI, thi hon hop khi mang ditge chon theo ty [& N, 0, = 3 :1 . Sau thtn gran
khuéch tan nhiét khoang 10 phit, dat duge 18p pha tap ¢6 chiéo day ¢& 0,25um.

Su tao 16p tiép xaic pn thye hién theo dinh luat khuéch tan Pick. Theo dinh luat nay thi
cdc nguyén tu s€ Khuéch tin tir noi ¢ ndng d6 cao dén noi ¢d néng 4o thap. 16¢ do khuéch tdn
va do sau khuéch tan phu thudc vao nhiét do va thai gian khu&ch tdn. Ngudi ta ding mot tam de
1a tinh thé Si loai p {p-Si} dugc pha tap bo vdi néng do (0" nguyén tif bo/cm’, sau dé pha lén
tam d& mot 16p photpho (P) va dua vdo budng khuéch tdn ¢6 nhi¢t do khoang 900-950"C. Khi P
khuéch tan vao tam d¢ dé tao thanh mot 1dp n-Si cé do day khoang 1.2 - 1,5 pm thi ngudi ta ha

nhiét do dé cham dit qua trinh khuéceh tdn. Lép ti€p xic pn ja mét 1dp mong trong 46 néng do
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tap chuyén tir P sang B vi tiép xiic pn dugce xem [a dat tai bién gidi ma trén do nong dé Pva Bla

bang nhau.

Do nong do P ¢ bé mat cua 16p ti€p xic rat cao tham chi ngay ca sau qua trinh khuéch

tan, P va Si tac dung véi nhau tao ra mot 16p bé mat duge goi 13 “1ép chét’” ¢6 dien trd cao va 4

nguyen nhin giy ra sy tdi hop di¢n t4- 16 tréng. lam giam hiéu suat coa pin quang di¢n. Vi vay

phai cat bo 16p nay di.

Vihon 50% dnh sang Mat Troi t6i pin Mat Troi bi hdp thu trude hét chi & mot 16p bé

mat chi¢u day 3um ¢ sit bé mat, phin con lai ctia dnh sdng M Troi dugc hap thu & Igp tiép

theo ¢6 do day 300um. Vi vay pin Mat Troi nén duge ché tao sao cho phia trén 13 mot 16p

Colector mong (chiéu day < 3pm) va ti€p d6 1a mot 1dp d& day nhung ¢6 do linh dong cia hat tai

cao dé cdc hyt Lai c6 the chuyén dong vé I6p tiép xtic pn va vé dién cue khi ching duge tao ra

trong mién nay.

Lo khuéch tin

Ong thach anh

B,0, 51 phign

Tl
4
e
=

Téi 10 khuéch tin

—

n

b
N

Hinh 4.22- Phuong phap khuéch tin nhiét ché tao ban dan tap chat p-Si .
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b- Cong nghé ban cdy ion

Cic phién Si duge dat rude cac dia son nang lugng cao. Tuy theo mudn ché tao n-Si hoidc
p-Si md ngudi ta dimg cdc "dan” ion 13 P hay B. Nha thay doi cudng do tia ion ¢6 thé thay doi
chiéu sau dam xuyén cia cdc ion. Bé mar Si sau d6 phai 0 bang tia laser hodc tia dién wr dé khu
cdc hir hong bé mar do ion ban phd vio mang tinh thé ¢ gan bé mat. Lop tiép xtc pn tao bang
phuong phiap cay ion khong khdc gi nhiéu so véi tao bang phuong phdp khuéch tan nhiét. Chiéu
siu cha I8p pn vao c& 0,25um. Mat do cic tap chat bién déi tir [0 nguyén tifem” & 16p Liép xiie
dén 107 nguyérn tifem” 1ai bé mit. Un diém cda phuong phdp nay so véi phuong phiap khuéch
tdn nhigt [a can dung it nang Jugng hon, kha nang san xuat 1on hon vi don gian va dé dang khéng

ché chiéu sau 16p pha tap va ndng dé tap hon.

L& khuéch tin

Téi 1o khuéch tan Téi 10 khuech tan

Ty 4

Hinh 4.23- Tao ban din n- $i bang phuong phdp khuéch tan nhiét.



4.3.6- Tao 16p tiép xiic ohmic

Vat lieu lam dién cuc ti€p xic phii co do ddn 16t va vira phai bim dinh (6t ban dan.
Ngodi ra d6i véi dién cue mal trén cdn phai thiét ké sao cho anh sing Mat Troi cé thé dén duge
tuep xic pn. Can phai diéu hoa giita van dé che sing va dién tr& cia dién cuc. Thong thudng tiép
Xtic mat trén duge tao dudt dang ludi bang vat licu din dién t6t va che khong qud 10% dién tich

mat pin. €6 hai phuong phdp tao dién cyc thudmg ducc dimg 12 :
- Boc hai trong chan khong va
- In ludi,
Ti€p xiic mat dusi c6 thé don gian 12 mot Idp kim loai nén khong c6 van dé gi 16n.
Tiep xtic kim loai lam dién cuc thuting duge ché tao gém 3 16p:
- Lop mong nitan (Ti) lam iSp 16t dudi cung vi Ti bam dinh Si rat .

- Lp gitta 14 16p palladi (PI) d€ ngin phan tng hod hoc giita lap d¢ (Ti) va 16p trén cung
1a bac (Ag).

- L6p bac (Ag) rén cliing cho do din cao va dé han, Cic 1dp tiép xiic nay sau do phéi 0 §
500°C- 600°C dé€ tao lién ket t6t va lam giam dién ro ti€p xc.

4.3.7- Phu 16p chéng phian xa anh sing

Anh sing /

Ludi dién cuc

Miing chang
-== phan xa

Lap 1iép xic p-n

Bién cwe dudi

Hinh 4.24- So d5 cdu tric mot pin Mat Tréi Si dién hinh.
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Si chua xtr ly phan xa dén 30% dnh sang tdi. Mot 16p chéng phan xa nhu SiO, ¢6 thé lam
giam phan xa xuong 10%. Néu dung 2 16p chéng phan xa thi ¢6 thé lam giam phan xa xuéng
dudi 3%. Céc vat lieu dung lam vat lieu chéng phan xa la SiO,, TiO, va Ta,Os. Cong nghé boc
hoi trong chan khong 12 cong nghé thich hop dé tao 16p chong phan xa.

Hinh 4.24 1a so d6 cdu tric mot pin Mat Trai tinh thé Si da hoan thién. N6 bao gém cic
thanh phén: 16p chéng phan xa dnh sang, luéi dién cuc trén, tiép xdc ban din np- Si, 16p dién cuc
dudi.

4.3.8- Dong goi cac pin Mat Troi thanh modun

Cac pin Mat Troi sé phai lam viéc ¢ diéu kién ngoai troi lau dai. Vi vay dé bao vé cac 16p
ti€p xidc va day noi, bao vé vat liéu cach dién va do do tang tudi tho pin Mat Trdi can phai dong
kin pin Mat Troi trong cdc vat liéu trong suot. Tat nhién khong thé déng gbi timg pin mot ma
ngudi ta dong goi hang chuc pin tao ra mét modun (tdim) pin Mat Troi. Cén phai lua chon cdc

pin hoan toan hoac gin hoan toan giéng nhau vé cac dac trung quang dién va co hoc dé xép vao
mot modun.

Tam kinh phia trén

Tam keo EVA

Lép cdc pin mat troi da
han ghép dién

Tam keo EVA

Tam day

a)

Hinh 4.25- Cic I6p vat liéu trong mot modun trude khi ép (a) va modun pin Mat Troi hoan thién (b).
Trude hét dung mot tam goi 1a tdm két cdu dé tao do cing cho modun. Tam nay c6 thé
lam tam mat sau (hinh 4.25a). Sau d6 nguoi ta xép lén tim d&€ mot tim keo EVA (Ethylene

Vinyl Acetate) hay PVB (Polyvinyl Butyrel) trong suét. Tiép dé la 16p cac pin Mat Troi da han

noi theo thiét ké. Trén cung la tam thuy tinh chuyén dung.
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Ca h¢ cdu irtic trén sau d6 dugc dat 1én ban ép & trong buéng chan khong cé he gia nhiét.
Trude het ngudi ta tao chan khong (khoang 107" - 10*mmHg) va sau d6 nang nhiét do budng ép
lén khodng 100—130"C. O nhiét do nay, cic tam keo EVA, PVB bi néng chay va ducc ép chat
fal. He thong duoc lam ngudi va ta & duge mot modun pin Mat Tedi dusi dang banh kep va cich
Iy hoan toan véi moi truong (rtr cac dau dién cye). Cudi cling ngidi ta lap khung cho modun
{hinh 4.25h).

Viéc do dac, kiém tra cdc thong $6 quang dién duge tién hanh nghiém ngat doi véi timg
pin Mat Trdi {sau cong doan 4.3.7) v modun (sau cong doan 4.3.8). Biic xa dé kiém tra ngudn
c6 thé 1a bitc xa Mat Tréi t nhién hoac nhan tao ¢6 cuong do chudn E, = 1 000W/m? va do &

nhiét do chudn 1, = 25°C.

4.4. CAC VAT LIEU VA PIN MAT TROI VO DINH HiNH
4.4.1- Vit liéu pin Mat Troi

Thong s6 quan trong anh hudng dén hicu sual bién déi quang dién ctia mot vat lieu pin
Mat Troi la do rong viing cdm cha né (biéu thiic 4.3). Ly thuyét va thue nghiém da cho thay
rang, dé c6 hiéu suat i = 8% thi do rong ving cam cia vat licu phat ¢ trong khoang 1,0¢V : 1,6
eV. Hinh 4.26 cho thiy su phu thudc cha hiéu sudt bign déi quang dién vao do rong ving cim E,
cuia maot s8 vat licu ¢ 300K.

T,
0.3 Cu,S
InP
029
|
|
1
|
|
0.1 L I
1
I
I
| |
. - ! -
0 1 2 3 F,(cV)

Hinh 4.26- Su phy thude clia hicu sudt quang dien vao do rong viing cam cila vat liéu ¢ 300K,

Ta thay rang, Si ¢6 ving cam E, = [,16 ¢V khong phai 1a vt liéu 6t nhat dé san xuit
pin Mat Troi. Nhung trén thi truong pin Mat Troi the gisi hién nay, hon 90% la pin Mat Troi Si

vi rang Si la vat ligu chinh clia cong nghiep dien tr. N6 da duoc nghién ciru khi day du va da

95



dugce san xudt & quy mo cong nghiép. Cic vat liéu khiac nhu InP, GaaAs, CdTe, AlSb, InP,... co do
rong viing cdm cling nam trong gidi han cho hiéu sudt cao ndéi trén. Cic pin Mat Trdi tir cac vat
fieu nay thuong duge ché tao dudi dang mang mong vo dinh hinh. Bang 4.2 cho hiéu suat bién
doi quang- dién 1y thuyet clia mot s& vat liéu pin Mat Trési.

Bdng 4.2- Hiéu suat 1y thuyét cia mot s6 val liéu pin Mat Troi

Vit liéu Ning luzgng ving cam {eV) Hiéu suit Iy thuyeét cuc dai (%)
Indi diselenid (CulnSe2) 1.04 13
Cadmi sulfid (CdS) 26 | i8
Silicon {51) 1.1 22
Cadmi tellurid (CdTe) 14 ) 25
Indi phosphorid (InP) 1.2 20
Gall arsenid (GaAx) i4 27
Alumi antimonid (AlSb) 1.6 27

Vian dé gid cao cua cdc pin Mit Trdi tinh thé Si 1a mot lI'Ong nhitng khé khan chinh cia
ting dung pin Mat Trdi hién nay. Mot trong cdc cong nghé trién vong dé giam gid pin Mat Tréi
la cong nghé mang mong vo dinh hink. Ngoai ra, nhe cong nghé nay ngudi ta khoéng nhimg ché
tao duge cdc pin ¢6 mot 16p tiép xic pn dién tich 16n ma cdn ¢6 thé tao duce cac pin Mat Troi

g0m nhiéu 16p Liép xiic pn ndi ti€p nhau cho hicu sudt bién doi quang- dién kha cao.
4.4.2- Vit liéu cho pin Mat Troi mang mong

Bang 4.3 trinh bay mot s6 vit liéu pin Mat Tréi mang vo dinh hinh di duge nghién ciiu,
phdt trién. Tir bing nay ta thay c6 mét s6 vat liéu khong c6 tinh dan dién ludng tinh (p va n}. Vi

vay doi v6i cac vat liéu nay ngudi ta thudng ding cdc cau tric nhu pin Mat Troi bat déng chat,

hang rao Schottky hoac cdu tric MIS (kim loai- cdch dién- ban din).

Cic cong nghé thong dung nhat dé ché tao pin Mat Troi mang mong dang duoc nghién
ctru tng dung hién nay bao gém:

a- Cae qud trinh chén khong

- Lang dong tir pha hoi (Evaporation Physical Vapour Deposition) PVD
- Epitaxy tudng ndng (Hot Wall Epitaxy) HWE
- Lang dong soif trao  (Sputter Deposition) 5D
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b- Cde qud trin kém theo phdu ting hod hoc ti pha hoi:

- Lang dong hoi hod hoc (Chemical Vapour Deposition) CvD
- Phan (ng hot ran (Solid Vapour Reaction) SVR
o- Cee gt trinds klide:

- Lang dong dién (Electrodeposition) ED

- In ludi (Sereen Printing) IP

Mot 56 cong nghé trong bang ¢6 thé true tiép ché tao duoc cic pin c6 chat luong cao,
nhung mét sd phuong phdp khdc lai doi hoi'cdc xit 1y phu kém theo nhu 0 nhiét do cao, 1 trong
moi trugmg khi dac biét, vov...

Bdng 4.3- Cic vat liéu doi véi pin Mat Troi mang mong

Vat licu Vg“(’i " | Loai o dan Vat lieu VE?(%:(\:;;”] L?i‘-gnd‘-)

a- Si 1.7 p-1-n Cd{Se.Te) 1517 p/n
a-(31.Ge) P33+ 1.7 p-1-n ZnTe 2.26 p

a- (Si-. () 1.7+22 p-i-n ZnSe 2.4 n
CulnSe, t.04 p/n Zn(Te.Se) 22224 p/n
CuGaSe, 1.68 p WSe, 1.3 p/n
Cu{In.Ga)Se, 1 04+ 1.68 p/n FeS, 0.3 p/n
CulnS. 1.5 p/n FeSi, 0.0 P
CdSe 1.7 n GaAs 1.4 pin
CdTe 15 p/n

Uu diém Ién nhat ciia cic ky thuat pin Mat Troi mang mong la kha nang tao ra cdc ciu
tric modun bang cdch dp dung lién 1i€p cdc phuong phip mat na, in hudi hay cat bing tia laser
nhur duge trinh bay trong s¢ dé hinh 4.27.

Vi vay ngudi ta 6 thé tao ra cde pin Mat Trdi ciu tric nhiéu 1dp phic tap, cé hinh dang
tuy y.

Hién nay hi¢u suat cla cdc pin Mit Trdi vé dinh hinh d3 dat duoc kha cao, trong khoang
tr8 dén 15%. Tuy nhién mot khé khin khdc dang duge quan tam nghién ciru gidi quyét [a do
on dinh theo thdi gian cua higu sudt bién ddi quang - dien cia pin khi lam viéc ngoai troi dai
ngay.

Du6i day s€ uinh bay mot cich ty mi hon cdc cong ngh¢ ché€ tao pin Mat Troi ming

mong, trén mot s6 vit liéu quan trong.
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dién cuc ludi
dién cuc luoi

a-Si

TCO: 16p oxit dan
/ trong suét

Thuy tinh Thuy tinh

:‘7\ b

oy Y

a9 Taoranh Bienaw
kimlow

Hinh 4.27- Cong nghé ché tao modun pin Mat Troi vo dinh hinh a-Si.
4.4.3- Pin Mat Troi mang mong
4.4.3.1- Pin Mat Troi vo dinh hinh Si (a-Si)

Silicon ¢ trang thdi vo dinh hinh ¢6 cdc tinh chét 1y hod khéc Si tinh thé. Vi du nhu ving
cam clia a-Si 12 viing cam truc ti€p c6 do rong khoang 1,7 eV va c6 thé thay doi mot cdch lien
tuc tir 1,3 eV dén 2,2 eV nho cdc pha tap Ge va C. Do linh dong ctia ciac hat tai bi giam manh so
v6i trong Si tinh thé. Vi vay dé tang qud trinh gép dién tich can phai dat vao 16p tiép xdc pn mot

dién truong cuoén.

Mot pin Mat Troi mang mong a- Si 1a cdu triic p- i - n (hinh 4.28) chi ¢6 t6ng do day nho
hon 1 pm, nén rat tiét kiém vé mat vat liéu.

Vi céc 16p chuyén TCO/ P- SiC; va i/n di duoc xdc dinh 1a nguyén nhan chinh gay ra t6n
hao do tdi hop cdc hat tai, nén cau tric p- i- n don gian ban diu da duoc cai ti€n bing cach dua

vao cdc 16p dém pha tap véi nong do thich hop va tham chi ¢ cdu tric siéu mang.

Su ché tao cic 16p mang a- Si thudng duoc thuc hién nhd cong nghé lang dong hoi hod
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hoc (CVD) tir hon hop silan. DE tao cau tric p-i- n ngudi ta ding mét day chuyén nhiéu buéng
noi ti€p nhir trén hinh 4.29. Cong nghé nhiéu budng néi ti€p nay trinh duoe sy lam ban vat licu

do cdc tap chat dua vao.

Tuong tdc bi suy giam

-SicG . .
Lép gidam (B?CI'||3)3) Lap dém siéu mong mdi
phén xa
\A v
E , 3
7 TCO P i n| g
= o

Hinh 4.28- Tiét dién ngang cia pin Mat 1rdi loai nity a-SiC,

Plasma
Clea Ll
™
LE
I
M J
Chan khong |

Budng n Budng i Budng p

Hink 4.29- So dé day chuyén san xuat pin Mat Trot a-Si.

Hi¢u sudt bién déi quang - dién cda PMT mang mong a- Si ¢é thé dat dén 13%. Nhung
¢ mot van dé rat dang duge quan tam 1a qué trinh “gia hod™ (gidm hiéu sudt theo thai gian) cha
pin Mat Trad loai nay khd nhanh. Qua trinh gid hod nay lai ¢ thé bi gia t6¢ manh hon do sur 1én
tai cac “lién két qua lic™ (dangling bonds) trong vat liéu khoi, né dong vai trd nhu cdc 1am tii
hop ¢6 thé gay ra cdc (6n hai nhuy phd v cdc lién k6t yéu (Si- H, Si- S1) vh hoac phd va cic lien

k€t cap. Co ché nay phai duge xem nhu 1a mét vin dé thuoe tinh cua pin Mat Trdi a- Si
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Su cai thién tinh 6n dinh ctia pin Mat Trdi a- Si khong thé chi c6 nang cao chat luong ciia
vat liéu, ma quan trong hon la tim cdc cdu tric thich hop.

Trén hinh 4.30 trinh bay mot cau tric pin nhiéu 16p ti€p xic. Véi cdu tric ndy ngudi ta
da thu dugc cdc pin Mat Troi ¢6 hiéu suat kha 6n dinh tir 10 dén 11.3%. Ngoai ra, mot cau tric
khac Ia "pin Mat Troi gap” nhu chi ra trén hinh 4.31 ciing da duoc thir nghiém. Cau tric nay cho

“do day quang hoc™ 16n hon mot cich ding ké so véi “ do day dién tir” ctia pin.

(@) o) ©

Hinh 4.30 - Cdc cau tric pin Mat Troi mang mong ¢6 2 va nhiéu 16p tiép xuc:
(a) ciing vat liéu: (b) vat liéu khac nhau trén d€ Al: (c) vat liéu khéc nhau trén dé thép khong gi.

Vé mat gid ca thi hién nay gid don vi (tinh trén 1 Wp) clia modun pin Mat Troi a- Si
cling vao ¢ gid ciia modun Si tinh thé. S& di nhu vay la do véi cong nghé san xuat pin a- Si hién
nay c6 toc do tao mang con thip (khoang 1um/gidy). DE gidm gid thanh, con dudng duy nhat 1
phdi lam tang qud trinh san xuat lén khoang 10 lan ma khong lam giam chat luong pin Mat
Troi. Hién nay nguoi ta da phat tri€n cong nghé tia lira dién siéu cao tan. Theo du bdo, ap dung
cong nghé mdi nay c6 thé giam gid pin Mat Troi a- Si xuéng 0,35USD/Wp. D6i véi viec sin
Xuat cdc pin a- Si ¢é dién tich TCO
16n doi hoi nhitng bién phap

dac biét dé duy tri su déng
nhat cua cdc dong khi va hén
hop khi cting nhu su phan bo
dién trudong va cdc thong so

plasma khac. Vi vay nguoi ta

da thiét ké mot loai thiét bi

ASI-PIN

moi duge goi la “lo phan

tng™ hay “budng phasma” dé  Hinh 4.31- Cau tric gap ciia mot pin Mat Trdsi vo dinh hinh Si véi
san xudt pin Mat Troi a- Si. sur lam tang do hap thu trong cdc mang mong I (100nm).
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4.4.3.2- Pin Mat Troi vo dinh hinh bdn dén hop chdt

Nhu dd cho thiy trong bang 4.2, phan 1dn cidc ban dan tap chit thich hop d6i v&i pin Mat
Troi vo dinh hinh ¢6 dé dan loai n hay p. Vi vay viéc tao ra cdc |dp tiép xdc pn hay p- i- n theo
phuong phdp nhur cla a-Si 14 khong phit hop. D6 vdi cde pin Mat Trdi ming méng bdn din hop
chat ngudi ta thudng phai ding cau tric 18p ti€p xidc khic chét (heterojunction) hodc edu tric
MIS (Metal - Isolation- Semiconductor).

Pé nang cao hiéu suat, 4nh sang tai }
e e D s e, Cidc trang tha: tiép pid

cdn b1 hap thu & mién lan can I6p tiép xiic pn. . : pEiEp
N N . . e Ving dan
V1 vy trong truong hop cua ciu tric tiép xic E

. khdc chit hay kiéu cau tnic khic chat duogce

tao boi 16 hop “clra s6”- “hip thu” thi co cdu

cdc lop tiép xiic “nong” 1a thich hop hon ca.

Tieép xdc pn

e
£
£
I
T
|
|
, ‘ -
Hinh 4.32 cho thiy mot so dé ving AV I Tiép xdc o™
nang luong cia mot 16p tiép xuc khdc chat chi |/

ra nguyén |y cita 56 - hdp thi: anh sang téi b Ey

hap thu truc tiép o 16p 1i€p xiic pn, néu viing Vg hod tri "

cam clia cita s loai n 1 di 16n, Cura s Chat hap thy

Mat khdc, vat licu lam cilra 56 va hap Lop dém
thu phai phit hgp véi nhau vé hing s6 mang . )
' Hinh 4.32- So dé viung nang lugng coa mét Iép

tinh thé, h¢ s¢ gidn nd nhiét va lyc lién két tiép xuic khdc chét co clra s6 nhiéu 16p.

dién 1 dé duy tri mat do trang thdi thip &

mién ti€p xiic {(xem hinh 4.32) né déng vai &d nhu cdc tam tdi hop va khong 1am 18n hao dién
thé. Ciing nhu da cho thay trén hinh, cdc I6p mang dém 1a can thiét dé lién ket gitta 1dp cira 58 va
16p hap thu. Viée lua chon mot Ydp dém thich hop 12 van dé rdt quan trong dé€ nang cao hi¢u suat
pin.

4.4.3.3- Pin Mdt Troi trén co so vat liéu CulnSe,

Pin Mat Tron vo dinh hinh hé CulnSe, ¢é hiéu sudt twong doi cao duge ché tao bing cach
boce hoi dong thai Cu, In va Se 1én mot d€ thuy tinh di phlt mot 16p méng Mo va sau dé duge k&
ti€p mot mang cira 56 CdS hodc (Za, Cd)S. Hinh 4.33 13 so dé cdu tric PMT loai nay.

Mang mong 4 thanh phin Cu(In, Ga)Se, (viét tat 12 CIGS) cho phép rat nhiéu kha nang
lua chon d6 réng ving cdm cua vat liéu hip thu. Day 12 vat liéu va cdu tric cho phép thu duoc

hiéu suit cao nhit va do d6 né 1a pin Mat Trdi ¢6 nhiéu trién vong nhat.
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‘Tuy nhién, so véi a-Si, vat liéu ma da dugc nghién ciu va hiéu biét tuong déi can ké, thi

cdc vat liéu trén co sd h¢ CulnSe, van con nhiéu van dé chua duge hiéu biét 1o rang. Vi du nhu

cdc van dé vé dong hoc cdc phan tmg tao thanh hop chat, céc tinh chat cia bién gid1 hat,v.v...

i lhv

Cira s0

Lép dém

Mang hip thu Cu(Ga,In)Se,
Ti€p xuc kim loai

Dé thuy tinh

Hinh 4.33- Cau triic dién hinh ciia mot pin Mat Trdi mang mong hé CulnSe,
4.4.3.4- Pin Mat Troi trén co so vt liéu CdTe (CdTe)
Uu diém ctia PMT he CdTe 1a it phu thuéc vao cong nghé ché tao, cic phuong phédp ché
tao khac nhau cho PMT ¢6 pham chat khong hon kém nhiéu.

Hinh 4.34 la so d6 mot pin Mat Troi hé CdTe. Véi cic pin ¢6 dién tich 1 + 4 cm? nguoi
ta da thu duoc hiéu suat tir 10 + 17%.

Tiép xic omic
CdTe
cds
TCO

D& thuy tinh

T 1w

Hinh 4.34- So d6 cdu tric cia mot pin Mat Troi hé vat lieu CdTe.

4 5- PIN MAT TROI NHIEU MUC NANG LUONG

4. S l- Nguwen Iy cia pin Mt Troi nhiéu mite nang luong

~Cho-dén day ta chi méi nghién ciu S0 do ht, thong pin Mat Troi hai mic hay hai viing
nang hrcmg va da chi ra ring giéi han thuc te LUcl hleu suat bién doi nang lugng cua pin Mat Troi
0 25 °C trén hé hai mic 1a 0,25. Mot trong cic 1y do quan trong cia hiéu suat thap trong hé
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théng hai mic 1a vi h¢ chi hap thu cdc photon (6i 6 nang luong thoa man diéu ki¢n hv > E, =L,
~ E,. Tt ca cdc photon c6 nang lugng hv < E, bi truyén qua vat lieu ma khong gay ra hi¢u tng
quang dién. Vi vay, ngudi ta da tim kifm cdc so d6 khic dé cé thé tan dung phan nang luong
truyén qua vi do d6 ¢4 1hé vugl qua gidi han hiéu sudt néi trén. Dudi day ta s& nghién ciu cdc he

thong pin Mart Ttoi bao gom mét s6 mife ning fugng.

Trude hét xét so d6 he thong gém 3 hé hai mic nang luong ¢6 ning luong ving c¢im
gidm dan E,, >E,, > F,, (hay A, < &, < &.;) nhu hinh 4.35. Anh sdng duge chiu 11 tr vat lieu
c6 néng lugng ¢cdm 16n E,,. Cic photon ¢6 nang lugng hv > L, s& bi hé thit nhat hap thu. Con
cdc photon ¢6 nang lugng hv < E,; & té1 duge 1dp ti€p xuc thi 2. Sau d6 cic photon ¢é hv < E,;

fa1 ti€p tue 161 1ap u€p xidc ti€p theo.
Nhu vay, moét sa do nhur trén ¢ thé hdp thy 14t ca cdc photon c6 ning luong
hv > E,; : E; << E, (4.22)

thay vi chi ¢6 mét phan photon ¢é ning tugng hv > Eg, bi hap thu nhu trong 56 d6 hé théng

hai mtc. Nhue vty ro rang hiéu sudt clia so dé 3 hé théng nay s& cao hon.

Nang luong cla biic xa Mat Trdi (photon) duge bién doi thanh dién nang qua hé thong
trén ¢6 thé biéu dién nhir sau:
Y . A
E=E, [, dr+E, [1, dh+F, [1dn (423
0 ., A, :
trong do J; 12 mat do photon ¢é budce song A; A, A,. A, 12 cdce bude séng giGi han quang dién

trén cdc vat liéu ¢6 nang luong cim B, E,,, E,; .

el

Sa do6 hang rao thé rén hé théng 6 hgp gdm 3 hé con trinh bay trong hinh 4.35,

Y
E, N,
> gl F
() -
Eg:2 A
(7\‘1:2 ) E:
(A

Hink 4.35- Cau tric PMT nhiéu mire.
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Hinh 4.36- So do cac viing nang luong trong PMT gém 3 [6p tiép xic.

Vé.nguyén tic khi 1ang s§ lugng h¢ théng con thi s& photon bi hap thu cling ting 1én va

do d6 hi¢u sudt bién ddi quang dién ciing tang theo.

Tir hinh 4.36 ta c6 thé thay ring hé thong gdm 3 16p ti€p xic pn duge néi t€p nhau. Vi
vily dong quang di¢n dugc tao ra trong cdc 16p con phai bing nhau, tic 1a:
)“C
e qu [15,d% =qkN (4.24)

C

n-1

Di¢n the h& mach trén mot 16p tiép xtic pn cé thé viet:

Lo kT, Agolp

Voen =—— ——In— (4.25)
ocn q qKN ph
Do dé tong dién th¢ hd mach V, = V,, trén ca hé thong la:
Vo =D Voo = Vo + Voo + Vo (4.25)
i n
va cong sudt dién nang duoc san xudt ra L
P =2 Vel pn =afKNpy | Y B, o KT Aolp (4.26)
m wiph — DL o, .
e P q q KNy,

n n

trong d6 f la thira 56 [ap day, n 1a 56 1dp ti€p xiic.

R& rang 1ir (4.26) ta cd the thdy higu suit bién déi quang - dién 13 mot ham s6 ctia s6 he
con n.

Pin Mat Troi ¢6 ciu triic nhiéu 16p x€p chdng 1én nhau duge goi 1d pin Mat Troi xé&p
chong hay “banh kep™ (tandem) (hinh 4.29, 4.37) .
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ITO

i](il—Si)

—
A A 2
i,(a-Si)
A Y

i,(a-51Ge)

Thép khong gi

Hinh 4.37- Cau triic mot pin Mat Trai 3 16p tiép xc.

Hiéu sudt bién doi cia mot hé thong c6 thé dat dén 40% daéi véi s6 n du 16n. Trong thuc
t€ do khé khan vé vat liéu nén s6 n bi gidi han. Ngoai ra hiéu suat chi tang dang ké khi n con
nho, con khi n 16n su tang hiéu sudt 1a khong nhiéu. Vi vay, y tuong xday dung mot hé thong
PMT néi ti€p nhiéu I16p tiép xic thuc t€ chi gidi han v6in =3 + 4.

4.5.2- Pin Mat Troi ¢6 do rong viung cam giam dan

Pin Mat Troi c6 do rong vung cam giam dan (The graded band g.ap cell - GBGC) ¢6 thé
coi nhu mot hé théng t6 hop gém rat nhiéu 16p ti€p xiic. Hinh 4.38 1a so dé nang luong cta hé
théng GBGC. Nang lugng viing cdm E, giam dan tir gid tri E,, dén gid tri E,,, trong d6 E,, la 16p
bé mat, con E,, 1a 16p tiép xiic pn. Vung chuyén ti€p c6 thé xem nhu la mot ving c6 thé nang
bién déi E,, — E,; va la mot mdy phat quang - dién. Hang rao thé nang pn tic dung nhu mot may

phat quang - dién thir 2. Dong quang - dién duoc phdt ra bi giéi han boi nang luong cdm E, cta
vat lieu ¢6 nang lugng cam nho nhat, tic 1a E,,.

A
L,
\M
E, A
E,,

- ., a Ea -
ooooooo\

Hinh 4.38- So d6 nang luong cla 16p tiép xdc cua vat liéu 6 nang luong cdm gidm dan.
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Dong guang dién duge quyét dinh bdi nang lugng cim nhé nhat E,, va duge biéu dién
nhu sau:

A
Iph =QKIKC2J,CU\. (42?)
{t

ong dé &, la budce song gidgi han d&i véi vit liéu ¢6 nang luong vimg cAm nhod nhat E,...

Vé mat dién thé, ving chuyén tié€p tao ra hang rae thé nhu hinh 4.38 vi ¢6 thé bicu biéu

didn nhur vau:

-E

1l gE'
Vo= l
q
E Agy L
e g _Eh] s U #
q q Iph
V, = Vm + Vi

nén dién the tong cong 8¢ la:

(B Aol
v =t KT Agolp (2.28)
q Q Iph

Nhu viy dién thé¢ V, duge xdc dinh tir nang lugng cdm cao nhél [i,., trong lic dé dong
quang dién lai duoc xdc dinh boi ning lugng cdm thap nhat E,. Cdc hun ché clia hé théng hai
mic nang lwong dugc khic phuc. Loal ¢au tric nay ¢6 mot s8 wu diém dac biet. Sif tao ra mot
gradien E, tuong duong nhu mot di¢n trudng noi dinh x(, né 1am tang do dai khuéch tdn cla cap

di¢n tr- 16 tréng. Do vay hiéu sudt clia hé thong tang lén.

Trong thue € dé tao ra cdu tric wrén, ngudi ta dimg cdc 1Gp ban din trén co ¢ cdc ban

dan Ga, Al As hoac Cd, Hg, [ Te , trong d6 E, Id ham s6 cia néng do chat x.

Nhuoc diém cha cdu triic pin Mat Troi ¢6 16p gradien E, 1 ché tao phic tap nén gid

thanh lai cao. Vi viiy dén nay van chi duoc nghién citu trong cic phong thi nghiém.
4.5.3- Pin Mat Trai hoi tu

Hiéu suat ca pin Mt Trdi ciing ¢6 thé duoge tang lén néu lam tang cudng do birc xa Mat
Treni t61 pin. Mudn viy ngudi ta dung cdc hé théng hoi tu dnh sdng trude khi cho doi tdi be mal

lam viéc cua pin. Nhitng cong urinh cong b6 trong nhimg nam gan diy cho nhimg két qua il
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dang quan tam dudi day. Néu hoi t anh sdng 1&n 500 lan thi:
- Pin Mat Trai GaAs cho higu sudt téh 28‘3%.
- Pin Mt Troi hé GalnP cho hieu suat 27%.
- Pin Mat Troi GaAs/InGaAs va GaAs / Si cho hiéu suat Ion hon 30%.

