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Loi noi dau

Sdch Tuabin nude la tai lidu chuyén khdo cho cde ky su, rung cdp lam viée wrong
{fnh vige ti vdn, thiét ké' ché'tao, ldp ddr van hanh tuabin trong nha mdy thuy dién va hé
thong dién. N6 la 1ai liéu phyc vu cho nghién citu khoa hoc va gidng day chuyén nganh
May va te ding thuy khi.

Sdch Tuabin nitoe gior thiéu:

- Nguyén Iy, tinh ndng cdc loai tuabin nudc lam viéc trong nha may thuy dién.

- Pham vi sit dung cua cdc loai tuabin nudc va phuwong phdp chon tuabin nicée cho
nha mdy thuy dién.

- Tinh todn thuy luc, xde dinh kich thuge hinh dang phdn ddin dong twabin nuée,
buong dan, bdnh coéng tac va buéng hiit.

- Tinh bén mor s6 chi tiér tabin mréc.

- Nguyén Iy lam viéc ciia bo diéu 16c va cde so do cha cde bo diéu 1oc.

DE phat trién thuy dién ¢ meoe ta, nhdt 1a thuy dién nhé, sdch dd dé cap tdi cdce
phuong phdp thiét ké bdnh cong tdc, budng dan va buong hit cia cdc loai tuabin. Cde
kY su thiét ké e thé sit dung sdch nay cho viée hia chon tuabin, xde dinh cde kich thude
co han cua tuabin cho nha may thuy dién. Can bo va cong nhédn van hanh ¢é thé tham
khdo tdi liéu ndy ndam viing cdc tinh ndng ciia tuabin dé khai thde (01 wu va an todn nha
mdy thuy dién.

Sdch chuyén khdao Tuabin mede cho chuyén nganh thuy dién ra doi chdc chdn con o6
nhiéu thiéu sét. Mong ban doc gop v cho ldn téi ban sau. Thu gép ¥ xin giti vé Bo mon
K3 thudt hang khong va thuy khi - Khoa Co khi - Truong Pai hoc Bach khoa Ha Noi
hodc Nha xudt bdan Khoa hoe va Ky thudt, 70 Trdn Hiung Dao, Ha Noi.

Xin chan thanh cam on ban doc.

CACTAC GIA



Chuong I: KHAI NIEM CO BAN VE TUABIN NUGC
1.1. TUABIN NUGC VA SU PHAT TRIEN CUA NO

Hién nay nganh niang lugng hoc dang phét trién manh. Ngudi ta tich cyc im ki¢m nhiing
ngudn ning lugng khac nhau dé sir dung cho cic ngarh Kinh t€. Trong dé nang lugng truyén
théng: than, dau, khi dét, hat nhan, thuy dién dugc coi la cdc dang nang lugng co ban; con nang
lugmg Mat trisi. nang lugng gié, nang lugng thuy triéu va nang luong thuy dién cuc nho... 1d
nhig dang nang lugng méi.

O nuée ta o6 ba nguén nang luong chinh di ducce khai thac 1a than, ddu khi va nang lugng
cac dong song, sudi lén. Con cdc ngudn ning lugng khéc nhu nang luong hat nhan. gi6, thuy
tri€u, séng bién, Mat 1rdi... dang duoc nghién ciu sir dung.

Nang lugng ciia cdc dong chay trong song. sudi (thuy nang) clia nudc ta rat phong phu, diing
hang it 22 tren the gidi vé Liém nang thuy dien. Nguon nang lugng nay dugc phan bo khip dat
nudée. Trii nang 1y thuyél cia thuy dién trén ca nuée ude tinh 13 270-300 ty kWh/nam, véi cong
suél khoiang 32.10°kW. Nhung irit niing thuy dién ky thuat {khai thac vai hiéu qua kinh t&) chi
¢6 Khoang 80 ty kWh. v cong sudt lip may 17.438 MW. Tiém nang kinh t¢ ky thuat thuy dién
ttho khodng 60 ty kWh /nam,véi cong sudt 1y thuyét 10.000 MW,

Thuy ning la mot dang nang luong tii tao dugc. Bay la dac tinh wu viét nhat cia nguén nang
lrong néy. cde nguon nang lugng khdc nhu nguyén tir, than, du... khong thé tai tao duge. Trong
qud trinh bi¢n doi nang lugng. chi ¢é thuy nang sau khi bi¢n déi thinh co niang va nhiét nang tai
dugic 14i o thanh dang thuy nang. con cic dang nang lugng khic trong qud trinh bién déi khong
lu 1ai tao duge trong tu nhién. Con ngudi sir dung ngudn thuy nang dé phuc vy cho d&i song va
san xudt, dac biét ti dé phat dién.

Tuabin nudc - con goi 1a tuabin thuy lue 1a mot thiét bi dong luc bién ddi nang luong coa
dong chay (thuy ning) thanh conang dé quay méy phat dién va may caong cu,

Nha miy thuy dién ¢6 hang loat wu diém;

- Hi¢u sudl cha nha may thuy dién c6 thé dat duoc rét cao so vdi nha mdy nhiét dién.

- Thiét bi don gian, dé tu dong hod va c¢6 kha nang diéu khién tr xa.

-{tswed vacan it ngudi van hanh.

- C6 kha nang lam viéc & phdn tai thay déi.

- Thai gian m& mdy va dimg mdy ngan,

- Khéng tam 6 nhiém moi truong.

Mat khéc, néu khai thdc thuy ning 16ng hop, k&t hop véi twdi tiéu, giao thong va phat d_icf:n
th gid thanh dién s& giam xudng, gidi quyét triet d€ hon van dé cia thuy lgi va moi trudng sinh
thdi cua mot viing rong 16n quanh do.

Voén déau tr xiy dung nha mdy thuy dién doi hoi [0n hon so véi von xay dung nha may [‘lhifr:l,
dién. Nhung gia thainh mot kWh cla thuy di¢én ré hon nhiéu_so vdi nhiét dién nén tinh kinh té&
chung van la 16i vu hon. Tuy nhién, ngudi ta ciing khong thé khai thédc nguén nang luc_m:g néx
bang bal ci gid ndo. Xay dung céng trinh thuy dién thuc chét 1a thue hién mot su chuyén doi
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diéu kién tai nguyén va moi trudng. Su chuyén déi nay cé thé tao ra cac diéu kién mdi, gid tri
m&i sir dung cho cdc lgi ich kinh t€ xa hoi nhung né ciing c6 thé gay ra nhimg t6n that vé xa hoi
va moi trudng ma ching ta khé c6 thé dénh gia duge hét. Ngudi ta chi khai thic thuy nang tai
cdc vi tri cong trinh cho phép vé diéu kién ky thuat, c6 hiéu qua kinh t& sau khi di so sénh gifia
loi ich va cdc t6n that.

bf[\\/i! O nhitng thanh phd va khu cong nghiép
- l6n thudng phai stir dung két hgp nhiéu nha

280

may nhiét dién, dién nguyén tr va thuy

S “ dien. Chiing cdn lam viéc dong bo Vi

240 ||l¥ i |-I'] f' nhau va sao cho dat hiéu qua cao nhat.

- =\ —E_J-J_i H'{ Nguoi ta thanh lap nhing biéu dé cong
| =

\ suat dién st dung theo nam, thing, ngay.
160 i Vi du trén hinh 1.1 1a biéu do cong suat
' ' dién str dung trong mot ngay dém.

12(7 7 \x\
el

sojesse | Ll l ' [- dién cho nhimg thiét bi dung dién
| l \ l \ .m cua cdc nha mdy phat dién. II- dién sinh
' LU

40 ' | A, hoat, dan dung. IlI- dién cho cdc co quan
////////ﬂ!’////////// laxin:vigc: git hanh chinhl TV« didm choucky
5 s /:z %7 = phuang tién giao thong. V- dién cho cédc co
s¢ lam viéc 2 ca. VI- dién cho cac co sg

Hinh 1.1. Biéu do cong sudt dién sit dung theo ngdy lam viéc 3 ca.

Biéu do bao gébm nhiing ving chinh:

==
¥

NlI

dex

N min

Céc thong s6 dac trung cla biéu do:

N,,..- cong sudt I6n nhét trong ngay, tinh bing MW, con goi la dinh cla biéu dé.

N,..,- cong suat nho nhat trong ngay, tinh baing MW.

N - cong sudt trung binh ngay, tinh bing MW,

Trong biéu d6, phdn nam dudi
gia tri N,,, la viing co ban, phan
nam giita N,, va N, 1a ving 9
trung binh, phan nam gitta N, va 2
N,.. la ving dinh. Vung co ban
do cdc nha mdy dién nguyén tr Z3XZp=
va nhiét dién cung cdp. Vung 777777777
dinh do nha mdy thuy dién cung
cép. Con vung trung binh do su
diéu tiét cha timg dia phuong. O
nhitng noi c6 tram thuy dién tich nang thi ving dinh la ving trung binh do tram thuy dié¢n tich
nang dam nhiém.

Hinh 1.2. Sor dé bdanh xe miée

Tuabin nudc 1a loai mdy thuy lyc ddu tién loai ngudi dung d¢ sir dung ngudn nang luong
thién nhién phuc vu doi séng va san xudt, trudc tién la trong viéc 1dy nude va ché bién luong
thue.

Tuabin nuéc dau tién la nhitng banh xe nuéc don gian sir dung dong nang cua dong chay.
Cho t6i nay lich st chua xdc dinh duge ¢ dau va ai 1a ngudi dau tién phat minh ra banh xe nudc
(hinh 1.2). Ngudi ta biét ring hang nghin nam truéc cong nguyén & Ai Cap, An Do va Trung
Qudc da sir dung bénh xe nude dudi dang thiét bi bién déi nang luong. Dén nay ¢ nude ta banh
xe nudc van con duge sir dung trén céc sudi viung ndi va trung du.



‘O _'Phép tir tlhé' ky IV da c6 mdy xay xit chay bing nang lugng clia nudc. Tuy nhién mai 6i
the ky XVI véi su phat trién ctia chii nghia tu ban thi viéc st dung nang luong nudc mdi twong
d01‘rc‘_mg rdi va bénh xe nudc méi ¢6 nhitng cdi tién 16n. Nhung tir banh xe nuéc dén tuabin nudc
loai ngudi phai trai qua tim Kiém va nghién ciru khd dai.

Nam 1834 ky su Phép la Fuaray da ché tao thanh cong tuabin nudc dau tién (hinh 1.3).

Hinh 4. So do tuabin Franxic

Nim 1847-1849 mot kj su My la Dran
Franxic da cai tién tuabin Hopd thanh tuabin
tam truc c¢6 hiéu suat cao hon. Ngay nay
ngudi ta goi tuabin tam truc ]a tuabin Franxic
(hinh 1.4).

Nam 1837-1841 Ghensen (Dic) va Jonvan
(Phdp) da ch¢ tao tuabin hudng truc canh c6
dinh. Sau d6 nam 1912-1924 mot gido su
ngudi Tiép Khic cii [a Kaplan cai tién tuabin
huéng truc cénh co dinh thanh tuabin hudng
truc canh diéu chinh va goi ]a tuabin Kaplan.
Do diéu chinh canh 1am tang higu sudt trong
mot pham vi diéu chinh cong sudt rong.

Hinh 1.3, So do tuabin dau tién

Sau d6 it nam, vao khoang nam 1837 ngudi tho
moc Nga tén la Xaphon ciing ché tao mot loai tuabin
nudc kiéu li tam.

Nam 1838 Hopd (My) da cai tao tuabin li tam trén
thanh tuabin hudng tam.

Hinh 1.5.So do tuabin Penton
J- ong dan; 2- mii phun: 3- hdng tia nuoe:
4- cdanh gdo: 5- truc: 6- vo tuabin

Nam 1880 Penton (My) da cai tién banh xe nudc va phat minh ra tuabin gdo. Vi the tuabin

gédo con goi la tuabin Penton (hinh 1.5).

Ngay nay céc loai tuabin nudc ké trén da dugc cai ti€n va hoan thién ¢ mic do cao. Nhiéu
ki€u tuabin da dugc ra ddi nhu tuabin huéng chéo, tuabin dong thang (Capsun), tuabin bom
(mdy thuy luc thuan nghich diing trong cac tram thuy dién tich nang).
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Hién nay & nude ta dd ¢6 nhidu co sd dédu tu tién bo khoa hoc k¥ thuat cho viéc ché tao tuabin
nudce. Chiing ta da ché 1ao mot s tuabin nhd (dén hang ngan kW). Trong twong lai ching ta sé
ché€ tao tuabin loai 16n hon, gép phin cho viée dién khi hod va phuc vy san xuit & cdc dia
phuong xa luai dién quoc gia. '

1.2. SO PO CAC NHA MAY THUY DIEN

1.2.1. Nguyén ly chung

Nudc trén cdc trién song, sudi chiy 1r ngudn ra bién, di tir cao dén thip mang theo ndé mot
nang luong, ning lugng nay goi la thuy nang.

Dé xdc dinh nang luong d6 ta chia dong chay trén song thanh doan ngdn c6 chiu dai la /,
dudc gidi han bai cdc tiét dién /-1 va JI-IT (hinh 1.6).

Theo phuang trinh Beenuli 1a c6 nang fugng riéng tai
tiing mat cat:

2 = .
E, =2, +ﬁ+ a;/!' I KL >
}fP g y .
- u o, Fuby .
Eypy=2Zy+ 7 + —2&;‘“ _ Hinh 1.6. S0 do xdo dinh nédng lugng

dong chay trén doan song

Trong d6: Ply, Z, V.o — &p nang, vi nang, van tGc trung binh tai mat cat viu hé so diéu chinh
dong nang.
Hiéu nang luong riéng ciia hai mat cat ka nang luong don vi cua dong chay trén doan song ¢o
chidu dai I v dugc goi 1a cot dp clia doan song, ky hidu la 71
2

‘Pq V-"_ ‘pV'\g
H:ﬁ1!_EII:Z!_ZIF+E '+al %
¥

T(1.2)
2g (

Néu mot doan song ¢é ¢t dp H, wu lugng Q thi nang lugng dong chay trén doan song do la:
= I}QHdr
Hay ; (1.3)
= yHW
Trong d6: W - thé tich nude doan song.
Cong sudt nudc cla dong chdy trén doan song [a:
N=yQH (1.4)
Dé sir dung nang lugng clia doan song thi phai tap trung nang lugng dong nudc phan b6 trén
doan song dé tai mot chd, tao dd chénh muc nude thugng va ha luu nghia 14 phai tao nén cot ap.
1.2.2. S0 dd nha may thuy dién
Trong thue € ¢6 3 phuang phdp tap trung ndng lugng cua dong nudc tuong Ung vai bd sor.df‘)
nhi mdy thiy dién (hinh 1.7, 1.8, 1.9): Nha may thity di¢n kidu 1dng séng, nha mdy thuy dién
dusng dan va nhi mdy thuy dién kiéu tong hep.
a. Nha may thity dién kiéu long song (hay sau dép)
Pé tap trung nang lwong ngudi ta dung dap cot dp H 1a do chénh muc nude trude va sau dap
{trong ting thugng va ha luu). Dap cd ho chifa nude 16n dé diéu uét luu lugng dong song.



" . r
Nha may thuy dién

3, -
- A '//
, Ve

Hinh 1.7. So do nha mdy thiy dién kiéu long séng
I- bo song; 2- ot chan rac; 3- dong thiong luu; 4- au thuyén; 5- ciia xd nude khong tdi;
6-7- dap dat; 8- nha may thiiy dién; 9- dong chdy ha luu

Hinh 1.8. So d6 nha may thiiy dién kiéu duong dan

H=300m la nha mdy thuy dién Nurec ¢ Lién X0 (cu).

Nha méy thuong dat sau dap
d6i v6i cot nude 16n, hoac la
mot bod phan cua dap doi voi cot
nuéc nho. Cic tram thay dién
vGi phuong phép tap trung nang
lwrong bang dap goi la nha mdy
kiéu long song hay sau dap. N6
4p dung cho cdc con song ¢
déng bing, trung du noi ¢6 do
déc long song nho, luu lugng
song 16n. Trong thuc (€, chiéu
cao ctia dap bi han ché bai k¥
thuat dap dap va dién tich bi
ngap. Cot ap ¢ cic tram thuy
dién nay khong lon, thong
thuong khong 16n hon 30-40m.
Tuy nhién, nha mdy thiy dién
kiéu nay da dat cot dp cao nhat

Nha mdy thuy dién Thac Ba trén song Chay la nha mdy thay dién long song c6 cot ap

H=37m, N=40MW, ba t6 may.

Hinh 1.9. So do nha may thiiy dién kiéu tong hop.

b. Nha may thuy dién
duong dan

Nude duge ngan boi
mot dap thap roi chay theo
dudng dén (kénh, méng,
tuy - nen, ong dan) dén
nha mdy thiy dién. O day
cot 4p co ban la do duong
dan tao nén, con dap chi
dé ngan nudc lai dé dua
vao dudng dan. Duong dan
¢6 d6 doc nho hon do déc
long song. Kiéu tram nay
thuong dung ¢ cdc song
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sudi c6 do déc long song 16n va luu lugng nho.

Tram thiy dién Pa Nhim (Ninh Thuan) ¢6 cot nuéc H=800m, N=160 MW (b6n 16 mdy
A0MW/t6 may).

Tram thiy dién c6 cot nudc 16n nhat the gidi hién nay la tram Bogota (Colombia) c6
H=2000m, N=500MW.

¢. Nha may thiiy dién tong hop
Nang luong nudc duge tap trung 1a nho dap va ca dudng din. Cot dp clia tram gém 2 phén:
mot phan do dap tao nén, phan con lai do duong dan tao nén (hinh 1.9).

Nha may kiéu ndy dugc dung cho céc doan song ma & trén song ¢ do déc nho thi xdy dap
ngan nudc va ho chia, con & phia dudi ¢o do déc 16n thi xay dudng dan.

Nha mdy thuy dién Hoa Binh (H=88m, N=220MW, 8 t6 mdy) va Tri An (H=50m,
N=100MW, 3 t8 may) la tram kiéu tong hap.

L&CACTHONGSGCﬁADONGCHAYVA1UABH4NU6C

1.3.1. Cét ap

- Cot 4p toan phin hay con goi la cot dp cua nha mady duge xdc dinh bang hiéu nang lugng
riéng cla ti€t dién A-A (thugng luu) va tiét dién B-B (ha luu). Cong thic xdc dinh cot ap toan
phéan nhu sau:
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Hinh 1.10. So do nha may thiy dién
P - P + aAVj —a,Vy
2g

Khi dong chay vao tuabin thi mot phin cong sudt cta dong chay tiéu hao chi yéu do tén’lhiil
cOt 4p qua cira ngan, cua chong ric, ton thit doc dudng tir tiét dien A-A dén /-1 va tir 2-2 dén B-

[

B. Vi thé cot 4p clia tuabin nho hon cot dp toan phan mot dai lugng t6n that do.

H, =(Z, —Z,,)+

]

(1.5)

Cot ap tuabin dugc xdc dinh bing hiéu nang luong riéng giita tiét dién vao tuabin 1-1 vatiét
dién ra 2-2 (hinh 1.10).

Cot 4p tuabin xdc dinh theo cong thic:
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H:(Zl—zz)+H_P3+ 22 (1.6)
¥

Cot 4p tuabin 14 mot trong nhiing thong s6 quan trong dé thiét k€ tuabin.
1.3.2. Luu ugng

Luu lwong cha tuabin 13 lugng nude chay qua tuabin trong mot don vi thoi gian. Ky hiéu la Q,
don vi do m'/s.

Luu lugng luabin khdc vdi luu hugng cha dong chay vi ¢ thé ¢6 mét phan luu lugng cua
ddng chay khong di qua tuabin ma di qua dip tran hodc au thuyén.

Luu lugng tuabin ciing i mot trong nhimg thong s6 chinh dé thiét k¢ tuabin.

1.3.3. Coéng suat

Cong suit cia tuabin duge xdc dinh theo ¢t dp va luu lugng qua tuabin theo cong thifc:

N iy ik (kW)
102 '
hay N=93lQH (1.7
Céng suat hitu fch 1a cong sudl rén truc tuabin xdc dinh theo cong thic:
Ny= Ny (1.8)

Cong suét hitu ich luén nhd hon cong suat xac dinh theo cong thie (1.7), vi rong qua trinh
bi€n déi nang luong ludn ¢d tén that

1.3.4. Hiéu suat
- Hiéu sual tuabin:
Tt bidu thire (1.7) va (1.8), ta suy ra hi¢u suat tuabin 4,
— ‘Nlh
= 9gi01
Hiéu sudt cla luabin ia tich cha 3 hi¢u sudt:
He =Rl (110}
Trong dé: ,- hi¢u sudt thiy luc - do tén thit thiy luc;

(1.9)

i, hiéu suat thé tich - do 10n thit rd ri:

1.~ hiéu sudt co khi - do ton that co khi.
Hiéu sudt tuabin phy thude chu yéu vao cu tgo. kich thudc, viu ché do lam vi¢e clia nd.
- Hi¢u sufit 16 may:

Néu n6i truc 1iép thi higu sudt 16 may i tich ca hi¢u suat tuabin va hi¢u suat mdy phdt:

I?“H = ’h . }?m:f' (i . 1 1)
N&u néi gidn 1iép qua ca cau truyén dong thi can tinh thém hicu suat teuyén dong:

=t g Hea (] . 2)
Nhir vay cong sudt 16 mdy sé la:

NJ.JJrz 9‘81Q ’—f ’?JJH (1‘13}

1.3.5. Pudng kinh banh céng tac va s6 vong quay tuabin

- Kich thuée hinh hoc cta banh cong téc dic trung boi dudng kinh D, duge quy udc doi vdi
nhifng loai tuabin chinh nhu hinh vé 1.11.
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- S6 vong quay cua tuabin thong thudng a) c)
chinh la s6 vong quay clia mdy phét (néu n6i L2y
truc ti€p), vi vay khi chon s vong quay cua 5l
tuabin can chi y dén s6 vong quay dong bo ; Y
cua mdy phat: —

6000 ! "
= (1.14)
2P

Trong d6: 2P — s6 doi cuc cua rnay phat

ing v&i tan s6 f = SOHz. & 2<h

C6 thé chon s6 vong quay dong bo theo
bang sau:

By

| S -

Hinh 1.11. Quy woc duong kinh banh cong tac D,
doi vai cdc loai tuabin

Bese Ak a. hwong truc; b,c. tam ruc: d. gdo
S6 doi 1 2 3 4 5 6 7 8 9 10 11 12
cuc 2P

n, 3000 | 1500 | 1000 | 750 | 600 | 500 | 428.6 | 375 | 333 | 300 | 273 | 250
vg/ph

Hai dai lugng nay dac trung cho kich thudc va ¢ tuabin. Ching c6 quan hé mat thiét véi
nhau va dugc xac dinh boi cot dp va luu lugng cua tuabin, Thudng tuabin ¢6 cong sudt 16n thi
duong kinh 16n. Nhung tuabin c6 cot 4p cang I6n thi s6 vong quay cang I6n va kich thuéc cang
nho.

1.3.6. S8 vong quay dic trung cua tuabin
Thong thuong cdc thong s6 co ban cho trude khi thiét ké tuabin la cot dp H, luu luong Q
(hoac cong suat N) va s6 vong quay n. Trong nganh may thuy luc néi chung va ché tao tuabin
néi riéng dé biéu thi tong hgp cho céc thong s6 néi trén, ngudi ta dung mot hé s6 goi la s6 vong
quay dac trung ky hiéu la n,.
S6 vong quay dac trung la s6 vong quay cua mot tuabin lam viéc v6i cot dp H=Im, phat ra
cong sudt N=1kW. SG vong quay dic trung cta mét tuabin duoc xdc dinh theo cong thiic:
nJIN
n, = (1.15)
HYH
Can chi ¥ ring s6 vong quay dac trung 1a hé s6 tong hgp c6 tinh chat dac trung chir khong
phai 1a s6 vong quay thyc t€ clia tuabin. M6i ki€u tuabin do pham vi sir dung vé cong sudt va cot

ap khac nhau nén s6 vong quay dac lrl.rng cling khdc nhau. Chiing t6i s€ trd lai phan tich ky hon
vé n, cua tuabin & phan sau.

1.4. PHAN LOAI VA PHAM VI SUDUNG CUA TUABIN

1.4.1. Phan loai theo dang ning lugng ctia dong chay qua tuabin

Dé phan loai tuabin, ngudi ta dua ra nhiéu nhiing chi tiéu khdc nhau. ( day ta chi xét phan
loai theo dang ndng lugng cua dong chay qua banh cong tic tuabin va phan loai theo s6 vong
quay dac trung n,.
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Ta khao sat cdc thanh phén nang lugng cua dong chay. Nang lugng don vi coa dong chiy
truycn cho banh cong tdc tuabin bang d6 chénh nang lugng riéng gilta hai tiét dién trude va sau
da:

3 I 2
H:(Zl__zl)_i_[l RT_PaII/I aZVE
Y 2g
Thé nang bang nang

Vay nang lugng riéng gém hai phin: dong nang va thé nang.

Tuy thude vao dang nang lugng nay ma chia tuabin nude thanh hai hé khdc nhau: tuabin
xung luc va tuabin phan iuc.

(1.16)

Trong tuabin xung luc, chi ¢é phén dong nang clia dong chay tic dung lén banh cong tic con
phén the nang bang khong. Hé tuabin nay phat ra cong suat nhé dong niang cua ddng chal tong,
¢On 4p sudt O clra vao va cra ra cla tuabin 1& 4p suat khi tro.

Tuabin phan luc 13 toai tuabin thm viéc nhe ca bai phan thé nang va dong nang, ma chu yéu
la the niang cua dong chiy. Trong hé tuabin nity. dp sudt & clta vao luon 16n hon & ctra ra. Dong
chdy qua tuabin 13 dong lien tyc dién ddy 10an bd mdng din cénh. Trong viing banh cong tac
tuabin, dong chay bicn doi ca dong nang va thé nang. Trong dé van téc ddng chiy gua tuabin
tang dan, dp suat giam din. Mang dan cba cinh hinh con nén gay ra 6 chénh 4p mat cdnh, tir d6
fao ra momen quay,

Tuabin phan lue va xung luc ¢6 tinh nang va pham vi sir dung khdc nhau. Tuabin phan luc
diing cho tram c6 cOt nude thip, luu lugng 16n con tuabin xung bye ding cho tram ¢6 cot nudc
cao, luu lugng nho.

1.4.2. Tuabin phan luc

Tuabin phan luc [d h¢ twabin duge sir dung rong rdi nhat, bao gém pham vi ¢6t nude tir 1,5m
dén 600m.

Trén hinh 1.12 12 o d6 phin dan dong cia céc loai tuabin phan luc chinh. Trong tuabin phan
lyc dong chay di i thuong luu, qua 6ng ddn vio budng dén, di vio binh cong tdc (noi Jam
nhi¢m vu bién déi thuy nang thanh co ning) rdi theo ng hiit di ra ha luu. Phu thude vio hudng
dong chay cua dong nude di qua binh cong tdc ma chia tuabin phan tuc thinh nhidu loai: tabin
hudng truc (hinh .12 a.b), tabin tam tryc (hinh §.12 d), tuabin huéng chéo (hinh 1.12.¢).

a. Tuabin huong truc

Tuabin hudng tryc 14 loai tuabin trong dé hudng chuyén dong cla ddng chiy trong pham vi
binh cong tac song song vdi truc quay tuabin (hinh 1.12 a,b),

Tuabin huéng truc ¢6 thé 1a loai cinh ¢d dinh hogc 13 loai cénh diéu chinh binh cong tac
26m nhicu cdnh duge gin vdi bau. Néu.cinh duge gin chat voi bdu thi goi 12 tuabin hitdng truc
cdnh ¢6 dinh (tuabin chong chéng). Néu canh cd thé quay quanh truc cinh gan thi goi la tuabin
hudng truc cdnh di¢u chinh, Cinh ¢6 hinh cong khong gian, s6 cdnh cé thé tlr 3 dén 9. Loai
tuabin nay cé thé fim vige véi cot nude H = §.5-40m. Tuabin hudng truc cdnh ¢6 dinh thudng
dung cho céc tram ¢& nho va trung binh. Tuabin hirdng truc cianh diéu chinh duge sitr dung cho
¢O trung binh va lon. Tuabin hudng truc cdnh diéu chinh ¢6 hiéu sudl cao trong pham vi diéu
chinh rong. Tuy nhién k&t cau ciu loai canh diéu chinh phic tap vi co cdu diéu chinh canh nim
trong bau bidnh cong tac.

b. Tuabin tdm truc

Trong tuabin tam truc, hudng clia dong chiy & viing binh cong tic ban dau theo phuong
huéng tam, sau dé chuyén sang phuong song song vdi truc.