Nhitng pin Mt Trai hoi tu phai 14 nhimg pin ¢6 kha nang chiu duge nhigt do cao. Ngoai
ra do phii ¢6 them he théng hoi tu nén cdce gid thanh hé pin Mat Trdi hoi tu khd cao, Tuy nhien
v61 su ti€n bo nhanh chéng clia khoa hoc cong nghé ngudi ta du bao rang vho khoang nam 2020
gid thanh ning luong gid dién pin Mat Troi néi chung va pin Mat Tréi hoi i néi riéng s€ giam
xudng mot cich cin ban va khi d6 nang lugng Mat Trdi ¢6 the thay thé higu qua cde ngudn ning
lugng hod thach nhu dau, khi va than. Hi¢u suat pin Mat Troi khi d6 sé phé bi€n nim trong
khoang 17 — 22% va gia dién Mat Troi s& vao khoang 0,06 USD/kWh.

" 4.6- UNG DUNG PIN MAT TROI

Nhu da néi & phan trén, pin Mat Trdi 12 mot thiét bi cé khd nang bi¢n déi truc uép nang
lwong dnh sdng Mat Troi thanh dién nang. vi vay pin Mt Troi duge tng dung dé sin xuat dién
cho nhiéu muc dich sit dung khac nhau tir nhitng nhu cau di¢n ning ¢& mW (nhu cho cdc mdy
tinh cdm tay, déng hé deo tay, radio mini,...) d&n cdc tram phdt di¢n phuc vy cong nghiép va
sinh hoat ¢& hang chuc MW. Duéi day ching ta chi gidi thiéu mot s6 ¢ng dung pin Mat Troi cho
muc dich phat dién sinh hoat va cong nghigp.

4.6.1- Hé ngudn dién Mat Troi doc lap

Heé nguén dién Mat Trdi doc 1ap 13 hé ngudn khong n6i véi mang ludi dign quoe gia hay
dia phurong. He ngudn nay thudng duoe tmg dung & cac khu vuc khong <6 ludi dign. Ngoii dan
pin Mat Trisi, trong mot hé ngudn dién Mat Trdi con c6 cdc thanh phan khde nhu trong so do
hinh 4.39.

—m | N
Dan PMT oo _ *» Tai DC
diéu khién KK

Acquy G Tar AC

L

b

b

Hinh 4.39- So d6 khdi téng quit ctia mot hé ngudn dién Mat Trai.
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Dan pin Mat Tréi (PMT ) bao gébm moét hay nhidéu modun PMT ghép lai v&i nhau. Tuy
¢u can vé cong sual, dién the va dong dién mi cdc modun dugc ghép nol noj tiép, song song
ay hén hop. Ilang ngay khi ¢é dnh sdng Mat Trdi chigu vao dan PMT thi dan pin $& phéit ra

long dién mét chi¢u. Cong sudt phét cla dan pin ty 16 thuan voi cuomg do bic xa Mat Troi.

B¢ dequy eling 6 thé gdm mot hay mot s6 binh Acquy duce néi noi ti€p, song song hay
hon hop. Nhiém vu cia nd 1a tich trir dién nang d¢ cung cdp cho cdc thiét bi ticu thu dién- hay
con goi la cic tdi- rong thdt gian khong cé dnh sang Mat Trdi (ban dém, nhitng hom urd
mua,...). Dung lugng cua fcquy (do bing ampe-gidr (Ah) hay 0al-git (Wh)) phii duge tinh todn
phi) hop v&i cong svat dan PMT.

Bé diéu khien (BDK ) 1a mot thiét bi dién tir ¢6 nhi¢m vu tu dong dién hoa cdc qua trinh
dan PMT nap dién cho bo 3cquy va qud trinh bd Icquy cap dieén cho céc tai. Cu thé 1a khi dcquy
dd no, dung luong dat 100%, thi BDK tur dong cét hay gidm dong dién nap tir dan PMT, dé tranh
cho acquy khoi bi so1 lam héng dequy. San d6 khidung luong dcquy giam dén gid tri chon (rude
nao do, BDK lai tr déng déng mach nap di¢n cho dcquy. Nguge lai, vi 1y do nio dé nhu thi tict
xau, it hay khong ¢6 nang dai ngay, dicquy c6 thé bi dung kigt dan dén hu hong dequy. Vi vay
khi thay dung hrgng bo dcquy gidm dén “gidi han dudi nguy hiém™ (théng thudng khi dung
[trong Acquy chi con lai 30 — 40%) thi BDK tr dong cit mach taj, khdng cho cic tai ti€p tuc s
dyng dién. Khi dung lugng Acquy di dat cao hon £i61 han dudt néi trén th BDK lai tr dong

dong mach tai. Nhur vay BDK e dong bdo vé dcquy khoi cac trang tha: “qud no” hoac “qua déi".

Tdi mor chidu 14 cde thiét bi téu thu dién mot chiéu. N6 dugc nGi vao trye 1iép ngay sau
BBDK. Tat nhién céng suit va hicéu dién the coa BDK phai tuong thich v&i cong sudt vid hiéu dién
the cua cdc tai mot chiéu.

Tai xoay chiéu 1a cic thi€t bi tieu thy dien xoay chiéu (vi du st dung dién 220V,
50Hz).

Vi dién tir dan PMT hay bo dcquy 1a dién mot chiéu, nén dé ¢6 dién xoay chiéu cho cdc
Tai xoay chicu ngudi ta phai sir dung cdc bo Ddi dién. Bo A6 dién 1a mot thiét bi dién 1ir bicn
doi dien mot chiéu thanh dien xoay chiéu.
4.6.2- Hiéu suat cia hé nguon dién Mat Troi doc lap

Méi thanh phan cla hé ngudn dien Mat Trat trong so dé hinh 4.39 déu g4y ra ton hao
dién nang hay ¢6 mot hiéu sudt nao do. Néu n, 1a higu sudt cha BPK, n, 1 hiéu suit chia bo dai

dien; m, 1a higu sudt nap/ phéng dién cba bd dequy, 1, 1 hiéu suit do 16n hao trén céc day noi,

v.v... thi hi¢u sudl chung clia ca hé nguén n s€ 1
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nN=1MN.MN2-M.Ng...=1Im,, 1=1,2,3.... (4.29)

4.6.3- Xac dinh cac dac trung dién cho cic thanh phan trong hé ngudn dién Mat Troi doc
lap

a- Xdc dinh nhu cdu dién cua cdc tdi

DE tinh todn dac tnmg dién cla cdc thanh phén trong hé nguén chiing ta phai xuat phat
tr xdc dinh dién nang ma cac tai can ti¢u thu hang ngay. Gid st ta cdn xay dimg hé ngudn cho
cdc tai tiéu thu duge cho trong bang 4.4.

Khi dé, tdng dién nang hé ngudn phai cip cho cic tai hing ngay s& 1a:

E=P N1, +P N, +P;Nit, + P, NyT, +..=Z P N, ,

i=1,2,3... (4.30)
Bing 4.4
L Cong sudt S6 lugng Thai gian sir dung | Téng nhu cdu dién

T Tai dign (W) {cdl) (h/nghy) (Wh/ngay)

l T, P, N, T P, N,

2 T- P, N. 1, P, N,1,

3 T, P, N, 1, P, N,1,

4 T, P N, T, P, N,t,

b- Céng sudt dan PMT
Cong suat P ctia dan PMT thudng duge tinh bing Wp hay kWp va tinh dugc tir cong thic

Sal:

E x1000W-/m2

P(Wp) = —
Tt

(4.31)

trong do6 Iy, 1a cuding do tong xa biic xa Mat Trdi trung binh & dia phuong lip dat he ngudn tinh
ra Wh/m® ngay ; 1, = 1000 W/m’ 1a cudng dé nang luong Mat Frdi chudn.

c- Dung luong bo dequy tinh ra ampe gio (Ah)

Dung lugng b dcquy tinh ra Ah duge xdc dinh theo cong thire (4.32), trong d6 N 14 s6
ngiy dif tri khong ¢6 nng, V 1a hiéu dién the bo Acquy, D 14 do sav phéng dien ca Acquy va 1,
la hiéu suat phong nap ctia dcquy. Thong thudng N dugc chon tir 3 dén 7 ngay, D= (0,6 — 0,7).
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C= ExN_

=———— , Ah (4.32)
Vox T]h = D

So d6 néi cdc dequy cling nhur dan PMT tuy thuge vao yéu cau vé cong suat vi hidu dién
the cua céc tai. 56 lugng cdc dcquy va PMT ding trong bo dcquy va dan PMT con phu thuée
vao loal dcquy hay modun PMT duge chon.

4.6.4- Dinh hudng dan PMT

Nhu dd trinh bay trong Chuong 1, hang ngay Mat Troi “chuyén dong™ trén bau trii theo
nhimg quy luat xdc dinh. Mét Tréi “moc™ & hudng Dong, chuyén dong trén bdu 1rai tir Pong
sang Tay va “Jan” 0 hudng Tay. Trong thdi gian “mia He™ (tir 21/3 dén 21/9) Mat Trol & Béc
Bdn Cau, nén cdc dia phuong & Bic Bin Cdu c6 nhiéu nang hon. Con trong thdi gian “min
Dong™ (tir 21/9 dén 21/3 nam sau) Mat Troi ¢ Nam Ban Cdu, cdc dia phuong & Bic Ban Ciu
nhan dugce it nang hon. Va vi dién ning do mot dan PMT phat ra phu thudce vio cudng do nang
luong Mat Troi, nén sy dinh huéng dan PMT ¢6 ¥ nghia rat quan trong.

Vi Mat Trai luon chuyén déng trén bdu i, nén vé 1y thuyét ma néi thi hiéu suét phat
dién cna dan pin s& cao nhat néu mat dan pin luén ludn ddi theo Mat Trdi sao cho céc tia true xa
ludn vuong goc vai mat dan PMT. Tuy nhién khi d6 phai c¢6 thém bo d&i theo Mat Trdi (Sun
Tracker) vi vi the lai cdn phai tiéu t6n thém nang lueng va chi phi cho thiét bi dé. Ngoai ra, d6i
vt cac dan PMT 16n, cong suat hang tram kW, thi bo di theo Mat Troi phai rat ¢dng kénh,
phuc tap va dat tién, Chinh vi vy ma trong da s6 cdc tng dung PMT ngudi ta thudng ldp dan
PMT ¢¢ dinh. D6i vdi cdc dia phuong ¢ Bac Bin Cdu thi dan pin duoc tp dinh hudng nhy sau
(hinh 4.40):

Dan pin Mt Tren

Hudng Nam

Hidmg Dong

Meért nénr ngang

Hinh 4.40- Dinh hudéng dan pin Mat Trai.
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- Mat dan pin hudng Nam va nghiéng mot goc so véi mat ndm ngang 13 8 = ¢ + 10°,

trong do ¢ la vido ciia vi tuyén noi lap dat dan pin ;
- Truc ngang cua dan pin 1 truc Dong — Tay.

Viée lap din pin nghiéng mot géc B so véi mat nim ngang lam tang thém phan nang
luong Mat Troi t6i dan pin trong céc thing mua Dong va sir dung hiéu fing tu rira mat dan pin

méi khi ¢é mua.

4.7- HE THONG DIEN MAT TRGI NOI LUGI

Trong céc muc 4.7.1 dén 4.7.3 chiing ta di gidi thiéu ngudn dién Mat Trdi doc lap.
Cong ngh¢ nguon loai ndy thudng duge ing dung cho cac khu vie Khong cé ludi dién cong
nghiep hoac cho cac rai tiéu thu dac biét, cong suat nhé. Nhuoe diém chia céng nghé ngudn doc
lap la phai ding bo &cquy, vira dat tién, phdi cham séc thudmg xuyén va vira gay ra 6 nhiém maéi
truong. Mit khéc cdc bo &cquy ciing chi tich duge mét luong dién ning c¢o6 han, con vii cac dan
pin Mat Trai hang chuc hay hang trdm kW thi sir dung dcquy tich dien la mat van dé khé khan
rat 1én, tham chi 1a khong thé,

D61 v6i cie cic ting dung qui mo 16n, nhu & cdc nude phat trién hién nay, ngudi ta sir
dung cong nghé dién Mdt Troi noi heoi. Trong cong nghe nay, dién tir may phdt 1a dan pin duoc
bién doi thanh dong xoay chiéu ¢6 higu dién the va tin s& phi hop nho cdc bd bién doi dién
(Inverter) va duge hod vao mang ludi dién cong nghiép. Khi sir dung dien ngudi ta fai 14y dien tir
fud1. Mang lu6i dién ¢6 vai rd nhu mot “ngan hang”, tich triv dién nang lic dan pin Mat Tron
phdt dien va cung cip trd lai nguoi tieu dung khi cin thigt. Nhe ngan hang dién nay ma viéc su

dung [udn 6n dinh va rat tiét kiem.

Vidu, & cdc nude nhu Nhat Ban, Didc, My,. . trén mdi nha méi gia dinh ngudi ta lap mot
dan pin Mat Trdi ¢d cong sudt 3,5 — 4,0 kWp. Ban ngay dan pin hap thu nang lugng Mat Trai va
phdt dién. Va nhd bo bién doi dién va he théng day din dién cua dan pin duge tai lén lusi (qua
mot congte dé chi s6 dién nang phit len udi). Khi ding dién nguoi ta lai iy dien tr u6i qua
mot congto thu hai. Hang thing ngudi ta 1dy s& chi coa cdc congto vi sé& biét chil ho ducic nhin
tién dién (n€u s chi cla cong-tg sir dung it hon 6 chi ciia congto phat lén 1u6i) hay phai tra

thém tién dién (néu nguge lai) tir cdc cong ty dién.

111



Chuong 5

KHAI NIEM CO BAN VE
THUY KHI PONG LUC HOC UNG DUNG

5.1- MOT SO BINH NGHIA VA PAC TRUNG PONG HOC

Thuy khi dong luc hoc 1a mon hoc nghién ctu cdc quy luat can biang va chuyén dong
ctia chat long. Char long hi€u theo nghia rong bao gém chat long & thé nude- chat idng khong
nén duge (khdi lugng riéng p khong thay doi) va chdt 1ong & thé khi- chat 1éng nén duge (khdi
lugng riéng p thay doi. p # const). Dé tien cho viéc nghién citu ngudi ta gia thiét n tai chat
long 1y wéng - chat long khong ¢é do nhét. Con chét long thuc 14 chal léng cd do nhdét khace
khong (= 0). Chat long tuan theo quy ludt vé& lyc nhdt cla Niulon goi 13 chat [ong Niu Ton.
Con nhitng chat léng khong tnan theo quy luat ndy goi la chat long phi Niuton nhu diu the

chang han.
Thuy khi dong luc hoc duge chia thinh ba phan:
- Tinil hoc chat long: Nghién ciu cdc diéu kién can bang cia chat long & trang thai tinh.
- bong hoc chat 1ong: Nghién citu chuyén dong cla chat long theo thdi gian khong ké
dén nguyén nhan gay ra chuyén dong.

- Bong luc hoc chat long: Nghién citu chuyén dong cua chét 1ong va tic dung tuong hé

cla nd voi vat ran.
5.1.1 - Mot sé dinh nghia va tinh chat co 1y cua chat long
5.1.1.1. Chdt long c6 mot s6 tinh chdt dé nhdn biét sau dday
Tinh lién tuc: vat chat duge phan bé lién tue trong khong gian, Tinh dé di déng bi€u thj
& chd: tmg sudt ti€p (ndi ma sdt) trong chdt 1ong chi khic khong khi cé chuyén dong tuong dai

giita cdc 16p chat tong. Tinh nén duge: the tich V, cla chat long thay déi khi dp sudt tic dung p
thay doi. Ta cé hé s6 nén duoc:



1 dv, )
[ - ) 5.
p v, dp (m~/N) (5.1)

Tinh nhor: d6 1a tinh can tr& chuyén dong chia chat long duge dac trung bang luc ma sat
trong con goi 12 Juc nhét. Theo dinh luat cua Niuton vé luc nhét ta ¢6:

T= usﬁ. {5.2)
dy
Biéu dién dudi dang tng suat tiép:
— (5.3)
S dy

trong dé:
T - luc nhét;
(- hé s& chi phu thuge vao loai chat long;
S - dién tich bé mat ti€p xiic v6i chét 1ong chuyén dong;

dU/dy - gradient van t6c theo phuong y vuong géc vdi dong chiy.

Tl do it ra :

Pon vi clia (1t trong hé SI 1a Ns/m*; trong hé CGS 1a poazo (P); 1P = 107" Ns/m?,

Ngoai h¢ s6 p con dung hé s6 nhét dong hoc v = p/fp trong cdc bidu thife ¢6 lién quan
dén chuyén dong. Don vi do cla v trong hé SI 1a m¥s, trong heé CGS 1a: st6e(St), 18t = 107 ms.

5.1.1.2. Khoi lugng riéng va trong luong riéng

Khoi luong (M} cua chat 16ng duge dac trung bt khéi heong clla mot don vi thé tich
(V) goi la khoi lugng riéng (p) hodc khéi tuong don vi:

M .
=—, {kg/m". 5.5
p v, {(kg/m") (5.5)

Tuong tu cd trong hrong riéng (v):
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¥ = < . {N/m™; hay (kG/m"). (5.6

|
V&i G 1a trong lugng cha khoi chat 1ong the tich V.
Trong lugng riéng cta mot vit cé khai lugng lkg cé thé coi bing 981N = [0ON:
1kG = 10N = 1daN,
Ta céd mai lién hé: Y = pE;
V6i g 12 gia 16¢ roi tr do, g =981 m/s’.
5.1.1.3. Ngoai luc tic dung lén chat long

Ngoai luc tic dung lén chat long duge chia thanh hai loai:

- Lye mat 1 lue tdc dung lén chat long ty 1¢ v6i dién tich mit 4ép xdc (nhue 4p lue...).
- Luc khoi 12 lyc tdc dung 1én chat 1ong 1y 1 véi khéi luong (nhu trong luc, hic quin

tinh...).
5.1.2 - Phan loai chuyén dong

Chuyén dong cla chit 16ng duge phan loai thanh:

- Chuyén dong dimg: cdc yéu t6 chuyén dong (nhu van 16¢) khong bin déi theo thai

gian
%J =0 trongdéo U=U(x,y,2) (5.7)
- Chuyén dong khong dimg;: cdc y€u t6 chuyén dong bi¢n doi theo thdi gian:
%J #0 wongdéU=Ulx, vy, z,1) (5.8)
Dong chét 1ong chdy theo mot tuy&n nhat dinh goi 1a dong chay.
- Dong chay déu 1a dong chay theo truc chuyén déng x vdi phan bd van t6c doc theo
dong chay khong doi:
o = const (5.9
0x

- Dong chay khong déu thi:



Z—U #const (3.10)

X

- Dong chiy c6 dp la dong chdy khong cé mat thodng, con dong éhéy khong 4p la dong
cd mat thodng,

Cdc yéu té thuy lirc:
- Mat cat udt la mat cdt vuong goc véi vecto van téc cia dong chay ky hicu: €.
- Chu vi udt Ja doan ti€p xtic giita chét long va thanh gidi han dong chay ky hiéu y.
Bén kinh thiy luc: R="1.
%
5.1.3 - Dutmg dong va dong nguyén to

Buong dong 1a dudng cong trén d6 vecto van t8c clia cde diém tring véi Uép tuyén tai
cdc diém cua dudng cong.

Phuong winh  dudng

dong: Zi

U/dr—Undr=0,(5.11)

Suy ra
h_dy _dz
u v w

Trong dé: U la vecto

vin toc, drla phan té vecto cha

dudng dong.

Trong khong gian cdc
dudng dong khong cat nhau,
trong chuyén dong dimg dudng
dong va quy dao triing nhau.-

Hinh 5.1- Phan (6 hinh hop chit léng trong méi trudng chuyén

Cdc duong dong tua trén done:
mot vong khép kin vo cling nhé
tao ducc 6ng dong. Chat 1éng chdy qua trong dng dong goi 1a dong nguyeén 6. Chat 1ong khong

chuyén dong xuyeén qua éng dong.
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5.2 - PHUONG TRINH LIEN TUC

bay 1a mot dang cla dinh luat bao toan khaj lugng. Khéi lugng M cuia hé co lap khong
thay doi trong suét qud trinh chuyén dong:
dmM
)
dt
5.2.1 - Dang tong quat
Trong moi trudng chit long chuyén dong ta tich mot phan 18 hinh hop (dx, dy, dz) ¢6
thé tich: AV, =dxdydz  (hinh 5.1).

Theo dinh Juat bao toan khoi luong:

dlpavy)

it t=0, (5.12)
trong dé:
p = p(x,y,2,0) - Khdi lugng riéng chat long
Lay dao ham:
%3_T+Z%| d—/;%:{} | (5.13)
dAV

Cu ! 1a van t6c bign dang tuong d6i cia the tich phan 16 chat long.

. . d
Ta xét truong hop chat 16ng khong chiu nén: d_p =0, 1ac¢o:
i

dAV
LAV (5.14)
AV, dt

av , . . L
AV, =0, nén Ttl =0 nghia 1a phan tir thé tich khong thay dai theo théi gian d6i voi
chat long khong chiu nén p = const.

5.2.2 - Doi voi dong nguyén o

Khao sdt khai chét 10ng chuyén dong trong dong nguyen {5 giita hai mat cit (-1 va 2-2.
(hinh 5.2). Gia thiét chuyén dong dimg, chat long khoéng nén duce. Luong chat 1ong di vao tiét

16



dien 1-1: p,U,de,, di ra tiét dien 2-2: p,U,dm,. Theo
dinh ludt bao toan khéi luong:

p U, d€2) = p,U,dQ, = pUdQ) = const,

Do chat long khong chiu nén p = const, suy ra

dQ
U,dQ, = U, dQ,=dQ =const.  {5.15) .
5.2.3 - Pdi voi toan dong
YV, 0, =V,Q, = Const, (5.16) 1
Hay la: .
Hinh 5.2- So d6 dong chat long
Q,=Q,=0Q =const nguyén 1.

5.3 - PHUONG TRINH BERNOULLI POI VOI DONG CHAY - DINH LUAT BAO
TOAN NANG LUONG

5.3.1- Phuong trinh Bernoulli déi v6i dong chit long 1y tudng
5.3.1.1. Phutgng trinh vi phin chuyén déng ciia chat long Iy tuong
Phuong trinh vi phan chuyén dong ctia chit 1ong 1y wdng duoce viet dudi dang:

- du
F—-I gradp = L— (5.17)
p dt

trong dé:

F - lyc khdi tac dung lén khai chat long

P - dp suat thuy dong téc dung 1én khoi chat 1ong tai méi diém
a bi¢n thién van 16c ctia khdi chit 1ong chuyén dong theo thoi gian.
t
Phuong trinh nay cdn duge goi 12 phuong trinh Gle dong. Tich phan phuong trinh nay cé
cac dang khic nhau.

|
Xét trong chuyén dong dimg: :t =0 va khi lirc khdi chi 1a trong luc,
&

au
oz

Z=-

= —g . 1a ¢o tich phan Bernoulh:
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dp U?
gz + j—B + -L_J =const = C (5.18}

-
3

5.3.1.2. Dot voi dong nguyén to, tich phan (4.18) ¢6 dang

gz+8+£:Const=C, (519
P2

Hay 1a doi v6i hai mat cit dong nguyén (45:

[a
+
=
+
—
— b
Il
~N
)
+
L=
-t
+
C—
o
3 o
o~
L
[~
=

~
hJ

e

2
I-2

Y nghia clia phuong trinh Bernoulli (5.20) duoc biéu dién hinh hoc trén hinh 5.3.

z 14 dé cao hinh hoc,

T Us
Py d6 cao do dp, 28
Y -—X
v o . e
la d6 cao dong hoc, ¥ | 1 -
- -JIZ——-____ —— 2
Y nghia niang liony. E__“"""---—--_________{L"
fi i
Z 12 vi nang don vi , _71;_____ ,r
P ... . 1 ___________________"“--—---__
— la dp nang don vi, o
1 |
f £y 2 g,
z+ 2 1he nang don vt , S S . l
i
Hinh 5.3- Minh hoa cdc théng s& rong phuang
)2 trinh (5.20).
— i dong nang don vi,
2g
AL — - =const - tong nang lugng don vi .
T <8

5.3.1.3. Phurong trinh Bernoulli cho todn diong

DE tinh nang luong clia toin dong chdy & mat ¢t -1 va 2-2, ta iich phan phuong trinh
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(5.20) theo luu lugng dQ:

( Ul Ul
2 B Q= ||z P2 -+-'22 dQ,
al r o 2g a Yy 2
u? { U
hay J[Z|+&JdQ+ J'-q—lsz j(zz+p2JdQ+ IZ—EdQ.
0, Y Q °F Q, f Q,
Do z+ P_ const & cic tiét dién 1-1 va 2-2, nén tich phéan
¥
I(z+ BJdQ:[z+ EJQ,
O ¥ ¥
2 V2
va tich phan Iz— dQ = (_12
o g g
Trong do: V - van t6c trung binh V = g
a - hé s¢ diéu chinh dong nang:
fuZdQ
o 2977
vVoQ
a = 2: do1 voi dong chay tang; o = 1: d6i vai dong chay 161,
Vay phuong trinh Bernoulli cho toan dong c6 dang:
) ]
V- LV
LI\ TR S R
Yo 28 ¥ 28

5.3.2 - Phuong trinh Bernoulli cho toan dong doi véi dong chdt long thuc

{(5.21)

(5.22)

(5.24)

(5.25)

Dong chat long thye ¢4 tinh nhét, khi chuyén dong tit tiét dién 1-1 dén tiét dien 2-2 sinh
ra (6n that ¢4t ap do ma sdt doc dudng va tén that cuc bo. Ta ky higu h,, 1a tén that cot &p giita

hai ti€t dién. Phuong trinh Bernoulli cho toan dong déi véi dong chat 16ng thuc c6 dang;

2 2
oV oV
LI +B]+#:Zz .{.[]_2_1’__22_.|.h12
¥ 2g Y 28

(5.26)
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Ton that h,, gdm ¢6 t6n that doc duding (t6n that ma sat ) by vi t6n that cuc bo h: (do
thay d6i huéng dong, thay déi tiét dien - mé réng hay thu hep) vi duoe xdc dinh theo cong thite
5842

hy= hyth . (5.27)
»
| v*
trong dé: hygs =2 A

A - hé 36 ma sat cha 6ng dén;

f - chiéu dai 6ng dan ;

d - dudng kinh dng dan.

v 2
Z_g ‘

hip: =&

& 1a hé s6 ton that cuc bo,

5.4 - PHUONG TRINH BERNOULLI AP DUNG CHO MAY CANH DAN

Hinh 5.4- So do két ciu banh ¢ong tic mdy cinh dan.

Ta xét dong chay trong mdng dan clia banh cong tic mdy cdnh din (bom. quat, tuabin

nudce - hinh 5.4). Banh cong tdc quay véi van t8c géc o, ¢6 gia toc goe dw/ét,

Dong ¢ day Ja dong khong dimg c6 cot 4p quda tinh. Nghia 12 phuong trinh Bernoulii ¢é
dang:
2
z+£+w—+—] j@d]:consl, {5.28)
Y 2 g



| row
k¥ hiéu: h, =— |—dl -cotdp qudn tinh.
¥ hte ql s -[81 L Aap q

Trong bdnh cong tac tich phan theo ban kinh tir R, dén R, ta ¢o

1
hy =2 (R2-R2) (5.29)

2g

Phuong trinh Bernoulli cho déng tirong déi trong méy cdnh:

2 2 2
w-o-U Wi -U
P_ _l 222 +p_2+_‘-7'2_ (5’50)

trong dé, W la van tdc tuong déi trong mdng dan; U 1a van t6c tiép tuyén. duoe xac dinh bang:

U=wR; R,, R,luong tng bin kinh vao va ra cha bianh cong tdc.
5.5. CAC PINH LUAT VA KHAI NIEM CO BAN CUA KHI BPONG LUC HOC

Khi déng luc hoc nghién ciu chuyén dong clia khong khi va tic dung twong héd giita
khong khi va vat thé chuyén dong. Ung dung d6i vdi dong co gidé (hay tuabin gid), khi dong luc
hoc nghién cttu tdc dung twong hé cua dong khong khi ¢6 van t6c va huéng xac dinh v6i bianh

cong tdc va cdc bo phan khong chuyén dong khic cla dong co gid.

Thong thudng dong khong khi, tham chi trong mét tiét dién twong doi nhd khong chuyén
dong thi van tac cia nd & nhimg tiét dién khdc nhau déu khac nhau, con cic con 216 x¢é dich dsi

v nhav theo pha.
5.5.1. Cac dinh luat va khai niém co ban cua khi dong luc hoc

Khi déng luc hoc dua trén mét $6 cdc dinh luat co ban. Tuong tmg dinh luat thi nhat -
dinh ludt nghich dao chuyén dong, nghién cttu vat thé khéng chuyén dong duoc chay bao bai
moi trudng chuyén dong, hode nguoe lai, chuuyén dong clia val trong mai trudng khong chuyén
déng, khi d6 k&t qua nghién citu s&€ nhir nhau.

Binh luat thi hai - dinh {uat bao toan khéi higng, duge bicu thi bing phuong trinh lién
tuc, cho phép xdc dinh van toc cia chat long & cdc tiét dién khdc nhau cua khong gian kin.

Khi nghi¢n ctiu chuyén dong clia khong khi v cdc chil khi v8i van tdc nho, ¢6 thé dp
dung cdc quy lvat cia thuy dong luce hoc.

Khao sat mot dong nguyén to chat 16ng AB (xem hinh 5.5) trong diéu kién chuyén dong
on dinh, ta thita nhan rang, trong thai gian At cé mot luong chat long M, chdy qua tiét dien A-A
v mét lugng M, gua tiét dién B-B.



V1la chuyén dong dimg va chat long khéng chay qua thanh bén do van t8¢ o moi chd d
hudng thee tép tuyén vai thanh nén

M,= M, = M = const, (5.31)
Hay

pEV, = p,F.V, = plV = const,
o1 v6i chat long khong nén duoc p, = p, = p. nén

FV, =V, =FV =const. {

A
e
2]
St

Phireng trinh Bernoulli 1a su phan
anh dinh ludt thif ba - dinh lvat bio toan
ning lugng, ting dung doé1 v dong tia chat

léng trong chuyén dong dimg.

Khao sat cde thanh phan niang lugng
trong | giay cia dong tia chay qua 1iét dién
[-1 va ra khor tigt dién 2-2 (h. 5.5,b). The
niang chat long bang tich dF,V,p,g nhan voi

chi¢u cao cao trinh z,.

Nang hugng gay nén bdi dp sudl cde

hat chat Iong bang tich dp sudt p, véi dién

Hinh 5.5- Mo hinh dong chay
a.dong Lién tue: b. dbng tia.

tich uet dién dong tia dF, va van téc dong

chat long V|, tire la bang p,dF,V,.

bPéng nang cla dong chdt 1ong bing:

AT 4 ] A (5.33)

Sau cung. ndi nang nhiét cua 1 kg chat long chay qua i€l dien -1 s¢ bang UJ/A, trong

do Uy - néi nang nhiét, A = 43,53 kcal/Nm - duong lugng cong cla nhiét.

Ning lugng toan phan trong cdc tiét dién (-] va 2-2 |3 hing s6. Biéu thi su ¢in bang
ning lugng don vi qua can bing cot dp, tinh 161 1on that cot dp hy giira cic tiét dien 1-1 va 2-2 ta

nhin duoc:

2
2

i 1 N| 2 N2 E
- 4+ Zn + +_0+ _ + h“__‘

MeE 28 A T opag

(5.34)



trong dé: p/pg - cotdp tinh ;
V32 - coldp dong ;
Thy - tong tén thal cot dp doc dutng di giita cdc tigt dién lua chon,

&1 véi chat tong khong chiu nén p, = p, = p, Uy, = Uy, = Uy, khi do:

2 2
z1+p—1+v—':zz+p—2+v—2+2hw. (5.35}
pg 28 pg  2g

Ta nhan duogc phuong trinh cé dang nhu phuong trinh (5.25) viét cho dong chat long
thue,

5.5.2. Hién tuong xam thuc cua chit long

Hien tuong xam thuc thé hién & sy gidn doan trong maéi trudng chuyén dong. gay nén boi
su gidm dp tSi 4p sudt thip hon dp sudi hoi bdo hod va xdy ra trong truong hop khi thé ning
chuyén thanh déng nang véi van 6c t6i da. DSi véi khong khi van toc khi xay ra xam thue ¢6

214 tri bang:

| ]\ p
Vi =V 2 Lo {5.36)
al [Tux \! (k _ I) pU
Véi k = 1,41 - chi s0 dean nhiét.
P6i vdi nude van 1oc gidi han rong ong khi xam thue:
-
V _ l»} ~ p(l
u —\I_g 2+ | (5.37)
¥

5.5.3. Dong chay va luu s6 van tée

Trén so dé dong chay chat long 1y tedng ( hinh 5.6) v& dudng cong OABC. Tai diém A
bt ki dong chay ¢é van e V. Ky hiéu doan OA 12 S va coi S ¢6 gid tri duong theo hudng mii
tén. Tach phan 16 ¢S va chiéu van t6c V 1én phuong tiép tuyén véi dudng cong tat A. Tich hinh
chiéu V, va dS goi la luu 6 van tde dT” doc theo phan to.

Tong cdc hru s8 van t6¢ phéan 16 theo OABC bang:

Toe = |VsdS, mss. (5.38)
ocC

V& chu tuyén kin (hinh 5.7) ¢6 luu s& van 18 bang:



Hinh 5.6- Dong chiy van téc theo'chu tuyén. Hinh 5.7- Luu sé'van téc theo chu tuyén

I =qdVsdS=qVeosads. (5.39)

5.5.4. Thé van toc

Ham khéng gian f(x,y,z) ma dao ham riéng cta né theo huéng bat ky cho ta hinh chiéu

van toc V trén hudng dé goi la thé van toc.
V= df/dS. (5.40)

Dong chay c6 thé van toc goi la dong thé€. Dong c6 thé van toc don tri thi co gid tri van

toc bang khong theo chu tuyén kin.

Khéc véi chat long 1y tudng, chét 1ong thuc ¢6 do nhét gay nén boi cac Iuc ma sat trong.
Trén chinh bé mat vat thé van t6c bang khong, nhung cich mot doan khong xa van toc da gan
bang véi van téc Vn cta dong thé. D6 1a mot 16p mong trong dé V tang tir O dén 0,99V, con

chat 1ong thi chuyén dong xody. L6p mong nay goi la 16p bién.

Hinh 5.8- Chay bao vat thé bdi dong chay va dong hén hop.



Néu dV/dy goi la gradicn van tdc theo phdp tuyén véi bé mat., thi lue 1iép tuyén goi la fuc

nhdt:

dX=p  dS. (5.41)

trong dé:  p - hé 6 nhdt dong {uc tinh bang Ns/m’;
dS - dién tich bé mat, m*.
Chia p cho khéi lugng riéng p ta nhan duge hé s6 nhat dong hoc:
v = /p, m¥s. (5.42)

Dot vai diéu kien thuomg (T =15'C, p, = 760mmHg), w, = 1,9.10° Ns/m” thi v, =
1.45.10” m%s.

Khi dong khi chay bao vat the, cdc 1dp khong khi & ngay sdt bé mat vat thé bi cham lai
va chuyén dong xody. Didu niy c6 thé dé dang chimg minh, vi ring cdc xody van tdc theo chu
tuyén khong bing khong. Trén so d6 dong chdy ¢6 thé xem nhu gdm ba viing (hinh 5.8,a):

I. Ving chdy thé, & dd su khdc nhau vé van téc cia céc 16p hdu nhu biang khong:;

I1. Ving v&t xody, trong dé xuat hién su khdc nhau vé van toc va lue nhét ¢6 dnh huong
v rét té chuyén dong;

1L Ving 16p bién, o d6 do su khic nhau 16n vé van t6c & nhimg diém ké nhau, luc nhdt
dong vai trd chinh va moét phan la lue quén tinh. Ranh gidi rd rét gitta cdc vimg nay khong ¢o.

Vdi van t6e tuong ddi nho, khong khi hodc chdl 1ong trong 16p bién chuyén dong dudi
dang cic dong riéng biét. Lép nhu vay goi 1a chdy tang. O day su xody dong gay nén chi do
chuyén dong xody cha cdc hat chat léng xung quanh truc vudng gée véi mat phing dong, nhung

cdc hat khong chuyén tir 16p ndy sang 16p khéc.

Su tang van toc ddn 151 chuyén dong v
xody hon loan cua 16p dong - né chuyén sang N 3
chuyén déng rol. Lop dong ¢é thé hén hap, tic 3 fj
12 ¢6 thé c6 ca phin rai va tang (hinh 5.8.b). “Ci( : LOA 3
Trong nhimg diéu kién nhu nhau dong nang — . S .
dong rdi 16n hon so véi dong tang. al b/

Trong dong chay ting van t6c thay doi ] ) ,
N . i R Hinh 5.9- Phan bo vin 8c rong l6p bien :
theo quy ludt duong cong parapol bac 2 (hinh a. 16p bién chay tiang: b. Idp bién chay ral:

5.9), trong ddong roi - gradien van 8¢ 1én hon. &~ chiéu day 16p bien.



Heé 6 lyc can cla vat thé cing tang do luc ma sit tang.
5.6. CAC PINH LUAT VA CAC TIEU CHUAN TUONG TU

Néu cic hién tugng khi dong luc hoc ma cdc dai luong vat 1y clng loai ctta chiing tai mot
diem bt ky trong khong gian ¢6 ty 1¢ gicng nhau thi ching durge goi 1a wong tr. Su tuong tu
hinh hoc cua mo hinh véi mau thuce the hién & su ty 1¢ cdc kich thude dai cia chiing /y, va I va
Ccac goc lwong (ng bang nhau. Tuong tmg ty 1€ kich thude k, sir dung ty 1¢ luc ky., ty (& thoi gian
k, v.v... D61 véi cdc hién tuong twong e ty 1¢ cdc dai lugng cimg tén & nhitng diém nhu nhau cén
phai giéng nhau. Néu mot phin céc ty 1¢ d6 khong dip (mg yéu cdu ndy thi cdc hién wong do
dugc goi 1a tuong 1 timg phin.

Cdc dic tinh khi dong luc hoc ctia vt thé duoe xdc dinh bdi hang icat cdc he s6 khi dong
lue hoc phu thude viao cdc théng s6 kich thude va gée cia nd, déng thai phu thuac vao hang loat

cdc O trir tong goi 1a cdce tiéu chuén wong
Cdc tiéu chudn tuong wr 1inh t6i mot trong cdc yéu S xdc dinh ché do chay bao. Bdi vay
khi mé hinh hod cdc hién tugng tuong ny ciing cdn phai dam bdo cic tiéu chuin nay bing nhau.
Trong k¥ thuat gi6 st dung chi yéu s& Reynolds (Re) dinh gid do nhdt clia chal long va
trong cdc trudng hop riéng biét khi nghién ciru cdc banh cong tic quay nhanh ciing st dung ca
s0 Mak (Ma) phan dnh &nh hudng tinh dan héi ctia chat 1ong.

Re= "1 (5.43)
- v

Ma=" - (5.44)
a

trong d6: V - van t6¢ dong chay (ing vdéi vat thé - mi/s ;
! - kich thudce dii el vat the
v - hé 56 nhét dong hoc ;
a - van toc am.

Néu dai v6i vat the mo hinh va miu thue cdc gid tri v nhu nhau, thi dé dam bio sy tuong

tur ¢in phai dam bao quan he
V.\I;M = Vn{n' (545)
trong do : Vy, , Iy, {a van t6c va kich thude dai var mo hinh ;

V., . {12 van t&c va kich thudc dai vat mau thue,



Tich V{ goi 1a dac tinh thuc nghiém va do6i khi ding né thay s6 Reynolds Re.

Nhu vay, khi thi nghiém déng co gié va mé hinh ctia né trong dng khi dong can phai sao
cho chiing tuong tu hinh hoc, ¢d 6 Reynolds Re gidng nhau v hudng gidng nhau trong khong

gian so vai dong chay.
Thuc nghiém cho thiy ring, trong chdy bao vat thé dong chdy ting chi tén tai tdi cic $8

Reynolds (Re) xdc dinh, cdn sau do ching chuyén sang roi. S6 Reynolds Re, mh & do xay ra su

chuyén déi nay dugc goi la s& Reynolds gidi han Rey,.

e L 4 : Volgh 5
Do1 vai ban phang: Reyy =——— =485.10", (5.46)
= v
o 5V :
Vi vay, Igh =48510° -, {5.47
- O

boi vii khong khi trong diéu kién binh thudng

Ly =4.85.10° 2222 - (5.48)

0

S8 Re,, phu thude vio do 163 buan ddu ctia dong chay. Do réi ban dau cang tang 1hi Re,,
cang giam.

5.7. CAC HE SO KHI BPONG LUC HOC, SUC CAN VA LUC NANG CUA CANH

Y.
A Yo,y by
¥i
o'
AV \c > X, X
x Loanil
z
A X,
Hinh 5.10- Hé toa do gan v6i trdi ddt (truc 7. Hinh 5.11- Phan tich lyc theo cdc ruc toa do.

vuéng goc vai mat phing ban vé).

Céc hé so khi dong luc hoe 1a cdc hé s6 duge it ra tir nghién citu thuc nghiém méo hinh.
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Sir dyng cdc 56 nity cho phép tir cdc lyc va momen tuong (tng tdc dung lén moé hinh tinh céc lue
va momen tdc dung 1€n vat thuc.

Khi xdc dinh cdc hé $6 khi dong lue hoc thuomg sir dung hé toa do gian vai Trai Pat
thinh 5.11), trong dé tryc oy, hudng thing dimg len trén, ox, vi oz, nim trong mat phang nim
ngang va vuong géc véi nhau. Ky higu van 18c dong chiy bang vécto va hudng day cung cia
cdnh bang dubng thang dit nét. Ta goi géc w gifra ching [a gée va thue, goc nay s¢ thay doi khi
quay cdanh ing véi truc oz,

Thong thudng hic khi (T(Tmé toan phan R tac dong lén vat thé chiy bao ducce phan ra cde
lue thanh phan theo céc truc toa do (hinh 5.11). Pua vio cic h¢ s6: C, - hé s& lue nang, C, - lue
cin bé mat, C, - lyc can bén, €y, - luc khi dong toin phan, chiing ta nhian duge cdc biéu thife xdic

dinh cdc thanh phin lye nhu sau:

LLire can bé mat:

.
V2
X:CXSq:CXSp—Z—, N, (5.49)
Lurc nang:
V2
Y = CySq=CyS 93) N, (5.50)

c. | _
; - © Y
L/_ >
< b
..... . c, :
0.1 0.2
Hinh 5.12- Truomg lue (1) va dueme cong parabol sic Hinh 5.13-Tam dp suat.

can cdnt tng (2).



Luc bén:
2 .
)’,:Cy_quCv/_S%, N, (5.51}
Luc 10an phin:

e
R=vX>+Y?+22. N, (5.52)
rong d6: S - dién tich cdnh, m*;
q = pV?/2 - dp suat dong, N/m?.

Khi dé he¢ $6 luc nang khi dong toan phin bang:
Cg =C% +C% +C3. (5.53)

Twong tir khi phan tich mé men 1a nhan duge mémen nghiéng

pV?
My = CoxSai=CppxSI P, N, (5.54)

s

moémen ddo ldi M, v mémen chéng chénh M,

Ky hiéu chi¢u dai quy ude clia vae thé 12 L va hé s6 mo men khi déng toan phan 1a C,, ta
¢6 biéu thifc tinh mémen:

2
\Y
M =C,SL2 — (5.55)

1ié s6 khi dong lyc nhan duge khi théi mo hinh trong 6ng khi dong
Trén co s& bieu thite (5.49) he 56 C, s& bing:
X
Cy=—M . (5.56)
PM Vi
>

&

Sm

Khi xdc dinh C, va C,, & tir 56 ta thay bing cdc lyc twong ing Yy, va Z,,. Chi 6 "M" ¢6
nghia [a cac dai luong tuong tmg vdi mo hinh.

D€ tim lye tdc dung 1én vat thé trong chay bao bai dong chat long ta sir dung phuong
trinh:
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P2

-

trong d6, F - dién tich 1dn nhat cta (i dién ngang vat thé vuong goc véi phuong dong chay
(duge gor a tiét dién ngang gifta).

Khi géc o thay doi cic he 6 Cy, C,, C, cling thay doi. Cic dugmg cong dic trung cho
cdc dac tinh khi déng cia canh goi 1a dc tinh khi dong va cic dudng cong thé hién quan he C, =
f(C,) Gng vai ciac goc o kKhace nhau goi la trudng lue (hinh 5,12, dudng cong 2.

Pudng thang ké tir gée toa do O 161 diém M bit k¥ ¢l truong e (véi ty 1€ C, va C nhit
dinh) cho ta gid tri C,, vécto clia nd tao véi truc hoinh mét gée 8. Tang cha gde nay

tgh = C/C, =Kk, (5.38)
duge goi 1 chat luong coa cdnh.

Ty 56 nguoc C/C = l/k=p, {5.59)
goi 1a chat luong nguoc. O céc cinh chat lugng 16t k = 22 - 25,

Luc khi dong toan phan cit truc ox gin vdi cdnh tai tam dp sudt (hinh 5.13). Vi tri tam
Ap sudt trén cdnh duge xdc dinh thong qua hé s6 tam ap suat C,. nd thudng duce cho theo % cua

day cung b:

b

Véi cic goc va nho (o < 20) ¢ the coi
C, =G, /C,. (5.61)

Ty s6 chicu dai canh 1., vdi day cung (chidu rong cdnh) b goi la sii cdnh tuong doi A hay

dd dai teong déi cua cdnh
}\. = IJkJ'Irb. (5(‘)2)

Pai vai cdnh ¢6 sal rat dai tie 1a vl A = o, site can gy nén bdi ma sdt cia khong khi
vén bé mat cinh va su gidn doan dong chay, tic la sie can prophin, phu thude vao hinh dang
prophin cdnh va chat lugng bé mal cla né.

Ngoii stte can prophin khi chdy bao cdanh ¢6 sai cdnh hitu han sinh ra hue can phu, gay
nén bai cdc chudi xody thodl ra tir canh. Vi vay kKhi A # o ¢6 the xem cdnh nhu mot hé cde xody
2oi la xody lién hop, ching bi cudn theo dong chay va tao thinh sau cinh vé xody {hinh 5.14.a).

Cdc chudi xody tao ra van toc thang dimg W goi 1a van (8¢ nghiéng, tic dung lén dong

chay va lam léch dong chay dé cho goc o giam di mot gée nghiéng Aa (hinh 5.14.b).



R=Y/cos At

Hinh 5.14- Cic xody thodt ra tir canh va luc can cam ing.

Vi su thay déi dong thoi huéng cha luc nang nén xudt hién mot luc can phu Q, goi la luc

can cam tmg. Trén co sa ly thuyét cam ting ta thiét lap duoc quan hé:

G
W =I V, m/s (5.63)
his
Cy |
Ao = . radian (5.64)
n El
9 2
C‘- e
Qi=—- sV N (5.65)
i 2
c2
V6i —;— =C; - hé s6 can cam ung.
h

Puong cong C, = f(Cy, o) goi la dudng parabol sitc can cam ng (hinh 5.12, duong cong
2). Cac duong dac tinh khi dong toan phan cua prophin canh sai cinh hiru han duoc cho trong
cac cam nang ky thuat hang khong tuong tng. Khi dong khong khi chay bao cdnh, phia trén
canh tao thanh viing giam dp, con phia dudi - ving tang ap, do vay lam xuat hién Iuc nang (hinh
5.15.a). Theo dinh 1y Bernoulli ta ¢6 van t6¢ dong khi phia trén cianh sé I6n hon, con phia dudi
canh van téc sé nho hon so véi van toc dong khi ¢ xa canh. Do vay sé ton tai luu s6 van téc bao

quanh canh va chudi xody.

N. E. Giucopski da gia thiét, khi tinh todn thay cianh bing mot chum xody goi la xody

lién hop va dua ra cong thic tinh luc ning cha canh vdi sai canh vo han

Trong dé, Y - luc vuong géc véi van téc V, ctia dong khong nhiéu tic dung lén cdnh
chiéu dai A =ono.
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Sy xudt hién lyc ning gay nén khong nhimg chi bdi hieu dp suit ma ci xung lue, tic 1a
bor su xudt hién dong luong trong dong chat long. Trong chit 1ong 1§ tdng Iuc cin bé mat X

cua cinh bang khong.
Pinh 1y Giucopski c6 thé phat biéu nhu sau;

Luc ndng tic dung lén canii véi
A = oo bang tich cia khéi lwong riéng
chat long vér luw s6 van t6c va van 16c
dong clidy 0 vé ciing. Hirdng ciia luc nhdn

ditoc bang cach quay véc to van 16¢ mét

g6c 90" vé phia ngitoc véi huéng cua firu

) ) Hink 5.15- (a) lyc nang canh va
3O van toc. {b) luu s6 van t6c bac quanh prophin.

Khi % # e phén chat 1ong chay bao cdnh ¢ giita cdc xody s& cé mot gia 56 dong luong

c6 gid tri pI'L,V,, va hudng theo phuong thing ding.

P61 vdi cdc tinh todn thue t€ sir dung phuong trinh quan heé gifta gid tri 1y thuyét cta luu

6 va hé s6 thue nghiém C.:

1':%1)11,, (5.67)

TUr cic van dé da khdo sat & trén 18 rang 13, cdnh c6 sai cdnh khdc nhau s& ¢6 trudmg
prophuin {truong lucy khdc nhau. Céc dic tinh prophin nhan duge trong Gng khi déng duoc cho
doi v61 A = oo. Khi sir dung chiing d¢ thiél k€ dong co gié bing phuong phip dé thi cdn tinh

chuyén doi trudmg prophin déi véi canh ¢6 sai canh hitu han.



Chuong 6

THUY PIEN NHO VA UNG DUNG

6.1- PHUONG PHAP TAP TRUNG NANG LUGNG VA CAC DANG TRAM THUY
DIEN

Cdc con song, sudi chay tir nguén xudng bién déu mang theo mot tiém ning vé niang
lugng (goi la thuy ning). Thong thudng ngudn thuy nang phu thudce vio do doc song sudi va luu
lugng nude chay qua. Nguén thuy nang c¢6 theé phan b déu hodc khong déu trén mot doan song
sudi. D€ tap trung nang luong clia dong chay, nghia 13 dé tao duge do chénh muc nudc gilta
thugng fuu (TL) va ha luu (HL) ngudi ta sir dung ba phuong phap ting v&i ba kiéu tram thuy dién
s€ dugc gidi thi¢u trong cdc phan dudi day.

6.1.1 Phirong phip tap trung nang lugng biéing dap ngan (hinh 6.1)

Hink 6.1- So dé sit dung dap ngan tac do chénh muc nudc.

Phuong phdp nay 1a dip dap tao nén d¢ chénh muc nude giita thuong tuu (VTL) vi ha
luu (VHL). Dap c6 nhiéu loai: dap dat, dap dd va dap bétong. Con tram thuy dién c6 thé ba tri

sau dap hay trong tong dap. Tram thuy di¢n ndy goi 1a tram thuy dién sau dip hay tram thuy



dién trong long dap. Vi do cao dap han ché nén phuong phéap nay duge sir dung chi cho cdc doan
séng sudi ¢6 do doc nhd. Cot nude toan phian cla tram thiy di¢én duge xdce dinh bang hiéu muc

nude thuong luu va ha lou:
Hy, = VIL - VHL
6.1.2 Phuong phap tap trung nang luong bing dudng dan (hinh 6.2)

Phuong phip ndy st dung dudng dén dé tao do chénh muc nude gitta thuong luu VTIL va
ha luu VHL. Tram thuy dién ndy goi 1 tram thuy dién dudng din . Dutmg din c6 thé bang
dudng ong hoac kénh din. Tram thuy dién dang niy thich hop vai cic con song, sudi ¢é do dac

16n hay cé bac thic.

ik

Hink 6.2- Sa d6 sir dung dudng dan tao do chénh mue nude .

6.1.3- Phuong phap tong hop tap trung niang lugng deng chay ¢hinh 6.3)

Hinh 6.3- So dé sir dung phuong phép t6ng hop tao do chénh muc mrde.
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Phuong phap ndty tzo do chénh muce nude bing dap ngan vi bang dudng dan doi véi dean
song ¢ do doc khac nhau. Do chénh myc nudc cla tram bing tong do chénh mue nude dap tao

nén va do chénh cua dudmg dan.

Tram thuy dién dang nay goi la tram thuy dién t6ng hop. Co1 &p 1oan phin duge xac dinh
bing tong cot dp do dap v dudng din tao nén:

Hy, = VIL- VHL = H,_ + H

Jdap diin

6.2. CAC KHAI NIEM VA CAC THONG SO CU BAN CUA TUABIN NUOC
6.2.1. Tuabin nudc

Tuabin nudc {con goi 14 tuabin thuy luc) 1a mot thict bi dong luc, bien déi nang lugng

ctua dong chay (thuy nang) thanh co nang kéo mdy cong tic hoac mdy phat dién.
Ta xét mot doan song ¢6 chi¢u dai L gilta hai tiét dien -1 va I1-11,

Theo dinh ludt bio toan nang hrgng (thé hién bang phuong trinh Bernoulli) ta ¢6 ning

lugng dong chay cha doan song tai cdc tict dién I-1 va II-11 la:

o~

\"\\.\m

II
I N \ o
. o ) £ /}%} “\\
- ' AT '
N ¥ =V
. 11 u
™~
0 0
Hinh 6.4- So d6 xdc dinh nang luong dong sdéng.
P,V
E =7 +-t4 ! (6.1.2)
Y2
T
E,=2Z,+-%+-0 (6.1.5)
728



treng dé:

Z,va Z, 1a chiéu cao muc nuéce tai tiét dién I-I va 1111 so véi dudng chudn 0-0 (don vi: m
cOt nudc);

g la gia téc trong truding (m/s?);

P, va Py ta dp sudt dong chay tai ti€t dién [-] va II-11 (den vi do - N/m?, con [Pfy} = m cot
nude);

v 12 trong lugng riéng chat Iong (y = 9810N/m* = 1000kG/m™);,

Y, va Vi la van t6c dong chdy tai tiét dién I-I va II-11 ([V] = m/s con [V¥2g] = m cot
nuée).

Hi¢u nang lugng riéng clia dong chay tai hai mac cdt 1a nang lugng don vi cta dong chay
trén doan song c6 chiéu dai L va duge goi la cot dp dong song:

P-P, V) -V,
H,=E-E, =2 -Z, +-*+ 1411t (6.2)
¥ 2g
Niang lugng ddng chdy cla doan song 1a:
E = f«,»QHdt
t
hay E=yHW (6.3)
trong d6 W 1a thé tich nudc chiy qua doan song trong thdi gian t.
Cong sudt cua dong chay trén doan song sé la:
N, = y(QHux. {6.4)

6.2.2. Cac thong s6 ctiia tuabin
6.2.2.1. Cgt dp cua tuabin
Cot dp cua tuabin (ky hiéu 1a H) duge xdc dinh béng hiéu ning luong riéng clia dong

chdy & clra vao tuabin (tiét dién 1 -1) v & cira ra tuabin (tiét dién 2 -2) (xem hinh 6.5), don vi la
mét ¢t nudc.

2 2 2
H=[21+5—+X’—]~(ZQ+P—3+V3} {(6.5)
Yy 2g Yy 2g

Cot 4p tuabin c6 thé xdc dinh theo muc nudc thugng luu va ha luu cda tram thuy dién
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bang quan hé sau:
H = Hymy = (VIL — VHL).n, (6.6)
trong do:
Hy, - cot dp toan phan cta tram thuy dién ;
Naa - hiu suat dudng dén.

Hiéu suat dudong din n,, dugc xédc dinh bing quan hé:

4 h
My = HT; = =l (6.7)
TP TP

v6i hyy 1 t6n that ctia dong chay doc theo dudng dan.

A gmy 1
T ‘ |
I IN
1
1 |
4 %
. A A I ST I
'}‘; s sz
'y .
| ?‘j) % __ B
& é THL p,
2 - i
/ 7 T
BRI T S
| -ﬁ <
L] 3 H | 5 1 O
\ B

Hinh 6.5. So do bo tri tuabin tai tram thuy dién.

6.2.2.2. Luu lugng cua tuabin

Luu luong ca tuabin (ky hiéu 1a Q) la lugng nudc chay qua tuabin trong mot don vi thoi
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gian (don vi: m'/s).

Luu lugng c6 thé xdc dinh thong qua van t6c dong chay va dién tich tiét dién mat cdt cha
dong bing cong thic:
Q - VL.A[ = Vz.Az. (68)

trong d6: A, va A, 1 dién tich tiét dién 1-1 va 2-2, don vi -m’.
6.2.2.3. Céng sudt ca tuabin

Ngudi ta phan biét cong sudt cia tuabin thanh cong sual 1y thuyél va cong sudlt thuc t&.
Cong sudt 1y thuyét cia wabin duge xac dinh thong qua cot dp va luu luogng cua tuabin bing
cong thive:

I,.
th% &W), hay N, =981QH (kW). (6.9)

Trong d6, y=1000kG/m’, Q =m'/s, H=m cot nuéc.
Cong sudt thuc ciia tuabin s& nho hon cong sudt 1y thuyét mot luong bing tén thét sinh ra
trong qu4 trinh bién déi nang lugng trong tuabin: '
N =N, - AN. (6.10)

T6n thét cong suat trong tuabin AN bao gém céc thanh phin: tén thit cong suat thuy luc
ANl t6n thit cong suat hru lugng (60 thit do 1o ri) AN, va tn thit cong sual co khi AN,,.

AN = AN, + AN, + AN,,. (6.11)

Chia cong sudt hifu ich (cong suat trén truc tuabin} cho cong sudt 1y thuyeét ta nhan duge
hiéu suit clia‘tuabin:
N, —AN AN

N
AN T P 6.12
N N, N ( }

It

Hiéu suat tuabin gébm ba thanh phan: hiéu suat thuy lyc ny, hiéu sudt luu luong 1, va
hiéu sudt co khi 1.

MNiw = MMMk (6.13)
trong dé:
N, —AN,, AN
=— =] —& 6.14,a)
nck Nu N (
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_NTAV (6.14,b)
o Q Q
H-AH AH
.= =1-== 6.14,c)
uf . q (

v

AQ - 16n thit luu lugng do 1d i nude 1ir viing dp sudt cao 16 ving 4p suat thap va tir

trong tuabin ra ngodi ;
AH - 16n that cot 4p do c6 cdc dang tdn that thuy luc sinh ra trong tuabin;

AN, - t6n thit co khi sinh ra do ma st trong & truc 6 dém vi ma sdt cla chat long tinh

vGi bé mat ngoai clia dia cdnh banh cong tic (461 véi tuabin tam truc).

Hié¢u sudt t6 mdy bang tich clia hiéu suét tuabin véi hi¢u sudt mdy phdt va hiéu suit

truyén dong;:
Nt = Min Ny 6.15)
Ddi véi cde 16 miy thuy dién nho va circ nhd ta ¢é cic gid tr] hiéu sudt ndm trong gici

han sau:
Hiéu suat tuabin  m,= 0,7+ 09, tuy theo (¢d) cong suat tuabin.
Hiéu suat mdy phat ny, = 0,8 + 0,95, phu thudc cong suit ciia mdy phat.

Hiéu sudt bo truyén gitfa twabin v may phat n., = 0,9 + 0,95, tuy thudc vao dang bo

truyén dong va cong sudt truyén.
Nhur vy cong sudt clia t6 mdy la;
N = 9,81QHN . (6.16)
Cé thé 14y gin ding Now = KQH (kW), trong d6 K = 5 + 8. Gi6i han dudi tinh cho

tuabin cue nho, gidi han trén tinh cho tuabin c6 cong suat trén 100kW,

6.3. LUAT TUONG TU

6.3.1. biéu Kkién tuong tu

Trong thirc t€ ngudi ta thudng phai so sanh, tinh chuyén déi cic thong s6 tam viec cha
mdt mdy nay so v6i mot mdy khdce. DE ¢6 thé lam duge didu d6, ngudi ta phai dua vao luat wang
1. '

Hai mdy (tuabin thuy lyc) s& 14 tuong tu v&i nhau khi ching thoa min ba diéu kién sau:
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6.3.1.1. Diéu kién tuong tu hinh hoc

Hai mdy tuong w hinh hoc v6i nhau khi hinh dang cia phén din dong (phén tiép xic véi
dong chay) cua ching déng dang va c6 cdc kich thudc hinh hoc 1y 1& véi nhau theo mot ty e
nhdt dinh va cdc géc tuong tng bing nhau.

h:-lz&:k, =const ; : (6.17)
D, b; :

Biv=Birs Pane=Bar--.
trong dé, ky hi¢u M tuong (ng tuabin mo hinh va T tuong tng tuabin thue,
6.3.1.2. Diéu kién tuong tw déng hoc

Hal mdy tvong ty dong hoc véi nhau khi chiing déng dang hinh hoc véi nhau v ¢6 phan
b8 van toc tai cdc diém tuong tng trong phin din dong tuong wr nhau (nghia i ¢é cic tam gidc

van toc déng dang).

Vi - W Gy comst (6.18)
Vir v G

6.3.1.3. Diéu kién tuong tu déng luc hoc

Hai mdy twong ty dong luc véi nhau khi ching tuong ty hinh hoc va tuong tr dong hoc

v6i nhau va cd cic lyc tic dung tai cdc diém tuong ¢ng trong phén din ddng ty 1& véi nhau.

P F
MM = const; (6.19)
Pt Fr

Trong 1y thuyét twong nr ngudi ta dd chimg minh riang, khi hai mdy tuong tr hinh hoc

v6i nhau, d& dam bao su twong ty dong I cin phai ddm bao cdc chudn s6 sau diy nhu nhau:

. VD
Chuan s3 Reynolds: Re=—,
v
] . V2
Chuan s6 Froude; Fr=—1
gD,
Chuin s& Strukhal: Sh = % .
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Chuin s Ole; Eu=2 _2p‘” }
pv-/2

trong dé:
V v p la vin 18c va dp suat trong dong chét 10ng;
p va v - mat do vi do nhét ca chét 16ng;
D, - dudng kinh binh cong tdc & cira vio cha tuabin:
g - glatoc rdi ty do;
T - thoi gian mot chu ki (mot vdng quay) clia truc tuabin T = 1/n.

Trén thyc & m6 hinh hod tuabin thudng dam bao hai chudn s6 Sh va Eu nhu nhau, s6 Fr
dor khi bang nhau con s6 Re thi khong bang nhau. $& di s6 Re khang thé nhu nhau do mé hinh
c6 kich thudc khd nho thuong bang 1/40 dén 1/10 so v6i mdy thuc, cdn cot 4p thudng chi bang
1/100 dén 1/10 cot dp thyc. Do vay s6 Re clla mdy thuc thudng 16n gap 56 dén 100 lan so v6i mo
hinh. Song khi Re > 10° (trong viing 1am viéc cha tuabin thuc va mé hinh) thi sur khdc nhau cta
s6 Re khong dnh huong ddng ké 16i dang chuyén dong clia dong chat 1ong. Anh hudng cia s6
Re va dé nhdm tuong d6i t6i hiéu sudt tuabin khi mo hinh hod $& duoc tinh todn bd sung bing
cong thie kinh nghiém.

6.3.2. Cac quan hé tuong tu

Dua vio céc diéu kién tuong ty clia hai mdy: mé hinh va nguyén hinh (mdy lhuc) ta ¢d

thé thiét 1ap cdc quan he wrong tu gilta cac thong s6 lam viéc cba hai mdy.

Trong tuabin thuy luc ngudi ta thudng thiét 1ap quan hé tuong wy cla cic thong sd: vong
quay (n}, luu luong (Q) va cong sudt (N), phu thudc theo dudng kinh (D)) va cdt 4p (H) cta
tuabin.

Tir biéu thiic tinh van t6¢ theo cot ap:

D #nD

© S =60 g (6.20)

ta xdc dinh duge cac quan hé tuong tr sau:

112 12
_n_Mz{DT]_(HMJ (nﬂM} (6.21)
p Dy H, MNyr
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2 L2 12
Q; Dy H, Nur MNom

3 342 372
M:p_M[DM} [HM] [nﬂm} Mekm _
N;  p\ Dy H, Nur Nuer

(6.22)

(6.23)

Trong thuyc 1€ tinh toan thiét k&, chon tuabin & budc ban diu thuong tinh gén ding bod

qua su khac nhau giita hiéu suat tuabin mé hinh va tuabin thue. Liic d6 ta ¢é cdc quan hé:

142
M Dyt Hy
n, D, {H '

T

Q_M_ RM_ 2 EM_ 12
Q'I' B D'r H; ’

6.3.3. Cac dai luong quy dan ciia tuabin

(6.24)

(6.25)

(6.26)

Trong viéc thiét k&, chon tuabin, cdc thong s6 cua tuabin nhu cot dp, luu lugng, 50 vong

quay, ... khong thé dic trung cho cdc tuabin cung loai tuong tu vdi nhau.

Pé dac trung cho cling mot loai tuabin tyong tu vai nhau ngudi ta ding céc dai lugng

quy dan .

Cic dai luong quy din cta mot tuabin nao d6 14 cdc dai lugng (ky hieun,, Q. N, ) ciia

mot tuabin tgong tu v&i tuabin dé cd dudng kinh banh cong tic D, = Im, va cotdp H= lm.

D1 nhién hai tuabin nio dé twong ty thi cdc dai lugng quy dan phai bang nhau.

St dung cdc cong thitc (5.21 + 5.23) th€ Dy, = Im, Hy = Im, goi ny, Q.. Ny la cic

théng s& quy dinn', Q,, N ta c6:

nD

112

1 T
—— | (vg/ph),
\/E [ Nar ]
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' Q Num nQ'I' 3

Q, = ' ; (m'fs),
! Dlz\/ﬁ Mur Nom

n1=

(6.27)

(6.28)



32
N, = - N {n”M ] WY  (kW). (6.29)
DFHJE Nur ekt

aday: n'1asé vdng quay dan ;
Q) 1a lnu luong quy dan ;
N, 12 cong suét quy dén.

Khi tinh géin ding, ¢6 theé bo qua sy chénh lech higu suat, khi d6 ta c6:

. D
n,:%, (va/ph), (6.30)
: Q :
= (mYs), (6.31)
U
N, =—7N—. (KW). (6.32)
D;H\/ﬁ

6.4. SO VONG QUAY PAC TRUNG
6.4.1. Pinh nghia

Khi chon hodc thiét k& tuabin thudng can cif vdo cic cdc théng 5§ ¢g ban cho trudc la
cot dp, cong suat (hoac luu lugng) va s6 vong quay 1am viée chia 16 mdy. Trong linh vire ché tao
tuabin thuy dién, dé dic trung cho cdc mdy tuong tir nhau ngudi 1a si dung mot théng sd goi la
s8 vong quay dac trung va ky hiéu 1a n.

SG vong quay déc trung clia mot tuabin ndo d6 12 s8 vong quay clia mot tuabin mau
déng dang hinh hoc véi tuabin thyc, khi lam viéc véi cot dp bang Im cot nude thi phét ra cong
sudt bang 1 ma hue.

St dung cdc cong thife (5.24) va (5.26), coi céc dai lwong Hy = Im; Ny = Iml; n,, = n;
Hr=H,N;=N,n;=n vacoi hiéu sudt cta tuabin mau va thuc nhy nhau ta c6:

Ny,

n. =
S 54
H

., vg/ph (6.33)
O day: nlasé vong quay trong 1 phiit ;

H 1a cot dp cia tuabin tinh bing m ;

N la céng suét cla tuabin tinh bing mi luc.
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Néu cong sudt tinh bang kW, ta ¢é cong thite tinh ng nhur sau:

_L16nN,,

n
s 574
H

»  vg/ph (6.34)

tai tuabin trong tur nhau thi ¢6 ng giong sthau khéng phu thudc vao cdc tri s6 cong suat,
luu lugng, cot dp. S6 vdng quay ng clia tuabin thay doi trong khoang rong tir [0 + 1200 vg/ph.
6.4.2.Phan loai tuabin

Ta biét rang nang luong don vi cla dong chay truyén cho banh cong tic clia tuabin xéc
* dinh theo cong thic:

. P-P, VI-V!
H=Z-Z,+1—2+1—2
Y 2g
- [ —
thé nang diny nang

Tuy thudc vao dang nang luong ctia dong chay tic dung 1én binh céng tic cla tuabin,

ngudi ta chia tuabin thanh hai hé: tuabin phan luc va tuabin xung luc,
6.4.2.1. Hé tuabin phan luc

La h¢ tuabin, trong d6 banh cong tac quay duge 1a do tic dung phan luc ciia dong chay.
Trong qud trinh Jam viéc clia tuabin ¢ hai thanh phan thé nang va déng ning ca dong chay déu
bién déi (nhung chii y&u la thé ning). O cira vao cia tuabin 4p suat luén luon kén hon ap suat o
cira ra va dong chay qua tuabin la ddng chay lién tuc, chdt 16ng ludn dién ddy toan bo mang dén.
Van t6c dong chay qua tuabin ting din, 4p sudt gidm dan. Médng din banh cong tic ¢6 dang hinh
con. Trong chay bao 14 canh vin t6c dong chdy phia trén 14 canh thidp hon phia dudi, do vay dp
suat dong chﬁy phia trén 14 cdnh cao hon phia dudi tao ra luc tdc dung lén 14 cdnh 1am quay bdnh
cong tic clia tuabin.