Tuabin nity con goi 1a tuabin Franxic. N6 dugce sir dung rong rili trong cdc tram ¢6 cot nudc
cao: H = 30-600m. Bai véi cic tram nho tuabin nay ¢é thé 1am viée v ¢ot nwde H > 4 m.
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¢ d
Hinh 1.12. S do phdn ddn dong ctia cac loai tuabin phen e

Banh cong tic ctia loai tuabin nay hoan toan khic véi loai tuabin hudéng truc. Banh cong tac
gom hé¢ thong canh gén chat véi hai vanh dia trén va dudi thanh mot khoi cing. Céanh ¢6 dang

cong khong gian va s6 canh ¢6 tir 12 dén 22.
' Tuabi_p tam truc ¢6 hiéu sudt cao nhung cénh ¢6 dinh nén chi thich hgp véi tram ¢6 cot nuée
it thay doi (hinh 1.12 d).

Tuabin tam truc ¢6 cot nude cao nhat the gidi H= 620m & Khot-xen-van (Pric).

O nuéc ta cic nha may thay dién: Tri An, Hoa Binh, YaLy, Thac Mo diing tuabin tam truc cG
I6n va trung binh, con tram Ta Sa, Na Ngan, Su6i Can... dung tuabin tam truc ¢& nho.

c¢. Tuabin huong chéo

Dé két hgp wu diém clia ca hai loal tuabin tam truc va huéng truc cinh diéu chinh, nam 1950
gido su Kviacopski (Lién X0) va sau d6 2 nam, ky su Derat (Anh) da sang ché& ra mot loai tuabin
mai goi 1a tuabin hudng chéo (hinh 1.12d)

Dong chdy qua ving banh cong tic cta tuabin loai nay ¢6 hudng tao véi truc quay mot géc
nao d6. Bau cdnh la hinh nén. Bau canh chita toan bo co cdu didu chinh cdnh nhu biu canh cla
tuabin huéng truc cdnh diéu chinh.

Loai tuabin nay lam viéc trong pham vi c¢ot nudc H = 30-150m. N6 c6 thé diéu chinh canh
nén pham vi di¢u chinh cong sudt c6 hiéu suit cao tuong doi rong so vai tuabin tam truc.

O Lién x6 ca, loai tuabin nay chua dugc sir dung rong rii nhung & cic nude khdc, nhat la
Nhat Ban thi loai tuabin nay rét phat huy tac dung.

1.4.3. Tuabin xung luc

Tuabin xung luc gém c6 nhiing loai chi yéu sau:

- Tuabin gdo (hinhl.5)

- Tuabin tia nghiéng(hinh 8.7)

- Tuabin tac dung kép (hinh 8.8)
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a. Tuabin gdo

Tuabin géo 12 loai tuabin xung luc dugc sir dung nhiéu nhat. Phéan din dong cua né gdm bdnh
cong tac va voi phun. Banh cong tic gom nhiéu cdnh hinh gdo dugc gan chat 1én dia banh cong
tac. Banh cong tic gin lién trén truc tuabin, truc nay noi v4i truc may phét. Thong thudng tuabin
gdo dat ngang, chi c6 mot s6 tuabin ¢ 16n ¢6 t8 mdy dat dimg. Voi phun gém c6 ong hinh con
n6i véi 6ng dén, trong 6ng hinh con c¢6 kim diéu chinh luu lugng ra ctia voi phun. O day dong
chay theo 6ng din vao vdi phun, tir d6 dong chay ra Khoi voi phun véi van tée du 16n tic dung
vao cdc canh gdo va tao thanh momen quay. Ngodi ra voi phun lam nhiém vu diéu chinh luu
lugng qua banh cong tac.

Tuabin gdo lam viéc véi cot nuée H = 40-3000m va 1én hon nita. O nudc ta tram thuy dién
Pa Nhim dung tuabin gdo c6 cong sut mot to mdy N=40MW.

b. Tuabin tia nghiéng

Trén hinh 8.7 1a so do6 tuabin tia nghiéng.

Tuabin nay khdc véi tuabin géo la dong chdy tir voi phun huéng vao banh cong tic dudi mot
géc nghiéng. Banh cong tac gobm céac canh cong gén chat 1én hai dia bén banh cong tac c6 hinh
dang don gian hon dang gdo nén dé ché tao. Voi phun cta loai nay tuong tu nhu voi phun cua
tuabin gdo.

Tuabin tia nghiéng dugc 1ap cho nhimg tram thuy dién nho. Hiéu suét cla tuabin nay thudng
nho hon hiéu sudt clia tuabin gédo.

c. Tuabin tdc dung kép

Trén hinh 8.8 la so d6 tuabin tic dung kép. O day dong chay tir voi phun tic dung lén canh
banh cong tac hai lan: dong chéy di tir ngoai vao tam sau d6 lai huéng tir tam ra ngoai, nén goi
loai nay la tuabin tic dung kép. Voi phun chia tuabin nay ¢6 tiét dién chir nhéat chi khong phai
tiét dien tron. O day thay ddi luu lugng bang cich thay d6i mot thanh trong dé thay doi tiét dién
voi phun.

Tuabin tdc dung kép con ¢6 tén goi la tuabin xung kich hai lan, hay tuabin Banki. N6 dugc
ding cho cdc tram thuy dién c¢& nho N=5- 100kW.

1.4.4. Phan loai tuabin theo s vong quay dac trung

Trong mdy thuy luc n=930 ng=710 ng=650 Ng=500
n6i chung, ngudi ta dua 4 I8 alte e K 5-10
ra khdi niém vé cic may 3] TM\TI] S H
tuong ¢ va s6 vong #}

quay dac trung n,. Cic Y
khai niém nay c6 thé dp
dung cho tuabin. Nhu ”
vay cédc tuabin tuong tu &1 J; i
thi déu ¢ s6 vong quay
dac trung giong nhau, .
khong phu thudc vao
duong kinh va céc
thong s6 luu luong. !
Méi hé tuabin phu ,
thudc vao s6 vong quay D475 2,=720
dac trung ma chia thanh PRI M L P Ty =1250
3 nhém: s6 vong quay ; ; ]
dac trung cao, trung Hinh 1.13. Phan loai tuabin theo n
binh va théap.

5
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Trén hinh 1.13 1a hinh dang phan din dong ciila cac loal tuabin fing véi gid tri cdc s6 vong
quay dac tryng khdc nhau #,.

Bdng 1.2
n. 930 | 650 | 500 1 310 | 215 93 48 —\
b, 9% 9 84 91 66 56 45
D, | 216 | 230 | 240 | 260 | 330 | 675 1250
|

Diing cdch phan loai theo 1. ngudi ta dé dang lya chon loal tuabin thich hep nhat cho mét
tram thily dién néu cho trrde cot dp H, cong suél 16 may N va sd vong quay mdy phat n.

C6 thé chon so bo loai tuabin dya vao cot dp [f vi s vong quay dic trung #, theo bang 1.3

Beng 1.3

TT Loai tuabin Giéi han theo | Gidi han theo

n, H m

] Hudng truc cdnh quay va chong chong ¢6 n, cao 950-759 5-12

2 Huéng truc canh quay va chong chong ¢é a, trung 750-550 12-22

binh

3 Hudéng truc cdnh quay va chong chdng c6 », thap 350-350 22-40

4 Tam truc 1, cao 400-250 20-50

3 Tam truc z, trung binh 250-150 50-120

6 Tam truc », thap 150-70 120-3000

7 Gio 50-10 200-2000

1.5. CAC BO PHAN CHINH CUGA TUABIN NUGC

Trong tuabin nuée, bo phan dnh hudng 16n dén hicu sudt wwabin d6 la phan dan dong.
Phin din ddng gém cé ba bo phén chinh:

- Budng dan tuabin.

- Banh cong tdc.

- Budng hdt tuabin.

Trong d6 banh cong tac la bo phéan chinh 1am nhiém vu bién d6i nang lugng. Hai bd phan
buéng dan va budng hiit khong tryc tiép bién doi nang Juong nhung vai tro cba ching rat quan
trong gitip binh cong tdc lam nhiém vu bign ddi ning lugng ¢6 hidu qua 101

Cic bo phan phy cha phén din dong gom cb: céc van diéu chinh luu lugng dong chay, van
d6ng nhanh khi ¢6 su ¢6. ludi chan réc...

N€éu tuabin 1am viec déng bo véi may phét dién thi mot bo phin quan trong giip cho sw dong
bo niy k1 méy diéu toc. Ta s& nghién citu bo diéu 10¢ & chwong 1X.

Céc bo phan phu clia tuabin bao gdm: tryc tuabin, & din hudng cic thiét bi boi tron cho tryc
tuabin vi mdy phat.

Trong cic tram thity dién cdn cd cdc thi€t bi phu tro khic nhu: cic t& mdy bom. cac 10 mdy
nén khi, thi€t bi nang ha, hé thong dién... ( day ching ta chi xét bo phan chinh cba phén dan
dong tuapin.
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1.5.1. Phan dan dong cua tuabin phan lyc

a. Buéng ddn tuabin ' J]—L

- Lam nhiém vu din nuéc tir Sng nude hoac kénh din dén bénh 7] )
cong tac. >

- Yéu cdu: buéng din dwa nuéc dén banh cong tic vdi ton that

nho nhat, va su phan bé van t6c di vao banh cong tac phai déu (doi
xing qua truc).

a)

- C#iu tao: buéng dan clia tuabin ¢& nho thudng la budng hd (hinh
1.14a) hay 1a hop tron (hinh 1.14b) tiét dién khong thay déi véi cac
cdanh huéng nim cach déu nhau trén mot dudng tron.

Buéng dén cua tuabin c& trung binh va 16n gém c6: budng xoan,
cot tru va canh huéng nudc.

Budng xodn tuabin c6 tiét dién ngang (ti¢t dién cit chira truc
tuabin) giam dan tir tiét dién vao dén tiét dién cudi. Nho sy thay déi
tiét dién nay ma kich thudc buéng xoidn nho hon so véi céc loai
budng c6 tiét dién ngang khong ddi (hinh 1.14 a,b) va dam bao viéc
din dong chit 16ng vao banh cong tic déu hon (d6i xiing qua truc
tuabin), tao diéu kién dong 6n dinh qua banh cong tdc.

D6i véi tuabin ¢6 cot nude cao (tam truc) bubng xodn thudng
lam béng vat liéu kim loai (hinh 1.15 a). Tiét dién kinh tuyén bubng
xodn kim loai thudng 1a hinh trdn hay hinh elip. D6i v6i tuabin cOt
nude thap (hudng truc) thudng lam budng xoin bé tong. Buong Xoan
bé tong c6 tiét dién hinh thang d6i xing hodc khong doi xing (hinh 1.15 b). Thudng budng xoan
bé tong c6 16p trong bing kim loai.

Hinh 1.14. Cdc kiéu

buong dan cia tuabin

Cot tru, con goi 1a stato tuabin,cé nhiém vu chinh la truyén tai trong phia trén tuabin xudng
moéng nha may. Céc téi trong gdm cé: trong lugng cac phan quay va khong quay ctia to mdy, dp
luc thity dong doc truc clia dong nudc 1én banh cong tac, trong luong nén va bé may.

Stato phai dii bén va khong lam anh huong dén dong chay. Céanh cla stato c6 tiét dién Khi
dong va lam tir gang chiu nén, d6i v6i tuabin cot 4p cao thi canh va vanh stato lam bang thép.

Hinh 1.15. Tiét dién ctia budng xodn
|- tiét dién hinh thang; 2- tiét dién tron

Cinh hudng nuéc hay con goi 1a bo phan hudng dong nim sau stato gébm nhiéu canh c6 tiét
dién khi dong ndm cach déu nhau.
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Céanh hudng lam nhiém vu huéng dong chay vao binh cong tdc & mot gée thich hop va phan
bo van t6c dong chay vao binh cong tic déu. Ngodi ra cinh huéng con 1am nhiém vy thay déi
luu luong vao banh cong tic cho phi hop véi phu tai ctia mdy phat dién. Cinh hudng cling lam
nhiém vu dimg v md tuabin.

DE diéu chinh luu lugng, cinh hudng quay Xung quanh truc ¢6 dinh nhd thiét bj diéu khién
(b6 di¢u t6c). Khi canh hudng quay thi khoang cdch gilra ching (goi 12 do md cinh hudng, ky
hi¢u a,) thay déi. Luu lugng qua cdnh hudng vao banh cong tdc thay doi va thay déi luon ca
huéng dong chay di vio banh cong tic.

Dé diéu chink do md «, ngudi 1a ding cd cdu diéu chinh ¢canh hudng. Co cdu nay gdm vanh
diéu chinh qua hé théng thanh truyén. Vanh diéu chinh dugc din dong bing cdc xy lanh thiy
lyc. Khi ¢6 tin higu diéu chinh. cdc xylanh thiy luc chuyén dong tinh tién, kéo vinh diéu chinh
quay di mot géc ndo d6. Qua hé thang thanh truyén din (i quay 14t ¢d cdnh hudng véi mot gdéce
nhu nhav, nghia 1 lam thay d6i do mé& cénh hudng a,.

b. Bdnh cong tdc

La bo phan quan 1rong nhat lhm nhiém vu bién déi thiy nang thanh co nang.

Bénh cong tde cla tuabin huéng truc gém bau canh hinh tru va nhiéu cdnh duge gin véi biu.
O chb Lap cdnh 6 thé 13 mat ciu hay mat tru. Cénh hinh cong khong gian ¢4 thé tir 3 dén 9 cénh.
Néu 13 tuabin hudng truc cdnh diéu chinh thi co cfu didu chinh canh nim trong bdu banh cong
tdc. Vi vay dudng kinh bau phai dir lén. Diéu nay han ché rat nhiéu cho viéc thiét ké tuabin
hudng truc cinh diéu chinh cot nude 16n (hinh 1.17).

Tuabin chong chéng thi k&t ciiu don gian, nhimg hiéu suat cao chi iing vdi mot ché do lam
viee, Vi th¢ loat tuabin nay khong duge ding cho tram cong sudt [dn vi khong kinh té.

Bic trung cho su khdc nhau clia tuabin nay tuong (ng véi cot nude la ty s6 d/D,. Cot nuse
cang 1dn thi (y x4 nly cang lén,

Banh cong tdc chia tuabin tam truc gom cic cinh gin trén hai vinh dia. Cdnh ¢6 dang cong
khong gian va s6 cdnh tir 12 dén 22 canh. Ngudi ta thudng ché lao canh va hai vanh dia sau do
han thanh mot chi tit, Néu truomg hop duding kinh bdnh cOng tic qud 16n thi ngudi 1a ché tao
thanh hai nira va khi 13p rap tai tram thi han hai khéi d6 thanh mot chi tigt. Tay thude cO1 nrde
cua tram mi binh cong tdc ¢6 sy khdc nhau. Dac trung cho sy khic nhau d6 1a 1y s6 giita duong
kinh ra D, vi duding kinh vio D, Tuong ng vdi cot nudc thap H<80m thi D,/D >, néu cot
audc cao H>80m thi D./D,<1 (hinh 1.18).

¢. Buong hut

Nhi¢m vu ciia budng hiit [a dan nuée tir banh cong tic ra xudng ha luu, Budng hit cho phép
st dung phan nang lugng con lai ctia dong chay sau khi ra khoi binh coOng tac. Trong chuong VI
ta 5€ so sanh gid tri ¢ot dp tuabin trudng hop ¢6 budng hit va khong budng hit dé thay o vai trd
cta budng hut,

Buong hiit ¢6 1thé cé dang ong loc thing (hinh 1.19 ¢) hoac ong loe cong (hinh 1.19 u.b.d).
b6 cao cla dng loe ¢6 anh hudmg 1én dén chi tiéu kinh 1€ clia tram vi né quyét dinh khéi lugng
dao sdu cua cong trinh, 1ic 14 $6 von dau e xay dung tram. Vi vy trong lhuc t¢ it sir dung Ong
loc thing. Ngudi ta thudng ding budng hiit loe cong.
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Hinh 1.17 Tuabin tam truc
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d)
Hinht 118 Sordé cde togi buéng ki

1.5.2. Phan dan dong cla tuabin xung luc

Trong tuabin xung luc thl bo phan chinh cia phian dan dong 4 voi phun va binh cong tic.

a. Vi phun

Lam nhié¢m vu hudng dong chay vio binh cong tic vai van tdc di 1dn dé 1ao thanh momen
guay. VOi phun con lam nhiém vu diéu chinh luu lugng va gat dong chay di khi can ditng tuabin.

Voi phun gdm: Kim phun, dng con va co ciit hudng nude. NG 1 bo phan ti€p theo clia dudmg
dng dan nurde vao tuabin.

VoI phun cua tuabin gdo va tuabin tia nghiéng ¢4 tiél dién hinh teon, voi phun cba tuabin tic
dung kép ¢6 ti€t dién chit nhat.

b. Benh cong tic _

Banh cong tdc cta tuabin xung lue kha don gidan. Né lam nhiém vy bién doi dong nang dong
chay tir vii phun thinh co nang.

Bénh c¢ong tic gém cdc cdnh gén chiit lén dia v gan 1én truc tuabin. Cinh banh cong tdc c6
dang gao hodc dang cong don gian hon (& tuabin tia nghiéng hodc tuabin tdc dung kép).
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Chuong I1: QUA TRINH LAM VIEC CUA TUABIN NUGC

2.1. DONG CHAY TRONG TUABIN NUGC

DéE xét qud trinh bién ddi nang lugng trong banh cong tac ta lam quen véi dong chay trong
banh cong tac.

2.1.1. Tinh chat déng chay

Quy dao chuyén dong cia cdc phan tir chat 1ong
trong viing banh cong tdc rat phic tap. D€ don gian
héa van dé ngudi ta dua ra cdc gia thiét sau:

- Dong chay qua banh cong tic gom cic 16p
tuong tng vGi cac mat dong, khong xét dén su qua
lai gifta cic mat dong véi nhau. C6 nghia la dong
chay trong viing banh cong téc 1a dong khong gian
nhung duoc don gian hoa thanh dong chay trén céc
bé mat cua dong.

- Dong chay qua tuabin la dong chat long ly .
tudng, khong nén dugc, chuyén dong dimg. Hinh 2.1, Tam gidc van toc ciia dong chay
Tit ci cdc phén tir chat long trong viing banh trong ving banh cong tac
cong tac déu tuan theo hai chuyén dong: chuyén dong twong doi theo bién dang canh va chuyén
dong theo van téc quay.

_ Nhu  vay  chuyén
11 dong tuyét doi clia phan
tlr chat l6ng 1a tong vecto
van toc cia hai chuyén
dong d6 (hinh 2.1).

Ib

Ta goi U la van téc
theo, W la van toc tuong
doi, thi van toc C la van
toc tuyét doi xac dinh
theo cong thirc:

C=UxW

Ba vecto nay vé mat
hinh hoc tao thanh tam
gidc nén ta goi la tam
gidc van toc (hinh 2.1).

G6c a tao vGi hai
vecto U va C. Géc B

('

Hinh 2.2. Cdc thanh phdn vén toc ciia dong chdy
trong viing banh cong tac tuabin tam truc
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tao boi vecto U va W . Gée B cdn goi [a gbc nghiéng cla bién dang cdnh. Thanh phan van toc
tuyét doi theo phuong vudng gde véi vecto U goi 13 van i6c kinh tuyén ky hicu 1a C,,. N6 phu
thude vao lun lugng dong chay va dién tich tiét dién. Con thanh phin van t6c tuyét doi chiéu
theo phuong U/ goi [a van 16c vong, Ky hiéu la C,. N6 dac trung cho ¢ot dp tuabin.

Géc nghiéng clia bién dang canh anh hudng 16n dén thong s clia tuabin, nhat 14 géc f & mép
vao vi mép ra cua cdnh, ky hi¢u 1a f§; vi ..

bac trung cho cic thong s6 clia ddy canh 13 cdc tam gidc vdn toc & mép vio va mép ra. Ta ky
hiéu mép viro 1a “/”, mépra la “2" va ¢d 2 tam gidc van 18¢ uong tng.

Dé xay dung tam gide van tdc cho dong chay trong tuabin tdm truc tai mdt mat dong nao do,
vi du mat dong A-A (hinh 2.2) ta chiéu ddy cinh ndm trén mit dong A-A xudng mat phang va
thu dugc ddy cdnh tron. Can ¢ vao géc nghiéng clia bién dang cénh va gid tri clia vén 6c U,w
ma xay dung tam giic van toc.

Ly Yu, Ly

i

I

Hinh 2 3. Cdc thanh phan van ioc ciia dong chdy trony
vanre hdnh cong tde tabhin fuiong ruc

P6i vdi tuabin hudng truc. ¢6 thé chon mat dong 1a mot mat tru nao dé tuong dng vdi han
kinh R. Tri diy cdnh try Jén mat phing ta c6 diy canh thing. Can ¢t vao £,U. W d€ dung tam
guic van tde (hinh 2.3)

2.1.2. Phan lyc cta dong chay

Dong chay qua banh cong tdc cla tuabin phan tuc 1a dong lién tuc trong d6 dp luc tai mép
vao canh 16n hon tai mép ra. Médng dan gifta 2 cdnh tuabin lan can giong nhu dong chdy trong
binh cong, trong d6 4p nang bién ddi thanh dong nang. Dong chdy trong méng dén nay luon
bidh d8i vé hudng va gia tri. Ap luc ctia ddng chiy lén thanh binh cong biang phan luc cva thanh
bén lén dong chay vi theo hudng ngude rhau (hinh 2.4),

a. Truong hop binh dirng yén

Phan luc cia thanh binh 1én dong chay 1a:
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Rt =12(C, - C)at
g

Luc ciia dong chdy tic dong 1&n thanh binh la:

- R=7¢, -C) @.1)
g

-1

Tri s& luc P ty 1& thuan véi tri s6 hiéu vecto van 18c vao 6'[ va C_'z, con hudng trung véi
hudng ciia hiéu 2 vecto do.
b. Truong hop binh chuyén dong: - .
Né&u binh chuyén dong véi van 16¢ U theo phuong x ta c6 van téc luyét doi:
C=U+W
Hinh chiéu cla lue P clia ddong chay tdc dung lén thanh binh theo phwong x fa:

p=-2,. -c,)
g

trong dé; C,, = U+W,cosfy, C,, = U+W.cosf;
vay: P = —JVQ(Wl cos f#, - W, cos 3,) (2.2)
g

Cong suit do lyc P, sinh ra khi binh chuyén dong v6i van toe U la:

V=0 =2 cosfy s cos)

Hinh 2 4. Phdn hec clia dong chay
Néu goi cot ap tinh ctia binh cong 1a H:

P P,
H o=(—L+2Z)-(->+Z,)
¥ y

, , o G G
Cot 4p, néu tinh cd dong nang & cita vao 2' la:H, + 51—
g g

Cong suil cia dong chay qua binh s€ la:

N, = yOUH, + S
2g

Viy, hiéu sudt thuy luc sé la:
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= N _ QO cosf —W,cos U (W, cos B, — W, cos 7, 2.3)
W= = 3 = — .-
N, Cr Cy
grOUH, + 1) g(H, + 1)
2g 2g

Xét anh hudng cdc thong 6 trong tam gide van toe 1én hiéu suat thay luc qua hai lrudsng hop
s '

- Triuong hop C= 0

Liic d6 W, =-U
P = -72{[} +W,cos3,)
b4
(U +W,cos 3,)U

e =

gH,
Tim van tde cila binh U 161 vu d¢€ hiéu suat thuy luc dat cye dai trong truding hop nay:
dify _2U+W,cos8,

dut £gH,
W, cos 4,
'r}n' = = [j—
2
(W, cos A,
',-‘,H'milx =
dgH,

Neu W, =2gH, . f. =180 thi 17y =1/2.
2- Truong hop C,=U

Lic do: ]rV; =)
Pr=- yQ{Wg cos f3,)
g
W,cos 4,.U
(Ve
H + -
g(H, b )
W,cos f,(H, + v__ __b_'_"_)
drn, __ 2¢ g 0
it ' TE
g, +—-)
2g
W, cosf3,
n max — o ——
tfma 2gHI

Rut ra: khi #:=180" vi W, = J2gH| .t 17,700 = 1.

Qua khao sdt trén ta thiy: phan lyc cha dong chay tic dung lén cdnh banh cong tdc (thanh '
binh) la do van (8¢ dong treng mang ludn ludn thay déi ca vé hudng va tri s6. Trong d6 thay déi
gid tr1 déng mot vai trd quan trong.

Trong trudng hap 1, néu din nudc vao binh sao cho C,=0, thi hi¢u sudt thay luc 16n nhat
ciing chi dat 1/2, cdn lai |2 t6n thal, Trudmg hop 2 1 trudng hop 1y tudng v6i "=l
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Viy ta ¢6 thé két luan rang trudng van 10c¢ tai cua vao chia banh cong tdc ¢ anh hudng rat Idn
dén hicu sudt thity lyc cta tuabin, Cin phai dam bao nhitng yéu cdu vé dong chay trudc binh
cong lic. D6 ciing 13 co s 1y thuyét vé vice dung canh hudng dong trong tuabin nude. Co sG nay
do nha bac hoc vi dai Ole duara.

2.2. PHUGNG TRINH CO BAN CUA TUABIN NUGC

Ta nhan thay khi dong chay qua méng dan cta banh cong tac thi gilta cdnh va dong chay
xuit hién luc twong hé. Chinh luc nay gay ra momen frén tryc banh c¢ong tic. Cin xdc dinh quan
h¢ gita momen vdi cdc thanh phin vén t6c cia dong chay trong banh cong tac.

D& don gian, xét mot dong nguyén 16 cua dong chiy trong tuabin & ché do lam viée on dinh.
Tir d6 suy ra chung cho toan bo dong chay trong pham vi banh cong tac voi cac gia thiél saw:

- 6 cénh clia banh cong tic nhiéu vo cling, nghia la géc cua dong ra khoi banh cong tic
bang géc dit canh ¢ mép ra s,

- Cénh mdng voO cling, nghia Ia khong tinh dén hién trong chen dong.

- Momen va cot dp twong (mg 14 momen va ¢dt dp 1Y thuyct, khong tinh dén tén that thay luc,

2.2.1. Phuong trinh momen ddng lugng — phuang trinh ¢d ban cua tuabin

Xét mot dong nguyén t6 cla phin dan dong tuabin tam truc, biéu thi trén hinh 2.5. Lay h¢ toa
do 1a {r.at,z) cho 2 ti¢t dién la /-7 va 2-2. Ta co 1hé v duge tam giac van (8¢ & hai ti¢t dién nay.
Phan tich theo hé toa do trén ta c6 thanh phan van 6¢ Cy,, Cp, € Ca Can Co

Theo Iuat bién thién momen déng lugng tuong (ng véh tryc quay Z vi&t cho dong nguyén té
ta ¢6: d(om.C .r)= dM.dt (2.4)

Trong 46 3,- phin tir khéi fwong cla dong nguyén 16

SM.- phén tif clia momen ngoai lyc tdc dong lén dong nguyén 16 d6i v truc Z.

Can luu ¥ rfing cdc thanh phin C,, va C.. khong gay ra momen dong fugng doi vo1 true Z, Vi
vay & phuong trinh (2.4) chi viét thanh phan C,.
Khai trién phuong trinh (2.4) cho hai tict dién /-1 va 2-2 ta c6:
d(om.C,.ry= dm(C,, 1y - Cp )= OMGl
Xét dén cdc thanh phén ciia ciia momen ngoai lyc ta thdy cic ngoai lyc tac dung lén dong

nguyen 16 gdm: phan lyc cha cdnh banh cong tac, 4p luc P tdc dung 1én céc ti€t dién /-7 va 2-2,
trong luc G.

Tuong (g v&i 3 phén tir ngoai lue ndy fa cdc momen, vay ta co:
OM,=-8M +3M,+oM;

Trong d6 ddu (-) biéu thi phan lyc cla cdnh ludn nguge dau véi lue cua dong chay tac dung
lén banh cong tac.

" Ta nhin thay 1éng hop luc cua dp luc 1én mat cit f-1 v 2-2 ¢6 hudng vuong goc véi truc Z
con trong lue G thi ¢6 huéng song song véi truc Z.

Vay chi con tdng hop luc clia phan lyc cinh la gy ra momen vdi truc Z. Ta co:
LatS SQUCayr — Cr)=dt Y 8M,,
£

Ky hi¢u Y M. = M, 1a momen ciia dong chdy tic dung lén canh, thi;
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M, = §Z®(C2ur2 -Cnn)

Néu gia thiét momen van téc vong C,,r, va C,,r, 1a nhimg dai luong khong doi, hodc thay
chiing bang gia tri trung binh theo tich phan, ky hiéu la Cyp,r va Cy,n tacé:

M( =12Q(C3"r3 __(':’:]:;1 {2'5)
g .