6.4.2.2. Hé tuabin xung luc

La hé tuabin, trong dé banh cong tdc quay duge 12 do xung luc (dong ning) ctia dong
chay. Trong qud trinh lam viéc chi ¢é phén dong nang cua dong chay thay déi, con phan thé
nang khong thay doi, dp suét & cira vio va clra ra clia binh céng tdc 1a 4p suat khi trai.

Tuabin phan lyc va tuabin xung luc ¢ tinh nang va pham vi sir dung khéac nhau. Tuabin
phan lyc ding cho tram ¢6 ¢6t nude thip, hus lugng Ldn. Con tuabin xung litc diing cho tram c6
¢dt nitde cao, luu lugng nho.
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6.5. MOT SO DANG KET CAU CUA TUABIN
6.5.1. Tuabin phan luc

6.5.1.1. Tuabin Francis

Trén hinh 6.6 12 so dé két cdu cha tuabin phian luc ki€u tam truc (tuabin Francis).
Nguyén ly lam viéc clia tuabin nhu sau:

Nudc tir thuong nguén chdy qua 6ng dan vao budng xoan 5, qua cot tru 2, cdnh hudng 3
réi vao banh cong tic 4. Tai binh cong tdc dong nudc tic dong lén cdc 1d cianh lam cho bénh

cong tic quay, ra khoi banh cong tic dong nudc s& chay vao budng hiit 1 va thodt ra ha luu.

Bénh cong tic gdm hai vanh: Vanh dia trén 1 va vanh dia duéi 3 (hinh 6.7), giita ching
c6 gan cdc cdnh 2. Canh 6 dang cong khong gian. S6 cénh tir 12 + 22. Diac trung cho bénh cong
tic 1a ty s6 D,/D,. Néu H = 80m thi D,/D, =1 néu H > 80m thi D,/D, < 1. Cic thong s6 két cau
ctia banh cong tic nhu ty s6 ByD,; Dy/D, ¢6 gid tri khdc nhau phu thudc vao s6 vong quay dac
trung cla tuabin. thong thudong B/D, = 0,08 + 0,035; D,/D, = 0,65 + 1,2.

Hinh 6.6- So dé két ciu cha tuabin phan luc ki€u tam truc ( tuabin Francis) .

Tuabin Francis dugc sir dung cho céc tram c6 cot dp H = 30 + 60m. D6i véi cac tuabin
cong sudt cuc nhd (mot vai kW) c6 thé tng dung cho cot dp thdp (H t6i 4m). Thong s6 quy déan
clia tuabin Francis trong khoing: n';= 60 +120vg/ph; Q| = 400 + 1000//s.
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Hinh 6.7- So d6 két cau banh cong tic tuabin Francis.
6.5.1.2. Tuabin Francis buéng ho

Trén hinh 6.8 1a so dé lip dat tuabin Francis k1eu buéng ho. Tuabin khong c6 budng

xoan, truc ding, ting dung cho cic t3 mdy thuy dién cuc nho cot nuée thip.
Trén hinh 6.9 la so dé lip dat

tuabin Francis truc ngang, budng kin

(ki€u 6ng loe). Tuabin Francis dang nay

ding cho ¢t dp cao hon vi né ¢6 budng

dan dong kin. VLT 27T
Trén hinh 6.10 1a so d6 lip dat

tuabin Francis cuc nho, tryc ngang, budng

Hs

4]

kién cot nudc thap. 7

ho. Loai tuabin nay duge ding cho diéu

%\\

6.5.1.3. Tuabin huong truc (tuabin
Kaplan)

Tuabin huéng truc duge sir dung

rong rai trong thuc t€. Pham vi cot nudc tir
1.5 + 60m (hinh 6.11). Nguyén ly lam

viéc cua tuabin dang nay nhu sau: dong

A KA TV R

=

chay tir thugng luwu chay qua 6ng dén vao

budng xoin 1, qua cot tru 2, cinh huéng 3 Hinh 6.8- So d6 lap dat tuabin Francis
L . ) kiéu buéng ha.

va vao banh cong tic theo phuong huéng

truc. Sau khi trao déi nang lugng véi béanh

cong tic, dong chay tiép tuc chay xuéng budng hit. Binh cong tac cua tuabin gém cé: biu cianh
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hinh tru va chd lap cdnh c6 thé 12 mat tru hay mat ciu.
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Hinh 6.9- So dé lap dat tuabin Francis cuc nho, Hinh 6.10- So dé két cdu tuabin Francis cuc nho,
truc ngang budng kin (kiéu 6ng loe). truc ngang, buéng ho.

Hinh 6.11- So dé két cau tuabin hudng
truc (Kaplan) kiéu buéng kin.

Banh cong tic gédm nhiéu canh duoc gan véi bau. Néu canh duoc gin ¢6 dinh véi biu thi
goi la tuabin huéng truc canh c6 dinh (tuabin chong chéng - tuabin Propeller). Néu cinh duoc
lap véi biu c6 thé quay quanh truc clia né thi goi 1a tuabin hudng truc cdnh xoay. Cinh ¢6 dang
cong theo hai chiéu (cong khong gian), s6 cdnh ¢6 thé tir 3 + 9 cénh.

bac trung két cdu ctia banh cong tdc tuabin hudng truc la ty so dy/D, ¢ot dp cang cao thi
ty s6 nay cang lén. D6i véi tuabin cuc nho, cot nudc thap, ¢6 thé dung tuabin hudng truc, cénh
¢6 dinh, buéng hd (hinh 6.12). Tuabin c¢6 thong s6 quy dan nhu sau: n, = 100 + 200vg/ph ; Q, =
120 + 20001/s.
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Hinh 6.12- So do lap dat tuabin hudng truc cue nhé, cot nuée thap, kiéu buéng ho.
6.5.1.4. Tuabin huong truc truc ngang

Trong nhimg nam gén day, loai tuabin nay duge sir dung rong rii cho cdc tram thuy dién
cuc nho, cot nude thip (hinh 6.13).

/s

i

f}"/ §|
s

TS A

_ Hinh 6.13. So d6 lap dat tuabin huéng truc truc ngang.
6.5.2. Tuabin xung luc
6.5.2.1. Tuabin gdo (tuabin Pelton)

Tuabin gdo (con goi la tuabin Pelton). Tuabin gdo loai cong suat 16n ¢6 pham vi sir dung
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theo cot nuéc H = 300 + 2000m hodc cao hon nita. Con loai cong sudt cuc nho thi H = 40 +
250m. Truc cia tuabin Pelton c6 thé ding hodc ngang. Loai tryc ngang thuong c6 cong suat nho
vi ¢6 tir 1 + 2 vdi phun cho 1 bdnh cong tic (hinh 6.14). S6 lugng banh cong tac thudng nho hon
3. Loai truc dimg thudng c¢6 s6 voi phun nhiéu hon, thudng tir 2 + 4 cdi, ¢6 khi dén 6 cai. Cac vol
phun b6 trf déu xung quanh banh cong tac. O tuabin géo, nudc tir thuong luu chay qua ong dan,
qua van réi vao voi phun. Sau khi ra khoi voi phun dong nudc tic dung vao cinh gdo 10i roi
xuong.

Voi phun 2 ¢é nhiém vu bién toan bo nang lugng nudc thanh dong nang trudc khi vao
banh cong tac. Ngoai ra vdi phun con ¢6 kim phun 1 dé diéu chinh luu luong. O cdc tuabin c6
cot nudc cao, khi déng nhanh kim phun s& c¢6 hién tuong va dap thuy luc duong 6ng, cho nén
muén giam luu lugng nhanh ma kim phun déng tir tir, nguoi ta dung co cau hit nuée 3. Banh

cong tac gom dia canh va cdc canh gdo 4 dugc gin chat vao dia.

D1

_ | B

Hinh 6.14- So dé két ciu tuabin gdo (tuabin Pelton).
6.5.2.2. Tuabin xung kich hai lan (tuabin Banki - Michel)

Loai nay c¢6 nhiéu uu diém so véi tuabin huéng truc cdnh c6 dinh. Trong nhiing nam gan
day n6 duoc sir dung rong rdi cho cdc tram thuy dién c¢6 H = 10 + 60m. So do cua no duge gidi
thiéu trén hinh 6.15. Tuabin gém voi phun c6 luGi ga di¢u chinh luu lugng 3, nude qua vOi phun
chdy vao banh cong tic 1 véi cdc cdnh 2. Lan thi nhat banh cong tic nhan khoang 83% nang
luong clia dong chay, phan con lai s€ téc dung lén banh cong tdc lan th hai. Binh cong tic c6
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vong quay quy dan: n', = 30 +100vg/ph

Hinh 6.15- So d6 két cdu ctia tuabin xung kich.
6.5.2.3. Tuabin tia nghiéng

Khdc véi tuabin Pelton, dong chay tir voi phun huéng vao banh cong tac dudi mot goc
nghiéng, nho thé banh cong tic clia tuabin tia nghiéng rat don gian, dé ch€ tao. Banh cong tic
goém cdc cdnh cong dugc gin v6i moayo va vanh ngoai, cdn voi phun tuong tu nhu voi phun
tuabin gdo (hinh 6.16).

Hinh 6.16- So d6 két cau tuabin nghiéng hai voi phun.
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6.6. PUONG PAC TINH VA CHIEU CAO HUT CUA TUABIN

6.6.1. Pudng dac tinh tong hop chinh cia tuabin

D6 1a dudng dic tinh tong hop mo hinh ctia né. Pudng dac tinh téng hop mo hinh ciia
tuabin bi€u thi m6i quan hé phu thudc cta hiéu sudt vao luu lugng: n = f(Q) khi dudng kinh
banh cong tac D, va cot dp H khong déi. Nhung thong thuding cic dai luong n, Q, N duoc biéu
thi dudi dang céc dai lugng quy din n, Q,, N, Cic dai luong n, Q va N duoc tinh chuyén déi
sang cdc dai luong quy dan n';, Q, N, nh& cdc quan heé tuong tur (5.30 + 5.32).

n, — -
v/ph =
2 e 2
80 |— = = Z Ly
2 < \ ""r =
= \ =
\S SIS\ | A7 Slp =
W iRLE / L’i\
\ 1 : /\/ \ \
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S
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Hinh 6.17- Pudng dac tinh téng hgp mé hinh ca tuabin tam truc (Francis) PO82.
Thong s6 mo hinh: tuabin truc ding, buéng xoin kin. Pudng kinh bdnh cong tic
D, =460mm, s6 cinh Z, = 15, s6 canh hudng Z, = 16, chiéu cao cdnh hudng
b, = 0.2D,, 6ng hiit kiéu cong.
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Do d6 dudng dac tinh tong hop chinh clia tuabin la cdc dudng biéu thi quan hé n = f(n',,
Q) hodc n = f(n', N')), khi D, = Im va H = Im. Loai dudng dac tinh n = f(n}, Q) hay ding hon
ca. Trén hinh 6.17, 6.18 va 6.19 biéu thi twong ing cdc dudng dac tinh tdng hop chinh ciia tuabin
Francis, Kaplan va Pelton.

Thuc t€ thi duong dic tinh téng hop chinh 1a cic duong déng hiéu suat dugc vé trong toa
do n;, Q;. Ngoai cdc dudng déng hiéu sudt con c6 cic dudng déng do md a,, déng hé s6 xam
thue 8, dudng dong gée dat céanh ¢ d6i véi tuabin Kaplan. Puong han ché cong suat 95% doi voi
tuabin Propeller va tuabin Francis. Pudng déng hiéu suat c¢6 gia tri tang tir trong ra ngoai.

159
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Hinh 6.18. Duong dac tinh téng hop mé hinh ctia tuabin huéng truc K70.

Thong s6 m6 hinh: tuabin truc ding, buéng hé. Dudng kinh bénh cong tac

D, = 460mm, s6 canh Z, = 4, s6 cdnh huéng Z, = 32, chiéu cao canh hudng
b, =0.418D,, 6ng hit cong.

MB&i kiéu tuabin duoc ché tao hay duge nghién citu trong phong thi nghiém, nha ché tao
hodc vién nghién ctiu s& dua ra mét duding dac tinh tng hop chinh. Pudng dic tinh nay dugc
xay dung tir cdc thi nghiém m6 hinh. D6 la tu liéu quan trong dé tim hiéu dac tinh cta timg kiéu
tuabin va ciing la tr liéu chinh dé chon tuabin cho timg tram thuy dién.
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Hinh 6.19- Pudng dic tinh tdng hop mo hinh clia tuabin gdo (tuabin Pelton) k.560,
truc dang, 6 voi phun. Pudng kinh banh cong tic D = 335mm, s6 cdnh Z =20,
duong kinh voi phun d,, = 36mm (thi nghiém & cot dp H = 40m, S- do dich chuyén
cua miii phun).

6.6.2. So sanh cac loai tuabin theo dudong dic tinh cua chiing

Trén hinh 6.20 cho cdc dudng dac tinh hiéu sudt tuong d6i N =n/m, cha cic loai
tuabin phu thudc vao su thay doi ciia phu tai N =N/ N, -

Tir cdc d6 thi nay ta cé nhan xét sau:

- Tri s6 hiéu suit max (N,..) cla cac loai tuabin (trir tuabin Banki - Michel) 1a gan nhu
bang nhau.

- Pudng dac tinh hiéu suat - N cua tuabin tam truc tuong déi déc, con cia tuabin
chong chong thi rat doc.

- Duong dac tinh cta hiéu sudt n- N cia tuabin géo va tuabin Banki - Michel thoai va
rong. Do viy, né c6 kha nang (g dung cho nhitng diéu kién cot dp hay luu luong thay doi trong

pham vi rong. Diéu nay dic biét quan trong d6i véi tiém nang khai théc thuy dién nho ¢ nudc ta,

vi nude ta ¢é hai mua ro rét: mua kho va mia mua.

- Tuabin Kaplan ciing cé dudng dic tinh 7 - N véi viing hiéu suat cao kha rong nho
diéu chinh déng thoi hai thong s6 (canh huéng va géc dat canh ctia banh cong téc).
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6.7. XAM THUC VA HE SO XAM THUC, CHIEU CAO HUT H, CUA TUABIN

Xam thuc 1a hién tuong vat ly dac trung cho cdc may lam viéc v6i moi chat 1a chat 1ong.
Chét 16ng duéi mot dp suat nhat dinh sé soi & mot nhiét do xdc dinh. Ap sudt tai d6 chit long soi
goi la dp sudt hoi bao hoa. Khi dp suat trong dong chat 16ng & mot diém nao dé giam t6i dp suat
hoi bao hoa chét 16ng sé s6i. Chat khi trong dong chit 16ng s& tach ra cuing véi hoi nuée do soéi
tao thanh bong hoi va khi. Bong hoi va khi nay goi la bong xam thuc. Béng xam thuc sé cang l6n
khi dp suat cang thap. Bong hoi va khi nay chuyén dong t6i viing dp sudt cao hon trong dong
chit long sé bi dap tit dot ngot.
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Hinh 6.20- Dudng dac tinh hiéu suét twong doi clia cdc loai tuabin:
I - tuabin Pelton, 2 - tuabin Kaplan, 3 - tuabin Francis,
4 - tuabin chong chéng, 5 - tuabin Banki - Michel
Hién tuong chat long soi dudi dp suat thap va béng xam thuc bi dap tat dot ngot & dp suat
cao goi la hién tugng xam thuc trong dong chat 1ong. Khi bong xam thuc bi dap tit dot ngot, cic
phan tir chat 16ng & xung quanh x0 t6i chiém ché. Tai tam boéng xam thuc, van t6c chat 16ng

bang khong, dp sut sé tang vot, ¢ thé dat t6i 4p sudt rat cao. Vi chat khi khong hoa tan ngay
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trong nudc, nén van tée va ap suat dao dong. Do dp suit 16n va dao dong nén vat liéu bi pha huy
dan dan. Néu hién tuong xay ra kéo dai vat liéu s& bi phd huy nghiém trong din t6i hu hong
mady.

Khi xam thuc xay ra trong tuabin s& 1am hu hong bé mat cdc chi tiét ma tai dé xay ra
xam thuc. Trong tuabin, xam thuc thudng xay ra & phia lung canh banh cong tdc & gidn mép ra va
0 6ng xa cua tuabin.

Khi xam thuc xay ra thudng phat ra ti€ng 6n rit 16n, may bi rung. Cong suat va hiéu suat

cuia tuabin s€ giam, kha nang thodt nudc clia tuabin cling bi giam dot ngot.

Dé dac trung cho khé nang xay ra xam thyc trong tuabin ngudi ta sir dung hé s6 o, goi 1a
hé s6 xam thuc. Hé s6 xam thuc duge xdc dinh bing ti s6 gitia do chan khong thuy dong H,, v6i
cOt nudce toan phan H cua tuabin.

i M, (6.35)

Hé¢ s6 o phu thudc vao dac tinh cta banh cong tac tirc 1a vio dic tinh cla tuabin. Tuabin
c6 s6 vong quay dac trung khiac nhau s€ ¢ dic tinh khdc nhau. Vi vay cling c6 thé néi, hé s6 o
phu thudc vao s6 vong quay dac trung ng Khi ng cang 16n thi o cang 16n. Luu luong c6 anh
hudng t6i van téc nén cling ¢6 anh hudng t6i o. Khi Q tang thi o ting.

Cho dén nay chua c6 phuong phdp ly thuyét dé xdc dinh chinh xdc hé s6 o, boi vay phai
xdc dinh o thong qua cdc nghién cttu thuc nghiém trong phong thi nghiém.

Khi lap dat tuabin khong ding ciing 1am xay ra xam thuc trong may mac du hé s6 o cia
tuabin dé 1a khong déi.

W\
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Hinh 6.21- Xic dinh chiéu cao hiit cia tuabin cdc loai khdc nhau:
a/ Tuabin huéng truc dat dimg; b/ Tuabin hudng chéo truc ding;
¢/ Tuabin tam truc dat ding; d/ Tuabin hudéng truc dang kapsun (t6 kén).
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Gio1 Hy 12 chiéu cao hiit cGa tuabin, d6 1a khodng céich tir mét nudc ha Iuu dén mot cao
trinh quy dinh cho méi loai tuabin (xem cic hinh 6.21, a, b, ¢, d).

Dé khong xdy ra xam thyc trong tuabin viéc ldp dat tuabin phai dam bio diéu kien sau:

H, SRR =B-H,, -cH. (6.36)
Yo

trong do:
- B va P, 1a cOt dp va dp suat khi quyén, B = Pa/y ;

- Hy, va Py, 1a oot dp va dp sudt hoi bao hod, tng vi nhiét do 1ir 5 + 30°C thi H,, = 0,08
+043m;

- H cot 4p tram thuy dién ma tai dé tuabin 1am viéc.

Cot &p ung véi 4p sudt hoi bio hod ¢6 gid trj rhd so véi cot dp khi quyén, nén ¢6 thé bo
qua. Lay B = Pa/y = 10 m va tinh t6i du trif an toan chéng xam thuc ldy K = 1,05 + 1,1, ta ¢6

cong thire xdce dinh dé cao 1L, nhu sau:

H, =10~ —K8H. (6.37)
! 900

& day V 1a do cao clia cong trinh so véi mat nude bién [m]

6.8. TIEU CHUAN HOA, XAC DINH KICH THUGC VA SO VONG QUAY CUA
TUABIN

6.8.1. So luue vé phuong phap tiéu chudn hoa tuabin phan luc

Theo sy phan loai cua cdc nude cong nghiép phat trién, tuabin nhoé va cuc nhé 1a tuabin
c6 cong sudt 1r (0,6 +10.000)kW vi cot ap tir (1 + 1000)m. O Viét Nam chua ¢6 tiéu chuan phan
loui riéng nén ta sur dung ticu chudn phan loai ca nude ngoii.

Dua vao chi tiéu kinh 1€ trong xay dung ngudi ta gidi han chiéu cao hut cta cic tram
thity dién nho 1a 2m. Ung vé6i hé s6 xam thuc clia tuabin Francis (o =0,03 - 0,47} va gidi han
chiéu cao hiit nay, ngudi ta chia tuabin Francis thanh 8 seri vdi dai cot dp tir 20 dén 340m nhu

sau (xem bang 6.1).

D61 véi tuabin Kaplan ¢6 o = 0,33 + 1,7 ngudi ta chia ching tam S seri theo cOU Ap va hé
s6 xam thue nhu sau (xem bang 6.2)
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Bdng 6.1. Bang phan loai tuabin Francis theo cot 4p va hé s6 xam thue

Seri F8 F7 F6 F5 F4 F3 F2 F1
H,.. 20 30 45 70 100 150 260 340
whin 7 10 15 25 35 50 80 115
8 0,47 032 0,22 0,145 | 0,095 0,065 0,043 0,03
Bdng 6.2. Bang phan loai tuabin Kaplan theo cot ap va hé s6 xam thuc
Seri K5 K4 K3 K2 K1
H.: 6 9 13 20 30
Hmin 3 4.5 7 10
Umax 17 1.12 0.75 O‘S 033
N, kW i bt
4 ] {;ﬂu COPT L I %5‘
IJ}GJ&? “ _.f....... . (> .{’._..’."/;JJ.'____A oA
JI._,"U“ o I;.vé__ ’/ﬁt-)f}__w, 3‘: » vﬂﬁ\ A
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e t
3000 { .
000 i argranvi¥
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2000 } %%g 2 Q,\i@ o
1500 - ! -+
000 +—— A o
: e . 1S
300 - %%
200 4 é
o S2a ;
pd i ,‘1&
» .l
i
- >4 ok ,: 1 i
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Hinh 6.22- D6 thi cdc ving sir dung ctia tuabin phan luc cong suat nho (theo tiéu chudn Lién X6 cii).
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Gidi han viing sir dung cua tua bin

o Tua bin gdo
e | UG bin Lia nghiéng
e Tt bin xung Kich hai ldn
—emmmmeas e Tug bin phin luc

1 an ‘. W - ’ 5 - L : 15
aft /= R PO

‘ i1
12 % 16 1820 75 30 35 40 50 60 &0 100 120 wQ 60 WO Z0U 250 300 460 500 H, m

Hinh 6.23- D0 thi cdc ving sir dung cia tuabin xung luc cong sudt nhéd (theo tiéu chudn Lién X6 cii).
Trén co s& su sai léch hiéu sudt An cia hai tuabin trong cung mot seri ¢é dudng kinh
tiéu chudn ké sdt nhau, ngudi ta dinh ra céc dudng kinh tiéu chuin cho bdnh cong tic.

D3i v6i tuabin nho, dé giam s6 duong kinh tiéu chuin ngudi ta cho phép sai léch hiéu
sudt An = 6 + 7% cho hai kich thuéc ké sit nhau. Liic d6 k = D,,, /D, =1,12 + 1,15 va cong suit
cua hai tuabin trong cling seri ¢6 kich thuéc ké sat nhau c¢6 ty Ié sau: N,,,,/N, = 1,25 + 1,32.

Mot chi y nita 1a khi tuabin 1dp truc ti€p v6i mdy phat thi s6 vong quay cla tuabin phai
la s6 vong quay déng bo.
Dai v6i dong dién tan s6 bang S0Hz thi s6 vong quay déng bo 12 n = 60f/p; p la s¢ doi

cuc. Véip=2,3,4,5,6,7,8,9, 10; ta c6 s6 vong quay tuong ting n = 1500, 1000, 750, 600,
500, 428, 375, 333, 300 vg/ph.
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6.8.2. Tién chudn hoa cho tuabin Pelton
6.8.2.1. M¢t vdi kién thitc co bdn ciia tuabin Pelton

Trong trudmng hop 1y tuong van t6¢ vong U tai dudng kinh D, cla banh cong tic biang
mot nlra van téc dong chay & miéng voi phun V,;, hay biing (0.46 = 0,49)V.,.

Ta ¢6 biéu thic tinh gid tri van t6c nay nhu sau:

U- rnD,

=(0,46-0,49) V., (6.38)

trong dé:
D, la dubng kinh danh nghia hay duémg kinh tam cdnh gdo (xem hinh 5.14).
Vvf - van 16¢ dong chay ¢ miéng voi phun duoc xdc dinh bing cong thite sau:

V,=¢2gH . (6.39)

vOi @ 1a hé s6 van toc cha voi phun, nd co gid tri @ ~ 0,98 ;
H - ¢6t dp cla voi phun, H = Ap/fy ;
Ap - do chénh 4p trude va sau voi phun.

Tir bicu thitc (5.38) ta xdc dinh dugc s& vong quay n ciia binh cong tic va do dé s6 vong

quay quy dan n’, cla tuabin bang;

nD,

n, = \/ﬁ = (0,46-0,49) (p\/_ K, . (6.40)
vdi

k, =(0,46+ 049)“J_ ~38,91+41,45 .

Né&u ¢ = 0,98 thi n’, ~ 38 - 40 vg/ph.

Nhir vy, tat ca céc tuabin Pelton 6 dac tinh niang lugng t6t thi n’, ¢6 gia tri trong
khodng 38 + 40 vg/ph.

L lugng cla tuabin:

Q=72,f,V,=2, i (p,lng | (6.41)
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Liru lugng quy dan cha tuabin:

2
. Q T d,
_ _T7 oa| & (6.42)
Q, Df\/ﬁ a ¢P g( D, J

D, 9JZg =1, néntacs:
s

2
Q, =77, (51-1] - (6.43)

D,

Theo cong thife nay thi fuu lugng 14 ham $6 cha s6 voi phun va ti 58 d,/D,.

Tachii ¥ rang d6i véi tram thuy dién nhd thi s6 ddu voi phun khéng qud 2 vi néu 1én hon
thi viéc ché tao va vin hanh $€ khé hon.

S6 vong quay dac trung cia tuabin (khi cong suat tinh bing ma luc):

N
HYH'

N

Hay n, =3,65n,Q, .
Thay gid tri cha n*, va Q’; vo biéu thic tinh n ta duge:
ng = (247+263)VZd,, . (6.44)

véid, =d /D,

Nhitng nghién ciu chi ra ring, d,/D; 61 uu trong khoang 1/10 + 1/15 ting v6i s6 ny 161
wu bing 16 + 26 vg/ph cho mot voi phun va bing 22 + 36 vg/ph cho 2 voi phun. Gid tri gidi han
dyr = 1/6 + 1/7 V2 Nggiginan = 36 + 42 vg/ph cho mot voi phun va g pe = 54 + 62 vg/ph cho 2 voi
phun.

6.8.2.2. Tiéu chudn hod tuabin Pelton

Muc tiéu ctia cdc tiéu chuin hod tuabin Pelton 12 thi€t 1ap cac kich thudc tieu chuan cia
banh cdng tac, kich thudc vdi phun va kich thude canh gdo.

Mbi loai tuabin v6i kich thude banh cong téc nhét dinh ¢6 thé hoat dong trong mot
khoang c6t 4p nhat dinh, vi rang hiéu sudt cha tuabin giam nhanh khi n’, léch khéi ving gid tri

giél han n’lmin Vé‘ n,lmax'
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Khi hai tuabin c6 s6 vong quay ng bang nhau thi :
D,.../D, = 0 ax/ 0w = Kop.
trong dé, D,,, va D,: 1a kich thudc banh cong tac cla hai tuabin ké nhau, 18y n .y - 42.5vg/ph
van’,,,=38vg/phtacé K,=1,118. '
Dai v6i tuabin nho ta ¢6 thé quy dinh pham vi lam viéc cla ching trong khoang H = 50
+ 500m; N = 50 + 3000 kW véi tuabin mét voi phun va N = 50 + S000KW véi tuabin hai voi

phun, duong kinh banh cong tic trong khoang 0,3 +1m.

N% | o,
l )
§0 200 300

Hinh 6.24- D6 thi cdc ving sir dung clia tuabin phéan luc cong suat nho (theo tiéu chudn Trung Quéc).
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Hinh 6.25- D6 thi cdc viing sir dung clia tuabin xung luc cong sudt nho (theo tiéu chudn Trung Quéc).
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Hinh 6.26- Pham vi sir dung clia tuabin Francis ©100- BM.
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Hinh 6.27- Pham vi sir dung cuia tuabin Francis ®82- BM.
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Hinh 6.28- Pham vi sir dung cuia tuabin Kaplan IpK70- BO.
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Hinh 6.29- Pham vi sir dung clia tuabin Kaplan K90- BEB.
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Hink 6.30- Bicu d6 cdc gia i hiu sudt gdn ding ca tuabin tng véi cong suat 16t da.
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6.9. PHUONG PHAP XAC PINH KICH THUGC TUABIN CHO MOT TRAM
THUY PIEN NHO

6.9.1. Phuong phip dua vao bi¢u do

Trén co s cdc hidu biét vé tiéu chudn héa tuabin thuy dién nho, 1a ¢6 thé chon tuabin

cling nhu may phat cho mot tram thuy dién nho bat ky.

Vi nude ta chua ¢6 tiéu chudn cla twabin nén ta ¢ thé duya theo cde tiéu chudn va ky

higu cfia nudc ngoai nhu: Nga, Trung quéc vit cic nude khic.

Trén co s& cot 4p H va cong sudt N di chon, dya vio biéu dé ving sir dung cla tuabin
(hinh 6.22, 6.23, 6.24 va 6.25), ta ¢6 thé xdc dinh dugce loai tuabin va dang k€t cau clia né, Vdi
cuing thong s6 cot &p H va cong sudt N ta c6 thé tim dugcc hai loai tuabin déu thoa man diéu kién

di cho, khi dé ta phéi tién hanh tinh todn ca hai phuong dn d€ lua chon.

V&i mdi loai tuabin, tra theo biéu d6 viing sir dung riéng cho timg loai (hinh 6.26; 6.27)
tng véi N va 11 di cho, ta chon duge dudng kinh D, clia bdnh cong tic va s6 vong quay n cla

tuabin di tiéu chuan hod.
Xac dinh hg {(cot d4p du uit chdng xam thuc) theo biéu dé va tinh chiéu cao hut Hy cha
tuabin:
Hy = hg - V/900, ddi véi tuabin Kaplan. (6.45,a)
Hy= hs— V/900 +b,/2, d61 vdi tuabin Francis.
(6.45,b)

Tuabin nio ¢6 chiéu cao hdt H 16n hon $& ¢6 hiéu qua kinh 1€ ¢ao hon do chi phi xdy
dung thip hon.

6.9.2. Phuong phap chon tuabin dua vio duong dic tinh tong hop chinh cua tuabin mo
binh

S6 liéu cdn cung cip: cot dp 1am vieéc Hyy, cong sudt clia tram Ny, s6 t6 mdy, pham vi
thay d6i cot 4p Hyyy — Hiue tinh chal phu tii cla tram va ¢é thé gidi han Hg dé dam bao hiéu qua
kinh t& cua cong trinh.

Dua vio cdc biéu dé hinh 6.22- hinh 6.25, ta xdc dinh dugc loai tuabin, Sau dé, dua vio
duding dac tinh téng hop chinh cla timg loai (xem hinh 6.19- 6.21) dé tinh chon thong s6 thich
hop, dam bao hiéu qua kinh t& ddu tir va khai théc cla cong teinh. Ung véi méi loai tuabin, dua

vo cot dp Hyy va cong sudt tinh todn cla mdi 16 mdy N, chon cdc thong s6 quy din Q, van',.
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Doi voi tuabin Francis, chon Q| nim trén dudng giét han cong suit 5%, con doi vdi
tuabin Kaplan thi chon Q’; trong gici han Q- Q'

S6 vong quay quy dan n, cia tuabin duge chon nhur sau:

D6i v6i tuabin Francis, chon 0, 6n hon n'| 6i wu trén dudng dic tinh 16ng hgp mo hinh
3-5 vong /phut. Tl s6 vong quay quy din, ta xdc dinh s6 vong quay thuc n cla tuabin’ theo
(5.30). S6 vdng quay niy phai bing s vdng quay clia mdy phdt (néu tuabin néi truc t€p vdi may
phdt). Néu cé sy sai khdc thi 14y bing s6 vong quay déng bo gin nhit. Sau d6 tink lai n,. N&u
gid tri m&i clia n, va Q van nam trong pham vi higu sudt cta twabin (Nyyamy) €ao 12 dugc. Néu

ching vugt ra ngoai viing Nyyapy cao thi phdi tinh todn lai s6 vong quay n.

6.9.3. Vi du tinh chon tuabin

6.9.3.1. Tuabin Francis

Cac thong $6 cho trude la: Cot dp H = 65m, cong sudt N = 7000kW, cao trinh $dp dat
tuabin V = 180m.

Trén dé thi viing sir dung tuabin (hinh 6.22) diém lam viéc (tuong tng H va N) rot vao
vung tuabin ©100-BM va $82-BM. D6 1a cdc tuabin Francis truc dimg, budng xoén kim loai.
D¢ so sdnh hai loai tuabin nay ta sir dung cdc dé thi ving sir dung riéng cta moéi loai tuabin
(hinh 6.26 v4 6.27). .

Trén do thi viing sir dung cia tuabin @ 100-BM (hinh 6.26) diém lam viéc roi vio vilng
€0 duding kinh banh cong tic D = 120cm, $8 vong quay n = 428,6 vg/ph.

Theo d6 thj hy = f(H) ciing trén hinh ndy ta xdc dinh duge hg = + 0,2m. Theo (6.45,b) ta
xdc dinh duge chiéu cao hiit Hg cla tuabin bang:

H, = h, »%er?o =0,2-0,2+0,18 = +0,18m.

Theo bieu dé hiéu sust gdn ding cla cdc loai tuabin (hinh 6.30) véi dudmg kinh 120cm
cua tuabin ¢100 ta tim duge n= 86,5%.

Khi d6 ta xdc djnh duge luu luong cla tuabin bang:

N 7000

= =12,7m" /s,
9,81.LHn 9,81.65.0,865

Q=

Tiép theo, trén do thi viing sir dung clia twabin ©82-BM (hinh 6.27) diém lam viée roi
vao ving co dudng kinh binh céng tdc D = 140cm, s6 vong quay n = 375 vg/ph.
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Gid tr1 hg tim duge hy = +3,2 m.
Chiéu cao hut cla tuabin:
Hi=32-02+0,14=+314m.

Theo bi¢u d6 hidu suat gan diing cla cdc loai tuabin (hinh 6.30) vdi dudng kinh 140cm
clia tuabin P82 ta tim ducc n= 87%.

Liru fugng cla tuabin bang:

0=—"% 15 6mi/s.
9.81.65.0,87

S0 sdnh hai loai tuabin ta thdy Ia: Tuabin ®100-BM ¢4 vén t6¢ quay 19n hon nén may
phdt sé€ c¢é kich thudc nho hon va ban than tuabin cling s& nhd gon hon. Tuabin ©82-BM cé
chiéu cao hiit H; Ién, do vay giam duge chi€u sau dgt mdy, chi phi dau tu cho cong trinh s& nho
hon.

Nhir vdy mudn chon tuabin ©100-BM hay ®82-BM cdn phai giai mét bai todn kinh 1€
tong hop. Con néu mudn chon may ré ta chon tuabin ®100-BM. Néu chon cong trinh ré ta chon
tuabin ®82-BM.

6.9.3.2. Tuakin Kaplan

Tuabin Kaplan ¢6 thé Jam viéc trong diéu kién cot 4p dao dong 16n. Vi vy tuabin s&

cha tuabin.

duge chon theo diéu kién cot 4p H,,;, nhung phai dat cong suat N, .,
Cac thong 56 cho trude 1a: cot d4p H = 11m, cong sudt N = 5000kW, cao trinh 1ap dat

tuabin V= 90m.

Trén d6 thi viing sif dung wabin (hinh 6.22) diém lam viéc (tuong tng H va N) roi vao
vung tuabin K90-Bb.

Trén do thi viing sir dung ctia tuabin K90-BE (hinh 6.29) diém lam viéc roi vio ving
(hinh binh hanh) dutng kinh D = 300 cm va s6 vong quay n = 167 vg/ph. Tai viing hinh binh
hanh nay di€ém lam viéc ndm cdch dudmg gisi han phia trén khoang 0,2 chiéu cao clia hinh.

Theo d6 thi hg = f(H), hg tai cot 4p H = 11m ¢6 gid tri hy = 0 +2,5m. Tl d6 suy ra gid tri
hg tudng (ng vai diém lam viée: hy=0,2.2,5 =0,5m.

Tuabin $¢€ ¢6 chiéu cao hiit bing:

H, = h, —9%:0,5-0,1 =0,4m,

170



Dé xic dinh khodng cdch tir mét phdng trung binh cda cédnh hudng téi myc nude dudi, ta
xdc dinh gid tn X theo k6t cdu tuabin cho trén do thi:

X=041D=0413=1,23m.
Khi do ta co:
Hi+ X=04+123m=163m.

Theo biéu d¢ hiéu sudt gan ding ciia cdc loai tuabin (hinh 6.30) vai dudng kinh 300cm
cha tuabin K90-Bb ta tim dugc n= 86,5%.

Luu lugng tuabin & c6 gid tri bing:

5000

_—  =535m’/s
9,81.11.0,865

Q=

6.10. UNG DUNG CUA TUABIN NUGC

Tuabin nudc duge sir dung chi yéu dé kéo mdy phat dién nhim cung cdp dién cho cdc
hé st dung. G cdc viing mién ndi, tuabin rude con duge sit dung dé 1am quay tryc ti€p mdy bom
cdp nude sinh hoat va 1uéi cay. Ngoai ra tuabin nude con duge sir dung dé chay cdc mdy cong cu

khic: may gia cong co khi, may xay sdt, v.v...
6.10.1. Tuabin nudc chay may phat dién

Tuabin duge néi trife ti€p v6i mdy phat dién hodc gidn ti€p thong qua cdc bo truyén
dong. Cong suit cta mdy phat dién s& duge xdc dinh theo cong sudt coa tuabin, con vong quay

mdy phdt dugc chon theo s6 vong quay dong bo.
6.10.1.1. Tuabin kéo truc tiép mdy phdt
Céng sudt clia mdy phat duge xdc dinh bang:
Nype = Npnue (KW). {6.46)
trong do: N, 12 cong sudt mdy phat (kW);
Ny 12 céng suat tuabin;
Tap 14 higu sudt may phat.
Cong suat tuabin Nqg = 9,81QHNy,, nén ta co:
Nue = 2.81.QHN My (KW). (6.47)

Vong quay cla tuabin s& bing vdng quay mdy phdt:
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Dy = Ny VE/ph.
6.10.1.2. Tuabin kéo mdy phdt qua bo truyén
Cong suat
Nup= 9,8 1L.QHN N Tpr (KW), (6.48)
trong d6, ngy 12 hiéu sudt bo truyén (c6 thé truyén dai hay hop s6).
Vong quay cua tuabin thuong nhé hon s6 vong quay clia may phét va duge xdc dinh theo

ty sO truyén cla b truyén dai hay hop s6 co khi:

n,,, {n
Nyg = —'1”’"— = My (n_T&) , vg/ph. (6.49)
Mp

trong do:
I = Dy/Nopy 12 1y 36 clia bo truyén dong ;
Dy 12 80 vOng quay chia may phat (vg/ph) ;
nyy 14 83 vdng quay cia tuabin (vg/ph).

May phdt dién c6 hai loai: mdy phdt 1 pha xoay chiéu dién ap U = 220V va mdy phat 3
pha xoay chicu dién d4p 220V hay 380V. Loai mdy phat co cong sult trén 1000kW thudmg st
dung di¢n cao dp U = 6,3kV.

56 vdng quay cta méy phédt ducc chon theo s6 vong quay dong bo:

60f
Nyp =—. (6.50)
p
trong do: f 14 tédn 6 dong dién (50 Hz);

p la sg doi cue,

D¢ diéu chinh céng suat ciia may phdt dién phit hop véi su thay déi phu tai thuong sir
dung cdc bo dieu t8e: didu tdc co- thiy, diéu tdc dién- thuy, diéu 6c dién - dién tir va cic bo
diéu 16¢ tdi gid. Gid thanh cdc bo diéu 16c co- thiy, diéu 16¢ dien- thuy, diéu 16¢ dién- dién 1
diing cho cdc 16 mdy thuy dién cuc nhod khé cao so véi gia thanh cdc thiét bi dong luc (tuabin vi

miy phat).

Vi vay dé diéu chinh cdc t6 mdy thuy dién cuc nhéd ngudi ta thudng st dung diéu t5c tii

gia. Cic bo difu (6c tii gia ¢6 gid thanh thap va van hanh don gian. Seng c6 nhuoe diém 1a 16
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mdy luén luén lam viéc véi cong sudt t6i da, do vay khong tiét kiém duge nang lugng.

. Maiy phit
-

Tuabin

Hinh 6.31- So d6 t6 mdy thuy dién cuc nho tuabin huéng truc buéng hd, mdy phdt 6 roto bing
nam cham vinh ciru.

Hinh 6.32- So d6 16 mdy thuy dién cuc nho tuabin tia nghiéng,
mdy phét ¢6 réto bing nam cham vinh ctu.

May phat cuc nho cong suat tir 01 kW trd xuéng, thuong 1a may 1 pha, roto ding nam
cham vinh ctru (hinh 5.31; 5.32). Do vay két cdu may phat don gian va cé hiéu suat tuong doi
cao. Hiéu suat mdy phét loai ndy ndm trong gi6i han 0,7 dén 0,9.



May phit cuc nho cong sudt tir IkW trd 1én, thudng dung roto day cuén va kich tir (hinh
5.33), nghia la phai cung cap cho réto clia mdy phat dong dién mot chiéu dé tao ra tir truong. C6
thé dua dong dién mot chiéu tir ngoai vao roto bang chéi than ¢d gép. Loai my phat nay goi la
may phat kich tir ngoai. Nhimg nam gan day sir dung loai may phét ty kich khong cin chdi than

c6 gép. O loai mdy phét nay khi roto quay s€ san sinh ra dong dién xoay chiéu (nhd tir du)
Dong xoay chiéu dugc nan thanh dong mot chiéu bing cic diét va duge dua vao kich
roto. Cic di 6t nan dong dugc gin trén dia quat & ddu cia mdy phat.

6.10.2. Tuabin kéo bom

D¢ phuc vu cho viéc cung cap nude sinh hoat va nuée tuéi cho ving sau vung xa, noi cé
nguén thuy nang nho, nguoi ta sir dung tuabin dé truc tiép kéo (chay) bom. T8 hop nhu vay goi
la bom thiy luan.

Tua bin Francis

]

Hinh 6.33- So d6 16 may thuy dién nho tuabin truc ngang, mdy phat ro to day cuon, kich tir ngoai.

Tuabin nuée kéo bom c¢6 hai loai:
Tuabin budng hé cot nude thip Hy = 0,4 + 4m, cot 4p bom dat duoc tir 2m + 24m.

Tuabin budng kin cot dp tuabin tir 2m tr& lén, cot dp cla bom tir 7m dén hang tram mét.
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Tuabin buéng h& thudng 1 tuabin hudng truc (Kaplan), duge ndi tryc ti€p voi mdy bom.
May bom dugc sir dung c6 thé 1a bom ly tam 1 cip hay nhiéu c4p. Trén hinh 6.34 la két cdu cua
16 mdy bom thuy luan dang nay.

Tuabin budéng kin cé thé ndi truc tép hay gidn ti€p v6i may bam qua bod truyén dai hay
hop s6. Bom sir dung ¢6 thé 1a bom ly tam mot cdp hay nhiéu cap. Bom thudng cd luu luong nho

viL cot Ap cao. C6 thé sir dung bom xedy thay cho bom ty tam. Truong hgp bom nude sach cho
sinh hoat cé thé dimg bom piston.

Diéu kién lam viéc chia t6 hop tuabin - bom la su cin bang ning lugng:

NT = Nii!
Hay
Q.H
QpHrpNrs = S (6.5
B
trong do: Qg Hop, My 12 Iuu fugng, 6t dp, va hiéu sudt cua tuabin ;
Qp. Hp, M 13 luu lugng, ¢t dp, va higu sudt cta bom.
Truéng hop ndi gidn ti€p qua bo truyén
Q.H
Q'l'BHanB = LB, (6.92)
sTpr
trong d6 1, 12 hiéu sudt bo truyén.
Ty sa cot nude cua bom va tuabin ta ky hidu la i;:
: HI‘!
1, =—. (6.53)
H H

;
Trong t6 mdy thuy luan thudng chon ¢t 4p bom Hy 1dn hon cot dp tuabin H, khoang 4
lan. Nhu vay, (mg véi 1m cét nudce cla tuabin thi cot dp cha bom s& la 4m.
Ty 56 luu luogng clia bom va tuabin ky hiéu a1

_ Qs
4] QT

i (6.54)

Luu luong cta bom nhéd hon luu lugng qua tuabin véi s6 lin biang ty $& ¢Ot nude i

Thong thudng ddi véi tuabin hudng truc kéo bom ly tam 1 cap thity s6 cot dp khodng dudi 6 lan.
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D€ tang ty s6 cot 4p clia bom thi diing bom nhiéu cdp hodc tang s6 vong quay qua bo truyén dé
Kéo bom ly tam.

Trong truong hop dung tuabin buéng kin cling c6 thé tang ty s6 cot 4p cia bom.

Hinh 6.34- So d6 may bom nuéc thuy luan.
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Chuong 7
NANG LUONG GIO VA UNG DUNG

7.1. KHAI NIEM CO BAN VE NANG LUONG GIO

7.1.1. Cic dac trung co ban vé gio

Gi6 a su chuyén dich tan hoan cua khong khi trong khi quyén gay ra do sy nung ndng
khong déu bé mat Trdi Dat bai Mat Trai. Trong nhifng diéu kién thuan lgi nhat dinh cé the sir
dung ngudn nang luong nay phue vu nén kinh 1€ quéc dan. Cac tram nang lugng gié thudng su
dung gié trén do cao tai (20 - 70)m so vdi bé mit Trdi Dat. Vi vay chiing ta s€ xem xét dac tinh

cla gi6é ¢ 18p khi quyén nay.

Trén cac do cao ldn (8 - 12)km goi la tang doi luu, ¢é gid thuomg xuyén hon vi goi la
dong chay luéng (hay luéng khi). Gié loai nay ¢6 van t6¢ 16n (25 - 80m/s). Tidm nang ndng
lugng clia chiing lén hon nhiéu. Pac tinh gid & tang nay khidc nhidu so véi dic inh gid rén mit
dit. Song sur dung gi6 & do cao nay gap phai mot khé khin rdt 16n vé mdt k¥ thuat khi chuyén tai

dién tir do cao ldn 1 mat dat.

Gi6, ¢ thé nér d6 1a mot qua trinh dia vat 1y it phire tap. vi vay chi ¢6 the du bio su

bien déi véi xdc sudt nhat dinh.

Pic tinh quan trong nhat dinh gid déng nang cua gié la van tée. Dudi anh hudng cua
hang loat cdc yéu 6 khi tugng (su nhiéu loan khi quyén, su thay ddi tic dong cia Mat Trdi va
lurgng nang luong nhi¢t truyén t6i mit dat...), déng thai cdc di¢u kién dia hinh tai ché, tdc do gic
thay déi cd vé gia (r1 viv hudng. Hudng véc (o van 1o¢ cho thdy vi tri tinh theo gée cla no dng van

hudng duge 18y 1am gde tinh todn (thudmg 12 hudng Bic).

Bé do van td¢ gid ute thai ngudi ta sir dung midy do gié Vinda hodc phong tic ke (mdy
do £16 quan tinh nho).

Pé do vin t6e gid trung binh trong khoang thifi gian dai (vai chue gidy hay vai phut,
.auoi ta sir dung may do gio cdc dang khdc nhau, ching ¢6 déng ho chi thi v bo phan ghi chép

ddin bio lvu rir van toe gid rén bang.
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Sal 56 do vin 16c pid bang phong 8¢ k& ¢ thé dat 161 5 - 7%, vi vay néu ddi hoi do
chinlt Xde 16n, vi du khi thi nghiém dong co gié vi mo hinh ciia ching trong 6ng khi dong, ngudi

ta sit dung ong pitd noi véi ap k€ vi luong.

Trong khi vén (6¢ tire thai cia gid ¢6 tic dong dang ké 161 dong co gid vit anh hudng té
hé thong di€u chinh tr dong thi viéc san sinh ra nang hrong lai phu thue trude hét vao van 16c
216 trung binh theo thoi gian va dién tich bé mat banh cong tic dong co 2i6 (goi tat 1a bianh cong
tic g16) chiém chd khi quay.

Van 16¢ 16 trung binh theo thai gian duoe xde dinh béng (y s6 cla tong céc gid tri van

(oc @16 tie thoi do duge V, vdi s3 ldn do n trong khoing thai gian do:

v

! . m/s, . (7.13
n

Tuong trthi vin o¢ gi6 trung binh ngay dugc xdc dinh bang ty ¢ t0ng van (6¢ gi6 trung

binh gi& vdi thot gian 24 gio trong ngay. Con to¢ do gio trung binh nam:
\n;‘nm = "'—SL‘;a m/s, (7.2)

16¢ d6 gio trung binh 6 mot ving nhat dinh duge xdc dinh tir cic 6 lieu theo dai cua cic
tramn khi tuong hode cia cde may tham khong dic biet. § phan Idn cdc tram khi trgng chi s cic
thiét bi do van té¢ gi6 duge ghi 6 lan trong mét ngay dém qua 4 gid mbi lan. Cac chi 6 nay cho
kha niing nhan duge cde dif liéu tuong déi chinh xdc vé o do gi6 trung binh theo chu ky. Khi

do sy sai léch véi cde 6 liéu tinh van t8c gi6 trung binh theo gies khong qui 1.,

Tuy nhién c¢hi s6 clia cdc may do gié con chiu anh hudng ca didu kién dia hinh vi mé va
vi mo cla vung xung quanh, mife do che khuat cua tram khi tugng. Diéu dé can chi ¥ khi tinh

chuyén déi van t6c gid d6i vai moi viing cu thé, tham chi khi né nim gan tram khi tuong,

Vin (6c¢ gid trung binh thay doi ding ké trong cdc thai gian khic nhau trong ngay, trong
cdc thing va cic mua. Do vay ngudi ta phin biét dién bi€n van tée theo ngay, thang, mua dac
trung cho xu hudng chung thay déi van 16c trong cde chu ki thii gian ké trén,

Gid trf gidi han cua van toc gid, cdc 56 Liéu vé cudmg do gid va cdu tric vi mo cha dong
khi trong mét khoang thisi gian tueng doi ngan 1a cdc dic tinh trang thii quan trong cin phai biét
khi tinh bén 16 mady ciing nhu khi thiél k€ thi¢t bi wr dong didu chinh, dinh hudéng. ..

Mach dong van toc gid va nang lugng dong khi giy nén bai dac tinh hinh thanh cau tric
ctia gio, cde dac diém dia phuong va dnh hudng cia cde didu Kien canh quan va dia hinh. Dic

tinh nay ¢6 y nghia rat quan trong bai vi né thudng ta nguyén nhan gay hir hong 16 mdy. Pic
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tinh mach déng van tdc gid duge dinh gid bdi gia e cha dong khi, do keéo dar cha con 216 va sy
trimg hop cua cic con gié & nhimg diém khac nhau cia bé mar chira binh cong tic dong co g16
va he o gio giat K. He 56 K, laty 56 gilta van 10¢ gio cue dai V,,,, vO1 van to¢ gio trung binh

V trong mot khoang thai gian (thudng khong qud 2 phur):

Kgia’tl = \'Im;m)Ir V (?3)

Viéc nghién ciiu sy bicn doi clia van 8¢ gid s thuan loi hon nhe su phan tich tong hop
tinh quy fuat va su bién déi ngdu nhién cudng do gidé trong mot khoang thoi gian chon trudge
cling nhy trén mot dién tich (khong gian) hirs hyn. Thong thiong ¢ cdc tram Khi twong van 1ée

216 trung binh dugc xic dinh trong khoang thoi gian khong dudi 2 phat.

Khi ddnh gid xdc suat F(V) ta thiy ring. van (¢ tie thoi cia gié ¢6 the 16n hon vin 6¢

trung binh do duge. Ta hilty tim van tac tinh todn véi ticu chuan dam bdo cho trude:

)
FVy=c P (7.4)

trong dé, P vav' 1a cdc thong s6 phut thude vao trang thii gid va doi véi cie tram khi tugng thong

thudng ¢6 gid tri tuong (mg bang 1.3 - 1.5vd 5-6,5.
He s6 gi6 giat 13 haim chia mot loat cdc y&u td va déi voi cde ving dia 1y khac nhav, dic
tinh clia n6 thay déi trong giéi han 1én. Cic cong trinh nghién citu di cho thay rang. van t6c gid

cang 16n thi gid tri giat cang nho, mac di khi do sai

KI'I.”
lech tuyét doi cla van 16¢ so véi gid tri trung binh tang 3
. 3
lén 2
. . . - l
Su thay doi coa hé so giat K, cho trén hinh 7.1 \
dac trung cho muc do giat cia dong khong khi voi dién 2 . m%
tich tiét dién khong 1én va bang dién tich chiém cho B S
cua mdy do gio kiéu cinh.

Tir dé thi hinh 7.1 dudng cong 2 ta thay hé s6 }
o . o . . 5 10 15 Vm/s

K, €6 gid tri khd 16n. Vi¢e ghi dong thot van toc g1o
bing mdy do gié dat trong mit phing vuéng goc vai Hink 7.1+ He 56 gial cia vin 6c gio:
hudng chinh cia dong (hinh 7.2) cho thiy, do giat van L. theo sé fieu ciia G, Xaviski:

5 el -6 dac tinh hén lo: 4 & nhite did 2. theo sa Héu cua V. Bolsakoy:
16¢ nd1 chung ¢é dac tinh hon loan vi & nhing diém 3. theo $6 lien Sephier 1A, L
khdc nhau khong trung nhau vé gid tri va hudng. Vi
vay cudng do chung chia gid giat theo tiét dién giam

0 véi do giat clia ddng tiét dién ngang nho. Cudng do giar cang giam nhiéu Khi di¢n tich tiét
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dién cang I6n. Dien bien t6c d¢ gi6 theo ngay ¢ cdc diém nam cich nhau vai km cho thay,
tham chi van toc i trung binh theo gio cling rat khic nhau. Cuong do gié giat trung binh rong
khouang thén gian T ¢o thé danh gid biang biéu thie:
T
V0= tim [[Vio]2a (7.5)

T—x

trong dé, V - Vin t6c dong khi gié giat 1dy trung binh ¢ thai dicm cho trude theo cdc s6 licu do

cua mot 6 mdy do.

Khao sdt cdc dac tinh bién thién van t6c gio cho phép dinh gid vé sur thay doi van 16¢ 210
theo do cao clia I6p Khi quyen gdn mar dat chidu day (i 300m va dénh gid prophin van téc 2io
theo do cao. Anh hudng cia bé mat Trdi Dat 16 van toc v hudng dong khong khi gian din theo
do cuo (khoang cach tir mat daty. Bai viy van (6e 2i6 trén cde do cao 16n thudng tang, con do
gidt cna né vi gia toc dong khi s& giam. Gradien van t6¢ mia HE theo quy luit s¢ nhd hen so véi
mia Dong. do la do dac tinh thay d61 khdc nhau cia su chenh nhiét do trong maa Pong va mia

He.

Cic k€t qud nghien ciu true (€p trong nhiéu ving & cdc do cao khac nhau cho thdy rang,
o trang thii doan nhiét ¢tia khi quyén, prophin van e 2ié theo chiéu cao fi¢in ¢in ot quan hé

dung:

V= V] — . (?6}

hay VoV, -3 ol (77

trong do, V - vin (6c gid can (im 1rén do cao h;
V, - vin toc gid do duge gdn mit dat aén do cao h,;
h,, - chicu cao & d6 van t6c gié bing khong.

Chicu cao h, thuong xem nhu mic do dé nham 1op 16t bé mat v lay hang 3.2¢m déi véi
bé mat duge pha béi 1Gp ¢6 thap, 5-7cm déi vai bé mat phi 19p ¢ cao hon. Gid tri cuc dai ¢ua
h.: h,=20cm.

Hudng gi6 thudng dong vai tro it quan trong hon khi sir dung nang lugng gié. Tuy nhién
trong nhimg diéu kién cinh quan khdc nhau, gié véi cic hudng khidc nhau ¢6 cic dic diem dac

trung: van 1Oc va gid gidt 1én hon hoac nho hon. Sy 1ap lai cda chiing xdc dinh theo bién dé gi6,
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Biéu do cho thiy, s& phin tram cba thoi gian ¢é hudng cho trude.

Gradien vin 8¢ theo gée ¢d anh hudng dang ké 61 sy lam viée cla cdc ¢o ciu didu
chinh hudng wr dong va trong luong con quay. Gid giat gy nén bdi ciu triic r6i clia dong chay
anh hudng td su lam viéc cla cdc hé thong diéu chinh tr dong tan s6 quay va gidi han céng suat
cua banh cong tdc gid va ddng thoi anh hudng 161 su 6n dinh clia h¢ thong.

Nang ivong E cua dong khi ¢6 tiét dién ngang véi dién tich F duoc xdc dinh theo biéu

thire:
E="Y (7.8)
A
m/s I
g il A \,
: RN AR
A N 18 <t
4 N lar=als U
VWA
1 2 3 4 3 t (ph)
af
v
m/s
24 B

| _
15

5 17 19 21 23 25 27 29 3l
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 ngay

b

Hinh 7.2- Bién thién van t6c gi6 tai hai diém ghi déng théi bang 2 mdy do gié:
a. hai mdy do gt dit cdch nhau 20m; b. dién bién van (6c gid theo ngay tai cic diém
cach nhau mét vai kim.

Khéi hrong khong khi chiy qua 1161 dién F trong 1 gidy v6i véi van 16c V bing:
m = pFV. kg/s.
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Thay vao bidu thifc trén 1a duoc:

3
g_PY F_

J/s. 7.0
2 /s (

trong do, p - khéi luong rieng cua khong khi, trong diéu kién thuong (T = 15°C, p = 760 mmHg)
p=123Kkg/m"

Nhur vay, nang luong gicé thay doi ty 1€ bic 3 véi van tée. Banh cong tdc gié cé thé bién
d61 mot phdn nang lugng ndy thinh nang luong hitu ich vi ducc ddnh gid bing he 6 sit dung

nang luong gid.
7.1.2. Dac trimg nang lugng gid

Piac trung ning luong gio - dé la ldp hop cdc dir liéu cén thiét va du do tn cay dac vung
che gié nhu 1a mét ngudn nang lugng va cho phép lam r& gid trl nang luong cua né. D6 ciing 1a
mot hé thong cde dit lidu dac tnmg cho ché do gié & cac viing khic nhau, trén co s¢ do ¢é thé
tinh todn cdc ché do va thoi gian lam viéc cha t6 mdy vdi cong sudl nay hoac khdc, va nang

lugng tdng cong c6 thé khai théc duge.

Bac tinh dic trung quan trong nhit 1a mat doé phan bé cdc van t6c gio khac nhau, dién
bién cdc chu k¥ lam viéc va su lang gid, cdc ché do véan t6c cuc dai (bde). Cic gid tri van toc gid
trung binh nam va trung binh mua ciing la nhimg dac trimg quan trong va thuan lgi d¢ dinh gia
1iém nang ning luong gid.

bic tinh quan trong hon cdn phai ké dén 1a ham cla quy luat theng ké 1dn sG bién doi
van (oc g16 trong khoang thdi gian xdc dinh. Khi biét quy luat xdc dinh va thong s6 chia ham nay
va khi c6 cic dac tinh cla cdc 16 mdy ning lugng gi6, 6 thé dénh gid duge nang luong san ra,
thoi gian dimg lam viéc, hé 56 sir dung, cong suét lap dat, hiéu qua kinh t&...

G.A. Grinhevich di dua ra phuong trinh diing cong phan bé cde dat lugng dac rimg doi
v6i nhiéu viing nhu sau:

y:a[xpe'k\”, (7.10)

trong do y, X — cdc bién s,
o, p» K, n — cdc hé s6 phu thudc vao loat dudmg cong.

'I'rén co s¢ phuong trinh nay khi chuyén sang cdc gid ti tuyél déi clia van toe gidé va do

lap cua ching tinh theo ty 1& thdi gian cua chu k¥, ta nhian duoc:



vy
P -k J
r:ﬂv-a,[xj ¢ (V : (7.11)

vOI: f - tan s0 hay do lap ca van téc V,
V - van toc trung binh trong chu k¥ tinh todn ;
V - vin toc ma do lap tuong déi cna né xac dinh trong khoang tir ;
(V — AV/2Yt51 (V + AV/2)
AV - khoang gradien van t6¢ duge chon.

D31 vai mot s6 viing véi gid tri van 18¢ trung bink V., va V., Wwong déi cao (6-7m/s)
cdc két qua dinh hinh hod cic ch& do lam viéc cua gid thod man cdc yéu ciu thuc t& duge xdc
dinh bang cdc quan hé rit ra tir phuong trinh ca R. D. Gudrich dudi dang vi phan sau: -

n
y =knx" le 7K (7.12)

N. V. Kolodinui di ding phuong trinh nay dé lam dén phan bd& van toc theo kinh

nghi¢m. Khi biét cdc thong 6 a va k cua phuong trinh

f :é\’_’.[_‘fi.r"e*k[%]"

AR VAN WAV}

ta dé dang tinh ducc, buo nhiéu gidy trong mot nam  (trong mia) s& lap lai gid véi van 16c¢ cin

Tim.

Cic 6 héu nay thuong duge cho dudi dang bang va do thi. Trong d6 theo nguyén tic, do
lap img vGi chién cao tai dé dat may do gié (thudong 1a 12 - 15m).

Chiéu cao dat tam banh cong tdc gi6 hy., so véi mit dit ¢6 thé 11 bat ky. DéE xdc dinh do
fap ¢la van toc trén do cao hy, cdn st dung céng thire tinh chuyén doi:

hy, ..
f\rhbﬂ = f\-‘15 hbq = klhmfvli‘ £1d, (?13)
15

rrong deé:
fi5- do lap van toc V trén do cao 15m ;

K, - he s6 tinh chuyén doi do lap van téc gié phu thude vao chiéu cao tinh todn cé
o
g14 111 nhur saw:



Hye,. M 15 10 7 5 4

h 1O 0933 0875 082 0.785
bt

Cic 56 lieu vé dac tinh gié thudng mang dic tinh tich phan v vi thuc 1€ ngay cang doi
hoi thiét 1dp quy tuat bi€n doi nién dai ché do gié nén xuit hién nhiem vy mo hinh hod cic ché
dd nhu vay.

Trong linh vyc ning lugrg gid, mo hinh todn c¢d ¥ nghia quan trong dé¢ dinh gid dung
lugng thiet br dcquy, dy trif cong sudl v dong thai cdc bi€u dS cung cdp nang luong cla t6 may
vi rang khong thé tich trir nang luogng gié cho t6i khi nd thue hién duoe cong hitu ich. Néi cdch
Khic dong co gio khong cé dcquy chi ¢6 thé lam viéc theo biéu dé khéng diéu khién.

Ch€ do gid bién doi theo nién dai - d6 12 qud trinh ngau nhién cé quy ludt phic tap. Do
ly thuyét todn hoc céc qud trinh nhu vay chua duge xay dung ho2n thi¢n nén phii c6 hang loat
cdc gia thi€t don gian hod. Diéu ndy cang can thiét de qud trinh bién déi V() trong théi gian dai

khong thé coi la én dinh. Trong khi d6 trong thdi gian ngdn vai phiit ¢6 thé xem nd nhu 6n dinh.

Theo cdc 56 liéu clia Garman, dé danh gid V, . ¢6 thé sir dung ham:

v 7 _kf[\q\.l
cplza{ K Ml (7.14)

trong do: p - do dam bao;
5, k,, 11 - dac tinh théng ké clia qua trinh;
M(V) - ham gia tri trung binh cla van toc.

Ca thé dién gidi qud trinh V{t) nhy fa tap hop ctia mot $6 qua trinh, mot trong s6 dé cé
dac tinh chu k¥. Gid trj trung binh cia van t6c duge xdc dinh bang:

v, =5 —, (7.15)
0
Sai 58 van toc u‘ng vd1 gid tri trung binh:
11}
o 12
(vi - v.)
D= = (7.106)
n-—1

Tir vige khio sat méi quan hé gilra cde gid trj van 8¢ trude va sau phan bé lien tue theo
khodng thdi gian tang lén clia mot tram khi tugng cho thiy hé s6 tuong quan bang:
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(n—m;)oy Oy
1 1+1

r=06+0065vo1t=06girvar=0722vdit=I18gidn m- hé 56 lap.

boi voi cdc thing riéng biét gid tri 17 dat 16n nhat (11 0,76) vdo cdc gidg ban ngdy. Su

tuong quan hau nhu tit dan hoan toan trong thoi gian mét ngay (t = 24 gid).

Céc ¢ liéu wong tr ¢6 the sir dung dé xay dung sy tiém can hinh hoc va todn hoc qud
trinh bién doi V(1) tinh 16 viéc chong chal cdc bién déi ngau nhién lén khuynh hudng 6 quy

luat cha dién bign nién dai cia van 16c.

Trong nam hodc mia qud trinh bi¢h déi V(t) khéng 8n dinh. nhung sai léch eiia né so véi
gid i trung binh ¢6 the on dinh va khi d6 6 thé khio sat nd nhur la qud trinh dé thay déi.

Khi dé trong mot chu k¥ dai so sénh v6i chu k¥ san sinh nang luong cé thé viét:

V()= 10+ q(DE, (1) (7.18)

trong do:

f(1) - dién bién khi hau cla van 3¢ V, gay nén bai sir quay hing nam ctia Qua Dat xung
quanh Mat Trdi v su bign doi theo miia cla sy tudn hoan khi quyén;

q(1) - dién bi¢n ngay cha van téc, gdy nén boi su thay doi diéu kién rdi clia khi quyén:

EV(1) - sy thang gidng dién bi¢n ngay cia van tc gay nén béi ciu e r6i ctia ddng khi.
7.1.3. Nang luong gio

Dong khong khi chuyén dong giéng nhu bat ky mot vat thé chuyén dong nao khic déu

co mot dong nang. Mot trong cdc dang st dung dong nang 13 bién nd thanh co ning.

Dong nang ciia vat thé bat kv ké ca ning luong gié duge xdc dinh bang bidu

thiic:
,
mv-
So—— . Nm/s. (7.19)
2
véit m - khol lugng vat thé chuyén déng;

V - vin t3c chuyén dong.

Ning lugng cba dong khi chuyén dong véi van tc V qua tiét dien ngeng F duoc xdc
dinh nhir sau.
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Thé tich khong khi chuyén dong véi van t6c V qua tiét dién F trong 1 giay bang:

V,=VF, mYs.

Hinh 7.3- B¢ mat canh bdnh cong tdc dong co gié chiém ché khi quay.
Thé tich nay nhan véi trong luong riéng y cua khong khi ta nhan duge luu lugng trong
lugng ctia khong khi: .
G =yVF, N/s.
Luu Iuong khoi lugng cua khong khi bang:
G yVF

g g

, Ns/m

Bi¢u thic y/g goi la khoi luong rieng hay mat do khong khi ky higu la p (kNs*/m*). Thay
gid tri y/g = p vao bi€u thiic tinh luu lugng khéi luong ta duoc:
m = pVF, Ns/m.

Thay gid tri ciia m vao biéu thic (6.19) ta dugc:

V2 pFVV? pVIF
= P (Nmis = W) (7.20)

ra “ “

Biéu thic nay.xe’lc dinh nang lugng gi6 qua tiét dién F trong | gidy. Cin nhdn manh rang,

nang luong gio ty 1€ bac 3 véi van toc gié va ty1é bac nhat véi dién tich F.

Dong co gi6 chi bién doi mot phan nang luong nay thanh co nang va dugc xéc dinh bang
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he sa sir dung nang lugng gio ky hiéu 1a & Boi vay dong co gié ¢6 uét dién F (hinh 7.3) $€ san ra

U

cong (rong 1 giay bing:

. pVFE
r=P" "5 ap (7.21)

[1¢ 50 str dung nang lugng gid 4 la ty s6 gitta cong dong co gié thye hién duge trong |
2idy vai nang tuong. dong khi chdy qua tiét dién ¢é dién tich bang dién tich bé mat cdanh banh

cong tac gio chiém chd khi quay trong 1 giay.