Phuong trinh (2.5) la phuong trinh co ban ctia tuabin. N6 biéu hién quan hé giita momen Iy
thuyét véi cic thong s6 dong hoc va hinh hoc tai cira vao va cira ra ctia tuabin.

Cong suit ctia dong chay khong tinh'dén tén that thiy luc c6 thé xdc dinh bang cong thiic:
N,=yQH,

Trong d6: H,- cot 4p 1y thuyét khong tinh dén t6n that thay luc.

Mat khdc, ¢6 thé xdc dinh cong suat qua momen:
N,=M,.w

Tir d6 ta xdc dinh cOt ap 1y thuyét:

(2.6)

Hinh 2.5. Xody trong long mdng ddn

Phuong trinh (2.6) ciing goi la phuong trinh co ban cua tuabin, biéu hién quan h¢ giifa cot dp
1y thuyét véi cac thong s6 dong hoc dong chay trude va sau bénh cong tac.

Phuong trinh (2.6) con goi la phuong trinh cot dp.

Phuong trinh co ban cla tuabin duge rit ra tir diéu kién dong chay phu hop véi nhing gia
thiét da néu & trén, tic 12 diéu kién dong chay qua tuabin ¢6 s6 cdnh nhiéu vo han. Trong thyc (¢,
s0 canh la mot s6 hiru han, mdng dan cung c6 kich thudc nhat dinh. Van t6c dong chay trong
méng dan thay déi tir phia trudc cua cdnh nay dén phia sau ctia cdnh kia (hinh 2.5 b). Su thay doi
van téc tao thanh xody hudng truc trong long méng dan (hinh 2.5 a).

Dé xdc dinh cot dp 1y thuyét d6i véi s6 canh hitu han ngudi ta ding anh hudng s6 cdnh hiru
han. Ta xét dén cong thic Maidera.

Maidera coi khoang khong gian gidi han bsi mang dén la mot chu tuyén kin, trong d6 xudl
hién xody phéng cta dong tuong déi (hinh 2.5) v6i dai lugng AW, nam O giira chu tuyén. Ong
gia thiét rang AW luon hudng theo phuong U va phéan bo déu theo gid tri trung binh AW,

bé xac dinh AW, tic gia xay dl.mg tam gidc cong ABC trong d6 AC va BC la géc vuong.
Dung cong thiic Stok dé xdc dinh luu s6 theo chu tuyén kin ABC. Luu s6 nay dugc tinh bang tich
giita cudng do xoay véi dién tich tam gidc cong ABC (ky hiéu F ).
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I ane=F ape
Mfit khéc F‘\Bz FAB+ FA("‘F FH{"
Trong dé: Iy = =0 vi cde dudmg cong AC, BC vudng gdc vdi dudng dong, con I, xdc
dinh theo céng thic:
=t AW,

Vay: AW = 22

,.'

. o . . 2
Trong do: 1, - bude cdnh tai mépra, /. = 22 .

Tinh dién tich cfia tam gidc cong ABC, ¢6 thé coi F - gin dling nhu tam gidc thing
SO Y/ U
i L Zr; sin £,

1
Fge =—1,c08—=.—1,sin
ABC 2 Sl
w2 22
2ot;sin B,  wmysinf,  zsin foU,

suy ra: AW, = 4
1 z z

Tir tam gidc van toc & clra ra ta ¢6 thé xdc dinh duge van (6¢ Cy, v6i 86 cdnh hitu han Z néu
tinh theo AW,

Cpr=Cpay +—~~—~——‘$Sm_ﬁlu2 =U, _ Lo +—= 7sin fy —=U,
i ) Z Coigh z
) i 2 C T C a
Cbr2:U2(1+N51nﬂ_)_ ml —U £— w2
z g 1gf
Thay dat lugng C ;. ndy vio phuong trinh co ban tuabin:
H, {Cu] (Uzg—c—'*"?—)rg} (2.7)
é» 14
Trong doé: s=1+ ﬁ!—;—ﬁ—z (2.8)

Z- s6 cidnh hitu han cha binh cong tic.

2.2.2. Phuong trinh Becnuli viét cho déng tuong ddi cua tuabin

Phuong trich Becnuli viét cho dong chdy qua binh ditng yén ¢ dang nhu sau:
A C' —Z:+£2“ ¢ +h_,
¥ 2g y 28

Trudmg hgp binh chuyén dong v6i van t8c quay U thi chuyén dong quay niy sé sinh ra mot
cong cila lue quéin tinh.

Z +—

Co hoc 1y thuyét da chitng minh dugc rang trong trutmg hop chuyén dong twong ddi cé van
16¢ W, chuyén dong theo ¢d van tde 1a U thi phuong trinh can bang ning lugng cho mét don vi
khai lugng chil tong $& cd dang:

-

W' P W
Z, +£+ =2, t—=+—=+h, .+,
y 28 y 2z

Trong do: H,, - cong cua luc quin tinh do mot don vi khoi fuong chét long sinh ra.
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Khi midng dan quay véi van tac¢ quay dcu thi gia t6¢ goce s& 14 «/R. Luc quan tinh cia mot
don vi khai htgng chat 1ong s€ fi @’R/g. Néu mot don vi chét long dich chuyén dugc mot doan
dR tix du.m I dén 2 thi cong cva luc quén tinh do mét don vi khai lugng chat 1ong sinh ra s& fa:

o RdR  w° . . Ul Ul
H(_.-:j == (R} R}y = -2
o & g 2g 2g

Vay. phuong trinh can bing ning lugng cho mot don vi khéi lugng chat 16ng s& c6 dang;
R oW U AR
Z +-t+ U—':Zz +£-+ Wi Ui +hyya
y 28 2 y 28 2
b6 1a phuong trinh Becnuli viét cho dong wong d6i. Phuong trinh nay duge sir dung cho
dong chay qua mdng dan tuabin vdi van téc tuong d6i W va van téc theo fa {/
2.2.3. Phuong trinh diéu chinh luu lugng tuabin

Khi tuabin lam vigc trong trym thay dién thi cong suat tiéu thu (phu tai) cda tram thay dai,
cdn ¢Ot dp trong ngay coi nhu khong déi. DE thay ddi cong sudt tuabin phit hop véi phu tii chi
6 thé bang cdch thay ddi i hrgng qua tuabin.

Dua vao phuong trinh ¢dt ap twabin (2.6) ta ¢é: eH,=U,Cpy- U.Chy

C6 thé rdt ra phuong trinh diéu chinh luu lwgng véi cée gia thiét sau:

a, Dong chay 1ir canh hudng dén mép vao banh cong tdc khong cd tén thét. Nghia 13 momen
van té¢ vong o tiét dién ra cla cinh huéng: 7,C,., bing momen van t6¢ vdng O clfa vio banh
cong lac Iy=r,Cy,.

b. Vén toc kinh tuyén & tiét dién ra clia canh hudng va tiét dién ra ciia banh cong tac xac dinh
theo céng thire sau:

c, =2
2mryby,
C'm" = 2
TR

Trong dé: b, - chicu cao cdnh hudng;
F - dién tich cta tiét dién ra banh cong tic.
Tir 2 ¢ot try trén va theo tam gidc van toc tai tiét dién ra cénh hudng ta c6:

¥ 7, 0
. 0 _ i
Cpi=—Cy =C,ciga, = —ctga,
h f it

Tir tam gidc vin toc o 16t ra bdnh cong tic ta ¢d:
Con=U, -C . _u. - €,
v =Uy = Cetgfhy = U, F”ﬁfﬁ:

Thay Cy;, va C,;, vao phuong trinh cot dp ta cé:

Qcigay Q
g =V, - =—— U, (U, - =crgp,
Mogn 1 2byr 2(Us P 25:)
H + U3
Riit ra: Q=8 2
Uctga, U,
——+—=ctgf},
2mb,  F, i

28



UZL L

-

Hay: Q0= 7 @ (2.9)

—ctga, + Lo B
— — -
275, 8y £, 80

Tir bi€u thitc (2.9) ta phan tich nhitng kha ning diéu chinh hu luong qua tuabin.

Trong thuc 1€ tram thiy di¢n cin phéi phét dién vdi tan s6 khong déi, nghia la e = const.
Nhu vay luu fugng thyc (€ ¢6 the thay di néu thay ddi mot trong ba dai lugng: b, o, By:

- Chiéu cao cdnh hudng b,.

- Goc ra cua canh hudng «,.

- GAc ra dat cdnh binh cong tic f,.

Dicu chinh luu lugng bing cich thay déi b, c§ thé thue hien nhe mot van chup. Cich didu
chinh nay ¢6 thé dng dung cho tuabin ¢d nhd. P6i véi tuabin <& trung binh vi ¢ |dn thi diéu
chinh 5, rat khé. phic tap vé mat két cdu va gay nén tén that thiy lye nhiéu.

Diéu chinh luu luong bing cach thay déi géc ra clia cdnh hudng a, dugc dimg phé bién nhat.
Daéi vai ca 3 logi tuabin (hudng iruc, hudng chéo va tam true) ngudi ta thay d6i luu lugng nhet hé
théng cinh hudng. Khi cdc cdnh hudng quay thi do mé cdnh huéng a, thay déi va liu lugng qua
nd thay dot. (xem muc budng dan).

Diéu chinh Ivu lugng bang cich thay déi gée f. duge ing dung két hop véi viee didu chinh
do md cdnh hudng «, tuabin hudng truc va chéo truc cdinh xoay ¢ thé diéu chinh kép, cling mot
lic thay doi hai dai lugng a, va f,. Nhe didu chinh kép dong di ra khai cdnh huéng ludn phit hgp
vGi goc nghiéngeda canh banh cong tac. Hi¢u sudt 16n nhat (y,,,) cla @, tuabin hudng truc va
chéo truc cdnh xoay khong thay doi trong pham vi khd [6n khi thay ddi cong suat. D6 1a wu diém
16n cua tuabin cinh xoeay so vdi tuabin tam truc hodc chong ching.

Ta ticp tyc khao sdt bi€u thife (2.9), tim quan hé giira lvu lugng va s6 vong guay khi cic dai
lugng khdc khong doi. Lay vi phan theo w:

a9 _ [ - r;”f:H wriy dn, gH)
do  dgay ngh o 7 wde
2,#)0 F}
Trong trudng hop o thay doi trong pham vi aho hiéu sudt thiy luc coi nhu khong déi:
d?}",; =0
da
Ky hicu: 1 = 4>0
ciray  racigfh
2mby | F
) S -n.ell
Ta ¢é: i(‘— = A.ML =0
da w”
Dai lwgng A luon duong, ¢6 thé rit ra nhimg nhan xét sau:
n J ! -
U; =n,gH thi ;—Q =0, luu lugng khong phu thudc vio s6 vong quay
[12]

) d\ )
US> n,gH thi d_Q >0, luu fugng tang thi s6 vong quay tang
@

29



Ui <n,gH thi —jg < 0, luu Jwgng tang thi s6 vong quay giam.
@

Trong thuc t&¢ diéu chinh tuabin ta thdy khi phu 1ai tang thi s6 vong quay cha may phat dién

giam. Ngudc lai phu 14i gldm thi s6 vong quay clia mdy phit dién tang. D& }_.,lLl' sG vong quay
khong d6i (tdn s khong ddi) cin diéu chinh canh huo‘ng tuabin dé tang hodc giam luu lugng,
lam cho s6 vong quay dat gid iri dinh mic theo tin s6 dién.

2.3. LUAT TUONG TU VA CAC PAI LUGNG QUY DAN CUA TUABIN

Nghién ctru v thict k€ tuabin khong thé thue hién duge néu khong dua vio thue nghiém. Mat
khac tuabin nudc 1a loai ¢4 kich thude lén (tuabin nude 1Gn hién nay cé duomg kinh bdnh cong
tic dén 10m). Vi vay, nghién ciru, thiét k¢ va xic dinh cic dudng dic tinh tuabin thudng tién
hanh bang thuc nghiém véi cac tuabin thu nho kich thude, goi 1a mé hinh tuabin. Dé dam bao do
tin cy gilfa k€t qua nghién cfu trén mo hinh va trén tuabin thic, ta cdn ¢é cdc diéu kién, cac
tiéu chuin vé quan hé wong tu gilta mod hinh va nguyén hinh.

2.3.1. Cac diéu kién tuong ty

Hai tuabin nudc (mdy thay luc ndi chung) tuong ty phai théa min ba diéu kién twong tu:
twong t vé hinh hoc, vé dong hoc va vé-dong luc hoc.

a. Tiéu chudn tuong tu vé hinh hoc

Hinh dang cba phan dan dong tuabin (phan tiép xidc véi dong chay) cla tuabin nguyén hinh
vii mo hinh phai dong dang. Cac kich thudc hinh hoc cba chiing phii theo mot ty 1¢ nhat dinh.

Dy _bu
D, b,

Trong dé: ky hiéu (M) cho md hinh, (7) cho tuabin thwe.

b. Tiéu chudn twong ty vé dong hoc

S phan bd van t6¢ 1ai cdc diém tuong (ng trong phin dan ddng cta hai tuabin phai tuong ty,
nghia 12 ty 1& gilta cdc van t6¢ tuong (ng biing nhau, cdc tam gidc van t6¢ phai déng dang.

u W C
M oM M = A, =const
v, W, C; -

c. Tiéu chudn tuong tu vé dong luc hoc

Hai tuabin mé hinh va thuc tuong tu thi ty 1¢ cda cde luc tac dung lén cac phan ur tuong (g
phai bing nhau.

=..= A =const

P F
MM Ay = const
P F '

d. Cdc chudn s6

Tir nhitlng cong thitc suy dién theo diéu kién cha tiéu chuin twong ty dong luc hoc ngudi ta
rit ra mot sG nhing chuan s6: Raynon, Frut, Ole.. Mbi chudn s6 ndy dic trung cho mot thanh
phan Iyc ndo 36 tic dung lén dong chiy trong tuabin. Chuan s6 Raynon (ky hiéu Re) dac trung
cho lyc nhot cha dong chay. Cong sudt Frut (ky hiéu Fr) dac trung cho lyc trong truding, Chuan
s Ole (ky hiéu Eu) dic trung cho 4p lyc. Ngoai ra cdn nhiéu loai chuéin s6 khdc, nhung yéu ciu
t6i thiéu 12 hai chuén s6 Re va Fr sao cho:

Rey= Repva Fry= Fry
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Trong dé: Re = g-(-{;Fr = Qz—

v gl
2.3.2. Cac quan hé tuong tu trong tuabin
Pé 1ap quan hé tuong ty, ta xét mdi quan hé gifta van to¢ va cot dp. T tam gidc van tdc ta cé:

c W U
sin /7 - sin £ - sin{ ff —ax)
Tuong dng vdi tam gidc van tc & cira vao va cita ra ta ¢o:
__Ussing, C. = U, sin S,
sin(f, —a) ° sin(f, —a.)

U, sin B, cosa,

1

Cp=C cosa, =—
sin( 3, — ;)
{J,sin A, cosa,
Cy» =C,cosas =—~3———L—
sin(f, —a,)

Thay: U, = U,.k: k=D,/D,; vao phuong trinh cét 4p ta co:

Usinf cosa,  UTk*sin B, cosa,
mgH =U,Cy —U.Cyn = x ] L= N =
sin(f, —a,) sin{J, —a,)

Vay
sin{ B, —a, )sin( 5, —a-)
U, = H = =K n,8H
' TVIE sin B, cosa, sin( 3, —a,) — &k~ sin 3, cosa, sin{ 3, — ;) uVInE

Bang cach tuong ty rit ra biéu thixc:

C, =K, gt
W, =Ky jn,et

Cic he s6 K,,, K., K, phu thude vio gée clla tam gidc van toc va ty s6 D./D,.

N¢u hai tuabin tuong tu thi cdc hé so nay khong thay déi (tir diéu kién tuong ty hinh hoc va
dong luc hoc). Vay ta suy ra cdc cong thie bi€u thi quan hé cua nhifng thong s6 chinh tuabin
gilta md hinh va thue.

a. Quan hé luu luong
Luu lugng 1y thuyét cd the xdc dinh theo cong thirc:
Q = QHI?{} - ch = FK{_'m "h!gH
Trong d6: F = H Db =1Ta ¥, (a=b/D)
F - dién tich tiét dién ¢6 dudimg kinh D, chiéu rong b.
Vay: Q = ‘??UQH = NaD: Kr.'m ’??HgH

Quan hé luu Iwgng cha hai tuabin tuong tu c6 dang sau:

Ou _ Tont §2u _ Dir\iﬂw _\J'HM
Or NorOr D;\J' e AHr
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Hay: Oy D_.i; Nt Hyynor

= = ‘ (2.10)
gr Dy Ve A Hrloy

b. Quan hé s6' vong quay

56 vong quay cla hai tuabin xdc dinh tir cong thitc:
Ui - Dy _ N e Af H v
Uir Dragiyyy vHr @2.110)
Py Dy JHy
e Dy JHr g

c. Quan ké cit ap tuabin
HM’ LT RS Dy s AT
— =) () = (2.12)
Hy fir Dy

d. Quan hé cong sudt
Ny - NuQuf y - (DM )2 HyHy NTust Nor v
Ny neQrfy Dy HyHe Myr Tow Tr
Nu _ ( Dy o HuHy T 1or Ty (2.13)
Ny Dy HpJHy e How Tr

Trong thuc 1€, tinh todn thiét k€ ngudi ta chon tuabin & budc ban ddu thudng tinh gan ding,
bO qua sy khdc nhau vé cdc dang hiéu sudt cia mé hinh va thuc, va [dy 1y 1€ Kich thudc véi

dudmg kinh D,. Ta ¢ quan hé gin ding sau:

Q.’t-}‘ ={D1M )1 A HM

QT Dy \;I'Hr

Mg _ DiryjHy

iy Dw HT

Ny :(Dw )2 H oy H
Ny Dy HeHy

2.3.3. Cac dai lugng quy dan cla tuabin

(2.14)

Trong viéc thiét k¢ tuabin cdc thong s cla tuabin (H.Q.n,N) khong thé dac trung cho cdc

tuabin cung loai tuong tu véi nhau.

Dé dac trung cho cling mot loai tuabin tuong tu v6i nhau, ngudt ta ding cac dui lugng quy
dan. Céc dai luong nay mang tinh chit udc 1€, khong phai 12 gid tri thue cha mot tuabin. Cic dai
lugng quy dan ca tuabin 12 cde tr] s6 vdng quay, luu lugng vi cong sudt cua mét tuabin ¢6

duong kinh banh cong tic D, =1m. lam viéc vdi cot 4p H = Im.

Tir cdc cong thitc (2.10), (2.13) néu D,y = Im, Hyy= m, g0l Oy, ny, Ny 1007, 0’5 N7, va bo
cic chi s6 (T) wuic 1a viét Dy, Hy, ny. Ny thinh ra D, H, Q. n, N. Ta ¢é cong thic tinh cdc dai

luong quy dan;
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nD,

.
: Y
Q) =—FF7— (2.15)
D;: ‘r?er
) A
I\‘II! — n{}f

DEH A1
Nhu vay cic tuabin tuong e v6i nhau thi c6 cing mot dai lugng quy dan.
Néu bd qua sy khdc nhau vé hiéu sudt gidta cdc uabin tuoeg 1y, ta ¢6 cong thic:
- _ b, ' 17,9 : n,N
==t O ==, N, = (2.16)
UHC Y pET T DiaH

Vay khi thiét ké tuabin, ncéu chon dugc mot mo hinh nao do ¢6 duong kinh Dy, = 1m,

H,, = lm va cic dai luong quy dén n’, Q' N7\ thico thé xdc dinh cdc thong sé tuabin sé thiét
ké theo cong thifc sau:

0 =0,VHD}
_nH
Df
N=N,DHJH =9810.0,D HH
2.3.4. S vong quay dic trung cla tuabin

Trong nginh may thity lyc d¢ bidu thi dac trung tong hop cla cic thong s cd ban clia may
H. Q. N. n. ngudi ta dung mot hé 8 goi la s6 vong quay dic trung, ky hicu la n,.

1

(.17

D6i v6i tuabin nude, s vong quay dac trung #, 12 $6 vong quay clia mot wuabin lam vige v
co1 dp H=1m va phdt ra cong sult N=1kW.

Tir cdc cong thire (2.10)-(2.13) vé guan h¢ tuong ty clia cdc thong s6. Néu tuabin thuc ¢d
thong s6 my=n, Hy=H, Ny=N, Dy=D,, Q;=Q. con tuabin mo hinh tuong tu cla né ¢é thong s6
H,= lm, Ny= kW, ny= n,_, coi hi¢u sudl cua hai tuabin bing nhau, ta ¢é cong thic tinh »;

N (2.18)
HiH

Hay tinh theo cdc théng s6 quy dan ta co;

", =

n:,\!H ' »

n o =—"1"0_ JOBINOD, D HNH.

s D]HW\/ 10, D,

n, =3,65n‘_,1)Q;.q (2.19)

Trong d6: Q, tinh theo m'/s.

S6 vong quay dic trung 12 h¢ s& téng hop ¢6 tinh chét dac trung cho cdc thong s6 chinh cua
tuabin, NG khong phai ta s6 vong quay thyc € ca tuabin.

Néu cho trude cdc thong sG cia tuabin H,QN,n va tinh #, theo cong thic (2.18) thi gid 1ri 2,
tinh duge s& 12 56 vong quay cba mo hinh tuong w véi tuabin thuc (s& thiét k&) Jam viéc vdi ¢t
ip Hy=1m, phdt ra cong sudt Ny=1kW,

MGi kiéu tuabin do pham vi lam viéc vé cOt dp va cong sudt khac nhau nén », cling khdc
nhau. Loai tuabin hudng truc ¢ cot 4p thép, cong suit 16n, mac diu s6 vong quay thyc t€ nho
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nhung luu fugng 16n nén sO vong quay dac trung cing 16n (n, = 500-950). Loai teabin gio
lam vig¢e vdi eo1 nude cao. cong sudt nho. luu lugng nhd nén s6 vong quay dac trung cling nhd
(n, = 5-70).

Céc toabin tuong tu thi déu ¢d chung mat s6 vodng quay dac trung gidng nhau khéng phu
thudc vio dudmg kinh vi cac thong $6 khde nhu H.QN. Vi viy, ngudi ta cdn phin loai tuabin
theo 30 vong quay dac trung nhu di dé cap 6 phan uén.

2.3.5. Tinh toan hiéu suat tuabin thyc tir tuabin md hinh

Trong muc quan hé tuong t, cic cong thie (2.10), (2.13) déu chifa cdc ty s6 hidu sudl tuabin
mo hinh va thue. Néu tinh gin ding cé thé bd qua cac 1y s6 ndy. Tuy nhién thuc 1€ cho thay hai
tuabin tuong trr (thuc vd mo hinh) cing lam viéc & ché do tuong nr s€ ¢4 hicu suat tabin khic
rthau, phu thuge vao cot 4p va dudmg kinh binh cong téc cua tuabin. Nguyén nhén Ja do su khic
nhau v¢ ton thit trong hai tuabin tuong tw. Nhung ban chit vin dé ton that trong tuabin Jai hét
sttc phife tap. ngudi ta chua tim ra nhimg phuong phép tinh chinh xédc cdc dang ton that nay.

Trong thyc t€ dé xdc dinh hiéu suat cua tuabin nguyén hinh thco hiéu sudt mé hinh thudng
phai diing dén cong thic thye nghiém.

Khi ¢4t ap H<150m diang cong thife sau:

D
Doaer = L= 0= );/ - (2.20)
? Y DIT
’D 'H
o ~=t-(1- sf—1 AL {2.21)
}max r ( qmax M ) D”_ [{T

Hai cong thitc (2.20) va (2.21) chi diéing & ¢h¢ dé t6i uu cua tuabin, Con cdc ché dé khic
ngoai ch& do 16i wu thi viéc hiéu chinh hiéu sudt thuc tir tuabin mé hinh s¢ phisc tap hon, can dén
nhitng nghién citu dic bigt vé van dé nay.

Khicot ap H>150m:

2.4. VAN PE TON THAT TRONG MO HINH HOA TUABIN

Tén that trong tuabin gdm c6: tdn that thuy luc, 16n thit 1hé tich (hay con goi ton thit luu
lugng) va 1én thét co khi. O day chi danh gid su khdc nhau gitra hiéu suat cha tuabin thyc vi
tuabin md hinh do anh hudng cia cic yéu to ton that.

Sau day ta xét cdc dang t6n thét chinh:

2.4.1. Ton that thuy luc

Tén that thuy lue trong tuabin gém ¢6 2 dang: ton that ma sat va 16n thil cuc bo (x0ay).

a. Ton thdt ma sdt

Tén that ma sat trong tuabin cling gidng nhu ton that doc dudng trong dudng ong ma ta da
xét trong phan thuy luc dai cuong, tinh theo cong thirc:

Lcr
R

Trong d6: a- hé s6 tinh dén do nhdm twong d6i cia phan dan dong;
R- bdn kinh thuy lue;
C- van tdc dong chay;
L- chiéu dai dong.

h(." =d
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Vi phén dan dong cua tuabin luon thay d6i kich thudc, hinh dang doc theo chicu dai, nén

phai tinh t6n thit Ak, cho timg doun AL,
Ah :ai\_f_i_
AR,
Bin kinh thuy luc R ty 1& bac mot vai dudng kinh D, va céc kich thude cta phan dan dong cé
thé quy theo ty 1¢ v6i D, vi thé ¢o thé viét bidu thirc trén vé dang sau:
AL C7

A =a—.
D] D|m_|

Theo téu chudn trong (o hinh hoc ta co: D = const
1

Con van 16c C phu thuge vao ot dp theo cong thie:
C = (pj‘\,[ﬁ

Trong do: ¢ hé 6 vin toc tai ting doan i irén dong chay.
in dong trong mo hinh thu nho thutng khong thé

Ta thdy riing do nham twong d6i cua phin d
¢. Do nhdm twong doi nay clng phu thude vao

dam béo ty 1& trong w hinh hoc voi wabin thur
dudng kinh banh cong tdc D, vacotap H.

b. Tén thdt cuc bo
C;
2g

‘Tén 1hat cuc bo 1inh theo cong thie: A, = z S
'Tahéu1hiv$nt6cdhngchﬁyCfuwoluuluqﬁgVﬁduangkﬁﬂlD“(;::ég

Trong d6: 0 = 0,D; JH

F; =m;Dy (m-he 56ty 1)

Vay:
:Qﬁﬁﬁizgig
r mJ.Di1 ! m,
H
ho=Y ¢ _Qi-
2mg

Hiéu suét thity lyc chia tuabin néu chi tinh tdn that cuc bo la:

H-hQ;
B = I Zé:f __'—QJ_
2um;
i
N¢u ky higu: k.=>¢& s
¥ g . Zs 2am?
thi: 0, =1-k0QF (2.22)

Hai twabin teong tu cing 1am viée G cac ché do gidng nhau thi hé s6 k=const va ching ¢é

cling mot thong s6 huu lugng quy dan 0,

35



Viy ta ¢6 thé két luan rang: d&i v&i tuabin mo hinh va nguyén hinh tuong tu thi hieu suit
thoy lyc chi tinh dén 10n thét cuc bo khong thay doi. Khi mo hinh héa tén that thiy lye chi con
lai su khdc nhau vé ton that ma st doc dwdng, phu thuoce vao D, va H.

2.4.2. Tan that thé tich

Dong chay qua tuabin ¢6 mét phdn luu lugng do qua khe hé giita réto v stato. Phdn luu
lvgng nay khong tham gia vho viée bién déi nang lugng.

Luu fugng qua khe hd ¢6 the xdc dinh theo cong thic: AQ = pF f2gH
Trong d6: F- dién tich khe hé tinh theo D, F=mD,*
#t- h¢ s6 luu lugng

Vay: AQ = ymeJZ;,? = KQD,E\/;L?
Ky hiéu: K, = ;:meJE
Hiéu suat thé tich s& 1
H=Q—_£=bl—1€ L (2.23)
Q ! QF

Tir bi€u thite (2-23) ta thdy hiéu sudt thé tich cta tuabin mo6 hinh va nguyén hinh tuong tu
cung fam vi¢e & cdc ché do gidng nhau thi khong thay déi. Vi ring chiing ¢ clng hé s6 K, va
O, . Tuy nhién khe hé giita banh cong tic va v cla tuabin nguyén hinh va mo hinh khong nhat
thiét tuong tu, nd phu thudc cip gia cong chinh xdc.

2.4.3. Tén that co khi

Tén that co khi 12 t6n that nang lugng do ma sat co khi & cdc 6 truot, & d&. trong cdc dém
chdng tham giita b phan chuyén dong va bo phan khong chuyén dong cha tuabin, déng thoi do
ma sdt gitfa cdc bd phan quay véi nuée d phan dan dong (goi 1a ma sér dia).

Tén thit co khi do ma sit tai cac 6 d8, 6 trugt:

m
my 30
Trong dé: M,,.- momen ma sat & cdc 6 dd, 6 truot,

‘ANm.s' = Mms w=M

Hiéu sudt co khi tinh dén tdn thdl ma sit trong & d3, & trugt:
— N B AN?”.\' 2 l _ M'ﬂ\'m

??m.\' - N }'QH30
Thay 7,0 theo n, . O, ta co:

=1- Mmsm!
’?ms - ' 3
3040, H.D;
Ky hiéu: = —e
304D} H
Ta c6: n, =l—k M —L (2.24)
0

Tir biéu thie niy ta nhan thiy hidu sudt co khi do t6n that ma sdt cla tuabin mo hinh va
nguyén hinh tuong tv khdc nhau. Dai vai tuabin ¢ cong sudt 1dn thi hic¢u suat co khi I6n hon
tuabin ¢é cong suat nho.
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~ Tuy nhién trong can bing nang luong tuabin thi tén that ca khi tuong doi nho so vii cdc dang
ton that khdc, Thudng hicu suit co khi ciig tuabin chi ndm trong khodng 96%-98%.

Vi hieu sudt co khi ciia tuabin khd cao nén viée ddnh gid su khdc nhau cha hiéu suit co khi
clia mo hinh va nguyén hinh twong  cling duge bd qua. Vi vay ta khong xét dén tén thit co khi
do ma sét dia.

Qua nhitng khdo sdt va phan tich sir khiic nhau cia cic dang hiéu suit cua tuabin mé hinh va
nguyén hinh ta co6 thé nit ra két ludn sau: hiéu suit do tén thit ma sit doc dudng clia mo hinh va
tuabin nguyén hinh wong ty thay doi phu thude vio dudng kinh bdnh cong tac vi cOt 4p tuabin,
Con hi¢u sudt thiy luc do tén that cuc bo, hi¢u sudt thé tich ciia tuabin mé hinh vi nguyén hinh
Wwong tu giong nhau. Hiéu suat co khi co ban phy thudc vao cong sudt ciia tuabin.

Khi mé hinh hoa tuabin can chi ¥ sw khdc nhau v& hi¢u sudt thiy lue, phu thuge vio D, va 11,
Bicu nay cling |a e 5o Iy giai cho hai cong thic thue nghi¢m (2.20), (2.21) di néu tren.

37



Chuong HI: HIEN TUONG XAM THUC TRONG TUABIN
3.1. HIEN TUOGNG XAM THUC VA TAC HAI CUA NO

Xam thuc [h mot hién tugng hod 1y phide tap xay ra trén bé mat phan dan dong khi dong chay
qua tuabin. Ching ta s& khong di sau vio qua triinh bién doi tinh vat 1y vit cde phin ding hod hoc
cua hién tuong xam thue, mi chi quan st hién tgng, tac hat coa né va nghién ¢t phuong phip
ngan chan hién tuong niy doi véi tuabin thuy lue.

Vay hién twgng xam thuc la g1 ?

Xam thue 1a mot chudi cde chu trinh xdy ra lién tiép trong mot khoang thoi gian cue ngan khi
c6 nhitng phan tir chat 1ong trong dong chay bién doi trang thdi 1l ldng sang hdi ¢ nhimg ving
., - . . . i o .
¢ dp sudt nho bang dp suat boc hat.

Ta di biét chat long ¢é thé béc hoi & nhict 4o bat ky néu dp suil tai d6 dat gia 1} dp sudt boc
hest. Vi du: nude ¢6 thé hod hai ¢ nhiét d6 100"C néu 4p sudt xung quanh 1 10,33m cot nude.
Nhung néu & 4p sudt ha xudng dén 1,26m ¢t nude thi n6 ¢d thé bde hoi & 50°C (bang 3.1).

Bang 3.1.

006 1012024043 0721126203

Ap suat boc hoi
| Py, mHO |

Dong chay qua phin dan tuabin luon thay doi van IOL vit dp sual. Tai mdt s6 ving nhat dinh
4p suat s& ha rat thap dén gid tri 4p suat béc hoi. Dong chay di qua tuabin, qua ving ap sudt dat
pid tri 4p suat bac hai dudi dang cic bot hdi nude va khong khi. Céc bot d6 bi cudn vao vung dp
sudt cao hon dp sudt hisc hoi. 0 noi dé hoi nude bi ngung ty dot ngdt v thé tich nhéd hon rat
nhiéu so v6i thé tich cta bot khi, vi viy cdc phan tF nude ¢ xung quanh tran vao Lip chd trong
v&i vin 10c cue 1dn. Tai viing trung tam bot khi cic phin 1 nude gap nhau, va dap manh vai
nhau lam tang dp sudl & trung tam bot khi. Theo thi nghi¢m dp suét do cdc phan 1 chét long va
dap & trung tam bot khi dat (di vai ngan atmotphe va nhiét do do d6 cling tang 1¢n vao khodng
230" C. Sau d6, vi si va cham manh ¢ trung tam bot khi cde phan 1 nude d6 bi ban trés ra tam
cho ap suat & trung 1am bot khi lai giam xudng va tao ra khodng trong ¢ do. Cac phan trr nudc da
bin ra, sau dé tiéu hao hét déng nang va bi va dap véi nhitng phin tif xung quanh khdc, lai quay
trét Lai trung tAm bot Khi 1p chd trdng vira tao ra. Mot chu ky ket thiie, chu ky tiép theo Jai lap lai
nhur vy cic phan tir nudc va
dap khi di chuyén vao trung
tam bot khi, d4p sudl va nhiét
do tang... Cdc chu trinh nay
tap lai v&i tén s6 rdt 16n, gan
biang 14n s am thanh. Dao
dong do hién trgng xam thyc
Flind 3.0 X thue tren cdnft bdith cong tde tiabin. g3y Ta dugc truyén qua dong

- I
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chay va truc tiép hodc gidn ti€p d&n bé mit cdce chi tiét Kim loai cGa phan ddn dong. Ban dau céc
hé mat cua chi tiét bi xoi mon do va dap. do dao dong song tén s6 cuc I6n. Sau do bé mat chi tict
bi 161 16m lai cang lang 16¢ d6 phi hoa.

Ngodi ra trong qud trinh xdy ra xim thuc Tudn ludn kém theo su tang nhiét dé tic thoi kem
theo cic phan tng hod hoc tai cic diém bi cong pha. Mot trong nhitng sin pham cla cic phan
{&ng hod hoc 12 cic loai axit. Cdc axit nay lam ting kha nang an mon kim Joai. Diéu nay duge
khang dinh bang thuc nghiém. Néu thay cdc chi tiét bing gém, thuy tinh dic bigt thi su phd hoai
it di.

Hién tuong xam thuc trong tuabin khéng nhimg phé hoai cde chi tiét ma con [am gidm hiéu
sual tuabin, din tdi giam cong sudt twabin mdt céch dot bién. Ngoai ra, hién wong nay con pay
ra ti€ng 6n lan. gay ra dao dong, rung mdy din dén cong truc, viy & hi va phd hoai su lam viéc
clia ca to mdy.

Trong két ciu tuabin nhitng viing thudng xdy ra xam thuc la nhimg viing ¢6 dp suit thap: xam
thuc x4y ra manh shat van [i tren cdnh bdnh cong tac (hinh3.1). Bang thuc nghiém ngudi ta do
duge biu dé phan ba dp sudt trén bé mit canh tuabin (hinh 3.2). Viing 4p sual thip 1a viing gin
mép ra vé phia lung cdnh, noi ma van toc tuang doi W rat 16n.

Ngoai ra, con ¢6 thé xay ra xam thye 6 dia dudi cia tuabin tam truc, & phin vio cta budng
hit tuabin, & mép voi phun cta tuabin gdo.

Trén day ta di xét dén nguyén nhan vi cdc tac haicua pry

hién tugng xam thuc. PE trdnh hién tugng niy trong qua B - bH
trinh tuabin Jam viée ngudi ta phai ¢é nhimg bi¢n phap © A S S
tang kha niang chéng xam thuc cua tuabin, ﬂ

- Khi thiét ké tuabin. ngudi thiél k& cin tinh bién (\ '

dang cinh binh cong tic va phan dan dong suao cho su

phan bd van t6c (phan bd dp sudt) trong cdc ving do déu N

hon, tranh tao ra nhiing viing van toc qud lém, dp sudt qua ’,‘%‘

thép. W @ /7 inp
- Cao trinh dit tuabin trong tram ciing dnh hudng rat X L

16n dén kha nang chdng xam thuc cua nd. Hinh 3.2- Phan o dp suat

trén cdnh bdanl cong iae

3.2. PIEU KIEN XAY RA XAM THUC VA HE SO XAM THUC CUA TUABIN

Dé thict lap phuong trinh bigu thi diéu kién xdy ra xam thyc trong viing binh cong tic cia
tuabin ta gid thiét s& 6 mat cdt v — v nho d6, gin mép ra 2 - 2 cla bénh cong tdc, noi s€ xay ra
4p sudt thap. Xét mot dong nguyén 10 ciia dong chdy qua tuabin (hinh 3 - 3).

Ta c6 hé viét phuong trinh Beenuli cho dong tuong d63, di qua tiet dien x—xva 2 - 2.

- M 2 ] 3 W"ﬁ b'_'l
z B W U, (B U sy 3.1
Ty 2g 28 y 24 g

Viét phuong trinh Becnuli cho dong tuy¢t dsi véi tiét di¢n ra cta binh cong tdc 2 — 2 va tiét
dién ra cla ong hit 5 — 5.
P C; P,
Z,+ ~+C- =L t—+
yoog y

C?
4y b {3.2)
2.8 Z =

. . P P, i
Ngodiratalwi y: ~—=—-Z, = — = B (B - dp suat khi tran)
4 Y :
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N A b e e . Dy
Tur 3 biéu thic trén rdt ra dp suit - :

4
P 1o T o Tyt
_-"=B—Z‘—[C2 G +w-" Wi +U ~Us ] (Zh
y 2.8 2g
Y wiew? Uloyl
=B-7Z - G- - U + Y ks (3.3)
2.g 2.8 ’s:

Trong dé: Z,— khoang cich tir tiét dién x - x, noi ¢6 dp sudl nho nhat, dén myc nude ha luu
Z, ¢dn goi la chiéu cao hit 1y thuyeét,

1-C; ﬁ-w- U;-U:
{C_. LW : L]th
2.8

Nhém eie s6 hang:

28 2.g
goi 12 30 chan khong thuy dong, k¥ hiéu la oA .
D6 chan khéng thuy dong ctia tuabin of [ phu thude vao
ch& dd lam viée ciha tuabin, Rat ra:
CI-C Wl -Wy U -U:
S T - 4= nx _Zh\'—ﬁ
2.8 2.8 2g o
o = (3.4)
H
Trong do: ¢ — hé s6 xam thue tuabin.
H - ¢O1 dp cua tuabin,
Ta xét trudmng hop xdy ra xam thuc thi 4p sult tai diém
bing dp sudl boc hoi (P 7) ¢ thé xac dinh chicu cao hiit 1y
thuyé1l nho nhat bang bidu thire sau:

P
7, =B~ —oH. {3.5)
7
{linh 3.3, Sordo winh dien kién Nhur vay chiéu cao hut c¢ bian phu thude vao hé s6 xam thuyc
Xdy ra xebnd e ruahin o, cot dp H, dp sudt khi trdsi B va nhiét d§ cua nude.
Pé nghién ciiu sit phu thude cua hé s3 xam thue vio ching loai tuabin va vao che do lam vige
ctta nd ta bién déi dai lugng chan khong thuy dong nhu sau.
- Van toc ¢ cra ra cla ong hit C. rat nho so vdi van 10c¢ 1ai cia ra tuabin €. co1 5 = ().
g
s e .- 2 2 2
- Bi¢n déi cum s6 hang C; + U5 — W, nhu sau:
I Rl r
(— +b__u/h_ C:::"+Uu"+b""b +"'C U""C ul J::EZECJCUZ
Thay vao biéu thic (3.4) ta o
w?-U; U.C,,
oH = = - th--s (3.6)

2g
Tur bidu thic (3.6) ta thay: khi thay d8i ché do lam viéc cha tuabin thi h¢ 5O xam thuc wwabin
& thay déi. phu thuge vio luu lugng (d6i véi cde tuabin thie lam viée O tram). Piéu nay thé
hién qua s6 hang W,. Khi luu lugng tang, hé¢ so xam thuc o tang. Mét khic muén giam hé so
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xam thuc thi cén tang t6n that i, ; trong 6ng hit. Nhu vay cting mot lic khong thé nang cao cht
lugng cua tuabin vé xam thuc va nang lugng.

Hé s6 xam thuc & phu thuoc vao loai tuabin, nghia la phu thudc vao s6 vong quay déc trung.
D6i véi tuabin huéng truc thi o 16n, tuabin tam truc o nho hon.

Trong qua trinh thiét k& tuabin cdn phai dénh gid duge kha nang chéng xam thuc cua tuabin
bing 1y thuyét. Nhung viéc tinh todn ¢ c¢6 thé gin ding cho ché€ do tinh todn, con & cdc ché do
khéc thi khong thé tinh toédn o .

Pé xdc dinh hé s6 xam thuc thi phai dua vao két qua thuc nghiém. Ta s& lam quen vdi bang
thir dung thi nghiém xam thuc va céc phuong phép tinh todn o tir thuc nghiém & chuong sau.

3.3. CHIEU CAO HUT VA CAC BIEN PHAP CHONG XAM THUC

3.3.1. Chiéu cao hut

%

hi
-

HHs| -Ms |
I
.t|

Hinh 3.4. Chiéu cao hiit quy udic

Trong thuc t& viéc xdc dinh vi tri tiét dién x — x noi ¢é dp suit nho nhat rat khé. Ngudi ta quy
ude vi tr ¢6 thé xdy ra dp sudt nho nhat va tai d6 6 tinh dén mot dai luong duy trif an toan dé
khong xay ra xam thuc & ché do tinh todn. D6i v6i mbi loai tuabin thi chiéu cao hit quy udc
ciing khac nhau.

D6i v6i tuabin hudng truc va hudéng chéo truc dat ding canh xoay thi Hla khoang cdch tir
tam xoay canh dén muc nu6e ha luu.

D6i v6i tuabin tam truc dat ding thi Hj la khodng cdch tir mép dudi canh huéng dong dén
muc nudc ha luu.

D6i v6i tuabin nim ngang Hy 1a khodng cdch tir diém cao nhat clia 6ng hit t6i muc nude ha
luu,

Néu muc nude ha luu V" thap hon cic diém quy udc trén thi chiéu cao hiit duong (+ H).
Néu muc nude ha luu cao hon cdc diém quy uéc trén thi chiéu R
cao hut am (- Hy). g \ [ l

Chiéu cao hit Hy tinh todn cho cac tram nhu sau: 0071

Trong diéu kién nhiét do binh thuomg (15 - 30°) thi dp sust %
boe hoi nam trong khoéng 0.18 dén 0.43m H,O. Ta chon Py,/y
=0.33 m H,0. Ap sudt khi trdi 12 10.33m H,O, n6 phu thudc
vao do cao cong trinh so véi muc nudc bién. Tir biéu thic
(3.5), thay Z, bang H; ta c6:

™

0 20 L0 60 80 100 /120 140 HM
Hinh3.5- Quan héAo =f (H)

\Y% \Y
=10.33-0.33 -—~— Ac)H =10- ——\oc+ A0 )H ; 3.7
Hy=1033-0.33 - .(0‘+ o) b (o+Ao)
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%
Hay Hy=10- —— KoH
900

Trong d6: V — do cao clia cong trinh so vdi mye nude bién.
K vd Ao — hé s0 du trit (hé 56 an toan)

Chon: K = 1.05 =1.1. Con A& chon theo cot dp /1 tuabin (hinh 3.5)

Khi tinh toan chiéu cae hét //; cin chd y dam bao diing khodng cach nhu dd quy udce & hinh
3.4. Trong mot s6 tii licu cii ¢6 thé gap sai léch so vdi quy wdc nity. Viduy, c6 thé lay chiéu cao
hit clia tuabin dat ngang 13 khoang cich tir ha fwu dén truc tuabin. Khi tinh todn ta phai tinh
thém khoang D,/ 2 la Lhodng sai 1éch s vdi quy ude. Vay cong thic lic nay s¢ la:

: v D
Hi=10- — - KoH - =
900 2

Hoac, d6i v&i tuabin dat ding néu ldy H, 1a khoang cdch tir 1am cinh hudng dén ha luu thi
khi tinh todn phai thém khoang b,/ 2 (b, —chiéu cuo cinh hudng). Vay cong thirc H, s¢ la:

Vv b
Hy=10- ——KoH + 2
900 2

D€ dam bao cho tuabin lam viec khong x4y ra xam thyc thi chiéu cao hit cba (6 mdy phai

nhd hon hoic bang gid tri H, dugc xdc dinh theo cong thife (3.7), goi 1a chiéu cao hit cho phép.

v
H_s'f'M <10- %6 - KoH [38)
Tir cong thiic (3.8) nay ta tinh todn duoc hé s6 Xam thyc t6 mdy:
\%
10 - ‘500 - Hsm
G mi= H (3.9)

He s6 xam thuc t& mdy phu thudc vho cdc thong s6 cta tram nhur: cao trinh V, ¢ot ap tuabin
H. vivchidu cao hit thuc (€ cia 16 mdy Hyy.

Hé s6 xam thuc 18 mdy o ;- khdc voi hé sé xam thyc cia tuabin ¢ 1a 0 4y phu thudc vao
ché d6 kich thudc, hinh dang cila tuabin, hé s6 xam thuc 18 midy o ;4 bao gity cling én hon h¢
s& xam thyc ¢ ciia tuabin.

3.3.2. Bién phap chéng xam thuc

Hién tgng xam thue xudt hién cung vdi viéc tang van 16¢ cua dong chay tuabin. Dau tién chi
13 diém, viing nho, sau dé phat trién thanh ving 16n hon. Trong ldc van hanh khong cho phép
xudt hién xam thue véi cudng do 1on. Bai vi khi &6 hiéu suat va cong suat ciia tuabin giam dot
ngot, kem theo hién tugng rung dong manh, 6n. cic chi 1iét & vaing bi xam thue bi phd hoai.

Tuy nhién trong thyc t&, néu yéu cdu tusbin 1am vige khong xay ra xam thuc ¢6 thé 1a khong
kinh €, vi phii dit sau tuabin, lim tang khoi lugng dao dép cia cong trinh. Do dé, c6 the cho
phép twabin 1am viéc & mot s6 ché do cd cong sudt 16n xdy ra xam thuc cho timg bo phén nho
ma khong dnh hudng nhiéu dén hiéu suiit cla tuabin. Trong trudng hop nay nguoi thiét k& tuabin
¢6 thé tang d6 day cée chi tiét, hoac dung vat liéu (6t hon, hodc cd két cau thdo lap cho céc chi
116t bi xam thuc dé ¢4 thé han diip trong khi sira chita.

Khi thigt k& tuabin cén chon hé s6 xam thuc clla tuabin cang nho cang t6t (d€ giam tién ddu
tr xdy dung nhd mdy). Mat khac can chon vét liéu thich hop c6 kha nang chong xam thyc.

Trong van hanh, n¢u phdl hi¢n thdy ¢é hicn twgng xam thyc lam cho tzabin lam viée khong
binh thudmg c6 thé khéc phuc bing bién phap:
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Bom khong khi ¢6 dp sudt [6n hon dp suat khi troi vao budng hiit, cang gdn mép ra ciia banh
cong tdc cang 161,

C6 thé tang 16n thét trong budng hit dé nang dp suat trong vung banh cong tic.

N6i chung cd hai bién phép trén déu khong kinh 1€, din 16i giam hiéu suit tuabin.

3.4. HIEN TUQNG MAI MON TRONG TUABIN

Trong thuc t& dong chay wén cic séng, sudi déu mang lan tap chéft: cdc hat phit sa, hat
khodng, hat cdt... Cdc hat nay theo dong chiy qua tuabin s& £y ra hién trong mai mon chi tiét,
NG ¢6 anh hudng 16n dén kha nang chéng xan thie cda tuabin. Sy mai mon ngoai viée lam tén
hao bé mat chi 1iét, né con dan dén hau qua Jam gidm hi¢u sudt 16 mdy. Cac chi tiét bi mai mon
nhi¢u nhdt 12 cinh binh cong tac. cdnh hudng ddng, bé mat trong cla budng binh cong tic va
cdc gioang lam kin, Cic gioang bi hur hong gay ra t8n that cho t§ mdy (c6 thé din dén 18n that
ning lugng cla 16 mdy khoang 6% mot nam).

Céc y€u t6 quan trong nhdt trong hién tuong mai mon chi tiét 1a: kich thudc, mét d¢ cua hat;
van toc dong chay va kich thuée vat liéu cia chi tiét.

Su anh hudng cilia cic yéu 16 dén kha nang bi mai mon cia chi tiét duge bicu dién dudi dang
him s6:

I =M LK, D).
Trong d6: M- mat do cdc hat (43 quy vé mét kich thude):
V- van 16c dong chay tai tiét dign tinh todn;
#- thoi gian lam viée cha tuabin;
K- hé s6 chiu mii mon cla vat lidy,
D - dudng kinh binh cong tac tuabin.

Tinh todn cdc y€u (0 trén, ngudi ta xse dinh dugce thasi han bao dudng cac chi tiél.

C6 thé dp dung mot s6 bién phdp 1am giam sy mai mon cdc chi tiét do cde hat trong dong
chay qua tuabin:

- Khi thi€l k€ cong trinh tram han ché dén miic t6i da cdc vat thé rdn 1an vio dong nudc: xay
bé Jang, IuGi chin rdc v. Tuy nhién, ngay ca nhing hat ¢6 kich thuée nhé hon 0.25 mm cling
van gy ra sy ma mon chi tiét.

- Khi thi¢t k& tuabin, chon vat liéu chju mai mon. Céc chi tiét cin thiét c6 thé 6i luyén hoic
phi b¢é mat | mm béang nhimg chat ligu bén. Tai nhiing noi dong chdy <6 van 16¢ 16n bé mat
canh phat giam do cong. Tranh nhimg ngoat gip hoic co hep dot bien ciia dong chay. Doi véi
cac tram dit & noi dong chdy ¢ nhiéu du lugng hat, cdn chon tuabin ¢6 van i6c giam di. Céc chi
1iét ¢6 thé bj mai mon can duge thict k& <6 kha nang thio lap, sira chita thuan tién.



Chuong IV: PUONG PAC TINH CUA TUABIN

4.1, MO HINH VAT LY VA HE THONG THI NGHIEM

Tuabin nude 13 mot loai thiét bi déng hic ¢6 kich thude 16n. Thong thudng ¢ cdc tram thuy
dién s6 vong quay cliu tuabin khong 19n, nguoc lai dutng kinh bdnh cong tdc tuabin ¢6 thé rat
16n. Hién nay tuabin hudng tryc cinh xoay ¢ dutmyg kinh banh cong téc das dén 10,5m.

Viée xde dinh dudng dac tinh nang luong v xam thue, eling nhu vi¢e nghién citu thict k&
tuabin thudmg duce tién hanh trong pham vi phong thi nghiém véi kich thude nhat dinh, thu nho
nhiéu lan so vdi kich thude tuabin thuc.

Pé dam bao qud trinh vat 1y xdy ra trong tuabin thye va twabin trong phong thi nghiém thi
cin phai dé cap dén mo hinh vat iy cua tuabin.

Trong chuong 11 chiing 1a di dé cap dén van dé tuong Ly gifra tuabin thie viy tuabin mo hinh:
Dé dam bao viée thue nghiém chinh xéc thi phai bio dam cdce tiéu chuan wong W v& hinh hoc,
dang hoe v dong luc hoe, ddng thixi phdi ddm bae cic chuan s6 Raynon, Frut va le...

Viée thue nghiém 1ién hanh véi moi trudng chit 1dng 1a nude (H,0) thi chy y&u can dam bdo
ba tiéu chudn tuong tir va chuén s6 Raynon.

Pé xdc dinh dac tinh nang hiong vd xam thyc clia uabin ta xay dung nhitng he thang thi
nghiém.

Hé théng thi nghiém tuabin bac gém nhimg b9 phan chinh sau:

- Hai bé chifs c6 dung tich-dd [6n d¢ dong vai trd bé thuong fuu viu bé ha luu.

- Mo hinh tuabin.

- Mdy bom dé bom nudc tir bé ha Iuu 1én bé thugng luu, tao ra sy luAn hoan cua
nude trong hé thong va tao ra ¢t 4p cho mo hinh.

- Thay theé médy phét di¢n 12 mét thiét bi do cong suat trén truc tuabin mé hinh.

- Cdc thiét bi do cdc thong s6 can thict nhu luu lugng, cdt nude, vong quay..., mot
56 cac diu do d& khio sdt titng diém cu thé cha tuabin,

C6 hai loai h¢ thang thi nghiém: h¢ thong hé va hé thong Kin.

4.1.1, Hé thong ho

Pac diém cla he théng kiéu nay la mat thodng & hai be thugng va bé ha luu déy thong vdi
khi trni. Cot ap tao ra mo hinh phu thude vio ¢dt ap hinh hoc thire t& clia bé thugng va bé ha luu.
Vi vay. cot 4p mo hinh & he thang nay thudng nho, rat kho lién hanh thi nghiém xam thyc.

Trén hinh 4.1 13 so dd cua he théng thi nghiém tuabin ki#u h. Dong chiy gqua he thi nghi¢m
khong tudn hoan. Nude duge bom vao bé thuong luu 2 bing bom 1. Nudc tir be thugng luu di
qua duding 6ng 3 vAo lsabin 4 xuong bé ha luu 7 qua dap tran 8 thodt ra ngoai. H¢ théng thir nay
chi xdc dinh duge dudng dic tinh nang lugng cua tuabin. Trong thuc € ngudi ta khong thu
nghiém dic tinh xam thue trén nhiing he thong thir kiéu ha.
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Hinh 4.1. So a6 hé thong thi nghiém tuabin kiéu ho

4.1.2. Hé thong kin

Pic diém: bé thugng luu va bé ha luu déng kin, cot dp thi nghiém do may bom tao ra.

Trén hinh 4.2 12 so d6 hé thong thir nghiém mo hinh tuabin kiéu kin. Hé thong gém ngudn
tao ép’ bom 1, qua khod 12 vao binh cao dp 13 theo dudng 6ng, qua 6ng do luu lugng 11 di vao
binh 6n dinh van t6c¢ 8,9, di vao tuabin 4, theo dudng 6ng hit xuéng bé ha luu kin 2 trg vé méy
bom 1. D€ tao ra chéan 0
khong, khi can thi nghiém

dac tinh xam thuc, ngudi ta 5 : 6 ' N\
ding bom chan khong 3. : TES y g P |
Céc thiét bi do gom cé: do 4 s = = e |
vong quay 5, do cong suat .

6, cac ap ké 14, 15.

Uu diém clia h¢ thong
kin la cho phép thir nghiém
dac tinh xam thuc cua mo
hinh tuabin. Tuy nhién hé
thong nay co két cau phic
tap, kich thuéc moé hinh
nho, cdc thiét bi do phic
tap hon so v6i hé thong
kiéu hd. Hinh 4.2. So'do hé thong thi nghi¢m tuabin kiéu kin

|

f N
F/”?fﬂf//f’/f/’ L ]

- — (‘

4.2. XAC PINH CAC THONG SO CUA TUABIN

4.2.1. Cac budc tién hanh thi nghiém mo hinh

a. Thi nghiém ddc tinh nang luong cua tuabin

Pé tién hanh thi nghiém xdc dinh dac tinh nang lugng cua tuabin trén cdc bang thir duoc tién
hanh theo trinh tu sau day:

Véi do mé& canh huéng khong thay doi @, = const va gée dat canh khéng doi ¢ = const (Vi
tuabin canh xoay), diéu chinh khod trén dudng 6ng c6 ap ctia tuabin. Ung v6i méi gid tri do m&
khéa ta do cdc thong s6 clia clia tuabin: cot dp, s6 vong quay, luu luong, cong sudt hiru ich cla
tuabin.