Bic tinh wu viél coa gié 1A mot ngudn nang lugng ¢é & moi ndi. Song viée ng dung
nang luong gio trong cdc qua rinh san xuat [a hét sire khd khan. Mat do khong khi nhd hon 800
ldn so v6i mat do nude. boi viy dé nhan duge cong sudt ldn can phii co déng co gio kich thude
rat 16n. Ching han dé nhin duge cong sudt 100 ma luc (73,6kW) véi van 16c gié 8 m/s dong ca

£16 can phai cé banh cong tic duong kinh 6 30m.

Thém vie d6, nang lugng gié khong én dinh theo thini gian. Pidu dé gay khé khan cho

vige sif dung rong rdi nang lugng gié trong cong nghiép va giao thong.

7.2. LY THUYET PONG CU G10
7.2.1 Cac loai dong co gid

bong co gié bién doi nang lugng gid thinh co nang. Bd phan chinh clta dong co gid [
binh cong tdc gid. Theo két cdu banh cong tdc gid va vi tri cla nd trong dong khi, dong co gid

duge phan lam 3 loai.
7.2.1.1. BDéng co gid loai canh dang khi dong

Pong co 16 loai cianh khi dong ¢ 2 loai: loai it canh (quay nhanh) véi $6 cdnh tir | dén
4 va loat nhiéu cdnh {quay cham) v6i s6 cdnh t&1 24. H¢ s8 st dung ning luong gié cua loal

déng co gid nay ¢d gia rl rong khoang 0,3 - 0,42,
7.2.1.2. Pong co gié loai roto cdanh phdng truc ditng

Loai nay ¢& banh cong tic truc dimg v6i céc 14 canh phing chuyén dong theo hudng
216 (hinh 7.4.b). Trong cing mot thai diém chi c¢6 mot phin cde & cdnh ndm vé mot phia cla
truc quay lam viéc, chuyén dong tring v6i hudng gié. Céc 14 cinh nam & phia nguoc lai & thoi
di¢m nay chuyén dong nguoc hudng gis. Dé giam luc can ctia cdc 14 cdnh khong fam viée ngudi
ta sit dung tdm chin A dé che gidé. Tam A dugc tac dang cin thigt dé tao diéu kién cho dong khi
chay bao t6t.
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Do d¢ chénh dp vé 2 phia truc quay cha binh céng tdc xnat hién momen lam quay binh
cong tic.

Loai dong co gi6 nay ¢6 hai nhuge diém co ban:

Canh cha banh ¢ong tic chuyén dong theo hudng gié gay ra sy cham tré cia déng co gid
nay, vi rang cdc 14 cdnh khong thé chuyén dong nhanh hon 16¢ 4o gid. TV 8§ van (6c vong
diém miit cdnh so vét van téc gié khong vuot qua 0,5. Do vay dong co gid cd wong luong riéng
(ty trong) I6n.

Bé mat chiém chd ciia banh cong tic dong ca gid loai roto cdnh phing truc dimg gan nhur
bi che hoan toan. Trong khi dé o cac dong co gid loai canh khi dong (déng co gid it canh - {oai
quay nhanh) bé mat nay chi chi€ém ché 5 - 10%. Bdi vay dong co gié quay nhanh cé 1y trong

nho.

Hé s6 sir dung nang lugng gié cla dong co roto canh phang truc dimg rit nho
(@, 1 -0,18).

b

af

+<

v ¥

b/

Hinh 7.4- Cic loai dong co gid:
a. loai cdnh khi dong: b. loai roto cdnh phang truc diing:

<. loai roto canh ron truc dang (dong co gié Savonius). Hink 7.5- Dong co gié truc ding Darriver.

7.2.1.3. Dong co gié logi roto cdnh tron truc ditng (dong co gié Savonius)

bong co gid loai ndy do mot k¥ su ngudi Phan Lan 12 J. Savonius sdng ché nam 1920.
Péng co duge cu tao boi 2 nlra hinh try (nhu mot thing phuy bo doi) ghép so le véi nhau va

quay quanh truc thang ding. Kiéu nay cd ket can don gidn dé& ché tao, nhung 16 dé cham (do
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cao 16c 7 = 0,9 — 1.0}, ty trong 16n. Momen khai déng ctua dong cd 1én nhung hiéu suat thap -
chi bing 18%. C6 the ding dong co gid Kiéu ndy dé chay bom nudc hodc quay mdy phit dién
toc do thap.

7.2.1.4. Dong co gio truc dang Darrieus

Dong co gié loal nay do mot k¥ su ngutt Phap & Darrieus sing ché nam 1925 véi 2
dang cdnh thang vi cong (hinh 7.5). Loai dong co gid nay hién dang duoc dic biét quan tam
nghién ctu & Phap vi Canada. Uu diém ndi bat clia dong co gié Darrieus 1h két ciu gon nhe, véi
canh co bién dang khi dong hoc nén ¢é hi¢u suat khd cao - khoang 35% (thap hon dong co gié
canh khi dong loai it cdnh nhung cao hon loai nhiéu cdnh). Pong co gié loai ndy vin dang trong
giai doan nghién ciru dé hoan thién nén chua duoe (mg dung rong rai bing loai dong co gié canh
khi dong.

Trén hinh 7.6 gidi thigu d6 thi so sdnh hi¢u sual sir dung nang luong gié cla cic loai
dong co gid ndi trén.

§ %
60
,_,..;—-""'"_-r-_-___- D
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Hinh 7.6- 11i¢u suit sir dung nang lugng g1d cla mot so loai dong co gid:
1. cot xay gi6 co Ha Lan; 2- Savorius: 3- nhidu cdnh;
4- If trang: 5- ba cdnh: 6- hat ¢dnh ¢ d6 cao: 7- Darrieur.

7.2.2. H¢ so sur dung nang fuvng gio

Dong khong khi khi di gua 11ét dién F chita cdnh banh coéng tic ¢ dang gan gicng nhu

gidi thieu trén hinh 7.7. Virdng binh cong tdc khi quay gdy nén sir tang dp nén van 16c dong khi
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cang gan phia trude va trén mot khoang cdch nao do phia sau banh cong tic s& giam.

Trén hinh 7.7 sy thay doi vin toc dong khi ducc biéu thi bing dudmg cong 1. Trong
truomg hop nay dong khi duge coi la déu. Theo so db chay, ciang gin tGi banh cong tac dp suat
dong khi cang tang, con sau banh cong tic dp suat giam dot ngot (duomg cong 11). Do dé sau
banh cong tic tao thanh do giam Ap, cing xa banh coéng tac do wiam dp nay s& giam (dudng cong
I11}.

Vin to¢ gi6 tai tict dién A-A' bang V. tai 1iét di¢n B-B bang V™

V=V -V,
Sau bdnh cong tdc wén khedng cdch ndo d6 tat uét dién C-C' dong khi ¢é van toe V™
V"=V -V,

V, va V, - la tan that van t6c gi6 khi qua ti€t di¢n chay bao banh cong tdc.
Dong niang cla gié trude banh cong tic 1d mV/2, sau banh cong tic la m(V — V,)’/2.
Nang luong 2id lam quay banh cong tic:

pomviom(vevy)t

2 2

-

V& phai phuong trinh ¢6 the dua vé dang:

v v v TRy vy, [v-Y2

2
2 2

A ¢

| !

i ——»

| b VY,

| |

| l

o i A

: I3 —

| I | : C
T VYV, i

N | .

[ TP [

i Il ' I

Pn:lil ] | | ||; o | l||
: @ | i1 {
i & i

Hink 7.7- Hinh dang dong khi chay qua mat phiing quay cta binh cong téc,
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Do viy:

T=mV,

Y
v_ 2 ] {7.23)
'\ 2

Phian nang lugng bdnh cong tdc gid nhan duge niy <6 the xem nhur tich cia dp hre gid
val van (6¢ (V — V) rong mit phiing chita cinh banh cong tic.
Néu khao sdt nang lugng treng 1 giay ta ¢d:
T=P(V-V,.

Luc P trong chuyén dong 6n dinh bang gia 36 déng luong dong khi trong 1 giay chay

qua mat phang chita banh cong tic. Vay
P=mV,.
Thé P vio phuong trinh trén ta dugce:
T=mV.V V.
Tir phuong trinh (7.23) c6:

V
mV2[V“72}= mVZ(V—VI )
V,=V,/2,

V,=2V,. (7.24)

Nhur vay ton 1hit toan phin cla van téc dong khi sau binh cong tac 16n gap 2 1in tdn that
van toc trong mat phing chia banh cong tic.
Nang luong dong khi trong | giay qua tiét dién F.

mV 2 p\/3 F

2 2

Nang luong bdnh ¢6ng tac nhan duge bang P(V - V).

Ty s6 gilta nang lugng hitu ich banh cong téc nhan duge vdi nang luong toan phin cla
dong khi khi di qua tiét dién chia banh cong tac goi 1a hiéu sudt sir dung nang luong gid, ky

hiéu la &
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i) (7.25)

Do P = mV, va dya theo phuong trinh m = pVE. luong khong khi di qua banh cong tdc

trong 1 gidy m = p(V - V)F, a co:
| | IP=p(V - V)FV,
Nhung V, =2V, nén
P=p(V-V)2VF.

Thay P vao phuong trinh (6.25) ta nhan dugc:

- V=V RViF(V-V))_4(v-v,)"V, :'4[ V-V, \‘ v
pV3F A vV oV
2
Tir do ¢o:
, ,
a:a:(l—ﬁ] vi (7.26)
) A% \%

Phuong trinh (7.26) cho thdy, £ phu thudc vio gia tri ton that van e gioé khi di qua mat
phang chita déng co gié.

Cho V/V cdc gid tri tir 0 dén 1 va thé vao phuong trinh (7.26) a tim duge hé s6 sir dung
nang luong giét Idn nhat khi V,/V = 1/3, wie 1a

Diy 1a hé s6 sir dung nang luong gi6 1y thuyét, né chi ¢é thé nhan duoce d6i v6i banh

cong tdc gio lam viéc khong ¢6 1on thit, nie 13 binh cong tic 1y tong.

Bai vay gid tri & = 0,593 1a h¢ s6 sir dung nang lugng gi6 1y tudng. Day 13 gid i gidi

han ma cac h¢ s6 su dung nang luong gid cla dong co gidé thuc cin tiém can téi.

Gid tri lon nhét & ¢6 thé nhan duge véi quan hé V /V = 1/3. tc 1a banh cong tic gio Iy

tuong cdn 1am viée sao cho ton thdt van tdc gié bang /3 (V, = V/3).

He s6 sir dung nang luong gié & tdm phang chuyén déng dudi tic dong cia gid nho hon

nhiéu so véi & banh céng tdc gid dang cdnh.
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(iia sur tdm phing F nim vuéng goéc véi hudng gi6 va di chuyén bai luc X véi van (6c u
nio dé theo cung hudng gié (hinh 7.8). Khi dé tam phang ¢6 the thue hien duoce cong Lrong |
giay bing tich cla hue bén X vai van t6¢ . tie I

T=Xu
Vi @m phiang chuyén dich theo hudng gié
nén dong khi chay vio véi van 16¢ bing hiéu van téc

216 V va van 16¢ dich chuyén U. Bai vay trong rirdmg
hop nay ta cé:

R
MYV -U)J”
XTCXFi_“..) !
The aid 1 cla X vao bigu thife trén ta duge: Hinh 78 I‘Em l"f(f\ ({L-",Ig h‘:1? i p{nmg
- i vudng goc vai hudng done khi.
- .. 9
I =CxkE(v-u)u (7.27)

Chia v¢ phai phuong trinh cho bidu thife mV?/2 = pV 'T/2ta nhan duge hé 6 st dung 1y
tudsng nang lugng g1 cla tidm phiang lam viée dudi tic dung cua lue cian va dich chuyén theo
hudng caa dong:

Cxt2{v-uyu U
£ - - — =Cyx(v-U)" (7.28)
oY v
P™
Sau khi bign doi ta duoc:
il
Ut u
E_zCX(I— ST (7.29)
ViV

Chiing ta xac dinh gii 1 ty 56 U/V mi vér gia ol ndy s& ¢ hé o st dung 16n nhit nang
luong gid. Lap ludn twong tv nhu khi khao sat su lam viée cta banh cong tic gio 1y wdng ta xic
dinh dugc, gid 1 16n nhat cua he 6 & s o6 duge khi U/3 = 1/3, khi mi vin toc dich chuyén clia
bin phang bang 1/3 van téc gid, tic la

U=V/3

Khi dé -

i

| I R . .
max :Cx(l—:) : ZC)\' - 20148L\ (?3())
o3 7



He so luc can €, di véi tam phang vuong goc voi hudng gid ¢d gid ti trung binh bang
1.3. Do vay he <6 sur dung ldn nhat nang luong gi6 clia ban phiing lam viée dudi tic dung clia luc

can hing:
2o =0.148.13=0.192,
Gid 111 nay nho hon hé 6 sir dung nang lugng gio clia dong co gid dang canh 3,08 14n.
7.2.3. Cong suat dong co gio
"Thong thudng cong suat dong co duge tinh bing ma lue hay kW (1 kW = 1,36 ma luc).

Chia v¢ phai ciia phuong trinh (7.21) cho 75 ta nhan duge cong sudl banh cong tac cla

domg co gio,

3., .
N PVEE _pViFe

ma lue, (7.31)
2.75 150

Hay

\1? _‘; f.‘;‘ b
P~ _p\_/_]" - [)}_ ._l_:_C: kW, (7.32)
2.75.1.36 204

Tiét dién chiia binh cong tic:
F = =D¥/4 = 0,785,
V61 D la duong kinh bianh cong tac gio.

Khei hrong rieng cua khong khi ¢ nhigt do 15°C va dp svit 760 mmHg la p = 1.226
Ns*/m’, & nhiét do 0°C va dp suat 760 mmHg la p = 1,295 Ny’/m”.

Thay gid tri cta F va p vao phuong trinh (7.31) v (7.32} ta duge:

0.125V7.0.785D% VD%

N= - —— - (ml), (7.33)
150 530
3y2s
2080
Var bidnh cong tic gid loal 2 cinh S = 045 - 0.48;

Vai banh cong tdc 2id loal nhigu canh £, = 0,35 - 0.38.

Doi vai phin 16n cdc viing v6i van tdc gid trung binh trong nam (6i 3m/s. cong suat danh

nghid cua dong co gid duoc tinh & van tée 8mys.
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P31 v6i binh cong tdc gi6 thue, he s6 sir dung nang lugng gid 1ay bang 0,3, khi d6 cong

suat banh cong tic gié ¢ van 1o 8m/s bang:

2 2
N = [—)—. mi luc -~ KWL (7.35]
10 13.6

7.2.4. Nguyén ly lam viéc cia bianh cong tac dong co gié dang canh

NE&u binh cong tic gioé duoe dat sao cho truc cua né trung vér hudng gio {hinh 7.9) thi
trén cdc cdnh s€ xuat hién lue thuy dong R vai luce thanh phan Y tao ra mémen quay M, trén tryc

bdnh cong tde gio trong mat phang quay cla no.

Khi banh cong tdc gi6 quay, én moi phan 16 cua canh déu ¢d dong khi chay vio, van
13¢ cla nd 1 16ng cla van 6e gio hudng vudng gde voi mit phing quay va van 16c vong clia cic

phan tir khi trong mat phang quay ctia banh cong tic gié (hinh 7.9).

R

Hinh 7.9- Viui lam viée c0a binh cong tic gid Hinh 7.10- Tan gidc vin toc v lue tde dung
trong dong khi. 1¢n canh.

Cdc van toc vong niy trong cdc i€t dién khiac nhau ¢é gid 1r1 khac nhau va no tuong ting
vdi ban kinh tiét dién. Tam gidc van (8¢ dong khi chdy vao i cianh va lue tde dung lén cdanh dugc
gidi thigu trén hinh 7.10. Dong kh{ trude banh cong tde chuyén dong cham lai va chdy vio cénh
vGi van toc V. Ngoai ra, do ehuyén déng cda ld canb trong mat phang x-y. mdi phan 1o ¢la ld
cdnh gap dong khi vor van toc wr.

Vian 16¢ V, v or cong hinh hoc voi nhau cho van t6c Ong cong W, Dong khi chay vao
l4 cdnh vé1 van toe W hudng tao thanh gdéc va o véi day cung cla prophin. Van 1oc nay dudc gol

I3 van téc wieng da, gid tri cta né duge xdc dinh bang cong thife:



W= v+ (o) (7.36)

Dong khi chay vao cdc phan to 14 cdnh véi van toc wong déi W o ra hee R. Lue niy ¢6

th¢ phan tich thanh luc nang Y va luc cin X.

Lye X lam ting Iyc bén P, va tao thanh Iye can X' trong mat phing binh cong tic. Luc
nay s& cang nho néu chon dugc prophin khi dong t6t. Thanh phin lue Y’ tic dung trong mal
phang x-y lam quay banh cang tic.

Gioc gita day cung prophin cdnh va mat phang guay cia né goi 1d gée dar canh vi ky

hi¢u 14 .

~ A ¥
=
~ \‘.' \H
A W " J S
\\ e
= -
e %JJ 3 A
3l A = N
_— =
(=
= A - 3l g
3 — =
3 3? Y Y
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Hinh 7.01- Tant gide van 16e dong khi chay Hink 7.12- Tam gide van 6c dong Khi chay vao
viw ludl cdnh tru. banh cong tic dang van vo do (cong khong gian).

MO luGi tru c6 mét goe dar cénh . Dimg nhiéu mat ry déng (am cat banh cong tic
hudng truc ta s€ tao ra nhicu ludi cdnh try. Do van 18¢ twong doi cia dong khi khic nhau theo
chiéw dal ¢inh, nén goc va cila cde prophin cinh ¢ cde tidt dien khdc nhau s& khdc nhau (hinh
7.11} Trong khi dong hoc ta bigt la, véi gid i1 goc va a =2 - 8" tuy thude prophin, fuc nang clia
cinh ¢6 gid tri ldn nhat. Géc va o cha cdnh thang thay doi theo su thay déi cla van tée vong. Vi
vay d¢ nhan duoce goc va o 8t nhat theo chiéu dai canh cin phai gidm gée dat canh ¢ cia méi
ti€t dién theo do dai clha cdnh tinh 1ir tim banh cong tic (hinh 7.12). Trong truong hop dé ¢6 thé
dat duge muc dich dé cho dong chay vio mdi Gét dien cdinh v6i géc va o déu nhau va ¢o lai
nhitt. Cinh ¢h¢ o voi gée dit ¢ thay doi ¢6 dang cong hai chicu (van vo dé). Nhur vay dang

canh ¢é lot nhat la dang cong hai chi€u hay cong khéng gian.
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7.2.5. Dac tinh kbi dong coa déng cu gié

Bic tinh khi dong cda dong co gid cho thay su phu thude cla mémen twong dér M va he
s0 st dung nang luong g6 & vio do cao tdc Z. Hinh dang ¢t né phu thude vio 6 1d cianh. chidu

rong, goc nghiéng va dang prophin khi dong ¢ta cdnh

Céc thong s0 chinh dé xay dung dudmg dic tinh [&;

M = M - mémen quay danh nghia twiong déi o boi binh cong tdc
i
TR ']p v dong co gid ing v do cao té¢ danh nghia Z,.
7
. wlR . L e .
Ly =- . -docaotée tng véind E=¢
H v : & = 1
M, - momen ban dau fuong dsi tao bdi binh cong e khi khéi dong, tue (4
khi Z=20.
Z - do cao toc ddng bo (ng voi MU =0
M, .. - momen cuc dal tao boi bdnh cong tic.

Ty $6 M ../ M, goi la su qud ta1 cua banh cong tdc.

Tir viee khao sdt cdc dudmg dic tinh clia banh cong (dc dong co gid cé do cao 18¢ khic
nhau (hinh 7.13) va cde két qua nghién cdu 1y thuy&t vit thue nghiem ¢ the ric ra cice kat luin
sau:

L. 56 cdnh cang ién, chiéu rgng cinh va géc nghieng cang 16n thi do cao t6¢ cua bénh
cong tic va dai luong 7, cang nho, gid tri M, cang 1dn . con duding cong M(z) ¢é do dde 1on.

2. O cdc banh cong tac ¢o cao toc 1on, dai lugng M nhé hon M, mot sd ldn. con Z,
tdn hon binh thudng 2 + 2.5 14n.

3. Cong sudt binh cong tic dong co gi6é véi nhimg diéu kién khic nhir nhau it phu thude
vao s0 cdnh va hé 6 dién ddy k= S/F - d6 la ty s& dién tich 14 cdnh vai dien tich bé mdt bdanh
cong tic chiém chd. Cic yéu 16 anh hudng chinh 61 cong sudt la hinh dang. kich thude vi dang
prophin ciia cde 14 cdnh, vi tri ctia ching trong dong khi va dudng kinh banh cong tdc.

4. Giam momen ban ddu tuong doi xay ra nhanh hon so véi sur tang [én cla d6 cao 16c.

Vidy khi 7, tang len 2 1dn tht M, giam 6 - 7 1dn. Trong khi d6 su tang 16¢ xdc dinh boi

ty s6 M /M, & binh cong tac loa1 6 canh tang 3.3 lan so v6i 6 binh cong tic loai 2 cinh.
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Hinh 7.13- Dac tinh bank cong téc dong co gid véi d6 cao t6e khdc nhau:

L~ o1 2 cdnh: 2- loal 3 cdnh: 3- loal 6 cinh: 4- loai 18 canh [duimg dam M (Z): dudmg dat nét £(2)|

5. DO1vdi so do khi dong cho trude tdn s6 quay cuia banh cong tic ty l& thudn voi do cao

t6c cua nd, v&i vin tee gid vty 16 nguge v6i dudng Kinh.

Sur thay doi mot s6 cde theng s6 khi dong tuong déi khong thit nguyén cua binh cong
tic biéu thi du6i dang thap phan so véi cic gi1d i cua cde thong ¢ luong ty cua banh cong tic
loal 2 cdnh v&1 Z,; = 7 véi ky hiéu 1 = 2, duoc cho trén hinh 7.14. Tir dé thi nay ta thiy rang, véi
cac bianh cong tdc wir loai 18 canh, do gid tri M, 16n sir dung hinh cong tdc quay chim (7,

nho) sé tot hon.

Thém vioe do, gradien ela ty s6 M/ M., lén han so véi dé giam Z,;. Song khi giam 7,
tir 5 xuéng 2.7 (1.85 [an) M, chi ting gap 2 ldn. Nhu vay vé phuong dién gid tri momen danh

nghia, sir dung binh céng tic quay cham (7, nho) <8 khéng 61 vu.

198



L. M, A

AL M,

Zour Mo M,

\\ N\ P
ofr 4y 50y ‘
0.4 401 8 \ : ,—"\

3 \ : ! N
: : s
0.3 01 6 ,\ : :
, ) \-,.‘ . ; !

> o “-5‘ ’:"r
0.2 w4 ‘V& S 4

b e
arl 11wl 2 ’,;‘:f T
: S
0 0.0 0§ 1731 35184 5 Zu

Hinh 7.14- Su thay doi mot s§ dac tinh khi déng khong thir nguyén cia binh céng téc:
- M 2- My, 3- Ll ypeze 4 - Mi/Myia, 5 -M,/M,,

Trong nhiéu truong hop (vi dy khi lam viéc véi méay phat dien. may nén khi) trong diéu

ki¢n nhu nhau, cong sinh ra cla dong co gié quay nhanh vi quay chim gan nhu nhau,

Khi chon va tinh todn so dé dong co gi cin phdi tinh t8i cdc dic tinh khi déng clia bidnh

cong tac va dac tinh tai cia may cong tdc.

Vi du dé din deng bom quay cham ¢6 mémen can ban daw 16n, nén sir dung dong co gid
nhiéu canh. Piéu dé cho phép giam gid tri van t6¢ am viee (61 thidu ca gi6, giam ty s6 truyén
ctia hop s& va ton that co khi. That vay, so vai banh cong téc do cao (0c kn, gid ui £, giam. PE

két hop vai mdy phat dién ¢4 tan s6 quay 160, momen can ban diu nhé va tang déu hod thi diing

banh cong tae quay nhanh hi¢u qua hon.

Trong cdc ndm gin day, nhor sir dung céc cdnh c6 prophin khi dong 6t v cic so dé U
dong diéu khien khic nhau dd 1am tang duoc hiu qua sir dung banh cong tdc quay nhanh, thé
hi¢n & chd lam tang momen khoi dong, tang cong sudt, giam do quay khong déu ... Tal ca didu
do6 lam tang hiéu qud kinh t& ctia 16 mdy dong co gié.

7.2.6 Tinh toan so bo kich thudéc, bién dang canh va cong suat dong co gio

7.2.6.1. Tinh todn kich thudc dong co gié

Cong sudt dong co gid duge tinh theo van 6e gié va dudng kinh banh cong tac theo cong
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thic (7.34) nhu sau (thay P bang N):

3 2.
vin?
N=Y PSS w,

2080

Trong do: V- 16¢ do 16 tinh bing m/s ;
D - dudmyg kinh bdnh cong tic gié - m;
£ - hé 58 st dung nang luong gio.
Heé s& & ¢d gid ri nhur sau:
£ =035+ 0,38 - doi vai loal dongrco gid vong quay thip (nhidu cdnh) chat lugng tot.

3.

.

Binh (hugsmg co thé chon & =

£ =045+ 0,48 - doi vai loai dong co gio vong quay cao (it canh) chiit lvong 01, Binh
thutmg ¢6 thé chon £ = 0.4,

B¢ tinh nang lwong dién @ dau ra cia may phat dién gié cin phai tinh 61 hiéu sudt dong
¢G gid vit hiéu sudt mdy phdt dién, tic 14 phai tinh 51 cdc dang 16n thit sinh ra trong mdy nhu
(4n thit khi dong, 16n that co khi, ton that or (trong mdy phdt)... [fiéu sudt mdy phat cong suat

nho tay g loal ¢4 thé ¢6 gid tri rong khoang 0.6 + 0,8, hiéu suit dong co gid tir 0,7 dén 0.8,
Tit biéu thirc tinh cong suat & trén ta xdc dinh duge dudng kinh banh cong téc gio:
[2080.N

= 12—~ m.

~

—
Y vien
Trong dé: cong sudt N tinh bang kW, van 18¢ V tinh bang m/s.

Van téc quay cla dong co gié duge xdc dinh ir biéu thic:

., wR
L=-—,
Vv
trong dé : 7. - do cao toc dac trung cho do quay nhanh clia bdnh cong tdc gio ;
R - bdn kinh bdanh cong tdc gid, m;

V- van toc gio, m/s.

b6 cao toc ciia dong co gid ¢d gid i nhu saw:

Loai 2 canh Z=4+06,
[.oal 3 canh £=3<5,
l.oai nhiéu canh 2=2=73

200



T biéu thire tinh 6 7 ta ¢

.

= Q . rad/s.
R

Tirdo c6

Dua theo cic biéu thic tinh todn o trén ta xdc dinh duge kich thirde va 56 vong quay clia

dong cor 2id dam bdo cong sudt véu cdu hoac nguoc lai.
7.2.6.2. Chon s6 cdnh

Vdi dong co gid phit dién yéu cau 6c do cao, ﬁiéu suat cao nhung khong ddi hoi
momen khdt dong 16n. nén dung it cdnh, thudng la 2 dén 3 cdnh véi prophin dang khi déng hoc.
Loai 2 ¢inb cho toc do va hicu sudt cao hon nhung khé can bing hon va momen khai dong nho
hon. Vai dong c¢o gié bom nude khang yéu ciau 16 do cao nhung doi hoi momen khai dong [6n,
nén phai ¢é nhi¢u canh. thong thuong 1a v 10 dén 24 cdnh va chi ding dang cdnh tdm cong hi¢u

sudt thap hon, cing ¢6 the chi cin 4 cdanh néu dimg loai bom ¢t dp thap.
7.2.6.3. Tinh todn bién dang cdinh

Bién dang canh ¢ dnh huong quyct dinh d¢n hiéu soal cia canb. Co nlaéu loas bién
dang cdnh khi déng hoc chat lugng cao da duoc nghién cttu tal cie co quan nghién citu noi tiéng
v& thuy khi dong hoc trén the gidi nhu Vién SAGY cda Lién x6 trude day (bien dang ESPERO),
hodc Vien nghien ciu v tru NASA cia My (bien dang NACA } ding cho dong co gié phit dién
hodc dang cdnh cong, mong ding cho déng ¢o gié bom nude. Bién dang cdnh ¢ng véi cdc tict
dién tir it bau cdanh téi pan miit ngoai cla cdnh duoe chon can ¢ vio cic bién dang mau duoe
cho trong cam nang bién dang cdanh khi dong dua rén co 50 tinh todn cic théng sé hinh hoe nhur
chi¢u dai prophin, géce dat canh, goc va...va thong s6 dong hoe nhu hé $6 lue nang va lue can clia
cdnh {(phidn nay s& khong trinh bay trong khuon kho cla gido rinh nay). Dua trén két qua tinh
todn ta xay dung duge |4 cdnh cua banh cong tac gié vir ¢6 thé xdy dung duge duong dac tinh khi
dong cia cianh (bang phuong phdp twong wn). Tr1 s6 coa N v n duge tinh theo cie cong thie 6

ren.

Tir dudng dic tinh khi dong ¢ thé xay dung duoc dac Linh cong sudt cua bidnh cong tdc
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gi6, biéu thi quan hé gifta cong suat va s6 vong quay clia banh cong tic gié & timg toc do gié
khac nhau: N = f(n), (hinh 7.15)

a) Pac tinh khi dong b) Pac tinh cong suat

Hinh 7.15- Pac tinh khi dong va dac tinh cong suit ctia banh cong tic dong co gid.

Can ctr vao dac tinh cong suat coa banh cong tac dong co gié va dac tinh lam viéc cla
mdy phdt dién hodc mdy bom nudc dé giai bai todn phoi hop tai gitta dong co gié va mdy phat

dién hoac mdy bom nudc.

7.3 UNG DUNG NANG LUONG GIO

Tur lau con nguoi da biét sir dung mirig lugng gi6 dé tao ra co nang thay thé cho stic lao
dong nang nhoc, dién hinh 1a cdc thuyén buém chay bang stic gi6, cic c6i xay gio xudt hién tir
thé ky 14 dugce dung ph6 bién tir th€ ky 17, thinh vuong nhat vao thé ky 18 dac biét ¢ Ha Lan véi
hang ngan chiéc. Tir thé ky 19 dén nira ddu thé ky 20 v6i su xudt hién va phdt trién ctia mdy hoi
nudc va cac loai dong co dot trong, cdc c6i xay gié hau nhu bi lang quén. Nhung tir vai chuc
nam gan day véi nguy co can dan cdc nguon nhién liéu khai thiac duge tir long dat va van dé o
nhiém moi truong do viéc dot hang ngay mot khéi luong 16n cac nguén nhién liéu hod thach néu
trén. Viéc nghién ciu sir dung cac dang nang luong tdi tao cua thién nhién trong dé cé nang
luong gi6 lai dugc nhiéu nude trén thé gidi ké ca cdc nude c6 nén cong nghiép niang luong phat
trién rat manh nhu Nga, My, Phiap, CHLB Duc, Ha Lan, Anh, Dan Mach, Thuy Dién... dic biét
quan tam. Trén co s dp dung cic thanh tuyu mdi cua nhiéu nganh khoa hoc tién tién nhu thuy
khi dong luc hoc, tu dong diéu khién, co hoc két cau, truyén dong thuy luc, vat liéu méi... viéc
nghién ciu sir dung nang luong gié da dat duoc nhimg tién bo rat 16n ca vé chat luong céc thiét

bi va quy mo ting dung. Tir cdc coi xay gié vai ciac canh gio don gian hi¢u suat stir dung nang



lrong thip chi khoang dudi 20%, dén nay cdc dong co gi16 phit dicn vai cdnh quat co bien dang
khi dong hoc ngay mot hoan thién hon ¢6 thé dat duoe hi¢u suit st dung ning luong cao (6
42% . Nhiéu phuong phip va hé thong ty dong didu khién hi¢n dai di duge sit dung dé wr dong
an dinh so vong quay cia dong co gio. Nhimg dong co gid phdt di¢n 16n con diing ca hg thong
(w dong dién thuy lue va mdy tinh dién tr didu khién. Nhicu var li¢u mai dd duoc su dung dé ché
tao cdnh nhu hop kim nhom, polime c6t soi thuy tinh v6i do bén cao trong moi diéu Kién thoi
L&t va chiu duog siie gié ctia biio. Tui nhing nai ¢d gid WL ngudi ta ghép nhicu dong co gid voi
nhail tao thanh “rimg mdy phdt dién gi6™. Ngudi ta di ¢6 thé ch€ tao nhimg déng co gio phat

dién rat 1dn duong kinh 161 80m, cong suat 61 3000 kW.

Tuy nhien déi véi modi nude quy mo phat wién cia vige (ng dung nang luong gio con

phu thudc vio vi tri dia 1y, dac diém tiém nang gioé va uinh do cong nghiép.
7.3.1. Ung dung dong co gié phat dién

Mot trong nhimg tng dung quan trong nhat cua dong ¢g gio la dé chay mdy phat dién,
Cic dong ca pid dimg ¢ kéo mdy phdt dién thutng 1a cic mdy it cdnh €6 56 vong quay tuong

d6i 16n (4o cao 16¢ 7, 1dn). So dé cdu o cic towi dong co gid duge gidi thiéu rong phan 7.3.1.1.

Piéu quan trong khi ding déng co gid chay mdy phét dien {a phdi dam bao su phot hop
tai gifta dong co gid viv may phat dién. Mdy phdt dién thudmg 6 (6¢ do quay 1on, con dong cd
vi6 thudng ¢6 t6e do quay nho hon. PE cho hai mdy ¢6 thé phéi hop tam vige v6i nhau duge, cin
phay s1ir dung may phat ¢6 16¢ do quay thap hode phal sir dung cdc b wuyeén trung gian nhu hop

56, dai ruyén. bién toc thuy luc...
7.3.1.1. Thiét bi dién dang cho mdy phit dién gio

Bo phite tap clia thiét bi dien cdc may phat dién gié phu thude rit nhiéu vao cong suat
ctia chiing. VSi cong suat tir 1 dén 3 MW gan nhu toan bo thiét bi dien, co khi, thuy lue déu dat

trén dinh cot ké ca hé théng thong tin v mdy tinh diéu khicn.