Sau d6 thay d6i do m& khod dén gia tri tiép theo ta lai c6 hang loat thong s6 n, H, O N,

Thuding Gng véi méi gid tri a, = const, ¢ = const, nguoi ta xdc dinh khoang 6 +8 diém véi cic
gid tri m& khod tif nho dén 16n. Sau dé lai xdc dinh khoang 6 diém trung gian cla cdc diém trén
v6i d0 m& khod ngugc lai tir I6n xudng nho. Sau khi di xdc dinh dugc cdc gid trin, Q, H, N cua
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cdc diém Gng vdi méi do md khod, tinh hi¢u sudt va xay dung cdc dudng cong quan hé gifta timg
cdp thong s6 hoac nhiéu thong s6 vdi nhau. Tir cdc dudng dic tinh quan hé xay dyng déc tinh
1ong hop cia mo hinh.,

b. Xdc dinh duong ddc tinh xdm thuc

Dic tinh xam thue x4c dinh trén hé théng kiéu kin. Sau khi da ti€n hanh thi nghiém dac tinh
nang lugng thi ¢6 thé dinh ra cdc ché do cin thiét phdi tién hinh xdc dinh dic tinh xam thyc tai
cic ¢h€ do d6. Cu thé 1a xéac

dinh hé¢ 6 xam thyc & cta cic ,
ché do do. 7 ”
Vi du: c¢iin xdc dinh hé s¢ 60 R — -
xam thue o ciia ché do A ma 6 75|—pZ] ,
thong s8 @, =35mm, @ =0, % { M 4
170 /"’""
H=H, Q=0,N=N,,. n=n,
165 P -
T et | s o
Pé xdc dinh hé s6 xam L
L L / g f f
thuco & ¢h€ do A tién hanh ' g b g # 4 o 5 %
theo trinh tu sau; Hinh 4.3, Ddc tinh xdm thue twabin

bi¢u chinh khoa trén dudng
dng cot dp d¢ ¢ duge cdc thong s6 11,.H,. Q4. Ny, tinh 77,

Sau d6¢ cho bom chian khong (néi vdi be ha Juu) lam viée, 4p sudt ¢ b ha luu xudng t6i mot
gid tri Pynao dé. Hé s6 xam thue duge xde dinh theo cong thic sau;
g=—2 .t 3 (4.1)
A, M, H,
Trong d6: P,- dp sudl chan Khong & bé ha luu;
P, - ap sufll boe hai tmg vai ahidét do cla nude thi nghiém;
H, - chi¢u cao hit cha tuabin thir nghiém;
H, - cOLap 1uabin 0 ché do A.

Ung v6i mdi gid tei dp sudt chan khong P, nio d6 do bom chin khong tao ra va nhict do ciia
nudic, ta c6 mot gid tri ¢ tinh theo cong thite (4.1). Gilt nguyén ché do A, thay d6i chan khong
P.. biing cdch thay doi ché do lam viéc cha mdy bom chan khong, ta ¢é mot oat cdc diem. Thiét
lap quan hé 7= fio)

Hién twrgng xam thue s€ xdy ra khi luu lwgng, cft dp viy dp sudt gidm manh, kéo theo sy rung
on. Trén céic thiét bi do ta ¢6 thé xdc dinh duoe cac gid tri nay. Can o vao két qua cla do thi
{hinh 4.3) dé xdc dinh cic hé s& xam thuc , 9 ch& do A.

Thay déi ché do khdc. cic qua trinh trén duge 1dp lai. Viée thir nghiém xam thyc coa tuabin
doi hoi rat nhidu thoi gian v kinh nghi¢ém mdi bao dam dirge dd chinh xdc ¢an thiét,

Ngodi nhitng k¢t qua da ghi trén, trong thi nghiém con ¢6 thé ding mot s6 thiét bi dic biét,
mot 56 loai dau do ¢6 kich thude nho, do chinh xdc cao d€ Khao st van toc, fuc 1ai cac diém can
thi¢t trén dong chiy hodc trén miit cianh binh cong tae, mat cdc chi i€t cia phan dan dong.

4.2.2. Cach xac dinh cac théng s6 tuabin

a. Cot ap tuabin

Nhur ta dii biét ¢o1 dp tuabin ta hicu ning lugng riéng trirdc va sau tuabin. 0 day cho tiét di¢n
1 — 1 1a ét dién dudmg Ong con di sdu vio tuabin, tiét dién 2 — 2 1a mue nude & mat thodng cua
bé ha luu, nhu vily ¢ot ap cla tuabin xdc dinh theo cong thifc sau:
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R=-P  WP-Vi
+ =,
Y 2g
Trong do: Z; = 0 chon chuan di qua tam dudng dng ¢6 ap;

H=2Z-2.+

(4.2)

Z, - khodng cdch tir myc nude ha lwu dén tam dudng ong ¢6 ap:
£, - dp suat tiét dién /-/;
P - ap sufit & bé ha uy;
V,- van toc dong chiy ¢ tiét dien {-7.
Gid tri V, duoc xdc dinh bing gia tri van tGe trung binh tiét dién /-f. Néu bict luu tugng O va

di¢n tich ti¢t dién /-f thi V, duoc tinh theo cong thire: V= ;Q .

Trong do: d, - dudng kinh dng & N
tiét dién {-f. dp sudt P,, P, lay theo
chi s6 do trén cdc déng dp ké hoac
chan khong ké.

Hi¢n nay cdc thiét b do dp bing
dong hé dién Wt uén nguyén 1y cdu
dién tré ¢6 do chinh xdc cao vi két néi
vdi may tinh.

b. Liuu luomg tuabin

Luu lugng tuabin duge xac dinh
bang thiét bj do Ivu lwgng

D61 vai he théng kiéu ho (hi Juu
lugng duge do bang dap tran hinh
thang, duge thé hién trén so d6 he -
thong ha hinh 4.1, theo ¢hi o 10. Hinh 4.4. Lint 1oc ké'dién tr

Luu luong do bing dap tran duge xdc dinh theo cong thic:

O =kvh (4.3)

Trong do: & - hé s¢ thue nghi¢m coa dap tran;

Thigt bj do D]

I - ¢hi 8 do cao cha edt nude chay qua dinh dap tran.

Dot vai hé thong kin thi do luu lugng bang dng Venturi hay mang do. Thiét bi nay con goi la
luw lugng ke, N6 duge dat trén dudng Sng co dp din bing tuabin, Dé dam bao do chinh xdc cla
s6 do ngudi ta dat luu luong k& xa nhig cit cong. khod... trude va sau d6 mot khoing bang 7
dén 10 lan dudng kinh ong dan,

Nguyén Ly lam vigc cha éng Venturi duge trinh biy & phin Thuy luc dai cuong.

Tuong 1 nhir & dap (ran hinh thang, luu lugng di qua 6ng Ventuari hoac mang do duge xac
dinh theo cong thije:

Q=K-Jh

K - hé s6 luu lugng, phy thude vio iy s8 dudmg kinh D/d va ton that thuy luc trong ong;

h - do chénh dp gilta hai tict dién ¢6 dudmg kinh 1dn D va dudag kinh nho 4.

C6 1hé do luu lugng bing luu 16c k€ dién tlr hodc luu tée k€ siéu am ¢6 do chinh xdc cao va
két noi véi mdy tinh. Theo phuong phip aay, [ fugng duge xac dinh qua van 18c trung binh
mat cit. Cic loai luu tc k& ndty khong gay ra (8n that nang lugng dong chiy.

47



Luu 18¢c k€ dién tir; Poan éng duge das treng tif tridng do hai cuc cam Ung tir gay ra. Khi ¢é
dong chay trong ong vdi van toc kKhdc nhau, tao ra cdc gid tri tir trudng khac nhau trong sng. Bo
gid tri tir trudng dé tinh van
toc trung binh mit cét
(hinh 4. 4).

Luu tdc¢ k& sieu dm: Duya
trén su truyén van (8c siéu
am (hinh 4.5). Pat hai dau
phit vi thu song siéo am
- c .. F,. F, co6 khoang cich L,
v nghiéng mot gée 1a & so vdi
truc ong. Dong chiy ¢é van
t6c thay doi s€ lam thay doi
thoi gian truyén song siéu
am T,, T, Van t6c dong
chay V xdc dinh bang cong

—_ — e e e e

— e 1DUC
— L Tz . TL
 2cos6 TT:_
Cic thiet bi do lwu
Hinf 4.5 L tic kc"_\'iéul dny luong: ~ dap tran,  Ong

Venturi. mang do, dng do
tir trudng, siéu am phai chudn bing phuong phap do thé tich.

¢. SO vong guay

$6 vong quay cia tuabin dugce do bing déng hé do vong quay di¢n tir hodc kigu ca khi ndi
vdi frue quay cua tuabin (don v 1a vong/phat).

Péng hé do vong quay bing quang hodc tir d€m cdc diém trén dia ¢6 chia rang dam bao do
chinh xdc cao va cd kha nang kél ndi vl may tinh.

d. Po cong sudt hiru ich

Cong sudt hiru ich duge do trén truc lwabin bing
cich do momen va s4 vong quay. Po cong suat lam
viée trén nguyén 1y: gdy momen can trén truc tuabin,
do momen hdm truc dé tinh ra cong sudt trén truc.

Maiy do cong suit ¢6 cic loal: may phanh dién tr,
may phanh thuy luc, phanh hdm co khi. Trong pham vi
phong thi nghi¢m thudng dung phanh him co khi va médy phanh dién tu.

Nguyén 1y clia phanh him co khi dua vao luc ma sit d€ truyén momen tlr roto cua mdy ra
stato va do momen cén trén stato cha mdy him. K&t cdu cta phanh ham co khi rdt da dang. Sau
day |2 mot loai don gidn (hinh 4.6).

Hinlt 4.0, So do cuau phanh hdn co khi

Trén truc tuabin néi véi vanh dia ¢. Vanh ndy ti€p xdc véi vo phanh him A va ¢. Nhd van cac
bu long / vi 2 diéu chinh khodng cach gilta dia v vo phanh.V6 noi voi canh tay don ¢ chiéu
dai ké 1ir truc quay 1a L. Ddu ty cba canh tay don 1a mot can trong luc, nguyén 1y cud cd ciu nay
nhu sau: khi tuabin quay tao ra momen quay 1 M, momen nay phu thudc vao cot 4p va hau
twong tuabin. Nhiy ¢ ma sat giira dia gan trén truc tuabin va vo phanh nén 6 ngoai vO sinh ra
momen can bing momen trén tryc tuabin, nhung ngugc chiéu. Néu ta can bang momen d vo 1a
diing mot can trong luc v6i canh tay don /. Momen duge xéc dinh theo cong thirc (4.4).
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M =-Pl. (4.4)
Trong d6: P — trong luc trén cin
f - chiéu dai 1ay don
Nh& thict bi do niy ta xdc dinh dugce cong suat hitu ich trén truc tuabin theo cong thiic:
N,=Mow= Mn (4.3)
973
G day: N, - don vi la kW:
1 - 80 vong quay tuabin;
M - Momen tinh theo cong thirc (4.4) don vi 1a kGm.
Thi¢t bi do momen léch pha: Thiét bj nay dwge noi trén true quay. Khi xuat hién momen, ong
bi xodn, hai dia & hai ddu c6 sy léch pha. Dai luong I¢ch pha ty Ié véi momen trén truc.
Cjng do momen cau dién trg: Thiét bi ndy dugc gan vdi truc quay. Khi momen thay déi, dien
IrG cdy trén 6ng xudt hién dong dien. Do dong dién va dién try dé x4c dinh momen.
Cac thi€t bi do momen nay ¢ d6 chinh xic cao vi 6 kha nang két ndi mdy tinh. Song cén
phai chudn bing trong lyc va cinh tay don,
e. Hiéu sudt
Hi¢u sufit cua tuabin duge xdc dinh theo cong thic:

=N 102Ny 600 (4.6)
N OH

Trong dé: N, — cong suat hitu ich, kW:
¥ —trong lugng riéng cha nudc, lay y= 1000 KG/m";
@ - luu lugng qua tuabin, ms;
H — cot 4p tuabin, m H,0.

4.3. PUONG PAC TINH CUA TUABIN

4.3.1. Budng dac tinh don

Vi ket qua thye nghi¢m, sau khi xdc dinh dige cac théng s6 & ché d6 khéc nhau, ta ¢6 thé
thiet lap quan h¢ gifra tiing cap théng s v6i nhau khi cic thong s6 khic 1a hing s6. Quan hé nay
duge bi€u dién duéi dung do thi va goi 1a dimg dic tinh don.

C6 ba loai duding dac tinh don: dac tinh cong tdc, dac tinh vong quay va dac tinh cot ap.

a. Dic tinh céng tdac

Dic tinh nay biéu thi quan hé: 7, O, a, =N N na =f0)hay Q n N = fla) trong
diéu kién n = const, # = const. Trén hinh 4.7 cdc quan hé¢ duge biéu thi vao toy do khong thit
nguyén tinh ra phan tram (%). Ta nhan thdy & ché do 7= 0, N = 0 thi hnu lugng va do md @, vin
khac khong. Vi rang ¢én ¢6 mot dai luong juu lugng khong 1ai Qyy, ting véi d¢ md canh hudng
nho nhit a,,,, thi méi di khac phuc t6n thét trong tuabin ma chua pht ra cong suat hitu ich. Gid
tri hiu suat l6n nhdt khong dng véi gid tri cong suit 16n nhat N = 100% ma tng v&i gia tri N,
nho hon gid tri 100% cong sust. '
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Hinh 4.7, Pdc tinh cong tde thabin
Ciing tuong w nhy the d6i vai cac dé thi hinh 4.7 b, c: hiéu suat vt cong sudt hiu ich bang
khong Gng véi gid tri @ va a, ludn nhé hon 1009% luu luong va 100% do md a,.
b. Diéc tinh vong quay
Pic tinh nay bidu thi cdc thong s6 cla tuabin @, N, 17 12 ham cla s6 vong quay: Q = ftn),
N = fin), 1 = fin) d6i véi cic 4o mG a,

. AJOER
khac nhau, duge biéu thi trén hinh 4.8. r i ' ’
1:\! . ) ¢ ] r;:z’l’&‘ |, f ‘_____.__/%
2 w 30— . Lo —
i
1} gﬁa T ____..a-#""-—P"'""'"’rr-.
‘ 100 /j Nl ] A et G
ol
ﬁ arl
s 7—]
Hinh 4.8, Pdc tinh vong guay. j
Ta thdy rang sO vong quay # lang 601

thi luu lugng giam, hidu sudt va cong
sudt dat gid tri 101 da ng véi mot gid M
tr] s& vong quay 161 uu nao dd. Néu
tang 1i€p tuc s¢ vong quay dén 1 gid 2
tri ndo dé thi cong sudt va hieu suat s&
bing 0. Hinh 4.8 bifu thi quan hé: Q

\I\
|
-

=fln), N = fin), n = fin). véi a, khic acly //
nhau, H = const. P73 QRS B B I N P
.. oy . aﬁu. M /
c¢. Bac tinh ¢gt ap y | ¥ 3

Pac tinh nay biéu thi quan h¢ gita

cac thong s0 cna tuabin vél ¢l dp P ol =l :5___’/’/__'_"
tuabin, v&i céc gid tri do mo a, khac BB |~ 4 #_”,_,,.-’-"‘f iﬁ-—-g"""?
nhau va 7 = consl. p %.ﬂ-pﬁ:‘:’ —— #
. . ) ¥ 4 V8 8 A 7
0 = fiH). N = fitd), n=fiH) " Ak
Cot 4p tuabin 1 mot dai lugng thay Hinh 4.9. Ddc tinfr cot dp tuabin

déi theo hang thing, hing ndm.

Dac tinh cot dp duoce biéu thi trén hinh 4.7. Tir d6 thi nay 1a thiy ring tng voi 7=0vaN =0
thi can c6 mot ¢at 4p ndo d6 dic tnmg cho 160 thilt thuy luc wabin & ché do khong tai.
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N6i chung tang cot dp tuabin thi cong sudt tang, nhung hi¢u sudt thi dat gid tri 16n nhét véi
mot gid tri ndo d6 cla cot dp dng vii cdc gid tri a, khde nhau. Luu lugng s& 1ang khi ¢t dp cia
tram ting.

4.3.2. Buéng dic tinh tuong doi

Pé dé so sanh dac tinh hiGu suat va cong sudt cha cic loai tuabin khdc nhau la ham cua luu
lugng: N = fiQ). n = Q). Trong d6 N, Q |4 cdce dai lugng cong sudt va luu lugng khong thi
nguyén. Dac tinh nay duge bicu thi trén hinh 4.10 cho mdt s6 loai chinh: tuabin gdo, tuabin cinh
xoay (iuabin hudng truc hay hudng chéo c¢dnh diéu chinh), tuabin tam truc va tuabin chong
chong. Tir dé thi nay ta thdy ring tuabin gdo va tuabin cinh xoay ¢ pham vi luu luong rat 1dn
vt gid (ri higu sudt cao. Con tuabin tam truc va chong chéng thi pham vi luu lugng c6 hiéu suat
cao tuong d6i hep. Nhu vy tuabin ¢dnh xoay ¢ kha nidng lam viée ¢ diéu kién luu luong thay
déi nhidu (tai thay doi nhiéu).

4.3.3. Dudng diic tinh tdng hdp

O muc trén ta da xét dudng dic tinh don, bidu thi quan hé giita 1img cip thong s6 véi nhau
khi cdc thong sG khac 1a hang s8. Nhung thue 1€ sir dung tuabin nude ¢ mdt ché do ¢d rét nhicu
thong s&; «., @, I, @, N, n, o, ... V1 vay dubng dic tinh don khong thé biéu thi quan h¢ cling
mot e clia nhidu thong sd. Trong tuabin nude thudmg st dung rong rdi dudng dac tinh téng
hop. D6 ta duding dic tinh cing mot 1d¢c6 thé biéu thi quan hé nhiéu théng sé véi nhau.

C6 hai loai dudsng dac tinh 16ng hgp:

- Putmg dac tinh tong hgp chinh.

- Dudmg dic tinh 16ng hop van hinh.

4.3.3.1. Duong ddc tinh tong hop chinh o __ T ngere
s ., .. ca e . " % .l'Lﬂ? 4;7:‘-'-"' - %7—“—‘ %‘
Bicu thi ¢dc quan hé cua hi¢u sudt, dé md o0 L T AT
cdnh hudng, hé so xﬁm'thuc. goc dat canh, b ,/ // ’gf'/ P
dudng gidi han eong suit trong toa dd thong fu— 7 / —
s qui dan n, vd Q.. Hay ndi cich khdc:

dudng dic tinh téng hgp chinh trong toa do
cac thong s6 qui ddn n', v Q' biéu thi quan
hé cua cac théng so:

/

- Duong dong hi¢u sudt: ;7= const.

- Budng dong 46 mdé cinh hudng «, =
consi.

!
- Budng dong h¢ s6 xam thuc: = const. | ;
- Pudting gidi han cong suat 5% tuabin tam L,'( g
truc. g Ffa 29 37 4@ 80 &8 5 do 57 Y

- Puding dong géc dat cinh doi véi tuabin

) " Hinh 4.10. Puong ddc tinh weong 401 ciia tiahin
hudng true canh xoay.
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Hinh 4.11. Buong ddc tinh 1éng hop chinh ciia tuabin tam truc Dyyy = 460 mm

h; '.'j,zph
e Ls
(N & &
" KN )
”"ir "Q;“}«:\
AN
_..-’.'_ E - \ k\\:\
| O ( <.
1ol A i =
uf r’i\\. / /; ! .
;_1‘\
I I
(39 B
A
' 'z-'.{..‘:‘
fid Ly
g0 .
| T K
Jirgd /i 300 1100 0o 157 1700 ROy 2100 Ql [/9_((

Hinh 4.12. Puong ddc tinh 16ng hop chinh ciia tuabin
hueéng truc canh xoay c6 D, =460 mm
Pudng dac tinh nay dugc xay dung tir két qua thyc nghiém tuabin mo hinh trong phong thi
nghiém. Dac tinh nay la 1y lich clia tuabin mo hinh va qua n6 dénh gid kha nang lam viéc va
chat lugng cla tuabin mo hinh. N6 la mot tai lieu goc dé chon tuabin, chon ché do lam viéc cho
tuabin thuc trén tram. "
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” a, Ay, 4o, Trén hinh 4.11 biéu thi dudng dac tinh

; tong hgp chinh cia tuabin tam truc vdi

L 4 S dudng kinh mé hinh D,y = 460mm. Trén

Q0% 2 “"';."*' —'—-‘%/51\ / toa do n'; va @ biéu thi: ciac dudng cling

f,/ / / ™ a mot gid tri a, tir ¢, = l4mm dén «, =

AR 50mm {(dudng a, = const bi€u thi bing

) dudng gach chdm); dudng dong hiéu suit

vamas tir gid tri 70% dén 90% (dudng » = const,

/ / biéu thi bing dudmg lién, duong ddng hé

s6 xam thyc (dudng & = const biéu thi

§ % : - biing duf‘mg gach gach):; vh dudng gidi han
" cOng suit 5%.

Trén hinh 4,12 biéu thi dudmg dic tinh
tong hop chinh cha tuabin hudng truc
cinh diéu chinh loai ky hicu K20/661.
Trén tog d6 n'; vi Q7 bi€u thi cic dudng
cong: dudng dong hidu sudt tir 87% dén
66%; dudng dong do md canh hudng a, =
14-38mm; duong déng gée dat cdnh il

7 @ =-10"dén ¢ =+ 20" va dubng dong he
Hinh 4.13. Quan hé = fia, Q') s0 xam thue o= (1,38 dén a=1(),95.
Sau khi lam quen vdi cic dang dudng
cong, chiing ta tim hiéu cach xay dung cdc dudng cong cia dudng dac tinh tdng hop chinh.
a. Xdy dung duong ddc tinh tong hop ciia tuabin taim truc
Khi 1am thi nghiém, itng v4i mot dd mé canh hudng a,, = const ta diéu chinh khod trén duémg
ong cé 4p vi xdc dinh duge mot loat cdc thong 6 O, H, n, N,,  cia cdc ch€ dd khac nhau.

- X4c dinh céc gid (ri:

n.Dy, ' 0
n, = O s —= 4.
' m 0 D=1 \/ﬁ

Tir cong thic 4.7 ta cd quan hé #', = {Q ) vGi gid tri g, = const.
- Xay dung quan hé 7 = f{Q ") voi cac gid tri dd mé canh hudng a, khdc nhau thi ta ¢6 mét
ho duding cong 77 = f{Q ") (hinh 4.13).
- Cling twong ty nhu thé tir két qua thi nghiém
‘z n, = canst xam thuc véi cdc dai luong a,. khac nhau 1a ¢6
dugce cic quan hé o= f{Q ).
Dé xay dung dudng déng hi¢u sudt, vi du, 1ay
4 ho dudng cong tuong tng véi 4 gid tri a,,, ..,
d,qr @y (hinh 4,13} trén 10a d 1, O, 1a c6 ho
‘ dutng cong n = f{Q ;) va a, = const. Ta 12y gia tri
hiéu suit bang 80% Ik hing s6, ta ¢6 cdc diém
twong tng /-2 chaa,,, 3-4 chaa,,, 5-6 claa,, 7-
& clia a,,. Tim vi tri clia cac diém /-2, 3-4, 5-6, 7-
8 trén toa do n’; ~ Q). Noi cac diém 1...8 ta duge
dudmg déng hiéu suat 7 = 80%.
N =fiNJ - Cling bang cdch tuong ty ta xay dung dugce
duding dong hé s4 xam thuc trén toa do n ', ~ Q).

N = 95% N 100% N
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- Dé xay dung dudmg gidi han cong sudt 5%, trén toa dg n’, ~ Q' 1a ti€n hanh nhu saw: chon
mot s& gid tri a1, 12 hing s6. Ung vdi cdc gid tri #' d6, im quan hé = fiQ") dé lay gid tri »,
Q';, sau d6 tinh cong sudt theo cong thirc sau:

N = 9~81f?Q;Df?uH3;:

7k n', = const

-
.ﬂi '
N%R
o
-

L
o]

\
N

.

g
.—?‘ /< _Ch

Pt 7 P

Hinh 4.15. Quan hén ,a, = Q" ¢

chinh

Q'

)

N =981470;.

_ (4.8)
Chon cot ap H bt k¥, C6 thé cho D?;,.H* = A (A Ia s6 bt k§), cong thic (4.8) c6 dang:

(4.9)

Thiét lap d6 thi n = f{N} v6i n’, = const
(hinh 4.14). Tir dé thi nay ta xac dinh duge
diém N =95% N, Trong d6 N, 1a cong

suat 1én nhat.

Xac dinh dai lugng @ gidi han {ng

véi n’, = const theo cong thirc sau:

, _95%N
0 =
98147

(4.10)

Noi cic diém gidh han khic nhau Ung
vdi cic gia tri n’; khic nhau ta ¢6 dudng
gidi han cong sudt 5% cua tuabin tam truc.

Pé xay dung cic dudng cong da néu
trén, nén lap bang theo thit ty cde diém.

b. Xdy dung ddc tinh tong hop chinh cia tnabin huéng truc (huomg chéo) cdanh diéu

P& tién hanh xay dung dudng dac tinh 1dng hop chinh cua tuabin hudng truc canh diéu chinh

ta xay dung n dudng dac tinh tong hop chinh ing véi n gbe dat canh. Cach xay dun

téng hop chinh doi véi mot gid 1 gdc
dat canh @ = const giong nhyu ddi Ve
tuabin tam truc da trinh bay ¢ trén.

Ly mot gid tri n’, = const tim 7 mdi
quan h¢ 7 = Q). a,= fiQ ") véin goc
dat canh. Vi du n = 3, nghia 13 ¢6 ¢,
@ @, duge biéu thi trén hinh 4.14. Tir
cac dudmg cong 7 = fiQ') vdi céc gid
tri @, @ @; im mot duong chung tiép
tuyén véi ba dudng cong taia, b. ¢ —la
dudng cong m-m. Ung véi moi gid tri
n’, = const ta ¢c6 dudng cong hiéu Sudt
chung m-m nao ¢6. Ung véi diéma, b, ¢
¢6 thé thiét lap quan hé g, = f{p). Quan
hé nay goi 12 quan hé 161 uu giita d6 ma
canh hudng va goéc dat cdnh. Dua vao
quan h¢ t61 vu nay dé xdy dung cam
lien hé gilta d6 md canh hudng va goc
dat canh trong bo diéu toc kép cia
tuabin canh diéu chinh. N&i cc gid tri
cua diém «, b, ¢ ta nhan dudng cong n-n
ctaa, = f{Q ") khi n’, = const.

54

/
e
L WEL

a7

g dac tinh

LI

rg |

§00 0oo 148z oy & Ly
Ry = SO0 Wk .
Ry - BG% s
1 //N ‘

/// : 7 x ‘\\ﬁ

n= 12D v ph. \,"

= EQvelph

408 500 g 15ag a5 g Yoy

Hinh 4.16 Quan hé n = fin',Q")



Do véi { gid tri khic nhau ta xay dung dugce i dudng cong m-m biéu thi quan he n=f0Q")va
i dudmg cong n-n biéu thi quan h¢ a, = f{Q ") v i dudng cong quan hé t5i wu a, = f{). Trén toa
do 1y ~ 'y ta xay dung duding dong hiéu suill, dong do md cdnh hudng va déng géc dat canh.

Trén hinh 4.16 biéu thi qué trinh xay dung duding dong hiéu sudt toa do n’, ~ Q. DGi véi bon
duong cong higu sudt m-m va bon gid tri #; la hing s6. Cdch xay dung dugc thé hién qua cic
diém /-2, 3-4,5-6. 7-8.

Cac dudng cong khdc ciing duge xay dung theo cich tuong wr nhu cdch xay dung duding déng
higu suit. .

D¢ xay dung cdc duting dong hé¢ s6 xam thuc, ¢in ¢ vao cdc gid tri a, b, ¢ 12 cac diém tiép
tuyén cua duting cong m-m, xdc dinh gid tri o,, a;, o, tng v6i @7, Q. O, khi n, Ia hiing sd.
Hay la theo gid 1ri cha cdce diém a, b, ¢ xay dung duding cong o = f{Q’) 461 v&i n', = const.

Khi xay dung duge i ho dudng cong o = f{Q') tuong Gng vai i gid tri #', thi viéc xay dung
dudng cong hé s6 xam thuc trén tog dé ', ~ Q' cling dugce tién hanh tuong tu nhur cdch xay
dung duding déng hiéu sudt,

- D6i v6i tuabin canh diéu chinh dudmg gi6i han cong sust 5% khong 6, ma duong gidi han
cong sudt vdi tuabin nay duge xdc dinh theo dudng ddng gi4 tri 6 md cinh hudng 16n nhit &,
va dudng dong géc dat cdnh Ién nhat ¢ ... Nhung cée gid tri a,,,,, v @ ,,,, phu thudc vio cong
sudl I6n nhat cva tuabin thye. Vi the ciing mot loai tuabin mé hinh ¢6 thé ¢é nhidu gid tri a
®,» Phu thude vao tuabin thue duge chon tirang 1w vdi wabin mo hinh.

4.3.3.2. Duong ddc tinh tong hop vdn hanh .

Putng dac tinh 16ng hop van hinh 1a dudng dac tinh téng hop cha tuabin thyc, lam viée &
nha mdy thiy dién. Budmg dac tinh nay xay dung trong hé oa do cot dp H va cong sudt N, biéu
thi cdc dutng cong;

v

(LAY

- Buong dong hiéu sudt.

- Putng dong do md canh hudng.

- Dutng dong gée dat cdanh (tuabin cinh diéu chinh).

- Puong dong chiéu cao hat,

- Buong giGi han cong sudt theo may phit va uabin,

a. Y nghia thuc tién cia duong ddic tinh (ong hop vén hanh

Dutng dac tinh nay gidp cho ngudi van hanh xac dinh cac ché do 1am viéc cia tuabin, xdc
dinh cac thong s6 tai cdc ch& do dang lam viée, Pudng dic tinh nay cho phép xdc dinh kha nang
phdt ra cong suat cla tuabin, gidp cho ngudi Fam viée & bo phan diéu dé cla ludi dién phan phoi
phu tai cho cdc 16 may.

Trén hinh 4.17 12 dudng dic tinh tong hop van hianh cua wabin tam truc F 75, D/ =5,5m.
n=107vg/ph. Trong d6. dao dong cot dp tir 50 dén 75m, cong suat N 1 40 dén 200Mw, Cic
duang déng hi¢u suat =75 <94 %, dudng dong gid tri chiéu cao hit /7, = -1 + + 2m, duding
dong d6 md cdnh hudng «, =175 + 450mm. Dudng gidi han cong sudt theo tuabin va theo mdy
phit Ngh. O day biéu thi dudng giéi han cong suft theo @, max = 450 mm.

Pé lam rd ¥ nghia ctua dudng dic tinh tong hgp van hanh, ta xét ché dé M ma tuabin dang
1am viec, O ché do nay ta biét: ¢ot dp H = 65m. cong sudt N = 132MW. hi¢u suét 17 = 93 8%,
chiéu cao hdt /7;= +1.2m., Diém A nim trong gidi han cho phép clia duing gidi han cong sudl
theo mdy phat va tuabin,

Theo dudng dic tinh nay, cong sudt s€ dat gid tri lom nhat N, = 160MW vai H = 62,5m.
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Du‘(‘mg didc tinh téng hop van hanh con 1 s lieu quan trong so sanh vé nang huong va kha
nang chdng xam thuc cla tuabin khi chon loai tuabin, dudng kinh va s6 vong quay cla tuabin.

a. Xdy dung ducng dic tinh t0ng vin hanh cia fuabin

T73% 7880 62 8486 88 909192 03 , 4 94 9392% p
’

e 4 7 ;

7”r /[/// / : f/}///// : ?ﬂ"w
iy i) o,

ML

41 a1 0y €120 140 160 180 200 NMim
Hinh 4.17. Ddc tinh tong hop vin hanh cia tuabin tam truc F 75,
DI =355m,n=107} vip, H = 63m

)

34 ligu cho trudc:

Cot dp 1am viee (cot ap tinh todn) cha tuabin: Hyp. cOt dp 16n nhat va nho nhat: & !

Cong sudt I6n nhat cia wabin vi may phdt.
Buong kinh bdnh cong tic tuabin D,

Heine

Dudng dac tinh téng hop cua tuabin mé hinh ¢4 duimg kinh mo hinh D,,, (mé hinh ma chiing

ta € chon tuabin thuc theo no).
- Cdch xay dung dudng dac tinh 18ng hop van hanh:

Chon thém hai gid tri cot ap trung gian: H/, H2, sao cho H,, <H, <HyvaHy<H,<H

Nhur vay ta cé nam gid trj vé cotaphH, H, H. H, H,,.
Céc cong thire can thiét dé xay dung duong dic tinh tong hop van hanh:

+ Tinh hiéu suit cha tuabin thuc theo hi¢u suat cla tuabin mo hinh theo cong thirc:

DJM

1 - ??Hr.rn' = (l - I?MJH(I\)'S
. [

Trong d6: 7,,,,.. — hiéu suit Ién nhat cia mo hinh 18y theo dic tinh tong hop chinh.

+ Tinh chénh léch hicu sudt ciia tuabin tharc va tuabin mo hinh,
Af.? = Mo — 70 e

Cdc cheé dg khdc ché do t6i wru, hicu sudt ciia tuabin thyc tinh theo cong thitc:
T =ny+An

Xdc dinh s& vong quay quy dan ciia tuabin mé hinh theo cong thie:

[ 7 ar max
fpg = ”n'” —
I’h- max

Xac dinh Iuu lugng quy din ciia tuabin thue:
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! B 7 max
O = O J_“_T (4.15)
??M mas

Xdc dinh cong sudt cla tuabin thuc theo cong thifc:

N =981n:Q}; D HNH (4.16)
Xéc dinh chifu cao hat tuabin theo cong thirc sau:
A%
H=10-— —-KoH 4.17
900 ( )

Trong dé: V- do cao cong trinh tram so véi mit bidn;
K - h¢ s6 du trif an toan xam thuc, chon K =1,05+1,1.
V&i nam gia tri cOt 4p va s6 vong quay clia tuabin cho trude, xac dinh nam gia tri vong quay
quy dan cla tuabin mo hinh thco cong thic (4.14). Ung v&i moi gid tri ctia 'y, vé dudng n'y, la

hing s6 dugc dudng niim ngang trén ducmg dic tinh téng hop chinh. Véi cc gi4 tri hiéu suft ciia
tuabin mo hinh ta xdc dinh duge cdc gia tri Q 'y, cla tuabin mo hinh.

N&i tom lai nhd dudng dic tinh 16ng hgp chinh clha tuabin mo6 hinh, véi méi gid tri n'y, =
const Xac dinh dugc quan hé 5y = f(Q ') cia tuabin mo hinh. Dya vao két qua nay tinh cong
suat va chicu cao hit theo cong thic (4.16), (4.17). Tinh todn theo bang sau day:

\ nh
H=const->n'y, = T‘ ‘i*—"“ﬂ = const
H N7 tnax

STT v a Q ’.‘M Iy Q ’”' N H

Ung véi nam gid tri cot dp 1y thi 1ap nam bang, Dua vao k&t qua Jap bang xay dung ho
dudng cong ny =f (N}, Hy=f (N) vdi nam gid tri n',y, khidc nhau (hinh 4.15). Cich x4y dung cdc
duong déng hi¢u suit, dudng déng chiéu cao huit, trong toa d6 £/ — N ciing tuong tu nhu cdch
xdy dung dutmg dong hiéu suat, dudng déng hé s6 xam thuc trong toa d6 Q- n°, Xéc dinh
duo‘ng gidi han cong suat theo may phat theo gid tri cong suat 16n nhat: Pudng nay 12 mot dudmg
thang ditng, v&i gid tri ¥ = N

Dung dudng gidi han cong suat cua tuabin doi vdi loai tuabin tam truc rdt don gian, bang
cdch chuyén toa d¢ cla dudng cong gidi han cong sudt tir dudng cong dac tinh tdng hop chinh
vOLtoa do n’, — Q) vé duding gidi han c()ng sudt tuabin trong toa do H-N. Chon mot vai diém 12
giao diém cita dudmg ngang n ,, 12 hiing s6 vdi dudng gidi han cong suat 5% trén dudng dic tinh
16ng hop chinh, vdi cde gid 1ri 7y, Q' clia cdc giao diém nay xdc dinh cong suat ciia cac diém
trén. Theo cong thirc (4.16) 1ing véi cdc gid tri cat dp (hay n'y,) va gid trl cong sudt, dé dang xac
dinh dugc dudng gidi han cong sudt cva tuabin tam truc trén toa do /7 — N, Gidi han cila dudng
gidi han cong suat theo mdy phit va theo tuabin tao nén dudng gidi han cong suit cho t6 méy.

DG1 vai trudng hop tuabin cdnh di¢u chinh: trén dudmg dic tinh tong hop chinh cla tuabin
mo hinh khéng ¢é dudmg gidi han cong sudt 5%. Pudng gidi han cong suat ndy duge xdc dinh
boi dudng a,,,,. Vi @ ... Cac gid tri nay lai phu thudc vio cong sudt 1dn nhét cha tuabin thyc,

Pé xdc dinh a,,,. VA @, trén dudng dac tinh téng hop chinh clia tuabin mé hinh ta x4c dinh
diém A 12 giao diém clia dudng cot dp tinh todn vi dudng gidi han cong sudt theo mdy phat. Véi

el 1"
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gia thi¢t 12 diém A nim trén dudng gidi han cong sudt cha tuabin lrong toa do H — N. Biét cong
sudt tai diém A 1a N, ta x4c dinh duge gid tri @, tuong img véi didm A theo cong thic:
, N
Q= 3 4
9,81 ’?r,f-D'WHTT\/HTT

' ' T?M max
Q= Q'ra 1"'———
"?Tmax

Theo cdc gid tri n’,tng véi cot ap tinh todn O, ta tim duge diém A trén dudng dac tinh dng
hop chinh trong toa d¢ ', — Q. Nhu ta d3 biét, dudng gidi han cong sust trén dudng dic tinh
tong hop chinh cda tuabin mé hinh di qua diém A. Mat khac, dudng gici han cong suat theo a,,,,,,
va @, c6 thé xay dung bing phuong phap noi suy: fim gid tri g, vd ¢ di qua diém A. D& xac
dinh dudmg gidi han cong suat cla tuabin cinh diéu chinh trén dudng dac tinh téng hop van
hanh ta chuyén dudng ¢, va 9 ma di qua di€m A tir toa d6 1, - Q y sang toa 46 H — N. Cdch
chuyén dudmg gisi han céng sudt ¢, va 4, NAY gidng nhur céch chuyén duding gidi han cong
Sudl ctia tuabin tam truc ma ta da tam quen & trén. Bing cdch nay ta di xdc dinh dudmg giGi han
cOng suat cita tuabin mé hinh.

4.3.4. Duding dic tinh t6 may
4.3.4.1. Duing dic tinh cong tic

?m

I Ie K+ I

l

W, rery)

Hinh 4.18. Ddc tinh cong tac 16 may

Buding dic tinh cong tac ciia 6 mdy bi€u thi quan hé giira
hi¢u suat ciia 18 mdy véi cong suat clia tram,

Trén hinh 4.18 biéu thi quan he N = AN} clia ba 16 may
lam vi¢c song song. Véi cong suit N < N, 16 mdy lam viee t6i
ue. Vot N, < N < N, t8 mdy | va 2 Eam viec son song thi 51 . L
vu. Vai Ni < N ci ba 18 mgy lam viéc soﬁg songg thi %:é higu H’”‘{I 4.19. ’?f“' ff.r"h
qué cao. 10ng hop 16 mdy

4.3.4.2. Duong ddc tinh tong hop ciia t6 mdy

Pudng dac tinh nay bidu thi quan hc_“:'gifra ¢6t dp va fuu lugng chia tram,

Trén hinh 4.18 biéu thi quan h¢ H = ffQ) clia ba t8 mdy lam viée song song. Trén cling toa
do nay vé duding cong déng hicu sust, cdc dudmg cong suat cila ba 16 mdy.

Dua vio djc tinh nay dé diéu tiet luu lugng tir hé chida di vio tuabin dé dam bao cong sudt
yéu cdu v6i kha ning cé thé dat hiéu suit cao wong ing vdi cOt dp clia tuabin (hay 1A tuong iing
vai do chénh muc nude & thugng luiw va ha lwu),

z=/
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Chuong V: THIET KE BANH CONG TAC CUA TUABIN NUGC

5.1. CHON VA XAC PINH CAC THONG SO CUA TUABIN

5.1.1. Chon tuabin
B¢ chon viy xide dinh kich thude cd bin cla tuabin cho mét tram cy theé nao dé ¢d thé ticn
hinh theo nhicu phuong phdp 6 lién quan dén nhidu vin dé tong hop: cong trinh, thuy van, dia
hinh, thi¢t bi, kinh t€... Sau khi chon so b da dua ra duoe 56 léu cha tram. cin tim loai tuabin
thich hop va xde dinh cidc thong $6 cla né.
Sa licu cou tram:
Cho trude: + Cot dp i viee F,, vii pham vi thay di cot dp clia tram G cot ap 1on nhal dén
cOotidp nho nhaw (M. My, f1,,)
+ Cong sudlt cha tram N
+ 80 16 miy Z
+ Tinh chét thay d6i phu téi ¢l tram
+ Muc do han ¢hé vé chidu cao hit d& dam bio véu cdu kinh 1¢ cho cong trinh.
Chon tuabin:

Trén co s¢surhicu biet vé ticu chudn hod tuabin thuy luce, ngudi ta xay dung cdac gam tuabin.
Dua vio kinh nghié¢m clia nhicu ndm nghién ctiu, thict k& va sir dung. nguoi ta xdy dung hicu do
e dinh pham vi st dung c¢ho g loai tuabin theo ¢t dp vit cong suit, Sau d6 khi cin thict ke
Luabin mdi ngudi ta lai st dung cdc bidu dé 4o,

Trén hink 5.1 14 bicu d6 pham vi sit dung cia hé tuabin phan luc ¢é cong suit 16n. Hinh 5.2
12 micn dp dung cic seri tuabin phan lue cong sudt nhe. Neodl ra do1 vai cde tuabin nho ¢6 thé
swdung 50 d6 cic mién dp dung cic két cdu khde nhau cha wabin phin lue nhu trong hinh 5.3,

Ciin ¢t vio ¢ft ap tnh (odn f1,, vii cong sudl cha mot 16 mdy, dua vio cic bidu dé cic hinh
5.1.5.2. 5.3 ta ¢6 the chon s bo loai tuabin. Cin so sdnh nhiéu loai véi nhav khi cung trong mot
pham vi sir dung vé ¢4t dp v céng sudl. Khi so sdnh cdn chii y dén su dao dong <ot dp va tinh
chiit thay déi phy tai cta nhi mdy. Neu ¢ot dp dao dong. phu i dao dong nhiéu thy can phai
chon loai tuabin cinh didu chinh,

Khi chon loar tuabin thi phai chon sa bo dudng kinh binh cong tdc v 6 vong quay. Dai v
tuabin ¢G bon vat trung binh thudng mdy phit néi truce (€p vdi truc tuabin nén s& vong quay cin
chon la s6 vong quay dong bo. Dua vio dudng kinh banh cong tic va s6 vong quay déng bo dé
xdce dinh kich thude chung cda 16 mdy (tuabin vi mdy phat). Trén co s¢ ¢6 kich thude 16 may
md du tinh duge tién dau e cong trinh. Tl kel qua tinh todn so bd dira ra cac phuong dn so sinh
ve nang lugng cling nhu tién diu e cho mot don vi cong suit, DSi v6i twabin nhod ngudi @ s
dung cic bicu dd quan hé¢ gilra cde thong s6: <ot dp tinh todn. luu lugng cong sudl maot 1 mdy,
sO vong quay vi dutmg kinh binh cong tdc (hinh 5.4 va 5.5) d& tinh todn so bo.
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Hinh 5.2. Mién sit dung cdc tuabin phdn lic cong sudt nho
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Hinh 5.3. Mién ap dung cdc két cau ciia tuabin phdn lice cong sudt nhd
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Hinh 5.4. Biéu dé quan hé cdc théng sé ciia tuabin phdn lic cong sudt nho
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Hinl 5.5, Biét do quan hé cde thong séb cia tiabin phan e cong sudt nho
3.1.2. Xac dinh cac théng sé chinh clia tuabin

Sau khi di chon loai tuabin cin ¢6 dudng dac tinh tang hop chinh. Tueng Gng véi maoi i0ai
tuabin s€ xde dinh ¢h€ do tinh todn rén dudng dic tinh 6ng hop chinh. D¢ tién cho vice chon
cide thong s6 quy din cta cde loal tuabin, cé the sir dung s& Hi¢u trong bing 5.1

Ghi chii: G nude ta vice ¢he o lwabin nude chua phit rién nén chua Géw chuan hod tuabin,
Cde ticu chuan k¥ thudt vaky hicu trong bing theo ti licu cha Lién Xo.
Cdc bude tinh todn duoc tién hinh nhu sau:

Uiy voi trng loai twabin chon cde thong s6 quy dan 7% va @) So b xidc dinh duting kinh
hinh cong e theo cong thite sau:
o -
D= Mo (5.1)
VO8I0, Q0 Hopp 1y

Trong dé: Ny - cong sudl B vige cha 16 mdy. kW;
Q= lww lugng quy din trong ché do tinh todn, 18y theo duting dic tinh 10ng hop
chinh hoge theo biang 5.1, m° s
I, cdap tinh teiin, m;
77y - hi¢u sudt cta tuabin. so bo [Fy trong khodng 0,88 — 0,90,
DG vai tuabin tam true chon Q7 1a luu lugng nim tén dudmg gidi han cong suit 56
DO vOl tuabin hudng trge cinh dicu chinh thi chon Q) ndm trong pham vi Q. vii O s
cho trong bang trén, ¢6 tinth dén hé ¢ xam thue v kha nang dam bio chidu cao hat, cho trude
trong & hién bun dau cha iram.



Bdng 5.1. Cdc thang sd tuabin phean fre

Pham vi SA vong quay . 11¢ 50 xam thue cu:
dao duyign ) Luu luong quy dan " tuabin ma hinh :
dong Loai

Cf;fjp tuabin N 1 ’ N , 0 o O"\’Gi O'}:’(’)’i

" 101 uu tinh todn Q i Q

. _Tuabin hudng truc cinh diéu chinh _

3-10 K10/592 165 180 2010 2250 [.14 1.4
515 | KI15/510 150 160 850 2130 0.84 i.0
1020 | K20/66! 138 152 1710 2040 .68 0.835
15-30 | K30/387 125 140 1430 1940 0.505 0.745
20-40 | K40 . 115 130 1240 1700 4 008
30 =50 | K50/642 | (10 12001 1100 1400 0.325 | 0.505
40 - 60 | Ko0/642 | 106 112 11040 l 1240 0.27 0.40
45-70 1 K70/5A | 103 107 1 940 . | 1150 0.23 (.36

Tuubin t4m truc -
30-45 | F45/123 75 78 1370 1400 0.23 0.27
A0-75 | F75/128 73 74 1250 1370 16 0.243
T0--15 | FL15/697 68 72 1030 1250 0.097 0.168
FTO-170 | FI70/741 67 69 650 1030 0.006 10
160-230 F230 62 67 420 650 (1047 0.063
220-310 F310 60 65 280 420 (.04 0.048
290-400 F400 58 1 62 200 280 0.035 0.042
380-500 500 57T 160 150 200 003 (.036
I Tuabin hudng chéo cinh diéu chinh o
L 30 40 1 D60 - | 120 (20 1100 13300 i '
[ A0 =60 | D60O-2 100 1o 900 F1O0 P02
60-90 | D451 90 95 850 1000 016
90 - 120 | D45- 2 85 %0 725 750 0.14
£ 120-160 | D301t 80 85 600 750 01
[60-200 1 D30-2 | 75 80 500 60O 007

Xeio dinh v bo 56 vone guay tuahin

DE tinh s hg sa vong quay tuabin. ¢an ¢6 gid tri s6 vong quay quy dan cha nd.

Bai vGi tuabin tam true, @ nén chon 17 idn hon khodng (3 — 5) vong/phiil so véi ché da 1ol
uu did ¢4 trong dudmyg dic tinh téng hop chinh.

Dai vaéi tuabin hudng true cdnh dicu chinh thi chon 1én hon khodng (10

15} vong/phil so

vl 0 vong quay quy dian 161 vu. Vi s6 vong quay quy dan ctia tuabin tlire loai hudng true cinh
dicu chinh bao ¢id cing 1én hon s0 vong quay gquy dan ¢ctia mo hinh.

50 vong quay sa bd tinh theo cong thie;
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", H
n= — X (vong/phiit) (5.2}
1)]
Kiém tra 50 vong quay #1 vira tinh duge theo s6 vong quay dong bo: _
= 3000/ fvong/phit} (5.3)
Trong dé: P — s¢ déi cue.
Néu két qua tinh todn khong gmnrr nhau thi chon s6 vong quay cla tuabin L 6 vong quay
dong bo ¢6 gwid tri giin vai gid tri 0 vong quay da tinf1 theo cong thire (5.2).

Suu khi xde dinh s6 vong quay déng bo clia tuabin cin tinh lai dutng kinh tuabin theo cong
thire (5.1) vt laim ton theo tiéu chuan dudng kinh.

Xdc dinh lai cdc thong s& gquy dan:

0= nh,
)= ——
VHTJ"
. o
Q .J’ = '-ﬁ‘:
D JH 7

Néu két quéa tinh 7', Q' ndim trong pham vi ché do t&i wu thi ¢6 the ket thic vice rmh 0dn s8¢
bo dutng kinh binh cong tic va 6 vong quay ciia tuabin, Néu k¢t qui tinh todn #', Q' nam
ngoli viing 18t uu cla tuabin mé hinh thi cin phan kp lai tinh todn theo trinh tr rén.

Sau khi chon duge tuabin vi xde dinh duge D, n cua iabin thue, 1a tién hinh xiy dung
duting dac tinh (6ng hop van hinh dé 1an phuong dn so sdnh v¢ mit ning luong clia cide tuabin
di chon.

Hiéu sudt trung binh nam cia tuabin thye xdc dinh (i dudmg dic tinh t6ng hop van hanh theo
cong thic sau:

ZN A

Trong dé: N; — cong suit trong thoi gian Az uong Gng véi et dp H, vi luu lugng Q)
1, - hicu sudl (ng vai cong sudt N, v cot dp {{; rong thin gian At

DE chon loai tuabin vitcde thong s clia né mot cich 165 wn cdn phai so sinh nhiéu phuong an
dua trén nhimg diém co ban sau:

- Chi ticu nang lugng: hicu sudt 16n nhét wabin thue ¢é thé dat duoe :;,, ... vd kha ning ma
rong vimg lam vige dat hi¢u sudlt cao khi phy tai thay ddi hode khi ¢ot dp dao dong.

- Chi ticu v¢ kha nang chéng xam thire cla tuabin vai he 6 xam thue o vt chiéu cao hiat M,
¢ thé dat duge.

- Chi tieu vé kinh t& xay dung mot mit nd phu thude vao di¢u kien dia hinh, dia chit, dic
didm cla woin bo cong trinh tram. Mt khic nd phy thude vio kich thude & may, kicu ket cau 1o
may. ¢hicu cao hit di chon..

- Kha niang ché o vir rinh do cong nghe.

- Khit niang vi phuong tién vin chuyén ede chi tiet [dn nhat cua 10 mdy.

Toin bo vile viin d& néu wén duge quy vé thong 0t gid thinh san phim vi gid thanh cia
TKW/h cia cic phuong dn di chon thigt ke
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5.1.3. Cac bai toan trong nghién cuu va thiét ké tuabin nudc

Trong thue 1€ nghién ctu vi thiet k& wabin thuy lue néi chung va nghién ciru hé théng ¢dnh
din trong tuabin ngudi ta phin ra hai loal biti todn: bl todn thudn vit bai todn nguoc.

Bii todn thuin chi veéu phue vu cho cde mue dich nghién ciu 1y thuyet. Hién nay vdi su phit
wien coa mon may tinh vi k¥ (hudt tinh odn, vicée giai bid odn nay thu duge ket qua tot.

Noi dung ¢l b toidn thudn trong nghicn citu hé thang cdnh din bao gom nhiing van dé sau:

- Trén co i did cho trude cie kich thude hinh hoe, di ¢d hinh dang kich thude cua cdc diy
cdnh, ta ciin xde dinh cde thong sd dong hoc ctia hé thong cdnh din. Nghia 14 xdce dinh su wrae
d0i ndng luong giftu Jay canh va dong chil long chidy qua néd: x¢t xem diiy cdanh ¢é thod min cdc
thong s0 tinh todn tir et dp, luu fuong cia dong chiy vi cho ta cong suat ma ta phan duce trong
qud trinh hidn déi nang lugng.

- Xie dinh ¢hit Tuong cia diy cinh. Tim sy phan bd van (3¢ d¢ tinh ton thil, tinh sit phan bo
dp sudt vi de dinh gid khd ning xidy ra xam thye trong may.

- Tinh luc, momen can thiet dé didu chinh cinh huéng hay canh binh ¢ong tic (cho tuabin
cinh quay), Tinh stte bén clia binh cong tde v canh hudng.

Ngoiil va trong qud trinh gial bai todn ngudge (xdce dinh kich thude. hinh dang diy cinh) cling
cin ding bii todn thadn d¢ kicm tra,

Trong qud trinh nghién cdu tuabin thuy lue nguoi G diang b todn thuan ¢& dinh gid, phan
tich vice ddy cinh 131 vu.

V& mat ning lugng cling nhu khit nang khong xday ra xam thue d¢ vt ra nhimg k&t luan tich
didng cho vice giai bin todn nguoe ding cho viée thiét k& hé thong cinh din cho tuabin, K& ludn
v dang trudng phan ba vin 16¢, v& cie thong s6 hinh hoe, nhitmg khoing (i wu co (hé chon cho
cic thong 0 hinh hoc (nhue (v 6 bau o, 40 dal cdnh {,, d¢ day cinh o, ty sO f/t cha diy
canh...) ¢ho (g loal tuabin sC cung ¢ip cho chiting ta s6 lidu dé chon cic dicu Kién ban dau dua
vio dé hic¢t k¢ he thang canh Jian mai.

Nhu viy bid todn thudn caa 1y thuydét cinh chiém mat vai tre [3n trong viée nghién cliu vl
thict K¢ tuabin thuy fuc,

N6i chueng bii toidn thuin trong may thuy lue vivrong luabin néi ricng gidl cho diy cdnh ¢6
kich thude hinh dang bat ky 12 bii todn hét side phite tap, khong the gidi ding hoan todn chi tir
mot 56 i todn cho trudng hop dity cinh dac biét nio d6, Con lai thi bai tdn thuin chi giai bang
phuong phip gin diing.

Hi¢n nay <6 ba phuong phap gidl bii todn thudn: phuong phap bi¢n hinh bio gide, phuong
phap phuong tinh tich phian vi phuong phap mo hinh hod. Ciae phuong phip giii bin todn thuin
trong tuabin thuy Tuc ¢ the suy ra Ui cde phuong phip gidi bai todn thudn cta Iy thuyét canh
(rong miy thuy luc ndi chung, Ching ta cd (hé tham khio trong cde sich ndi ve ¥ thuyét canh.

B todn nguge thuding duge st dung ¢ thict ke hé thong cdnh dian ¢ho (uabin,

Nhiém vu coa bai todn nguge 1 xde dinh kich thude, hinh dang cua prolin ddy cinh sao cho
ddp dng duge nhiing yéu ciu vé mit thuy dong.

D¢ gidi bai todn nguge trong thict k& tuabin thuy lye ¢6 thé dung nhicu phuong phédp i don
gidn dén phic ap. Cic cong (hic tinh todn € phuc vu cho viée gidi bal todn nguge chua cd co
(¥ khoa hoc hoan toan chinh xide. Ching duoe dua ra véi nhicu gia thiét khic nhau. Cac gia thict
ndty nhiim hai muc dich: thd nhil ning cue chat lugng niang hugng va khid ndng chong xdm thye
cla tuabin; bén canh dé muc dich khong kém phan quan trong véi qud trinh thiét k& la cu (hé
hoit qud (rinh tinh todn, don gidn hod cong thire tinh todn. Phin 16n cic cong thife duge dua trén
co 0 tinh todn v kiém tra bang nhicu thue nghi¢m, C6 the dling ca qud trinh giai bai todn thuin
d& kiém tra cic ¢ong thife ding cho bai todn nguoc.



¢ xiy dung profin diy canh. ta ¢in biét trude cde thong s6 cha dong chiy & trude va sau diy
cianh. €6 the ¢o har hwong giu ban wdan nguoe tim bign dang profin diy cinh:

Hurcmg thir ndidt: cho truGe bidu do phin ba momen van tae C tronyg dodng chay d¢ im hién
dang cinh.

Hurang tht hai: cho trude cae dubng dong ctia dong chity trong mit ¢it Kinh tuyén, cho trude
bi¢u dé phan bd momen van 1oc tal mép vio (Cr ), vio mép ra (€ ctta céinh banh cone tic. Tim
hien dung hé thong cdnh déin.

Thict k¢ binh cong tie cua tuabin thuy lue thudmy st dung hudng thi hal. Sae day chidng ta
G de efip dén,

o1 vat che load tuabin nhd ngadi ta thudng dimg cde phuong phip don gidn, s dung mot so
bicu 1o, da tht v k&t hop kinh nghiém thue ¢ dé xiiy dyung cinh mi khong doi hol nhidu thai
gian tinh todn.