May phdt cong suat 16n thudng 1 mdy ty kich, dién dp ra xouy chi¢u 3 pha. Mdy phat
cong sudt nhod mot vai kW cting thudmg 12 mdy tu kich mdt pha hodc 3 pha. Con cac may phat
cong sudt cue nho dudi | kW thudng ding la may phat nam cham vinh ciu dign dp xoay chiéu
mot pha. Qua thisi gian dai s dung, r rudng nam cham s€ bl ¥¢u cin phai nap i hoac thay the

naam chdm ndl.

O cac mdy phat wr kich, tir rudng khi bat dau lam vige 1a tir du. Khi phit di¢n mot phin
dong dien phit ra s& duge nan thinh dong mot chicu va dua vé kich thich tir trudmg roto. Vi ly do
dé nguoi ta goi ching 1 nhitmg may phat ty kich. Véi cic mdy phat te kich tr trudmg ludn ludn

duoe bo sung nén khong ¢d hién tugng tir trudng bi yéu di
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bé tich trit ning lugng dién khi khong 6 gié hoac gid yéu ngudi ta sy dung cac bo nin
dong va ha th¢ xudng 12 hoac 24 V dé nap dcquy. Ngudi ta ciing ché tao riéng cic may phat

dién gid nap ac quy. D6 Ia cdc may phat mot chiéu dién dp thip 12 hoac 24 von,

Nhur trén chiing ta biél, gié ¢d dac diém 1a vin (6c khong 6n dinh v hudng gié luon thay
LS
do1. Cho nén vige di¢u chinh hudng quay va diéu chinh 10¢ do quay cha ¢inh quat la hét sirc

quan trong.
Dudi day chiing ta s€ tim hi€u qua nguyén ly lim viéc clia cdc thit bi nay.
7.3.1.2. Nguyén Iy lam viéc cia hé thong tw dong diéu chinh theo hudng gio

Dol vai dong co gid truc ngang khong thé thifu duoce hé théng or dong diéu chinh theo
huéng gl dé giir cho mit phing quay ciia cdnh ludn vuong goc véi hudng gié, hao dam cho
ddng co gio nhin duge nang Tuong gid t8i da. HE thong wr dong diéu chinh hudng gié ¢é nhiéu

kiéu khac nhau:

- Dinh huéng bang duot 14i. F.oai nay hay ding cho cdc dong co gid cong suit nho dudi

15 kW. Loat nay 6 uu diém 13 cau tao don gian, do nhay cao (hinh 7.16).

- Binh hudng biang mét canh quat phy nho cd truc ngang vuong goc véi Lrue quay cla
cianh quat chinh cua dong co gi6. Cinh quat phu nho ndy thudng lap bén canh vé phia sau dong

Cof 2ic.

- Dinh hudng gié nh& truyén déng dién hay dung cho cic dong co gié phat dien cong
sudt trung binh vi 16n. O nhimg mdy nay ta khong nhin thaly duoi ldi. Trén than dong co gio ¢o
gan mot thi€t bi dinh hudng 2i6 rdt nho. Thiét bi ndy ¢6 méi lien hé didu khién véi mot dong co
dien [am quay todn bo dong co gié khi hudng gid thay doi, nhd dong co dién nay cdc cinh dong

¢ gio luon ludn hudng ding hudng gio.
7.3.1.3. Nguyén ly lim viée cria hé thong tu dong diéu chinh téc do quay cida canh quat

Dé trinh cho dong ca gi6 khdi bi hu hai trude cdc con gié manh hoac bao, mot van dé kg
thuat rat quan trong cdn gidi quyét doi vdi dong co gié 13 ty déng giam 8¢ do quay cua cdnh khi
16c do gio vuot qud 16 do thigt ke, Co nhiéu h¢ thong tu dong didu chinh 6¢ d6 quay nhamg pho

bién la:

- He théng ty dong thay doi goc dat canh con goi Ity dong bién bude canh (nhe lue ly
tim vGi dong ca gié nho hoac truyén dong dién - co khi v6i dong co gid 1én) thuong dimg cho
dong co gié phit dién it canh. Trong trudng hop ndy edc cinh s& ty dong xoav quanh truc tam

quay cla ching mdt gée nho theo hudng giam goc tan o,



- Hé thong phanh khi dong chi ding cho dong co gié phét dién 2 canh. Khi gié qua

manh, do luc ly tam hai cang phanh khi dong bung ra can bét toc do quay ctia banh canh.
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Hinh 7.17- Hé thong wr dong dic¢u chinh dua toan bo canh ra khoi huéng gié khi ¢6 gié manh:
a. dicu chinh bang canh phu: b. truc quay banh cong tac dat léch tam véi thip dong co gid.



Hé thong tu dong dua toan bo banh cinh ra khoi hudng gio theo hai nguyén 1y hoat

dong:
+ Str dung canh phu, thuong dung cho dong co gié nhiéu canh (hinh 7.17.a).
+ Pat léch tam true quay cua banh canh véi true quay ctia phin thap dong co gio.
Nguyén ly nay ¢6 thé dung cho ca dong co gié phét dién va bom nudée (hinh 7.17.b).
7.3.2. Ung dung déong co gié bom nudc

Ung dung quan trong thit hai clia nang luong gié 1a bom nudc. Ngudi ta str dung cic loai
bom khdc nhau ghép néi véi dong co gié dé bom nude. C6 thé chia dong co gié bom nudc ra
lam hai nhém: Nhém dong co gié bom nude cot ap thip, luu luong 16n. Chiéu cao bom chi
khoang 1-2m. Loai nay hay dung cho cic ving lam mudi (bom nudc man) va tudi ruong lia.
Nhom thit hai thuoc loai cot ap cao, luu luong nho. Chiéu cao cot nude ¢o thé dat t6i 15-35m.
Loai nay chu yéu phuc vu tuéi ca phé, ho tiéu, ché trén cic ving cao nguyén. Khong giéng nhu
cdc dong co gio phdt dién (banh cong tic quay voi toc do nhanh), hau hét cic dong co giéo bom
nude déu doi hoi momen khai dong 16n va tée do quay cham (khoang 30-50 vong/phit). Do dé

banh cong tic cua ching thuong cé nhiéu cinh hon.

Dé bom nudce lén do cao thap ngudi ta hay ding guéng dap nudc ¢6 truyén (hinh 7.18).

Hinh 7.18- Bong co gié vaéi bom cot nude thap.

Loai nay tuy c6 hiéu suat lam viéc thap, nhung do gid thanh ha, dé ché tao vi lam toan
bang g6 khong bi nuéc man pha hoai, nén rat thich hgp cho dong muéi. Ngiy nay dé nang cao
hiéu suat lam viéc, loai guong gob nay dang dugc thay thé bang loai bom guéng xoan kim loal,

cianh gudng xodn dugc boc bang chat déo.

206



DEé tao ra cot nudc cao, ngudi ta hay dung loai bom piston (hinh 7.19) hoac loai bom
mang vGi cot nude trung binh. D& dam bao dong co gié bom nude hoat dong duoc ta phai phoi
hop tai (momen, t6¢ do quay) gitta banh cong tac dong co gid véi hé bom nude. Néu cac thong
$6 nay gilta banh cong tic va hé bom nudc khong phut hgp véi nhau ta can ding thém cdc bo

truyén co khi nhu hop s6, xich... dé giam hodc tang toc.

Ngoai ra o loai bom cot nuéc cao dung piston thudng ¢6 mot hé thong can bom gan véi
piston dai va khd nang. Néu khong ¢6 nhitng giai phap cu thé, hé¢ théng nay thuong lam cho qua
trinh khoi dong bom trd nén kho khan va lam giam hiéu suat bom ding ké. Dung 10 xo hoac doi

trong la cdc giai phap ¢6 thé dem lai hiéu qua tot.

5910

Hinh 7.19- Bom co6t nudce cao dung dong co gio.

Nhu trén da néu, dé tranh cho déng co gié phat dién khoi hu hai khi ¢6 gié 16n va bao,
ngudi ta thuong st dung dudi lai phu dat vuong gée véi hudng gié va duoi lai chinh. Khi téc do
216 vuot qua muc cho phép, dudi lai phu sé lam banh cong tic quay nghiéng mot goc so voi
hudng gié. Gié cang manh géc nay cdng 16n. Tuy nhién so véi dong co gié phat dién, dong co
216 bom nude thuong chiu bdo rat kém. Do d6 khi ¢é gié manh hoac bao, can kip thoi quay cho
banh cong tic doc theo hudng gi6 roi phanh lai. Khi ¢6 bao qua manh cin dung toi cip dé ha

toan bo dong co gié xuéng mat dat dé tranh bio.

207



Chuong 8

CAC NGUON NANG LUGNG
TAI TAO TIEM NANG KHAC

8.1- NANG LUONG SINH KHOI

8.1.1- Sinh khoi va nang logng sinh khéi

Sinh khoi (Biomass) bac gdm cdc loai thuc vét sinh trudng va phdt trién trén can cling
nhir 0 dudt nude, cic phé thai hifu co (nhu rom ra, vo trau, b mia, vo ci phé,...), cdc loai phe
thai dgng vat (nhu phin ngudi, gid sidc, gia cdm,...). Sinh khéi 1A ngudn nang luong dau tién cia
loal ngudi. Va mic di hién nay cdc nguén niang luogng hod thach nhu than dd. ddu mé, khi dot 13
cdc nguon nang luong chinh nhung sinh khéi van con duoe sir dung véi mot khéi luong va ty i¢
khd 16n, nhat 1a & cac nude dang phat trién.

Sinh khoi 3 médt ngudn nang luong ¢6 kha nang tdi sinh. N6 tén tai v phét trien duge
trén hanh tinh chiing ta la nhe ¢ sinh sang Mat Trot. Cde loai thue vat hap thy dnh sanh mat
(ot dé thye hién cac phin dng quang hop. bién doi cdc khodng chat, nude va cée nguyén to vo
co khadc thanh cdc chdr hitu co. Trong qud trinh quang hop, thuc vat con hap thu khi cicbonic
CO, va tao ra Oxy O2 la chét khi tao ra su sdng trén Qua Pit nay. Cdc tinh todn cho thay ring,
hang nam thuc vat hip thu 0,1% téng nang lugng bitc xa Mat Trdi (67 Qua Dat, va nho phan tng

quang hop , taora 2 x 10" tan chét hiru co vi cho mot ngudn nang luong rit 16n, khoang 3.10".

Phin 16n cdc nude dang phét trién, trong dé ¢é Viet Nam ta, duge thién nhién ban tang
cho nguén t&i nguyén nang lugng Mat Troi rat déi dao. O cde nude nay mat do nang lugng Mat
Trési khi cao, ndm trong khoang tir 4 dén 7kWh/m’.ngay, 1a diéu kién rat thuan lgi cho thuc vat

phét trién.

Phan tng quang hop con 1a phan 1ing co ban tao ra thic an cho dong vat. Néu ké dén ci
sin pham oxy cla phan (mg quang hop fa ¢6 thé néi ring sinh khéi néi chung v thue vat néi

riéng ¢6 ¥ nghia quyét dinh d61 v&i sur song trén hanh tinh chiing ta.

Nang luong sinh khéi hoan toan cé thé thay the cic nguén nang lugng hod thach dang bi



khai thdc can kiét vi gay ra 6 nhiém moi trudng ning né. Bang 8.1 sau cho ta thdy kha néing thay

thé€ cic nhu cdu ning luong cua con ngudi.

Ngudi ta thudng phan loai sinh khéi thanh 2 nhém, sinh khéi trén can va sinh khéi dudi
nudc. Sinh khoi trén can bao gém cdc thuc vat trén can nhu cdc loai cay ¢o xanh, cdc phé phim
thuc vat nong 1am cong nghiép (rom ra, ba mfa, vo triu, vo ca phé...) cling nhu céc phé thai dong
vl trén can (nhu phan ngudi, gia stic, gia cdm,v.v...), céc sinh khoi dudi nude gdm cic cay co,
réu, tao, beo, v.v... sinh sSng va phat trién dudi nude nhu trong cdc ao hé, dam lay, song sudi va

céc dai duong.

Bdng 8.1. Nang luong Sinh khdi cé thé thay thé cac dang nang lrong ho4 thach

’—Hat nhan L . -
Than —» Nh.l,f':[ —»  Hoi |—*] Sanxuatdién |-+— Hoi E?OI A Sml,],
Diu dot hod khi khoi

Khf thi¢n Bei _y | Nnientiew, susi [, | Knision D% sinh
rhién an, lam mat hoc Kh Y khai
Nhién liéu, sudi - .

Than —» DOt - an, lam mdt - D6t «— Eﬁg -~ Ei:‘h
codng nghiép _Ol

Sin Nhien li_éu long.
Diuthe —+ Loc —» phim |—» n_hlén ligu clzo <« | Etanon o Lén « Sml}
diu giao th(?pg van Metanon men khoi

tai

8.1.2- Cac cong nghé bién doi sinh khdi

(6 2 cong nghé dé 1am bién doi sinh khoi ra cdc dang nang lugng. D6 1a cong nghé nhigt
hod va cong nghé sinh hod. Cong nghé sinh hod sir dung cic phan ng 1&n men sinh khoi nhu lén
men rugu, 1én men ky khi nhd cdc ching loai vi sinh dé bién d61 sinh khai & dp sudt va nhi¢t do
thdp thanh cic loai nhién liéu khi (khi sinh hoc) hodc long (ethanol, methanol,...). Nguoc lai
cong nghé nhiét hod sir dung cdc qud trinh nhiét d6 cao d€ bién ddi sinh kh6i nhd cdc qui trinh
d6t chdy. nhiét phan, khi hod, chat 1éng. Bang 8.2 (6m tit cdc qua trinh bién d6i sinh khéi.



8.1.2.1- Cdc cong nghé nhiét hod

a. Dot chady truc tiép

Dot chdy tryc ti€p 1a cong nghe don gian nhat dé bién déi sinh khéi ran (nhu g0, cui, phe
thai ndng céng nghiép,..) thanh nhiét nang. DE thuc hién qud trinh nay, ngudi ta d6t sinh khoi
trong cac thi€l bi dugce goi 1a bép hay 16 & nhiét do cao. Qud trinh chay duoc duy tri nhe ¢é dong
khong khi théi qua bép hay 10. Luu lugng dong khong khi va tinh chat cha sinh khéi (loai sinh
khoi, do kho, ...) quyét dinh hi¢u suit clia qud trinh dét chdy. NGt chung cong nghé dét chdy
truc 1i€p cho hiéu suét thap vi nang lirgng b1 méat mat khd nhiéu do bifc xa nhict ra moi phia xung
quanh thi€t bi d6t. Ngoai ra mot phan nang lwong cling bi mat mdt do qué uinh 1Am bay hoi

nude (d6 dm) va céc loai ddu, dam trong sinh khéi.

Bdng 8.2. Cic cong nghé bién déi nang lugng sinh khoi

Qud trinh téng
qudt

Qua trinh riéng

San pham chinh

Thay the nhién liéu hod
thach

Stnh khoi

Bién déi sinh
hod hoc

Lén men ruou

Ethanol

Xang. phu gia diezen

Lén men ky khi

Khi sinh hoc

Xang, diezen. khi dst hod

(biogas) long. khi dot
bat rue tiep Nhiét Than, dau, khi dot
Than (cacbon) hod Than ciii Than, dau, khi dat

Bién d6i nhiet

hod .
S Khi téng hop. s
Khi hod Methanol Dau. xang
Nhiét phan an o0& vi khi
" P Than gé va khi Xang. ddu hod, khi dét
{pyrolysic) tong hop, dau gé

Dé nang cao higu sudt dot ngudi ta thuong phai xi 1y so bo sinh khéi nhy say kho, chat
nho, déng banh, v.v... va thi€t k&, ché tao cic loai 15 hay b&p véi t8n hao nang luong thap va lam
chdy hét sinh khaj,

Hién nay céc 16, bép dat c6 kich ¢d, hinh ddng rat khic nhau tuy vao muc dich str dung
va tap qudn. Riéng vé kich ¢& cdc b&p 10 ¢6 thé nhd nhu cac bép 16 dung trong céc gia dinh (hinh
8.1) hay rét 16n c6 thé d6t hang chuc hay hang tram mét khdi sinh khdi nhu cde 1o dot trong cic
nha mdy dién diing rdc thai. Hinh 8.2 1a tiét dién ngang cba mot 16 dot cong nghiép nap nhién
li¢u sink khét timg mé mot.
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Lop cach nhiét
Vit liéu chiu ltra

Than lo—
SERE Thanh ghi DA
""" : Vo kim loai L )
Hinh 8.1- Bép dun nau trong gia dinh. Hinh 8.2- Lo dét sinh khoi cong nghiép.

b. Than hod (cdcbon hod): 1a qua trinh bién d6i sinh khéi (gd) thanh than (than gd) nho
dét sinh kh6i & nhiét do cao va trong diéu kién thi€u khong khi. Qua trinh nay dién ra qua 4 giai
doan:

- Sdy kho sinh khoi: trong giai doan nay sinh khéi thu nhiét dé 1am bay hoi nuéc. Qua.
trinh xay ra & trong khoang nhiét do tir 100°C dén 200°C.

- Giai doan tricoc than hod: giai doan nay xay ra ¢ khoang nhiét do 170°C dén 300°C.
Sinh khoi thu nhiét va thai ra mot s6 chat 1ong- duge goi chung 1a ddm gé- nhu methanol, axit

axetic va mot lugng nho cacbon oxit (CO) va cacbon dioxit (CO,).

- Giai doan tod nhiét : xay ra ¢ khoing nhiét do 250°C dén 300°C. Phén 16n cdc chat hic
in nhe va cac dim gé (nudc chua sinh ra khi nhiét phan gé) nhu axit etanoic, methanol,
axetic,v.v... duoc giai phéng ra khoi sinh khéi. Giai doan nay ti€p tuc cho dén khi chi con lai
phén than go6.

- Giai doan cudi : xay ra khodang nhiét do trén 300°C. Trong giai doan nay ham luong céc
bon cuia sinh khéi tang 1én vi cdc chat boc hoi da bay hoi hét. Nhiét do 61 da cua giai doan nay
la khoang 500°C.

Sau cdc qud trinh trén can c6 mot qua trinh lam ngudi va phoi & ngoai khong khi it nhat
]a mot ngdy dém dé on dinh than va gidm kha nang béc chdy, dam bao an toan viéc van chuyén,
déng goi.

Nhiét tri than gé dat gid tri khoang 7100 kcal/kg, trong khi nhiét tri ctia cti phoi kho
ngoai troi 1a khoang 3600 dén 3800 kcal/kg. Nhu vay vé mat nang lugng, than gb cho ning
luong 16n gép 2 14n so vdi ctlii kho va vé mat thé tich thi cing mot niang luong, thé tich than cti
chi bang 1/ 2 so véi cui.

Cic phan tmg chinh ctia qua trinh than hod sinh khéi ¢6 thé tém tét nhu sau:
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Con(H O, —> 6nC  + 5nH,0
(Sinh kh&i dién hinh) (Than) (o am)
Céc phan (ing phu khdc xay ra trong qua trinh than hod:
C+H,O —» CO + H,
200+2H, —  CH+CO,
C +2H, - CH,
C+ 2H,0 - CO, +2H,

c¢. Nhiét phdn (pyrolysic): Nhiét phan 1a qud trinh tuong t nhwr qué trinh than hod. Diéy
khac nhau gifa 2 qud trinh nay 12 nhi¢t phan dugc thuc hién & nhiét do cao hon va ngoii sit
pham than gb (chiém 25%) ngudi ta cdn thu thém dugc céc san pham chit iong chdy khéc 1a ddu
80 (15%), axit pyrolic (45%) va khi g& (I5%). Ciing nhu than gé, c4c cht 1ong vit ki thu duoc
trong qua trinh nhiét phan la cdc nhién liéu rat t61.

d. Khi hod sinh khéi: 1a qud trinh bién d6t sinh khéi thanh mot khi chay ¢d nhiét tri
trung binh hay thap (4 — 6 MJ/m®). Nhién li¢u khi c6 nhiéu wu diém so v6i nhién liéu rén nhur
chay v6i hi€u sudt cao hon, it phat thdi hon, d€ déu chinh qud trinh cheiy.’van chuyén va sir dung
don gian.

So dd 8.3 trinh bay cic cong nghé khi hod sinh khéi vi cdc san pham ctia né. DE khi hod

sinh khé6i ngudi ta ¢6 thé ding khong khi, oxy, hydro hay nhiét phan.

Khi hoa ditng kiéng khi : 12 dang khi hod don gidn nhdl, trong dé £h311 hinh thanh do qua
trinh nhiét phan dugc dot véi mot legng khong khi han ché theo 19 1é khoang 0,25, tie 1 ding
1,6g khong khi cho 1g sinh khdi d€ tao ra mot chat khi chdy t6t. Hinh 8.4 13 sa d6 mot kidu 16 dé
hod khi sinh khéi ding khong khi.

Hod khi dung oxy: Oxy duge dimg dé hod khi sinh kh6i. Uu diém {a tao ra san pham khi
sinh kh6i ¢6 nhiét tri trung binh (2669 + 3559 kcal/m"). Khi nay cé thé sit dung truc tiép lam
nhién liéu hoac tdng hop thanh methanol, amoniac, xang hay metan,

Khi hod Irydro: Hydro ¢6 thé ding & 4p suat rat cao dé 1am thay ddi thanh phan cla sinh
khdi, Qud trinh ndy dén dén su hinh thanh cdc chat 1dng hay khi phu thuoe vio cic difu kién

phan tng. Cong nghé nay sé rat hdp din néu cé sin hydro.

Hod khi nhiét phan: Khi hod khéng khi ¢é nhuge diém cho san phdm khi ¢6 nhiét tr
thap. Khi hod oxy cho khi ¢6 nhiét tri trung binh, nhung oxy lai 1a khi dit tién. Dung cong nghé
nhi¢t phén ¢6 nhiéu vu diém. Vi sinh khéi c6 ham lugng chal dé bay hoi cao hon than d4 nén c6

212



thé nhiét phan dé tao ra mot loai khi c6 nhiét tri trung binh chifa metan va nhiéu hydrocacbua

hon. Nhuoc di€m cuia qud trinh nhiét phan Ia thai ra mot luong than va dau khé sir dung.

Smh khoi
Piu vao Kho”b Hydro Nhiét
khi 4
I
Loai t.bi Tb khi hoa Tb khi hoa Tb khl hod Tb khi hod | i
khi hod khéng khi oxy hydro nhiét phén ‘ |
| :
_ ! l # :
Sin pham Khi nhiét tri Khi nhiét tri Déu nhiét -
p 2 R L » Than go
trung gian thap (N2) trung binh phén
[ j [
| ‘ |
_ - o KHI CHAT LONG
Sin phim E)énchEh)l(én! "gl:izugc Nhiét tri cao & || TONG HQP DAU
cudi ciing | PONE €O & SSLRIS trung binh cho || Metanol, xang, | | Nhiét phan
&diéden cong & Dién : z .
] duong ong amoniac

Khong khi —5 4% %

Cura nap
sinh khoi

8.1.2.2- Cong nghé bién doi sinh hod

P

Hinh 8.3- Cic qua trinh khi hod va cdc loai thiét bi khi hod sinh khoi.

——Khi thai

Ving thu gon

[Voe s ]

!

Tan lura

Hinh 8.4- So d6 mot kiéu 1o dé hod khi sinh khéi diing khong khi.

Cong nghé bién déi sinh hod dién hinh 1a cong nghé khi sinh hoc (biogas). Khi sinh hoc
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duge tao ra nhd cdc qud trinh phan huy 18n men ky khi ca cic chit hitu co. Khi sinh hoc 13 mot
hén hop khi chdy gém khodng 60% metan (CH,), 30% khi cacbonic (CO;) va khoang 10% cdc
khi khac (nhu hydro H,, oxy O,, nite N, va sunfuahydro H,S, v.v...). Nhiét tri ciia khi sinh hoc
phu thudc vio nguyén liéu ddu vio, vd nim trong khodng 16 dén 20 MI/m’ (3 824 000 -
4 780 000 kcal/m’). Nguyén liéu d¢ san xust khi sinh hoc 13 cde chat hifu co nhu thure vt (cay,
co, réu, beo, v.v...), ph€ thai nong lam nghiép (nhu rom ra, vé ca phe, bi mia, xi dudmg mia,

v.v...) vi cdc ph€ thai déng vat (nhu phan ngudi, gia sic, gia cdm, v.v...).
a- Qud trinh tao khi sinh hoc

Quaé trinh phén huy ky khi 12 qud trinh phan huy nhd cdc ching vi khuin ky kbf va Xay

ra theo 3 pha: pha thuy phdn, pha a xit va pha metan

Pha thuy phdn 12 pha trong d6 cdc phan tlr chét hitu co 16n bi cdc enzym phan buy thanh

cdc phan tir nho va don gian hon va do d6 ¢6 1thé di qua mang vi khudn.

Trong qud trinh cta pha axit cic phan tr phiic tap hon nhu protein, chit béo va cic

cacbonhydrat bi phan huy thanh axit, khi cacbonic CO,, hydro [, vi amoniac, v.v...

Trong pha meran cudi ciing cdc phan tir H, va CO, két hop véi than tao ra khi metan
(CH,) va su lén men cdc axit va rugu tao ra thém cang nhiéu CH, hon.

Mot vi du dién hinh clia qué trinh san xuit CH, dung nguyén ligu cellulo xay ra theo cic
phan g chinh sau:

- Pha thuy phan:
(C.H,Os), + H,0 - n(C.H,0,)
glucose, cellulose - glucose
- Pha axit
| CH;;04 —» CH,CH(OH)COOH
Axit béo, ruou, glucose — axit lectic
- Pha metan:
4H, + CO, - 2H,0 + CH,
CH,CH,0H + CO, —» CH,COOH + CH,
CH,COOH —» CO, + CH,

CH,CH,CH,COOH + H,0 + CO, - CH,COOH + CII,
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Trong ham khi sinh hoc tat ca 3 pha trén tén tai déng thoi. Néu bat ky mot trong cdc pha
trén vuot troi thi qua trinh tao thanh CH, s& bi anh hudng ddng ké.

Ngudi ta thay ¢6 4 nhém vi khuén ky khi tao khi metan. Cic loai vi khudn nay rit nhay
v6i nhiét do. Nhiét do hoat dong t6i vu ctia chiing 1a 35°C.

b- Hdm khi sinh hoc

Ham khi sinh hoc 1a thiét bi thuc hién qua trinh bién d6i sinh khai thanh khi sinh hoc.
Mot trong nhitng yéu cdu quan trong nhit déi véi ham khi sinh hoc 1 phai kin khi dé cdc ching
vi khuan ky khi hoat dong binh thudng tao ra metan.

Hién nay c6 nhiéu thiét k&€ haim khi sinh hoc. D6 1a hdm c¢6 nip troi ndi, hdm c6 nip cé

dinh va ham lam bang chét déo.

Nhung di ki€éu hdm c6 khdc nhau nhung ching déu phai c6 4 thanh phan co ban sau
day:

- Cura nap nguyen liéu.
- Buéng 1én men, phin huy va tao khi.
- Buéng chuia khi.

- Cira cho phé€ thai ra ngoai.

Vung chia

S 8 khi | éng dan khi
Tréon nguyén liéu " . )
i i A)/'“l Bé chuira phé thai

Hdén hop thuy phan

Tudng phan cach

T

B

Hinh 8.5- Ham sinh kh6i c6 nép troi néi.
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ong dan khi Nap ddy c6 thé théo
dugc lam kin bing  Nap day
 détsét

Nap li¢u

;| Thung chira
phé thai

“7"Z Hbn hop thuy phan

6ng dén
phé thai

Hinh 8.6- Him sinh khéi nép c6 dinh.

Dé vi du ta hay xem xét mot hdm khi sinh hoc kiéu ndp c6 dinh (hinh 8.6) la loai thong
dung nhat ¢ nudc ta cling nhu trén thé€ gidi. Ngudn géc cuia loai ham nay la tir Trung Qudc.

dng dan khi

Napliéu — | §1 — —--—=- ong dan
phé thai

Hinh 8.7- Thiét bi san xudt khi sinh hoc tdi chat déo.

N6 gébm mot bé hinh tru xay bang gach- ximang, phan trén duoc day kin bang mot nip
c6 dang vdm cdu, ciing dugc dic bing bétong hay gach-ximang, c6 lip mot 6ng din c6 van dé
lay khi . Phan du6i ctia bé phan huy hinh tru dugc néi thong véi cdc bé nap lieu va bé chita nudc
thai, cling xay bang gach-ximang, bing cdc 6ng bing bétdng, sanh hay 6ng nhua. Nguyén liéu
(nhu phan gia sic, gia cdm, phan ngudi,... ) duge cho vao bé nap liéu tron khudy déu véi nudce
va theo 6ng nap vao bé phan huy. Qud trinh phan huy ky khi xay ra trong bé phan huy. Khi sinh
hoc duge tao ra dugc day lén phia trén mat thoang clia hén hop nguyén liéu — nude trong bé
phan huy. Phin ba thai sé theo 6ng din vao bé chita nudc thai. Ap suat khi sinh hoc & dudi nip
ham khd cao nén dé an toan ngudi ta cdn ¢6 thé lip vao nip mot thiét bi an toan. Khi dung khi
ngudi ta dung mot dudng 6ng bang kim loai, bing nhua cing hay 6ng chét déo néi tir 6ng 1ay

khi & ndp ham dén bép dun, dén thap sing hay cac thiét bi sir dung khdc.
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Quy mo ctia ham c6 thé vai ba mét khi dén hang ram mét khéi phy thude vao ngudn
nguyén liu va nhu ciu sir dung khi. Nang suit sdn xudt khi cta ham phy thuéc rat 16n vio

nguyén liéu diu vao. Bang 8.3 cho ta mot Khii niém vé sir phu thude nay.

Khi sinh hoc ¢d rat nhiéu wing dung nhu thip sing, dung lam nhién lieu dun nédu, phdt

dién, v.v... Ngoai ra cong nghé khi sinh hoc con 1a mét cong nghé 1Am sach méi trudng.

Bdng 8.3- Niing sudl khi sinh hoc phu thu¢e viio nguyén liéu dau vao

Khé nang cung cap Ning sufl khi ¢o Ty sual sinh Khi
Loai nguyén liéu hang ngly (kg) thé duge san xudl (mm’/ con.ngay)
ra (kg/m®)
Phan trau, bd 10 0,036 0.364
Phéan ngudi 0.4 0.070 0.028
Phan lgn (45 kg) 2,25 0.784 0.170
Phan gia cam (ga. vit. ngan, 0.18 0.062 0.011
ngong...., 2kg)

8.2- NANG LUQNG DJA NHIET

8.2.1- Nguén nang lugng dia nhiét

Bia nhiét 1a ngudn nang lugng nhiét ty nhién O trong long Qua Dat. Dudi 16p vo khong
day ldm cta Qué Pat, nhiét do lén dén tir 1000°C dén hon 4000°C. G mot s8 khu vire ap sudt
dudi i6p vo nay cling rat 1én |, vuot qud 130MPa.

Ngudi ta xic dinh ring, nang luong dia nhiét duge tao ra do cdc qud trinh phan ing
phdng xa hat nhan cGa cdc nguyén 16 phéng xa ning cé trong long Qua bat nhu thori (Th),
protactini (Pa}, urani (U), v.v... Nang luong do cdc phan tmg phéng xa dugce tich 1y trong long
Qua Pt hang tri¢u nam véi mot lugng khong 18 Jam néng chay 161 Qua Dit & nhiét do khoang
4000°C dudi 4p sudt rit cao. Ngudi ta thdy ring hon hop néng chay cua niken (Ni} va sit (Fe)
trong tong Qua Dat duge bao boc bing mét 10p vo dd néng chay ¢o nhiét do khodng 1000'C.
Lép vo Qua Dt duge hgp thanh tir 9 méanh, hon nifa cdc méanh nay c6 thé dich chuyén duge. Khi
cdc minh ndy chuyén dong gay ra “su tr6i”, ddn dén sy va cham gifta cic manh & mot s6 khu
vuc nao do cla vo Qua Dat, 1am dich chuyén cdc manh con lai. Cic hoat dong dich chuyén niy
cla vo Qua Dat ¢o thé dan dén trudng hop hai méanh luc dia nhap lai v6i nhau tao ra hing loat
céc phan Ung hod hoc, trong dé ¢d phan ing két hop nudce va cic chat khic dan dén su tao thanh
cic Lii da néng chay rit 16n duge goi 1 tdi magma. Cic tii magma bi diy noi 1én qua 16p vé
Qua bat va thudong din dén cac hoat déng phun trao clia ndi lira. Ngoai ra, dd ndng chay ciing ¢6

thé ndi lén qua Idp v Qua Pat & nhifng noi mi cidc manh vo chuyén dong téch rdi nhau ra hoic
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o cde khu vye vo Qua Dat mong. Nii lira, cde nguén nude néng, cic mach nude phun trio, cée
16 phun hoi néng tir long dat ra,v.v... 1a cdc hién tuong tr nhién cho chiing ta thay ¢6 cic ngudn
nang luong dia nhiét & gan bé mat vo Qua bat. O cic khu vire nady, néu tinh todn cho thay ¢o
higu qua kinh 1€, nguoi ta cé the khoan dé khai thic nang luong dia nhiét. Nang luong dia nhiét
con duge tao ra do ma sdt khi hai manh vo Qua Pat dich chuyén mia mét manh chuyén dong
trugt trén manh kia.

Theo danh gid cua cdc chuyén gia, ¢6 khodng 10% dién tich vd Qua P4t ¢é chita cdc
nguon dja nhiét ¢é thé ddnh gid duge tiém nang nang lugng ciu nd. Cic ngudn nity ¢6 thé cung
cap cho nhan loai mot ngudn nang luong rdt 16n. Bang 8.4 cho thdy tiém nang dia nhiét ¢ cic

e trén the gid.