D61 val tuabin ¢ trung binh va ldn neudi ta st dung rhime phuong phdp sau day dé gidi bad
tedn ngwge ve xay dung bién dang cinh.

P31 vai tuabin hudng true ¢ i phirong phip chit yéu sau:

- Phuong phip Tve nang.

- Phuong phdp phin bo xody.

- Phuong phip phan bo xody - nguon,

Pai vai taabin tim true od hal phuang phap cho yéu sau;

- Phuang phip mot woa do.

- Phuong phdp hai toa d0.

Chiing G s€ di sau nghién c@u ¢o ¢ 19 thuyét, noi dung viveic bude 1ién himh ey thé cho timg
phuong phap da néu. Moi phutng phap thict k& trén déu ¢6 nhimg mat uu nhuge didm cia no.
Vice lua chon phuong phip thiél k& phu thude vae leal tuabin, kha nang v kinh nghiém cia
ngudl thict k¢ va nhicu yéu to kKhace. Can nhiin manh ring deé thiét ké ¢é hiéu qua wot, bén canh
viée chon phuong phap thiét k& con 1on tai van d¢ hél sue quan trong e chon cic thong so dua
vao thi¢t k&, Chinb cic 5o Lidu ban dau dd quyét dinh phan 1dn két qua thist ke,

Boi véi cde tuabin ¢ cong suit [Gne san khi thiét ké he thong cinh dan, ngudi @ dua o
nghién ciru vir hoan thi¢n h¢ thong ndy bing thue nghicm.

5.2. THIET KE BANH CONG TAC CUA TUABIN HUGNG TRUC

= - K . -

5.2.1. Dac diém cua tuabin hudng truc

Nhur & phiiin phan loal tuabin, chidng ta di thily tuabin hudng true (ednh quay viccdinh ¢6 dinh)
[ loai wabin phan tue ¢é micn st dung véi so vong quay dac treng #, 16 nhit, Chdng ducce st
dung v cot ap nhd v lun lugng 16n, so van Lo tuabin tm true va tuabin xung hire,

U'u dicm ldn cia tuabin hudng tryc cinh guay 13 ving dat hiéo sudt cao vt rong ki phu tai
vit ¢Ot dp dao dong. Su diéu khién déng. ma déng bo gitia do md cianh hudng o, bang gdc &
ciinh binht cong e o ra ving hi¢u suil cao do. Tuy nhica vim dé xiun thire ¢ tuabin hudng truc
thuong phai chid ¥ hon, Kha ndng xay ra xim thue & tuabin hudng true nhicu hon & wabin tim
true. Vi vy ¢o nhiéu truding hop plii 1ang chica cao hit A, d¢ giam kha ning bl xam thue,

Chat lugng vé nang luong vit Khi ning chdng xam thue cba tuabin hudng rue phy thude 1l
nhidu viwo cic thong s6 hinh hoc cia phiin din dong: banh cong tic v hé thang canh dian. Tir kél
qui nghién ciu bl wan két hop véi ket qui thue nghiém nhiéu tde gid da dua ra k&L luan vE dnh
hudéng cic thong sa hinh hoe va thuy déng lue hoe dong chay dén chat tuong wabin, Khi thict ke
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wihin, dua viw cde tai licu tham khao, citng lya chon k¥ luong cdc théng 86 dua vio Linh todn thi
chiit lugng thiét k& cang cao, Chiing ta xét anh huding cua nhiing thong s6 ¢hi y&u nhu 1y s biu
e, 1y 80 11 gSe dat ednh bdnh cong tic £ quy ludt phan ba cde thinh phin van tée C | C,. phan
b& momen van 10¢ C o (Gi hidu sudt tuabin vi kha ning chang xam thuce cla né.

Chiing ta xét die didm vé mat thuy lue cta tuabin hudny tryc.

3.2.0.1.Dong chay trong tuabin huimg truc

Dong chiy trong tuabin hudng true ¢é thé coi [ dong tong hop ctu hai dong chiy: ding chay
W do (khong 6 biinh cong tde) viv dong chay ¢o tic dong qua Iai véi cdnh quay.

Trong tuabin hudng true, dong chiy thay ddi tir hudng tim sang song song vdi (rue quay
truge khi vao bdnh cong tde. Vi viy ¢6 thé coi dong chay & viing hinh cong tdc 14 dong chay
theo miit try ¢6 true trimg véi true quay cila tuabin,

Wirp
Vuy Wug

Wom

=548 J o, ) ]3“;\?2,//

W,
b, ¥ -~

-~
P
v, -y

-
] |

)
Wy N

Hinh 3.6, Day canh thang dd tricn khat

Cnd thiel ve dong chiy theo cde mat try song song véi truc quay cua tuabin la gia thiét thi
nhit v¢ dong chay trong tuabin hudng true. Gid thict niy dd duge tht nghiém xde minh 13 ding
VoL truding hop tuabin lam viée & ché d9 13i vu vi xung quanh ving (i uu,

Vi gia thiét nity ta o6 the ¢t cdnh hinh cong tic bing mat tru va khai trién mill tru ta ¢o day
canh thang (hinh 5.6). DGi v6i day cdnh thing ta ¢6 the nghién cdu cic profin don v sau d6 x48(
anh hudmg cua didy canh bang bai todn thuan. T do ¢o cong thite vivede phuong phap thict ke
hing binh ¢ong tic,

Démg chay w do trong tuabin hudng truc [ déng the, xody cta van (6c bing khong:

- - et
aC. oC. L oC ac.
£=-—2——2=0, hay la: =i
! -, - - 2] =
1 o Oz o

Néu gii thict dong chiy chi ¢6 hudng theo mét (ry thi thanh phén hudng kinh cta vin (6e

g s - L oCoaC, .
yCt doi sé bing 0. C, = 0. Vay: — = —= =0 _suy ra: C = const, hay la:
(= ar
)
¢ =C_,=C_= 5’ < (5.5)
N

Trong dé: @ - luu lugng qua tuabin;
1y — duomg kinh banh cong tic;
o, — duting Kinh bau hinh cong tic,

Néu domg chidy 1a dong the va chiy theo mat tru d6i ximg qua true quay., ta ¢6;

P ST . e ¥ ol
BC,r _ 0 aC 1 ~0 O, _ 0
iz Or 817

viy: O = const, momen vin (8¢ [ hing s6.
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Tém lai: dong chiy trong viing banh cOng tdc tuabin hudng true 13 dong the, chay theo it
tru d6i xing qua true quav cta tuabin dic rung bai cdce bidu thic:

C.o=0
C. = const (5.6
Cr=0
5.2.1.2. Dong chdy bao quanh ddy cinh
Dong chdy bao cdnh va lyc nang Jucopxki:
Cé thé tham khio cde sich Thuy khi dong fue va Ly thuyét canh d¢ hidu k¥ v¢ phin nay. ¢

ddy chi nhic 1gi nhimg nét co bin nhat ¢d lien quan trye tep dén cic phuong phdp chon thong sé
vi thict k& ciinh sau niv.

Khi dong chiy bao cinh don véi viin to¢ dong chiy & xa vo cling 13 V', thi & xudl hién luc
ming canh vi luc cin, xic dinh bot cong thic:

P =Lc o,
R 2 .

Po= % C . pVi, (5.7)

Trong d6: p - Khai lugng riéng cla chat long:;
V., - van 16¢ cla ddng & xa vo ciing (khong bi dnh hudng cia cdnh):
[ - chitu dai day cung cénh;
C, - h¢ s0 lue nang cla cinh;
C, - hé 83 lue can coa cdnh,
Luc nang tdac dung I1én cdnh don <6 chiéu dii 1a mot don vi duge xde diph bdi cong (hiic
Jucopxki:
P.=pV, 1. (5.8)

[ luw 56 cla dong chay bao quang cinh don.
¢ 56 Jue ndng cia dong chay bao canh don xdce dinh tir cong thic 5.7 vi 5.8,

7
c=2L (5.9)
v,
Néu dong chidy bao diy canh vai vin we W, thi cong thire Jucopxki e dang:
P)"ca’ =pW,, I, (5.10)

£ luu so bao quanh mot cinh nam trong diy cdnh.
Néu dong chiy bao mot tim phing di nghicng mot gée o thi he 56 lye ndng la:
CL=2msina,
Dong chiy bao diy tim phang mong vo ciing dit nghicng mot go¢ @ thi he sO lue nang i
.- 7
Cry =27K sina.

H¢ s6 dnh hudng cta diy cianh K tinh theo cOng thire:

K= (5.11)
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il 54 f 12 ’

=
=
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L
r
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Ly

Hindi 3.7 Quun hé K = fi .11

He 6 K phy thuoe vivo nhicu y&u . trong dé chd yéu 1a gbe dit cdnh S.oviv iy sd die trung
cho do mau cha diy cinh /. N6i ciich khice: K = fi 4.41). Cac dutng cong bicu thy hiim coa g
86 K trong hinh 5.7, Dung v¢ mitt dong hoc thi hai thong s hinh hoc co bin dic trung cho day
canh [a £ valit.

Mic din o6 sy khde nhaw vilt 1dn gitra ddy cinh thye (profin co do day hitu han vi hinh dang
phiic tap) va diy cinh 1dm phing mong vo clng {con goi la diy cinh 1¥ twdmg). Nhung nho hinh
dang don gian, dé tim duge kv bicn binh bio gide, cho phép nghien cu dic tinh dong hoc ¢o
lién quan 161 thomg s6 hinh hoe, Viviy ¢o the dp dung két qua nghicn ctu cha diy cinh iy (ony
ity cho viée tinh toin gdn ding lin ddu cda cie diiy canb thye.

- - - - - & ~ - i . -

5.2.2. Chon cac thong s6 va bién dang phén dan dong cua tuabin hudng truc

5.2.2.1. Chon cdc théng s6 D, n va bién dang phin dan dong

Cho trude cic thong sa ky thuit nhu saw

Cot dp tinh odn. ¢t 4p 16n nhit vanho nhdt fyp Hopors Hon
Cong suit (hict k& N,

Hicu sudt 16n nhit

Yéu cin vé he s@ xam (e ta che do 1am vige o1 vu.

Vi cac s6 leu cho teude do, 1ién himh lya chon so bg tuabin theo hang 5.1 hodc cdc bicu 4o
tir inh 5.1 dén 5.5. Sau khi so sdnh v xic dinh duge phuong dn thiét k¢, ticn hinh chon bi¢n
dang phan dan dong.

Bién dang phian dan dong <6 th& chon theo ¢dc mo hinh tuabin da ticu chuin hod. Dudi day la
sor d6 cie thong s6 hinh hoe dic trung clia bién dang phin dan dong (hinh 5.8) vi gid (r) cla cdc
thong s6 6 lay theo ty 1¢ vii dutmg kinh bdnh cong tic £, duge din ra ¢ hing 5.2, Cdc bién
dang cho trong bang thay déi phu thude vie <Ot ip abin f1. Trong khoang //=1.5 + 30 m o 9
bien dang khic nhau. O day chimg ta luu ¥ chu yéu dén ty s6 H/D, v /D, dic trung cho kha
niing thodt cia tuabin. Khi ¢t dp nhd (tuabin K10, K15...) vi luu luong Lan, thi dutmg kinh biu
binh cong tdc ¢in nho va chiéu cao cinh hudng b, phai ting kha nang thodt luu lugng.
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Bung 5.2.

L Loai | co L oh o d R, I, hoooR ‘ o od
! wabin dp . _1’7] [_)_ | _,‘_)I Bl H _D ‘ _;")] ) Hl [T
S T | ] I
KIO | 3410 045 | 033 | 029 | 0354 | 0,318 | 0,089 | 0,323 ‘ 0.05 0.
Kis D osas Doas 1035 ] 03 1034610338 | 0091 | 0345 1 0.05 | o
K200 11020 | 04 | 037 10325 {0337 103571 0093 0366 | 0.05 1 0.
K30 | 1530 0 04 041 036 | 032 [ 0396 | 0097 | 0407 1 0.05 | 0
KI0 20-40 | 0.375 | 043 | 0375, 0315 0416 | 0.1+ 0428 | 005 | 0.1
K50 ‘ 3050 | 0375 048 0415 | 0293 | 0457 © 01025 | 0.468 | 005 | O]
K60 4060 0 035 | 052 [ 0474 0.246 L 0.523 | 01072 | 0.567 10,045 | 0.09
K70 4570 | 035 1057 10522 | 0229 [ 0573 1 0016 L0604 | 005 1 0.1
K80 ].50-80 . 035 | 060 [ 053710221 10613 ] 0,023 | 0642 1 005 | 01

Tuong dug voi sugiam dudmg kinh bau v
Ging chicu cao canbi hudng la tang cie ban
kinh chuyén ticp tai phiin ngoat cua dong K, R
si0 cho phin din dong <6 bién dang mat ¢l
kinh tuyén suon déu, dam bao cho truong van
toe bien ddi déu doc theo dong chity vi bicu
Jdé phan bo vin toe i mép ¥io cua binh cong
e ddp e duge quy fuat dd dinh ma ta s¢
ncu ¢ phan Gep theo.

5.2.2.2. Chon théng sé hinh hoe co ban

a. Do mau cua ddy cdanl (ty 56 1)

Ty 80 £ ¢6 thé chon theo cie bing bicu
cho cac tuabin ¢ & voug quay dac g a,
vie cOt dp A gan vai tuabin can (hict ke, Tuy
nhicn do nau cla day canh ¢d anh huong lon

deén chii luong & nang lugng v xam thue cia bianh cong tic

D,20373 0,

Hinh 5.8, Cde thonge soZhinh hoe dae g

crict bicn deneg phai dean dosg taahin iddng e

Thit vay, néu a ¢ mot diy cinh gém nhitng profin ¢6 hé 86 lye nang 1 €, he 0 lue can ta
C.. Hai hé s6 nay thuting quan h¢ theo duding cong bic 2, bitu dién bang bi€u thic:

¢, = UC__I:_ +h.

Thue nghiem cho thiy phin Idn cde profin ¢6 hicu sudt cao voi cde gid u1 a, kKhiae nhau déu

¢ dudng cong C, = fC,) tuan theo bidu thiie trén.,

K gidi bai tin thuan vé (6n thit ning fugng clia banh cong tdc ngudi ta viel bicu ke cua

100 thitl &y 3

b:m T Cx-

! Wors®
¢t 2gH.sin fx

Trong dé: W, A, - thong ¢ cla dong & xa vo cling, trude bdnh cong i,

Hinh 5.9 bidu dién quan h¢ gitta 1y 3 #/r vt 10n 1hilt trong banh cong tic £ v s0 vong quay
quy din 1, SO vong quay quy dan {61 v gy, vidluu luong quy din i ww Q ,, phy thuge nhiéu
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vio ty so Ty s6 ndy cing 16n. #7,, Q7, cdng nho. Didu nay gidi thich biang su anh huong
cla gid i C, v Covin M dén l]mnh plmn AC, cla dity cinh, Vi vay su thay doi cha tv so 1t cling
anth hudng df,n 56 vong quay dic tremg . DL tang ny nguti ta cd thé gidm tv 53 /e Tuy nhién
dicu 6 lam gidm hicu sudt coa tuabin, dic biet khi /7 > 1.8 »

- 200 Vay véi muc dich tang hi¢u
sudt banh cong tic ngudi ta chon khodng fir < 1.8,

K&t qui nghién ctiu cho thidy, ty s0 47 anh hudng 16n 161 chat lueng chong xam thue tuabin.,

Hinh 5.10 L dudmg quan he gifta hé s¢ xam thue wabin o véi 30 mau day cinh /2. Chiing ta
nhin thiy: trong khoang #r nho (Fr = 0.7 = 0.9) thi khi /7 ting, hé s¢ xam thyge eiim nhanh. Ticp
theo fir =09 -+ 1.2 v&i #r tang (h o gitun 11 di v dén doan £t > 1,2 = 1,3 1hi dd (hi gidn nhu c6
hudng Hém cin ngang.

Viy ¢6 thd tang chil lugng chong xam thye cha tuabin bing cdch tang ty so fir. Song dicu do
¢d hicu qua ot véi khodng £/t < 1,2 = 1.3, Neodi khodng nay, n€u mudn tic dong dén hé 56 o ta
phai tim nhing anh huong coa thong s6 khice,

Ut [ ] £ h
AL | e
LR —---J - \ ‘ [ L —mmree [ e l
16} !_....+_ - - St 16 | ; i i | i
NN | ] B A ;]
/. PR - R S At : ! :
: \ ' /L’ ‘ i ! i
21 L lﬂ 2 i |
. ; | 2 i iy \\ R
- ] ! 1 i i . '
‘ ] A, N _ i ;
a5F |- Jl ‘ - — s -! \i\ : | I
[ ol -3 \_Ph gl i | = ___*__-_‘“ e - 4
Wi 20 WG 168 G 200 220 " ap | ‘ ‘ _ '
Hinh 89 Quan e 120, = fin)) e & ” - " e
fobi=ftn 00 2= =ftn)) Hinh S.10. Quan hé o = jili1i

Cha ¥ ring vice chon 1y s #1 trén day 15 ¢chon cho U6t dién trung binh ctia bdnh cong tic.
Ti¢t dien trung binh xdc dinh theo cong thiic:
—_—
il
.v'?(lr)l_ + (?Il,-’ )
Do var cie G& dign khide chion nhu sau: ty 86 2/ chie 18 dién bau phaa Yon hon e cho G
dien ngodi khodng 20%. Quy ludt thay dai /¢t = fir) 1dy theo duding thing
b. Ty 56 bdu d,/D,

D,= (5.13)

Ty s biu dnh hudng dén khd niang thodt luu Tuong viché $6 xam thue o Neudi @ da et ra
quan hé cia ba thong $6 nay qua bidu thiic;

= 0RO (5.14)

Trong dé: a,,- h¢ 56 xam thye giot han.
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Tirhinh 5,11 ta thiy néu ciing mot gri i luu luong O, néu v 56 bau ting thi hg s¢ xam thue
Qidi han ting. do dong bi co hep va vin 1o dong tai do tang. Vi vy. d¢ ting chit luong chdng
xdm thue coa tuabin cdn gidm 1y s6 biu diD,.

Mt khic, ty 56 bdu bi anh hudng boi didu Kign ket ciiu, sao cho ba trf duce cie duoi cdnh va
h¢ thong thanh truyén diéu khicn strquay binh cang tic,

Thong thuding 1y s6 bau /D, duoc chon theo ¢idc ng v H nhu irong bing 5.2,

Ngoal ra con mol so thong s hinh hoe khdc.

¢. Cac théng sd hinh hoe khdc

50 cinh binh cong tic 7Z,: Ly trong khodng tir 4 dén 8 cint. Chon phu thuoe viio 1/ viv dac
bict L1y s0 biu o,. Nén chd ¥ rang: sO canh binh cong tic tang thi chat hrong chong xam thue
tang. nhung anh hudmg 161 dudmg kinh biu cinh cony tic,

Bo day I6n nhat cua cinh o, chon phu thude vio dé bén cinh, didu kien che (ao gin cong
canh. Tuy nhién. ncu tang e, I6n 10%  (hi hé 50 xim thuc ting 1¢én 0.01,

Goe om cda cinh trong hinh chicu bing 14y trong khoang 70° — 90°,

5.2.2.3. Quy ludt phdn bé momen van tic C,r = fir}) va thanh phdn van toc C.=fir)

Thong thuimg ngudi w gia thict dong chiy trong viing bdnh cong tdc cua tuabin huéng truc i
dong chady theo mit 1ru doi xdng qua trye quay clia tugbin,

St dung phuong tinh ¢o bin cia thuy khi dong hoc. viet phuong trinh Gromecd cho dong
chat long 1¥ wimy:

ig#‘ua’l’—- 2 | w. ¢ |
Je)

- _ X . = . 3 -
Trong d6: P - ning luong 10in phén caa Im” nudc;

£ - rong cla nude:
@ - veeto xody cua dong;
¢ - veelo et viin toc dong.
Vai gia thict weén. phuang trinh Gromeeod dua vé dang:
dr 1 (,*"l[(.‘i-,")2 dC

= L (:
pdr 2 dr
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Trudng hop C,r = const, ngudi ta thuong lay gid tri C. theo r la ham:

C,=a+br.
Sao cho hé s6 a va b lién hé theo biéu thic:
R
27 |(a+bryrdr=0 (5.16)

4
Trong thiét k& ngudi ta cho quy luat nay theo hinh vé& 5.12, hodc tinh theo cong thiic sau:
C.eoii = L1C- 0 (5.17)
eI EIC. 5
Trong d6: C. i C- pin — thanh phén véin t5¢ C. tai tiét dién ngoai va tiet dién béu.
Thanh phin van t6c C.,tai tiét dien trung binh tinh theo cong thic (5.5) va (5.3).
Thuc nghiém cho thdy momen van toc C,r khong phai 14 hang s6. Ngudi ta thudng chon quy
luat bién ddi C,r theo bin kinh theo ham: C r =m+nr.
Né&u thay 2 ham C. va C,r vao bicu thic (5.15) va lay tich phan thi cic h¢ s6 a, b, m, n s€ lién
hé v6i nhau theo biéu thic:

e

P:p(ﬁlmwwbzlnr—f‘ﬁ)m. (5.18)

2 2

ar : s
) FRanke |

8cT

\3\ :%3 ‘9“ ) mép ra

% ¢ if.’;g; ol |

Nk *qi")afr“ x oof A

- “‘\l’ T\i‘w) 3 Q’ _; Q¥

<o 2= 0
T T EFRY ] O L

b ¢
Hinh 5.12. Thong sé dong chdy J mép vao va mep ra bdnh cong tdc tuabin hudng truc

/ Trong thuc (€ ngudi ta chon céc he so trén dua vao ket qua thuc
i 12 nghiém (hinh 5.12)
i. ) Su thay doi momen van 16c tai mép vao (C,r); phu thudc vao

r' - ” - ~ - ™ - - - " - a -
l =\ | bién dang cdnh bdnh cong tac, do6 md cdnh hudng va che do lam
! \ [—L_r_? 71 viéc cla tuabin. Doc theo ban kinh gia tri C, 7 tang dan, tic l1a (C,r)
|_ | | =5 | cuatiet dién bau nho hon C,r tiét dién ngoal.
_ ._-t L] Tai mép ra cta cénh, ¢6 thé chon (C,r), cta tict dién bau biang
0. Nhung thuc t€ cho thdy nén cho trude mot xody dong khong 16n
[TDFY tai mép ra ctia cdnh. Khi d6 chon gia tre:
. 0,2n,gH
(Clrr’]_’u;.;rnii =+ -E:" (5 1 9)
@

Hinh 5.13.S0 do chon

o s B Do chénh momen van toc:A - -y, — tai lat ca cac
mdt cdt thict ke i . (C,r)=(C,r) (C,r), tar it &

mit dong ldy bang nhau.
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5.2.2.4. Chon diéu kién & phdn ra ciia banh cong tic

Thye nghiem cho thily dong chiy & phin vao banh cong tde phu thuoe vao hinh ding phan
din dong, bién dang cdnh bdnh cong tic, ché do lam vige cta tuabin, dd ma cénh hudng..

Dumg tam gidc van t6c & phan vio vii phin ra clia binh cong tic duoe ti¢n hanh nhu sau:

V& mit ¢ Kinh tuyén véi dudng kinh D, = 1m., v& theo ty 1¢ M 1:1. So lrgng dudng dong 18y

khoang 5+7. Vi mil dong 1 cic mat tr u nén khong can dung dudmg dong. Cic mit cat chon

cich déu nhau. Mat il & sdt biu cdnh v sdt ngodi 13y cich khoing 10 mm. So dé chon mal cill
va ddnh $G thit o tham khao hinh 5.13.

Neudi ta tién hanh tinh todn cho mé hinh tuabin dong dang véi tuabin cin (hi€l ke, véi dudmg
kinh £, = Im, {1 = Tm, vi ¢ic gid tri ¢, 7', chon trong ché do tinh todn (gid tei tai wu),

Tinh C. trung binh theo cong thire {3.5), (5.13). Dua vio do thi guy lual C, = fir) (hinh5.12)
ghi lai gid ui C tai mét cal.

Tinh van e theo # cho mat cit
— mr,
u =u, = wr, = —LL (5.20)
30
Theo bidu dé quy lut (C ). = fir) fim duge cde gid tri C,» cho cdc mat Cil.
Tinh goée /4 cho cde mit ¢t theo cong (hife rdt ra (i tam gide van toc;
C b
18f=——
T -C
Tam gidic van toc tai mép viwo va mép ra xer hinh 5.14.

Tuong w nhu vay, tinh cho mép vao. Gid tri C, ; tal mit ¢it tinh theo ¢ong (hie it ra (i
phuang trinh cot ap:

(5.21)

. ) i
C” = C”,‘ + ﬂi&__
- [

(5.22)

(3.23)

!
?{Vu,' "‘ru;} W

Hinh 5.14. Xdc dinh gdc 107 va tam gide vdn t0c tai ede mdi odt cia canh
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Dung tam gidc van 16¢ 1ai mép vao va mép ra tai cdc mat cit.
Tinh thong s6 dong chay ¢ xa vo cung:

) ! )
m_ + I‘VJ;“ JE‘: + [I.‘ - F;(Cm" + C.'r.? )]_ (524}
W .
g, = 2= C: (5.25)
£ W 1
ot - ;)_{C'Tul + Cerz)

Ciic tinh todn ndty thudng 1ap thanh bing cho thuin tién.

D¢ danh gid vige chon diéu kién 0 mép vao vi mép ta cla banh cong tde, ngudi ta tinh Afla
hi¢u ctia goe dat canl cua miit ¢t sdt biu va goc dit cdnh cua mit cAl ngoii.

AB= S B (5.26}
Trong d6: 3 : gbe dat canh.
Theo hinh 5.14 ta ¢é géce 161 cha cinh @ duge xde dinh bang cong thuc:
a=pfe- f (5.27)
Gée 161 a cho i€t dign ngoai thudmg chen trong khoing @ ngoai = (0 - 2)" D& vdi tict dién
il biu canh: @ biu < (6 - 10)". Cac tiét dicn con lai chon quy hudt a = f{r} theo dudng paribol.
Sau khi tinh A3 theo cong thuc (5.26) néu A< (14 — 18" thi diéu kién ban dau da chon de

tinh todn 13 16t Néu AZ 16n hon gid tri dé thi can thay ddi cac didu kién ban ditv hodc thay d6i
pée 16i a trong khodng cho phép.

D¢ thity dugc vai trd el goc 10 a ta x¢ét thinh phan cla luu 58 cha cdnh £ Tir phuong trinh
¢ot dp rit ra bicu thic tinh luu ¢ cun canh:

\ , iy, eft <
r=0C, -C,.) =" (5.28)
—w
Luu s6 iy tao bai hai thanh phan: fuu <6 do do cong cla cinh tao ra, ky méu la vy luu 50
clia géc 61 o tao 1o, ky hiéu a Fy
fi=r+1r, (5.29)
Ty l¢ gifta 7 vi /7, trong vice Wo thanh oy s6 cinh cba 7 phu thude viio sO vong quay cla
twabin. Thue nghiém cho thily gid clia chilng nhu sau:

0= 0,33 - 0.5 doi val tuabin ¢6 n, nho
£/ 7= 0,33 dai vi tuabin ¢6 2, 10n.

Tai tiét di¢n biu véi do day clia profin 16n do cong cha profin nhéd nén phai tang goc (di a tal
tidt dién nay dé dat lun 56 ¢in thiét.

Viy cho dén nay ching ta dd chudn bi xong cic 86 ligu ban diau: chon s bo ducme kinh 2,
<& vong quay 7, so sidnh v con Jai mot phucno 4n dé thidi ke, Sau 46 chon mat cilt kinh (uyén va
cic thong s6 hinh hoc nhu e d,, z;. 8, &, cho cic quy luat phin bo momen vin toc O v
thanh phan . theo cde mat cat. Tir d6 ¢o lhe cho diéu kién tai mép viio, mép ra coa banh cong

tic, v& tam gidc van e cho cdc mét ciit. Tiép theo chiing ta s& thict k& bien dang cha profin
canh binh cong tic.



5.2.3. Thiét ké canh banh cdng tac hudng truc

5.2.3.1. Cdc phuwong phdp thiét ké

C6 nhicu phuong phiap thiét k¢ banh ¢ong tde tuabin hudng teue. Trong d6 b ba phuong phip
thudmg dugc s duyng:

- Phuong phap lue ning.
- Phuong phip phan bd xody.
. - Phuong phap phan ba xody — nguon.