Bdng 8.4. Udc tinh nang luwgng dia nhiét 6 mét s6 nwée trén thé gigi

Ten nude T1ém nang (MW) Tén nude Tiém nang (MW)
Achentina 19950 Kenya 79 450
Bolivia 63 100 Triéu Tién (Bac & Nam) 79 450
Camerun 15150 Mexico 157 050
Canada 446 700 Morocco 19 950
Chilé - 30 300 New Zealand 30 900
Trung Quoc 337 050 Nicaragua 33 900
Columbia 77 650 Peru 302 000

| Costarica 12 600 Philippines 67 600

B Ecuador n 100 000 Bo Diao Nha 1 000
El Sanvado 5000 Arip Xeut 15 800
Ethiopia 154 900 Lign Xo cil 239 900
Hylap 8 900 Pai loan . . B 150
Guudeloupe 387 Tanzania G200
Honduras — 12 600 Thé Nhi Ky 87 100 L
Iceland 22900 My 501 200
An Do 15 200 Venerzuela 39 800
Iindonexia 436 500 Viét Nam 37150
{talia 33 900 Nhat Ban 79 450
Iran 75 850

Ngudn tai li¢u: US Geothermal Technology Equipment and Services for Worldwide Application, US
Department of Encrgy, ID- 10130, 1985, p.4.
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C6 5 logi nguon dia nhiél. D6 la: nguén nudc néng, ngudn dp sudt dia nhist, nguén di
nong kho, cac nui lta hoat dong va magma.

Nguoén nudc néng 1a nguén nude bi nung néng dudi dp suat cao, cic ngudn hoi nudc
hay hon hop clia chiing & trong cdc tdng da x8p rd, hodc & rong cic khe nut gy cia di. né b
g1ir lai bt mot 16p dd khdc dac kin va khong tham. Nhitng ngudn (hay con got 13 mod) nude ndng
chit fugng' cao {a cdc ngudn chi chita hoi nude ¢6 1an mot it nudce hay chita hoan toin hoi & nhiét
do cao hon 240°C. Mot s6 nguén nurée néng ¢6 nhiét do cao, trong khoang 150°C dén 200°C,
nhung khoang 2/3 s6 ngudn nude néng ¢4 nhiét do trung binh, tir 160"C dén 180°C.

Nguon dp sudt dia nhiér 1a cdc nguén chira nudc mudi ¢é nhiét do trung binh vi chifa
khi metan (CH,) hoa tan. Cdc nguén nay bi vo Qua Dat nén lai dudi d4p sudl rdl cao dudi cdc
tng tram tich sau va bj bao boc bdi cde 16p dit sét va trdm tich khong thim nudc. Ap sudt & cic
nguoén nay nam trong khoang 1ir 34MPa dén 140MPa v & do sau tir 1500m dér [5000m. Nhiet
do cua cdc ngudn 4p sudt dia nhi¢t thudng & trong khodng 90 dén 200°C. Mdi mot thiing (barrel
= (,159m’) chiit 1ong loai ndy & dp suat 69MPa va 150°C ¢d thé cho ta 0,6 dén 1,4m" khi metan
(CH,). '

Nha may dién
/\4&—#—— dia nhiét

—~ e
Buéng ‘ Buéng
hoa hoi ngung tu
t v Mt dét
//___—_‘__T_‘_ ‘_,_._.—--'—'_'_'_-_._._“_‘_H-“‘_"""“———-_._ " . ’
— - - - —» .
— -« — *— | |— Tang dia nhidt
- -— - — )
—» - -~ - —

Hinh 8.8- Nguyeén Iy hoat dong cua nhi mdy dién dia nhiét.

Cdc nguon di nong khoé bao gém cic khéi dd & nhiét do cao, tir 90°C dén 650'C. Cic
ngudn'dd nay cd thé bi nit gdy nén co thé chita mot it hodc khéng ¢é nuée nong. DE khai thdc
ngudn dia nhiét nay ngudi ta khoan sau dén tdng d, 140 ra cdc nit giy nhan tao, sau do su dung
mot chat long nao dé lam chat van chuyén nhiét bom qua tdng dd da bi lam nit gdy dé thu nhiet.
Chat long 1am viéc thudng hoat dong theo cdc chu trinh kin nhu hinh 8.8. Tuy nhién viéc khai
thac nang lugng dia nhiét tlr cic ngudn dé néng kho rat khé khin vi hicu qua kinh 1€ khéng cao

50 voi viec khai thice cdc ngudn dia nhiét khag,
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Ndng lugng dia nhiét & cdc 16 hong nii lita dang hoat dong cé nhiéu & trén thé gidi.
Magma [a dd nong chay cé nhiét d¢ tir 700°C dén 1600°C, Khi con nam dudi vo Qua Pat da
nong chdy 1a mét phin cia vé Qud Dat ¢6 d¢ day khoang 24 dén 48km. Cic ngudn magma
chita mot nguén nang luong khéng 16, 16n nhat trong cdc nguén dia nhigt, nhung né it khi & gan
mat Jat nén viéc khai thdc ral kho khan.

8.2.2- Cac phat trién k¥ thuat

Nhi¢t i cdic ngudn hay mo dia nhiét ¢6 thé khai thac nhé sir dung mot chét 1ong tu nhién
cia Qua Dat dé 1am chét lam viée van chuyén nhiet. Nang luong nhiét nay ¢é thé cho qua tuabin
dé phat dién hoac ding mét cdch truc tiép cho cidc qud trinh gia nhiét hoidc ché bién nhiét cdng
nghi¢p. Dé khai thic cdc ngudn dia nhiét ngudi ta thudmg sir dung phuong phap khoan nhu khai
thdc dau hay khi dot.

Da1 vai cic nguon dia nhiét nong va nhict d¢ khong cao (thap hon 170°C) thirdmg ngudi
ta khal thac nhi¢t mot cdach tryge tiép hodc sir dung gidn ti€p qua bo trao doi nhiét. DE sir dung
nang luong dia nhi¢t ¢4 higu qua thong thudng ngudi ta sir dyng ngay tai chd, noi cé ngudn dia

nhiét khaj thdc, vi khi dén nhiet di xa {(vi dy bing éng dan) hao phi nhiét s& lén.

Dé phit dién ngudi ta cd thé s dung mot s6 hé théng nhur : he théng hoi kho ; hé thong
hod hoi don ; he théng hod hoi kép ; hé thong hai ting ; he théng két hgp.

a) Hé thong hoi khé (dry steam system): Naudi ta lay hoi nude Lir cic gifng da kho va

sau dé cho truc tiép qua tuabin dé phat dién.

b) Hé thang hod hoi don (single flash systeni) © Nude néng tir nguén dia nhiét duoc lam
bée hoi theo ki€u xung (nd) va sau dé din qua tuabin phat dién. Nude thai con lai duge dua rd

lai agudn (maé) dia nhiét.

o) Hé thong hod hoi kép (dual flash system): Trong hé théng nay hoi nude duge tao 1a
trong 2 giai doan dé€ 1an dung dugc nhiéu hon nang lugng dia nhiét. Trong giai doan | hoi nudc
duge tich ra khoi hén hop nude néng va hoi khi 18y dudi mo 1én va cho qua tuabin phat dicn.
Nuée néng duge tich ra lai duge hod hoi theo kidu xung va lai duge cho qua tuabin phat dién.

Cudi cling nude néng thii con lai duge bom trg lal ngudn dia nhiét.

d) Heé thong 2 tang: DE trdnh dirge hién tuong dn mon va déng can sinh ra khi chat long
dia nhiét di trye tiép qua hé thédng phit dién ngudi ta ding hé théng 2 tdng nhd bo trao déi nhiét.
 ting thit nhat chat 1ong dia nhiét duge bom tir gieng lén, di qua bo trao doi nhiét dé truyén
nhiét cho chat téng lam viée, sau d6 né duge lam ngung tu va cho trd vé ngudn dia nhiét. O ting
thit 2, mét chat 16ng khéc hoat dong theo chu trinh kin, nhan nhiét 6 bo trao déi nhiét, 181 tabin

phdt di¢n, qua bo ngung tu, tré vé bo trao doi nhi¢t. Cic nhd mdy dién dia nhiét hoal dong theo
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hé¢ théng 2 ting niy c6 thé duge thiét k& theo nhiéu kidu khdc nhau dé tan dung t6i da ngudn
nang lvong dia nhiét. Vi du nhu chit long lam viée (trong chu trinh thi 2) ¢6 1hé duge cho hoi
hoi rong cdc giai doan c6 dp suat va nhiét d6 khic nhau. Nhiet nang tr bd ngung tu chit long
lam viéc lai ¢ thé sir dung dé 1am boc hoi mot chit long lam viée thit 2 va do d6 cong sudt phat
dién duge ting lén.

e) Hé théng két hop - la he thong st dung déng thoi cd hot nude v dp sual dia nhiet.
Trong hé théng nay hoi nude ¢ dp sudt cao duge dan qua hé thong éng din v6i van toe rat 16n v
cho xd vio cic tuabin hoi dé phit dién. Dong ning rat 16n cla cdc dong hoi trong cde dng qua

luabin da duge chuyén thanh dién nang.
8.2.3- Ung dung khac cia dia nhiét

Nang lugng dia nhi¢t cé nhiét do thdp hay trung binh ¢6 thé ding dé sudi dm hay san
xudt nudc néng cho cde muc dich sinh hoat trong cdc gia dinh hay cdc co s& cong cong nhu

truéng hoc, bénh vién, nha hang, khich san,v.v...

Cic chat long dia nhiét ciing duge diing d€ tao ra nguén nhiét cho cdc qud trinh cong
nghi¢p nhu san xudt hod chit hay dun ndu. Nluiét v hoi nudc tir nguén dia nhiét cling duoc st
dung cho cong nghiép thue pham, sén xuit hiing hod tiéu ding, sudi 4m chudng trai chan nuoi
gia siic, gia cam hay sir dung trong cdc nhi kinh tréng rav qua,v.v...Nang luong dia nhiét cé thé

dung quay cdc déng co tac ra ¢ nang.

Nhung vng dung quan trong nhat cua nang lugng dia nhiét 1 phat dién. Dién tir nha mady
dia nhiét cé thé hod mang ludi dién qudc gia hodc ciing ¢6 thé cip dién cho hoat dong sin xuat,
kinh doanh tai ch6. Vi nguén ning luong dia nhiét khd on dinh, khong bi thay déi theo ngay hay
mila nén dién dia nhiét ¢6 thé cung cap cho hé thong 1ai tiéu thu on dinh hodc 1a mot ca s¢ cip

dién ré tién cho phu tai & cic thdi gian cao diém.

Metan tir nguén dp sudt dja nhiét ¢6 thé ding 1am nhién liéu dét dé san xuit nude hay
hoi dia nhiét cd dp sudt sicu cao d€ chuy cdc tuabin phdt dién véi hi¢u suat cao. N6 ciing ¢6 thé
ding lam nguyén li¢u trong cdc qua trinh san xudt hod chat. ‘[rong cdc chil long dia nhiét con
chia nhiéy kim lowi va khodng chat quy nhu kali cacbonat, bac, bo, chi, k&m. lithi, v.v...Thu hoi

cic chat nay khi khai thac cdc ngudn dia nhiét ciing 13 mot nguén san pham phu rdl ¢6 gia tri.
8.3- NANG LUONG DAl DUONG

Tiém nang nang lugng cla cde dal duong chita trong séng v thuy triéu ciing nhur trong
sur chénh léch nhiér do gifta 16p nude ndng trén bé mat va cdc I6p nude lanh o duéi diy cdc dai
duong la v6 cling 1o 16n,
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Gi6 thoi manh trén mot khodng khong gian bao la trén cic dai duong tao ra séng bién dir
dor va lign e va mang theo mot ngudn ning lugng ¢6 thé né1 1a vo tan. Thuy tridu 1a két qua
cua lue hit coa Mat ‘Troi, Mat ‘Trang déi véi Qua Dat vt do sy chuyén dong cia Qua Dit xung
quanh Mat Trdi va sy quay xung quanh truc nghiéng cia Qua Dat. § mot 8 khu vuc trén thé
gi6i, mifc nude bién dang Ién va ha xudng trén 12m hai lan trong mot ngay. Pai duang cdn la
mot bo thu nang huong khong 16, hap thy nang luong Mat Trai dudi dang nhiét nang lam néng
IGp mude & be mat va tao ra sy chénh léch nhiét do gilia 19p nude néng & bé mat va nuée lanh

dudi sau. Tiém nang clia ngudn nang lugng nhiét nay ciing rat 1an.

Dusi day ching ta s& xem xét mot cdch chi nét hon vé ngudn ning luong cla cic dai

duong.
8.3.1- Nang luong thuy triéu

Nhu di néi ¢ rén, thuy triéu la hién tugng nude dai duong dang 1én ha xudng do lyc hiit
ctia Mat Troi, M Trang va sy quay cla Qua Dat. Sy chuyén dong tuong doi clu cic hanh tinh
nidy tao ra cac chu ky thuy triéu khdc nhau nhu ¢fus ky mita ngay (semi — disrual cvele), chu ky
“con nuec fon " (spring — reap cyele), ol kY mita ndne (semi — annnal eyele) va cdc chu ky khic
dai hon. Cic chu k¥ nay anh hudng dén do chénh léch cua thuy tri¢u. D¢ khai thac nang luong
thuy triéu, dé thiét k& vh xay ding cdc hé théng nang lugng thuy tridu, can phai hidu bigt ddy dd
cde quy lodt vin dong cha thuy triéu. Bien do cla cdc chu kj thuy triéu ting 1én mot céch rat
ding ké & moL s& ving bién ¢6 dia hinh dac biét nhu & cdc cira song, & cdc vinh dang hinh phéu,
& cdc khu vue €6 cic dio hay céc doi dat chia mat bién thinh timg ngan tao ra sur phan xa v
cong hudng séng bicn. O Severn Estury (mrdc Anh) do ¢6 sy két hop cia mot $6 diéu kign dia Iy

dac biét nol trén nén o day cd thuy triéu cao nhat trén thé gidi.

Nguyén tic khai thdc ning lugng thuy triéu néi chung ciing giong nhu khai thic nang
lugng cic dong song, nhung do1 vé1 cong nghe va k¥ thuat phat dién tir nang luong thuy triéu ¢é
nhi¢u thuin loi hon. Kht thuy triéu dang 1én, cdc cira kénh din duge md ra dé nude bién chiy
vito cdc ho chia va sau dé khi thuy triu rit cdc ctra kénh duge dong lai dé tao ra mot cot nude
giita mat bién vi mit nude trong hd. Luong nude giir lai trong hé duoe xa ddn qua tuabin dé
phit dién. €6 nhidu hé thang phic tap hon cho phép phidt dién theo hai chiéu ciia dong nudc thuy

triéu, khi 1&én va khi xuéng.

bé didu khién mitc nuée trong hé ngudi ta thudng  phai xay dung cic dap. Tuy nhién
cling ¢& mot s6 phuong dn khéng st dung dap chin nude. Theo phuong dn ndy ngudi ta dat cdc
tuabin rat [6n vao ngay trong dong thuy triéu gidng nhir dit cic tuabin gio trong cic ludng gid.
O mot s6 vinh, cdc dong thuy triéu chity vao va chay ra rdt manh tao ra mot ngudn dong nang rat
16n tam quay cdc twabin phdt dign. Trong trudng hop ndy nguoi ta khong can xay dung cdc dap
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ma dat nhiéu tuabin phan tan trén mot khu vue rong. Phuong phép khai thic thuy i¢u nay tuy

don gian nhung lai gy ra nhimg anh hudng 1dn vé moi truong.

Céc hé théng ning luong thuy tridu ¢é hd chita ¢é thé duge thigt k€ dé hoat dong theo

mol trong ba phuong thifc sau:
- Phat dién khi tri¢u xuéng ;
- Phdt dién khi triéu 1én, va ;
- Phét dién ca hui chiéu (ldc triéu lén va xudag).
a- Phat dién khi triéu xudng

Khi thuy triéu dang tén ngudi ta mad cac clta kénh ddn cho nude chay qua tuabin vio ho
chita. Dén khi mic nude thuy triéu dat gid tri cao nhat ngudi ta déng cdc cira kénh dé giir lai
nudc trong hé, Mic nude rong héd duge gitf cho dén khi thuy triu da mit xudng tao ra mot cdt
nudc ¢ do cao xdc dinh nio dé, ngudi ta bit ddn mé clra kénh cho nude qua tuabin dé phét dien.
Khi d6 cot nude gitta mat nude trong hd v mat nude bién giam din xudng. Ngudi ta cho tuabin
phdt di¢n cho dén khi cot nude giam chi con khoang mot ntra so vadi cot nude ban diu (thi cho
tuabin ngimg phat dién). Hinh 8.9 cho thiy chu trinh phit dién cua nha may dién thuy triéu theo
phuong phip nay.

b- Phadt dién khi triéu lén

Phuong thic phdt dién nay nguoc lai v6i phuong thic phit dién khi triéu xudng. Khi
thuy triéu & muic thap nhat nguoi ta cho nude trong hd chity ra hél theo cic kénh dan. Sau dé
déng cic keénh lai. Khi thuy triéu 1én, muc nude phia ngodi cita kénh (ngoai bién) va mic nude
trong kénh (trong hd) ngay cang chénh Iéch, tao ra cdt nude giffa hai mic nude. Hén khi thuy
triéu & mtfc cao nhat thi cot nudc nay ciing ¢d gia tri cuc dai. Khi dé ngudt ta mé cdc ¢la kénh
cho nude xa qua cdc tuabin vao ho va tuabin phit dién. Cdc tuabin lam viée cho dén khi ¢t nude
gilta mitc nude bién ngodi cira kénh va trong hé giam khoang mot nira thi dimg lai. Thue & cho
thiy ring phuong thie phat dién khi tri¢u lén cho cong sudt dién thap hon so véi nha may dién

thuy triéu hoat dong theo phuong thifc phat dién khi triéu xudng.
c- Phit dién cd hai chiéu

Phat dién ca hai chicu 1a sy két hgp ca hai phuong thite phat dién néi trén. Cudi giai doan
phdt dien khi thuy triéu xuéng cdc clra kénh duge md ra dé lam cho mic nude rong hé ha thdp
xudng. Dén thdi diém mirc nude trong hd did & mife thap nhat, ngudi ta 1ap tic chudn bi cho giai
doun phdt dién khi tridu lén. Ciing twong tu nhu vay, & cudi giai doan phdt dién khi triéu lén

ngudi ta lai md cdc kénh ngay lap tic dé€ lam cho hé ddy nudc trude lic chuyén sang giai doan
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phat dien khi tri€u xuéng. Nguyén ly van hanh phat dien hai chidu nay da duoc 4p dung & Nha
mdy Pién thuy tiéu & La Rance (Phap).

Uu diém chinh ciia phuong phap phdt dien hai chiéu 13 1am tang thoi gian phdt dien cia
nha mdy trong ngay. Tuy nhién né cling ¢6 mot s6 nhuoe diém. D6 1a dien nang do nhi may
phat ra thap hon dién nang néu nha mdy d6 hoat dong theo phuong thire phit dién khi triéu
xudng. Ngoai ra chi phi xay dung nha mdy cao hon khodng 15 dén 20% so vai chi phi xdy dung
nha mdy cling cong suat hoat dong khi wiéu xudng. Mot van dé khdc nifa 12 né con gay ra cdc
anh huong nghiem trong dén sur hoat dong binh thudng ciia cdc cing bién vi hang hai khu vuc
lan cin. '

DeE nang cao hiéu qua cta nha mdy phit dién thuy tridu ngudi ta thudng ket hop phét
dién theo chu trinh thuy triéu wr nhién va bom cu@ng bie theo chiéu nguoe lai véi chiéu dong
thuy triéu dé duy tri do cao cot nude ¢6 gia tri cao lau hon va do dé dién nang phét ra duge 16n
hon. Hinh 8.10 trinh bay cic chu ky phit di¢n va bom nuée & mét nha mdy dién thuy triéu hoat
theo theo phuong thic hai chiéu.
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Hink 8.10 - Van hanh cia tuabin irong nha miy dién thuy triéu
hoat dong theo cong nghé phat dién hai chiéu k&t hop bom nuée.

8.3.2- Nang lugng nhiét dai duong

Nang luong Mal Trii duge cac dai duong hap thy va tich trir nhu 1a nguén nhiét wong
cdc 18p nude bé mat. Mat khde, & cac do sau hon 1000m nude lanh chuyén dong mot cdch rat
cham ur céc dia cue dé€n xich dao. Do dd dd chénh léch nhi¢t do (hay con gei 1a gradien nhiét
do) theo chiéu vudng géc vai mit bién dat duge khoiang 25°C va khd on dinh trong théi gian cé
nam & nhiéu vimg nhiét déi v can nhiét déi. Theo cic dinh luat co bdn ctia nhiét dong hoc,
gradien nhiél dé c6 thé khai thac nhir mot ngudén nhiét. Nude néng & bé mit vi nude lanh & dudi
tang sau cna dai duong, néu dem lai gdn nhau ¢6 thé sir dung nhu I3 cic ngudn néng v ngudn
fanh trong mot mdy nhiét. Mot mdy nhiét hoat dong vai hai ngudn nhiét nhur the ciing gidng nhur
cdc mdy nhiét rong cdc nhia mdy nhiét dién, nhung doi vdi cic mdy nhiét dai duong thi khong
cin ding maét nhién liéu nao ca.

Gradien nhiét do dai duong khong bién doi nhiéu Lir ban ngay sang ban dém v vi vay cé
thé coi 1a nguén nhiét rat on dinh. Tuy nhién né ¢é thé thay déi theo mia v phy thude vio
khoang cach dén xich dao.

 Tiém nang nang lugng nhiét dai duong ude tinh khoang 10"*W (10 TW). Tat nhién
khén;g thé khai thdc dugc hét toan bo nguén nang luong nay. Ngudn nang luong cd thé khai thic
thire t& nho hon tiém nang ndi trén. Cic chuyén gia nang luong da tinh toin mot cdch chinh xic

va dua ra con s& tiém ning thyc t€1a 10"'W (0,1 TW).

Dé c¢é thé bién déi gradicn nhiét do dai duong thanh dién nang ngudi ta cé thé dimg mot
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s0 chu trinh bign ddi nhu sau.
- Chu trinh kin

L1¢ thong chu trinh kin nhu trinh by trén hinh 8.11 van hanh nhu sau. Nudce néng o Idp
nude b¢ mit dai duong duge dimg dé 1am néng mat chat long 6 nhiét do bay hoi thip - chat
16ng nay duge goi la chal long lam viéc - nhu amoniac, freon hay propan. Chat long lam viéc khi
di qua budng ¢ dp sudt thap sé bi boc hoi. Hai nay duoc cho qua tuabin lam quay tuabin phat
di¢n, sau do hoi di qua budng ngung tu dugc lam lanh bing nude bién lanh lily tir cdc tang nudc

sdu va duge bom trd vé budng hod hoi,v.v...
b- Chu trinh mo

Ban than nude bien cing c6 thé sir dung nhu mot chat 1ong 1am viéc nhimg khong chay
theo chu trinh kin mi thee chu trinh mé (hinh 8.12). 11¢ thang may nhiét heat dong theo chu

trinh ma nay duoc goi 1a hé théng ma.

Nudc bién néng duoc 1am “bay o 216 trong mot budng chan khong. Hoi nude duoc
dan dé xa qua mot tuabin hai dé phdt dién, sau d6 di vao binh ngung ty diing nudc bién lanh tur
nhién. Diéu hdp din cla hé théng ndy 1 hoi nude sau khi ngung tu trong budng ngung tu la
nude sach da duge chung cat. N6 ¢4 thé ding nhy mot nguén nude sach phuc vu sinh hoat vi
cong nghiép.

Nude néng vao _ Tuabin Nudce lanh ra
v | — ( ) — I
Bom — "'-_jI ; > l

L. T s x 1r_’_+J

Bom

B& trac ddi nhiét ! l Ba trac d6i nhiét

Nurée néng ra Nude lanh vao

Hinh 8.11 - Nguyén Iy hoat dong clia nha may nhigt dién dai duong chu wrinh Kin.
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Hinh 8.12- Nguyén |y hoat dong ciia nha mdy nhiét dién dai duong chu trinh mo.

Do chénh nhiét do gitta I6p nude néng bé mat va 16p nude lanh ¢ dudi sau dat duoce cic
gid tri 16n nhat ¢ khdc khu vue gan xich dao. Mat khiac do day cta 16p nuGe néng ciing ¢6 xu
huéng dat t6i mot cuc tiéu & cdc vi tuyén gin xich dao. Diéu nay s€ la cdc dac diém quan trong
cén phai tinh dén khi thiét k& hé thong thu gom nudc nong cta hé thoéng. Ngoai ra cac 16p nude
lanh & dudi céc dai duong ciling gdn hon véi 16p nuée nong bé mat 6 ciac khu vue gan xich dao.
Dic trung nay tao ra cdc lgi ich rat 16n trong thiét k& va ché tao cic ong lay nude lanh cho nha
mady nhiét dién dai duong (OTEC).

Cic chu trinh mdy nhiét dé khai thiac nang lugng nhiét di dugc (ng dung rong rai. Doi
véi cac nha may nhiét dién dai duong 1am viéc véi do chénh léch nhiét do khodng 20°C khoang
3%.

Vi phai l1dy nudc lanh ¢ do sau trén 1000m va vi phai cho luu lugng nude can thiét doi
véi moéi MW cong suat 1a 4 dén 8 m/s, nén nha mdy nhiét dién dai duong thuong phdi cé quy mo
kha 16n.

Mot nha may nhiét dién dai duong c6 thé xay dung trén dat lién (bd bién) hoac trén céc
thap néi c6 dinh va ciing c6 thé dat trén hé théng phac néi. Trong trudng hop xay trén hé thong
phao ndi ngudi ta c6 thé ¢ dinh chiing bing cdc neo va khi cin thiét ¢6 thé di chuyén trén bién
tr ving nay sang vung khdc, tao ra mot nha mdy dién “xa bo™ (off- shore) phuc vu cic nganh

cong nghiép ¢6 tinh mua vu.

Heé théng nha mdy nhiét dién dai duong ndi ¢6 wu diém 1a ¢6 thé dé dang di chuyén dén

noi c6 do chénh nhiét do cao. Nhumg dé c6 hiéu qua kinh t€ cao hon, quy moé nha may nén &
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trong pham vi 10OMW dén 400MW. Déi véi nhia mdy ndi nay thi ngudn ning luong duoe sén
xudt ra nén duoe sir dung ngay cho cdc qud trinh ché bicn dugc thue hién ¢ chinh trén phao néi
(nhur sdn xudt amoniac, phan bén, luyén kim, ¢hé bién hai san,v.v...} hoic chuyén sang dang
nang luong dur it (nhu m_ipﬁaic:quy Vv, Gle 8ng dan nude lanh ¢6 thé duge thiet k& khic nhau.
Tuy theo diéu ki¢n thuc t& & dja phuong noi dat nha mdy nhiét dién dai duong, né ¢é thé duoc

treo dudi cdc phao néi hofic ¢6 thé dat nim ngay dudi ddy bién.

Mot diéu rat quan trong déi véi cde nha mdy nhiét dién dai duong i cin phai lya chon
st dung cde vat lidu va thiét bj vita phii chiu duoc diéu kién moi trudng bién rat khic nghiet, lai

phai vira dam bao hi¢u qua kinh t&.

Vivdy, cho dén nay, 4 loai thi¢t bi dac biét trong mot nha may nhiét dién dai duong la
ong din nude Tanh, cic bo trao doi nhiét, cdc neo vi hé truyén i dién vio bdy van la cic doi
wong cua cac chuong tinh nghien et phit trién dé tim ra cic vit li¢u va cong nghé ngay mot

tot hon, dem lai hiéu qda kinh € cao hon.
8.3.3- Nang lugng song bién

Gi6 thoi trén bé mit dai duong bao la truvén maot phin nang luong ca né cho dai duong
1o ra cde sdng bien. Cic séng bién cling 1d mot ngudn nang luong rat 16n va hip dan. Tiém
nang ning lugng séng bien bién déi tir noi nay sang not khic phy thude vio vi i dia ly. Tham
chi ngay 0 mot vi i da cho ning lugng séng bién ciing bign ddi theo thei gian timg gid, timg

ngay, timg mi.

Tuy theo nguyén Iy hoat dong, cde thiét bj khai théic s6ng bién duge phan loai theo “mii
dde™ (Ramp), cinh ndi (float flaps), bong khi (air bell) va bom song (wave pump). Mot cich
phan loat khéc 1a chia cic loai thiét bi thanh cdc bo “maot chidy” {(Rectifier), bo dao dong dién
(Tuned Oscillator) hodc bé dao dong khong dien (Untuned Oscillator). Trén the gi¢i di cd nhidu
cong ty nghién ciiu, thiét k& va ché tao cdce thiét bi khai thdc nang luong séng bién, nhung néi
chung s6 luong ciing nhu cong sudt thiét bj con nhéd. Cdc cong trinh nghién citu phdt trién trong
limh vue khai thic ning luong séng bién vin dang duge U€p tyc & mét 8§ nude rén the gidi nhu
0 Nhat Ban, Aixolen, Anh, My, Canada, Nauy v An B
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6.2- Cidc khdi niém va cic thong s& co bdn cia tuabin nurde
6.2.1- Tuabin nude

6.2.2- Cic thong s6 ¢Ud 1uabin

6.2.2.2- Luu lugng ¢tia tuabin
6.2.2.3- Cong suit cla tuabin
6.3- Ludt tuong tu

6.3.1- Bidu kién twong
6.3.1.1- Diév kién twong tu hinh hoc
6.3.1.2- Biéu ki¢n twong ur dong hoc
6.3.1.3- Bieu kién trong tu dong lue hoc

6.3.2- Cac quan hé wuong tur

(.3.3- Cac dai lugng quy dan ¢ha tuabin

116
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123
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6.4- 86 vong quay dic trung
6.4.1- Pinh nghia
6.4.2- Phan loai tuabin
6.4.2.1- & tuabin phin luec
6.4.2.2- Hé tuabin xung luc
6.5- Mot s6 dang k&t cdu cia tuabin
6.5.1- Tuabin phan luc
6.5.1.1- Tuabin Francis
6.5.1.2- "T'uabin Francis buéng ho
6.5.1.3- Tuabin hudng true (tuabin Kaplan)
6.5.1.4- Tuabin hudng truc truc ngang
6.5.2- Tuabin xung hyc
6.5.2.1- Tuabin gdc (tuabin Pelton}
6.5.2.2- Tuabin Xung kich hai 1an (tuabin Banki - Michel)
6.5.2.3- Tuabin tia nghiéng
6.6- Budng dic tinh va chifu cao hit ¢la tuabin
6.6.1- Dudmg dac tinh tdng hgp chinth cla tuabin
6.6.2- So sdnh cdc loai tuabin theo dudng dac tinh cia ching
6.7- Xam thue va hé s6 xdm thire, chiéu cao hiit Hqcua tuabin
6.8- Tiéu chuan hod, xdc dinh kich thude va s6 vong quay cta tuabin
6.8.1- So luge vé phuong phip tiu chuin hod tuabin phan luc
6.8.2- Tiéu chuan héa cho tabin Pelion
6.8.2.1- Mot vl kién thifc ¢o ban cia tuabin Pelton
6.8.2.2- Tiéu chuén hod tuabin Pelton.

6.9- Phuirong phip xdc dinh kich thuée tuubin choe mot ram thuy dién nho

6.9.1- Phuong phidp da vio biéu do

6.9.2- Phuong phip chon tuabin dua vao dudng dac tinh tong hop chinh ctia tuabin

mo hinh
6.9.3- Vi du tinh chon tuabin
6.9.3.1- Tuabin Francis
6.9.3.2- "Tuabin Kaplan
6.10- Ung dung ctia tuabin nudc
6.10.1-- Tuabin nuée chay may phit dién
6.10.1.1- Tuabin kéo truc 11ép may phit
6.10.1.2- Tuabin kéo mdy phdr qua bo truyén
6.10.2- Tuubin kéo bom
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Chuong 7. NANG LUONG GIO VA UNG DUNG

7.1- Khii niém co ban vé nang luong gid 177
7.1.1- Cdc dic trung co ban vé gid 177
7.1.2- PYac trung nang lugng giod 182
7.4.3- Nang luong gid : 185

7.2- Ly thuy¢t dong co gid 187
7.2.1- Cic loai dong co gi6 187

7.2.1.1- Dong ¢o gid loai canh dang khi dong 187
7.2.1.2- Pong ¢o gid loai 1o to cinh phing truc ding 187
7.2.1.3- Dong co gid loai 16 to cdinh rdn 1ruc dimg 188
7.2.1.4- Bong co gid true ditng Darrieus 189
7.2.2- Hé s6 sur dung nang luong gio 189
7.2.3- Cong sudt dong co gid 194
7.2.4- Nguyeén Iy lam viéc cla banh cong téc dong co gid dang cdnh 195
7.2.5- Pac tinh khi déng ciu dong co gid 197,
7.2.6- Tinh todn 50 bd kich thuge, bién dang cdnh vi cdng sudt dong co gid 199
7.2.6.1- Tinh todn kich thude déng co gio 199
7.2.6.2- Chon 56 cdnh : 201
7.2.6.3- Tinh todn bién dang cinh 201

7.3 - Ung dung nang luong gid 202

7.3.1- Ung dung dong co gié phat dien 203
7.3.1.1- Thiél bi dién ding cho mdy phét dién gid 203
7.3.1.2- Nguyén ly lam vigc cla hé thong tv dong diéu chinh theo hudng gid 204
7.3.1.3- Nguyén 1y lam viéc ctia hé thong tr dong diéu chinh tée do quay cla cdnh

quat 204
7.3.2- Ung dung dong co gié bom nde 206

Chuong 8- CAC NGUON NANG LUONG TAI TAO KHAC

8. 1-Nang luong sinh khai 208
8.1.1- Sinh khoi va nang luong sinh khoi 208
8.1.2- Cic cong nghé bién dai sinh khoi 209

8.1.2.1- Cic cong nghé nhiét hod 210
8.1.2.2- Cong nghé bién doi sinh hoa 213
8.2- Nang lugng dia nhiét 217
8.2.1- Nguon nang luong dia nhiét 217

237



8.2.2- Cdc phit trién k¥ thuat

8.2.3- Ung dung khic clia dia nhiét
8.3- Nang luong dai duong

8.3.1- Nang lugng thuy triéu

8.3.2- Nang luong nhiét dai duong

8.3.3- Nang luong séng bién

Téai hiéu tham khio

Muc luc
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CO SO NANG LUGNG MOI VA TAI TAO

Tdc gid : Pang Dinh Thong
Lé Danh Lién

Chiu trdch nhiém xudt bdn - PGS. TS. TO DANG HAI
Bién 1dp va sua bai: ) ThS. NGUYEN HUY TIEN_

QUANG NGOC
Trinh béy bia : HUONG LAN

NHA XUAT BAN KHOA HOC VA KY THUAT
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In 800 cudn, khd 19 x 27cm, tai Xudng in NXB Van hoa Dan toc
Quyeét dinh xuat ban so; 136-2006/CXB/53-06/KHKT ngay 12/4/2006
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