Ca ba phuong phdp niy dua trén gid thiét vé dong chay trong binh cong tdc tuabin hudng
truc (rthu da phin tich & wren): dong hé! chdy theo mdt ty ¢d true cling vdi true quay tuabin,
dong chay ¢ hudng song song vdi rue tuabin.

Phuong phip lue nang 1d phuong phip don gidn dua trén nhitng bién dang di duge nghién
ciu k¥ bang thire nghi¢m dua ra cdc s6 tay tra ciu coa co sd nghién ciru BUTM, NACA,
MYHK... T ¢iic thong s6 ¢ chon cia tuabin xdce dinh hé 86 luc nang cia day cinh. Chon cic
profin don va goce 131 @ sao cho dat he s& luc nang can thiét,

Phuong phidp nay ¢é qu diem 14 1hiét k€ nhanh vi néu ¢6 kinh nghicn thi¢t k& thi ¢hdt lugng
weng ddi 16t Nhuge diém cla nd 1 vige st dung he 56 K (cong thite 5.11) cta didy cdnh (@m
phing khiong thé tinh d¢n sy éanh hudng cha 4o vong va chiéu dity cia profin,

Phuong phip phian bé xody 1A phuong phip diung dén todan dé gidi bai todn nguoe cho profin
don, K& qua xay dung profin don ¢6 thé duge ding cho day cdnh néu tinh thém sy danh hudng
ldn nhau ¢ua cdc profin vong diy céanh. (G bai todn thudn khao sdt mon 6 profin don gidn nhu
tim phing moéng vé climg va rit ra két luan dong chiy bao quanh tam phing mong vo cling ¢6
thé thay the bing diy canh bao 1dp xody phan bo theo quy ludt #5) ndo do di xdc dinh. Bii todn
ngude sé ¢ ndl dung: cho trude dong song song va quy luit phin be xody . can xice dinh bién
dang profin. Quy ludt phan bd xody ¢ the bicu dién dudi dang chudi vdi cic hé sG A, A, AL
Céac he s6 nay duge xde dinh theo cie cong thie b ién quan tdi cot dp M, lue ning P, vi cic
thong s cha diy cinh di cho trude, Tong cde dudmg cong khép kin dé chinh 1 profin mong vo
cling 1a can thiét ké. ’

Phuong phip nay ¢6 uu diém [a dua trén co sd 1§ thuy@t Co hoce chat 1éng va da duoe nghicn
ctiu X¥ bing bai todn thuin, K&t qui ¢l tuabin thist ke cling ¢d chit lugng dat yeu cau.

Phuong phip phian ba xody — ngudn duge s dung d¢ xay dung profin cinh ¢6 (o diy hivu
han. Mudn viy, ban dau chiing (a cing diing phuong phip phan bé xody #S) d¢ 1o ra profin
mong vo ciing, d6 1a cic dudng tam. Sau d6 tren dudng tam do sé phin bo ngudn viv tu ¢f S dé
tao ra d¢ day cta profin, Phuong phap nay con goi [ phuong phap Léxokhin. G day dng cic
duong dong cua dong song song, xody, ngudn vi tu tao nén mot dudng cong khép kin, chinh la
profin ¢6 do diy hiru han ma ta cin tim.

Ngoii ra ¢con ¢é phuong phdp bién hinh bao gidc. Phurong phdp nay hét sire phic tap vé mat
tidn hoc viuchat luwong cdnh thict ké cling khong cao.

5.2.3.2. Thiét ké canh bing phuong phap luc nang

D¢ s dung phuong phip ndy, trude hét ta cdn Xde dinh luo s6 bao quanh cianh /) theo cong
(hiic (5.28). Pay li luu s6 dong bae quanh profin ndm trong diy cdnh, tire I o cong thiie (510}
noséla r,

Hé s¢ lue ning clia cdnh nam trong diy ky higu 1 C,; va tinh theo cong thire:
By

LW,

wl
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Trong a6 cde gid i W, A, I, € diduge xdc dinh ti phin trede.

Chon cic profin don dya vio cde dac tinh khi dgng cua ching. Cac prolin nay tra duge trong
cdc 86 tay hodc catald cia cic hing BUTM (Lién Xo), NACA (My), MYHK (Dic)... Ta cé duge
cde théng s6 hinh hoc v cie dactinh C, = {C,), €. C, = fla) cia proflin.

Né&u goi A 14 hé 56 chat luong cha profin:

C,
A== (5.31)
Cl
C6 thé ddnh gid duge hicu sudt thuy lue cba diy cinh nhd cong thac:
1
= — 5.32
I W, sin A (5.32)

i+

w, sin(g, —A)

Gid tri ctta hidu sudt thuy lyc thay déi theo bin kinh 7, = fr). Ung v6i moi mat cét ta cé moL
gid tri ban kinh r, vivgid tri 2. Tl d6 ¢d cic gid tei higu suat khde nhau cho mdi mat cit. DE tim
hi¢u sudl thuy lyc chiing ta tim tich phin trén toan mit cit udt @ cua dong chay.

Ky higu t6n that thuy Juc [a Al thi:

H — Ah
= 5.33
Hy H ( )
K,
JQIIU"Q 2'?3-1{‘( J.(} - '??n' )(?rm'dr
Ab = — . (5.34)
0 0

Tich phan nity ¢6 thé tinh toin hodc thay bing téng cdc doyn r; va xdc dinh hing phuong
phap d6 thi. Cong thiic (5.32) — (5.34) cho phép dénh gid kel qua thiét k& bang phuong phap nay.

Cic bude tién hanh cu thé:

Chon cdc profin don véi C,. C, xdc dinh.

Tinh gan ding lin tha nhat:

Coia=0khido g = /.

V&i gid i #e vid B, theo d6 thi K = fi .01 xdce dinh duge K

Tinh géc 161 gan ding lan thir nhat:

¢

Si”()ﬂ'l _—m
AT !

Tinh lai géc ditt cdnh gin ding thit nhat: Bl = B -
Tinh gdn ding lan thit hai

Tim K, = f{ 84" if¢)

Tinh goc t6i gan ddng 1dn thif hai:

l i

Singr, = —F—— .
) ’?r"; [)Vm'K_-‘

Goe dal cdanh gdn ding lan thit hai: £ = B.— @,
Tim K, = i B 1it)
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Tinh C,, = KC,

Neu gid tr1 C,, dut 181 sat s cho phép vai gid tri C.. y&u cdu thy viéc tinh gin ding két thic.
Néu khong dat thi 1iép tuc tinh todn gan ding ldn thi ba, thi w. ..

Ti¢p theo, dung cdc cong thide (5.32) - (5.34) dé danh gid hiéu sual cdnh di 1hiét ke,

Cic profin sau khi di tinh todn, kiém tra chat lugng 7, 181 can chon tam quay viL xau cénh.
Vian dé ndy s& dé cip dén & muc sau.

5.2.3.3. Thiét ké canh bing phuong phdp phin bé xody

a. Coso Iy thuyét

Trén déy ching fa dd néu nodi dung co ban cha phudng phdp nay, V¢ co sd 1§ thuyél b the

_tham khio cdc sich v¢ 1y thuyél cdnh vi co hoe chat long. O day chi dé cap dén viée sir dung

phudng phdp nay dé thiét k¢ tuabin.

Dé xay dung profin cdnh ¢6 do day hitn han trude hét w diing phuong phap phan bé xody #S)
tao ra duting thm profin. Sau d6 st dung cdc profin khi dong ¢6 chal lugng cao dé tao do diy,

Quy fult phan bo xody phii bio dim dicu ki¢n luu s6 cha ddng bao quanh profin phai bing
10ng cudng do cic xody #S)

+

—
1
|_|'I-~‘——-—;u|—-.

Y8 )dS

Trong dd: - 4o dai canh,
Quy luat phan bd xody ¢o thé bicu dién dudi dang chudi lugng gidc:

y(0) = Ancrg‘% +4,5in0 + 4, sin28 + ...+ A4, sinnd. {5.35)
A Ap Al A, — cde hé s6 clia chuda,

Ngaudi ta di chimg minh duoc rang chi ¢6 hai hé s6 ddv 12 A, va 4, [ inh hudng dén luu s0,
cic hé 80 con lai khang danh hudng. Xdc dinh A, vi A, theo cong thic:
_ 2L, ar,

A, = —% A= — {5.36)
bre) d

V&i £, + I =1 chon phu thuoe vao i,

Quy luat phin bé nguon — 1y ¢an dam bao didu kién: 6ng luu lugng cla cic ngudn vi tu trén
dudmg tam bang (.
Ny

gi SIS =0 (5.37)

R

A—,

_!
s

e

[}

Trong dé ¢(S) ¢& the bidu dién dudi dang du thie, thudng |3 da thic bic 3.

G(S)= B +B,S +B,S” +B,S*. (5.38)
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Tong hop clia cic dong: dong song song, xody, nguon — ty s& 1a mot dudmg cong khép kin.
chinh Ia bi¢én dang profin cin x4c dinh.

Van 8¢ dong chiy tai cdc diém tren profin vi€t theo hé toa do (x,y) nhu sau:

W,=W,. +V/ +v" 4 G

¥ ey o x5+

, o , {5.39)

W_l' = Wm_\-' + V}-a + V_ra + V_rS + VyS ’

Trong dé: W (W, . W...} — van (8¢ cha dong song song va cic thanh phén chiéu tréen truc x,
cla no

VIV V) — van tée cam ung ctia profin géc va c¢de thanh phéin chi€u trén trye x, v cia no.

Ve V7 - thanh phin chiéu trén truc v clia cde van tdc cam tng do g0C a gy ru.

V', V', - thanh phén chiéu trén tryc .y cua cde van 16c cam ing do do cong canh gay ra.

Tuong 1 nhu vay d6i véi cde thanh phan chigu trén true v clia cdc van toc cam ting V',
R TR

vy v

Sau khi gidi bai todn thuan rit tir diéu kien cdn va do dé duong dong 1ong hop 13 dudng dong
khép kin, xay dung chu tuyén profin sao cho chu tuyén profin la mot dudng dong khong ¢é dong
chdy qua né. Ngudi ta rit ra cic cong thife tinh vén t6¢ cdm g nhy sau (5.40%:

: l .
V. =—=—4. sin
xNa 2 t] IG

yi o= M(I 264 —90a, + 460a, -1 80a, + 6304, + 334a,)
' 2560t i ' '
p . .
Vie= 5 Aoysin (5.40)
g A
Vie= (2104 = 1201, + 460a; ~120a, + 210a.)

2560
o
V;u = 5 A[J COSﬁ

P A, md

(1265, ~ 900, + 4605, — 180b, + 630b, + 3345,
M 25601 ’

, 1
Vie=- 5 Aoy cos B

Vio= 222 0 \0n, 1208, + 4606, - 1208, + 2106, )
T 2560t B
Trong dé: gée B duge tinh theo cong thire:

i

sin ff =

W
cosff =2 (5.41)
P 174
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Cée he 80 « va b 1A cic dai luong khong tha nguyén, khong phu thude vio kich thude tuyver
doi cua ddy canh, Hai dai luong nay duge hinh dung 1a vin td¢ thanh phin & diém
237, = Xy + iy, cUa mot ddy cdnh ¢ 1 = |, xody y= -1 rir profin gde, Vi the ¢6 thé tinh trude
hai dai lugng niy. K& qui tinh hé 56 « vt & duge biéu thi trén biéu dé hinh 5.15. Theo bidu dé
nay thi theo truc v phian bo budce + clia diy cinh. Bude ciia dily cdnh cdn phiil bang budc 1 cla
bicu d6 va xody clia prolin goc thi & diém dau goc 1oa do (hinh 5.15). Nghia 13 khi ta biét budc ¢
clia bidu d6 viv bude 1 cha diy cdnh dang xiy dung, ta Om ty s6 ¢ /. Néu tv s& 1/ > | thi chiéu
dai cau profin dily cdnh phai gidm di (471) lan: Néu ¢/t < 1 thi chiéu dai coa profin dily cinh cin
tang lén (7 /1) lin, sac chot =+,

Sau khi xdc dinh duge chiéu dad profin tuong dng vai bidu d6, ta dal toa 46 cic diém o

o,=-1;-2f3,-1/3, 0, +1/3, +2/3, +| - uén dudng thing ¢6 chiéu dai /. V& dudng thing co
danh ddu & cac diém @, leén bidu do (hinh 5.16). Dudng thing d6 chinh 13 profin tam phang
mong vo cling. Tam phing hop vdi truc v clia bidu dé géc f. Tim cic gid i cua ¢ va b theo
dudng « = const, b = const di qua cic diém o, cua tim phing dé. Thoat ddu dal dicm o, = -1 vio
gdc toa do, tim gid tri (¢.h) o, = -1. Sau d6 dat 1iép cic diém a, = -2/3, (im gid i «.b cho o, = -
2/3... D¢ thuin tién cho tinh todn, ngudi ta viét gid tri ndy theo bang (bing 5.3). Cian fuu ¥ ring
cdc gid tri « va b d6i xiing qua géc toa do, cho nén gia tri @ va b cua cde diém dai ing qua goc
tog do thi bing nhaw vé gid 1 tuyér dot nhung nguge dau,

Q04

Hinh 5.15. Biéu d6 vde dindr cde hé s a. b



Biing 5.3

He¢ s6 Cic Cdc dicm uén cinh o, _ |
- diém | 2/3 13 ] o 1/3 213 1

e - 0 | B
Ll 213 0 )
W 173 0 |
| a3 0 0

ad 1/3 0
A 2/3 0 ]

¢t l 0
o -1 0

b -2/3 0
| 0

b6 |+ 0

b. Cac bude tién hanh

Hinht 5.16. Xdice dinh by, Bo va cdc hé so a.b

L. Qua hai phén tinh todn trude, ta di ¢6:
+ Cac thong 6 D, vy i,

+ Cac dudng dic tinh t8ng hop chinh vi téng hop van hinh.

V& mit cat kinh tuyén.

Dung tam gide van 16¢ & mép vao vi mép ra tinh todn véi H = Im, D;=1m, (Q, n,) 16i vu.
V& 5 mat try cdach déu nhau.

Cho cdc quy luat bign d6i Cr = f{r). C.= fir), i1t = f{r). & = fti}.

2. Tinh ¢dc thong s¢ clia diy cdnh
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Cidc thong s6 ndy tinh theo bing 5.4. Cong thite d¢ tinh ¢dc thong s6 nay cling ¢ho trong bang
dd. Goc 13 e tinh theo bdng cling tinh gdn ddang lién tuc, sao cho gde « gita hai 1dn tinh cudi
cling sal nhau 1- 2%,

3. Xdedinhicdché sda, b

+ Do bude r cta bidu do hinh 5.15, tinh chidu dii diy cung coa profin /. dé tinh hé s6 «.b
theo cong thie: ! = r.(l1).

+ Chia /" lam 6 phén bing nhau tuong dng vdi cac diém (-1, -2/3, -1/2. 0, 1/3,2/3. 1).

Dirng doan / 1én bi¢u d6 5.15 nhu dd gidi thich & trén v ghi lai cde gid i @.b vao bing 5.3.
4, Tinh cdc thanh phin cOa van (Sc cam ing theo cde ¢ong thite di néu & phan wrén (5.40).
Cie k&t qua tinh 1odn dua vao bang 5.5.

5. Tlr k&l quit tinh thanh phin van (6c cam ving, tinh goée 4 theo cong thie (5.41).

6. Xdc dinh toa do cla cic diém o, theo 10a 4O (r.y):

Av = é;— (cos B, +cosf, ) (5.42)
Ay = LN 3, +sin f3
Vo= g.—z-(sm[” +sinf, )
X:‘ZA‘-} ; YZZA.""r'- {5.43)
| ]

7. Dung dudng tam profin
theo Av, Av nhu hinh v& 5.17.

8. Lam lsgi todn hd tinh

todan theo bang 5.5, Trong 6

néu lin diu lay #= A dé tinh

% cac thanh phan vin té¢ cam

tng, thi lan tha hat lay gia tri

B tog do cdc diém vim tim
dugre.

Thong thuomg & bude tinh
todn nay ¢hi c¢in tinh dén lin
Hink 5.17. Xay dimnyg dicng tam profin gdn dang thi 2,

9. Dap do diy theo quy
luit &= f{7) di chon viutinh he 86 chen dong. hode tinh lai gid tri €. ¢6 tinh dén sy chen dong do
cinh ¢é do day hitu han. Thinh phin vin 16¢ € tinh theo cong thuc:

C. . \
C.= ———— (544
) Z0
2rrsin

L
7

10. Lip fai toan bo tir bude 2 dén bude 9 trong d6 thanh phan C. thay bing €.

i1, Sau khi tinh todn xong todn bd nam mat ¢it ta tién hanh xao cinh viv1en ban ve ky thudl
cho cdnh binh cong tdc. Van dé nay s@ trinh bay ¢ phin sau.



5.2.3.4. Phuong phdp xdu cinh va xay dung bin vé ky thudt bién dang cdnh banh cong tdac

a. Phicong phdp xdu cdnh

Sau khi 1hiét k& duge nhing bicn dang cinh bianh cong tic cha twabin hudng truc theo cac

‘mit dong, cin phdi sap x&p ching lai d& tao ra mot ¢inh hoan chinh. Su sip xEp nay trong ché
140 luabin goi 14 xau cdnh.

Hién nay qué trinh xiu cinh chua 6 ¢a s 1y thuyét dé tinh todn. N6 hoin toan dua vio Kinh
nghi¢m cta ngudi thict ke, Mat Khic. chit luong tuabin lai phy thuge nhidu vio bién dang cdnh,
vio didu kién mép vao va mép ra ciu cdnh. Vi cach sip x& cac mat cit khde nhau ching ta 5¢
¢6 hinh dang cong trong khong glan cla (oan bo 14 cdnh khic nhau, cling nine vi tri vi hinh dang

' i Z cua mép vio va mép ra khic nhau. N6i citch khic i sy xau canh
\ Anh hudng dén chat luong cla tuabim.
\ Hinh 5.18 cho thay, tir cic bién dang profin rot rac, o6 thé sap
x&p theo nhiéu cach, vi dy ba cdch sap x€p trén hinh chiéu bang:
—l Mép ra nam theo duong thang hudng kinh.
\ Cinh 6 hudng ngodt nguge chifu quay cua tuabin,
| Canh ¢6 huéng ngoat theo chiu quay ctia tuabin.
\J Cac dang canh niy dénh huong lén dén dac tinh nang lugng va

xam thyc cia tuabin, Thue nghiém cho thdy canh tuabin ¢6 mep
ra nam theo dutmg thing hudng kinh hode iech mot val do so voi
dudng thing hudng kinh s& cho dac tinh nang luong va xim thie
101 nhit, Loal nity ¢dn ¢o an Aidm dé gia cong ¢he o,

Khi xiu cdnh véi cie profin <6 san, cdn sidp x&p cho mép ra
nam tén dudmg thing hudng kinh, mép vao 14 moL duding cong
tron. Néu khong dat duge nhu vay. ¢6 (hé thay déi mép ra mot
chiit sao cho dutng (hing cia mép ra chi 1¢ch mdt vai do so véi
duting kinh va mép vio L mdl dutng cong tron. Trudng hop
cudi cing néu khong sip x€p dugc nhu vay, phai thay déi 1y s0
{1, e 101 ¢ vit tam 2ide vin {G¢ & mép vio, mép ra va tinh lul
1oitn bo cac bien dang cinh theo cac mal ¢al cho dat yéu ciu.

Hinh 518, Cde kicu xau cdnh
ti nhifng profin dd tinf todn .
Truc quay ciia cdnh

| Z

N Pic biet vol tuabin hudng e
‘=" " ¢énh quay c¢in chon tryc quay cla
cinh sao ¢ho né gan vé11am ap luc
¢ha cinh, Khi dé momen thuy luc
do dong chdy tic dung 1¢én cinh Vi
cic gée quay cinh khide nhau s¢ 14

[o 3

by aho nhit. Luc cdn thigt dé dicu
P————‘—‘——"*‘

b chinh su quay cGa cdnh s&€ 1 nho

nhit. Khi d6 kich thude cde chi 1t
trong h¢ théng didu chinh cdnh
quay giam, kich thudc biu binh
cong tac (ty 6 biu d,/D) nho vi
fue coa scevoro nho. Nhu vay, viie
wic dinh vi tri trye quay cua cdnh
¢h Win quan trong rong qui trinh
a c xau cdnh.

P6i véi tuabin 1dn ngudi ta xic

Hinh S.19. Xdc dinh truc quay Ciid cdnlt dinh truc quay cla cdnh weén cic
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biang thir nghi¢m dac biét. Trong thirc (& khi thay déj ché do lam viéc cha tuabin thi ram ap luc
cla cdnh cling thay dét. Doi vai cic tuabin di gam hoa theo biing 5.1, khi lam viée & ché do (6
Uy, @ dp luc nam trong khoang: vy = v/ = 0,35 — 0,45 ké tit mép viwo (hinh 5.19).

Trén ban vé tim 1am quay cho tigt di¢n gde. san dé méi tim cho cde tigt di¢n con lal.

Co the (int trong tam cla cinh vi chon trye quay nam dudi trong tam cia cdnh mot chut. Khi
dd momen coa lue ly 1am <& nguce chiéu vdi momen xodn do dong chay bao tac dung 1én cinh,
ng sudt tai tict dién gdc $¢ nhd di. Véi cich chon truc quay nay ¢é thé giam do day cua tét dign
gbe. Chit ¥ 1a néu gidm duoc dd ddy cinh ta gidim duge su chén dong v tang khi ning chéng
xam thuc cta tuabin, Ngodi ra, gidm duoe khai lugng bdnh cong tde.

Yéu cau doi véi true quay:

Cde di¢m duge chon lam tam yuay ctia moi profin, suu khi xau cdnh phdi niam trén mot
duting thang hudng kinh. Budng thang niy chinh 1 true quay cianh {hinh 5.19).

Dé che wo dudng cho cinh ngudl e chon mot mat chudn nio dé. Truc quay cdn phdi 12 mot
dudmg thang hudng kinh, song song vGi mit chudn di chon.

b. Xdy dung bdn vé ky thudt bién dang cdnh bdnh cong tdce

Bin v& k§ thuat bien dang c4nh thuong buo gém:

Hinh chiéu bang cla cdnh, trén dé chi 16 vitri cla true quay cdnh, vi (i mép vao vi mép ra,
vi Ui cde mit cat.

Céc bien dang profin cdnh theo cic mat cit.

Khi ghi kich thude cita profin cén chi 1o vi tri cua mat chudn da chon dé che 1o dudng, Cic
kich thudc phéi tinh tir mat chudn ngang dé. Trén moi profin phai ghi kich thude cga tam quay.
kich thude mot s§ diém nhii dinh da chon trén bién dang. O viing gan mép viio va meép ru thi
chon s6 diém d¢ ghi kich thude nhiéu len, DE tien ght kich thude nguai ta v& mép vio v mép ra
vGi ty ¢ xich ting én sao cho di d¢é ghi kich thude chinh xic.

N
——1 I
4 1 , LE_E oy
1T
<

=~
ey
/4

¥
v
&
I
I

Hinh 5.20. Bdn vé bién dang canh banh cong tdc tuabin Inidng truc
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Cic véu cau ky thuit doi vai duong ¢inh bdnh cong tdc:

Bin v k¥ thuit bién dang canh hinh cong tac khie vai ban ve k¥ thudat canh banh cong tic.
Trong ban v& cinh banh cong tac nguti 1o khong dua cie kich thude bien dang profin nira. Ban
vé k¥ thudt bien dang cdnh dung d¢ ¢hé tgo dudng vi ¢ch€ tgo miu canh.

5.2.3.5. Vidu
Tinh bién dang cinh binh cong tac ctia tuabin hudng truc loai K30.
Gia sir sau hai bude ban diu ta 4 ¢6 nhimg 50 1i¢u d¢ 1inh bicn dang canb nhur sau:

S bo chon logi tuabin K30, ¢6 cde thong sa luw lugng quy din 161w va vong quay quy dan
wiwe Qon a0y = 800 Hs. 0 = 110 viph.

Mat cit kinh tyén 18y theo mo finh tuabin K30/587 cia Lién Xo cil vér cde thong s chinh:

Ty 56 bitu diy; = 0045

S6 canh bdnh cong tdc 2, =6

pé day twong doi lon ahit clia cinh 8, = O,/ 481 vdi tiet dien o0c 14 8,5%, tict dign ngoil
1a 2%.. Quy ludt cua J,,, = J(r) la quy ludt tuyen tinh (hinh 5.21).

Do mau wong Ao cta canh e o tiet dicn goe 12 145, ¢ tct dign ngoai 1a 1,16, Quy luit cua
{ir = f{r) a tuyén tinh.

Hicu sudt thuy luc 16n nhit 2, = 0.91.

Quy luat thay déi cia C. = flr)va(Cr): = Hr) theo quy ludi thay doi cuaty sO Faf M= f{r).

14 f T — =
f | - R ] T
131 1 I
12 l t t ' i
1.4 l { T i
1 1 1
f,&? | T |l 1 y
‘ i , 8%
i [ || ', 8
= e 10} I T
ro(/.n‘" II | |I ]7—‘
- yi—5
] t
0.4t IL i | | ' - | 1 4
031 = - |
e e T,
3'“,”7, BEEZIE e |
Hinme==sa ! SEREEY

Y oo X 350 H 00 @I 430 i r
Hinh 5.21. Ouy ludt 8, 1t T T K2={{r)

Todn bo tinh toin dp dung cho mé hinh tabin loai K30 ¢6 D, = {000 mm, H = 1m, @ =
800 Ifs, n = 110 v/ph, chon 3 mil 1iét dicn (hinh 5.13). Sau day 1a tinh todn bién dang tiét dign
cdnh theo phuong phip xody — nguon.

a. Tinh cdc thong sé cia ddy canh

Moi tinh todn duge thue hién theo bang 5.4



Being 5.4

56 3 . . Ti&1 dién ¢anh
T Cac thong s6 -
I 11 i 1V vV
r,om 0.485 0.43 0.375 0.32 ).265
2 t=nd =u2=mm"J30, mls 5.575 4.95 4.32 3.08 3.05
3 ko= er,C 0 17,0l ) 0.2 0.15 0.1 0.05 0
4 Co=ks nueHin, mis 0319 | 0271 0207 | 0.121 0
5 C=C o+ n.eHlu, nifs 1.904 2.051 2.252 2.521 29
6 c. - Qi/j Df[ 4D, ]:] 1275 |.275 1.275 1.275 1.275
T | wwB= Chu-(C, i+ Coaji2 0.261 0337 | 0387 © 0524 | 0.796
8 s, 14738 11839 I 21°0 | 28273 | 8§31
9 sinf3, 0.2527 | 0.3193 | 03608 | 0.4764 | 0.6227
10 cosp, 0.9676 | 0.9475 | 09327 | 0.8792 | 0.7824 °
1 o S| 3046 | 3997 | 353 2.682 | 2.046
W = \/EL” - (¢, + (_.‘”1)} +Co
NEn W, =W, cosf, mis 4883 | 3798 | 3296 | 2359 | -16
13 W..=W, sinf,. mix -1.285 | <1275 | -1.275 | -1.275 © -1.275
14 I .15 123 1.3 1385 146
E t=1 iz, m 0.507 0,45 0393 | 0385 1 0.277
16 [ =il 0.582 | 0.554 | 03515 | 0464 | 0403
17 16, m 0.097 | 0.0922 | 0085 | 0.07740 | 0.0672
1% = HC,)-C,,). nt'ls 0.804 | 0.804 | 0804 | 0804 | 0.804
19 C'=rr 0.1 0.15 0.2 0.25 0.3
20 L= 10 mrls 0.0804 | 0.1205 | 0.168 | 0.2005 | 0.241
21 Ly=1-Fntls 0.724 | 06835 | 0643 | 0.6035 | 0.563
22 A, =25)(xd) 0.08% | 0.139 | 0.199 | 0276 | 0.381
23 A, =4} 1.585 1.57 1395 | 1.65 L.775
24 sina = A2 KW, 0.00448 | 0.0107 | 0.0195 | 0.0486 ' 0,0852
.25 ¢ 15° 37 7| 2T 453"
L 26 K 1.97 1.65 1.31 1.06 0.82
27 B=h 1423 | 1872 202 | 25407 1 33U3Y°
28 | Sy, e 2.0 3.6 5.2 6.8 8.4

s
e




b. Xdc dinh cdc hé s6 a, b

Lim theo chi din & phédn trén va ghi thee bang 5.3.

¢. Tinh cdc thanh phdn vdn téc va toa dg ciia cde diém o, = -1, -2/3, -1/3,0, 1/3, 2/3, 1

Tinh todn cho timg i€t di¢n vi ghi theo bang 5.5. Trong bdang nay 1a wudng hop tinh cho tiét

dien goc.

Bdang 5.5

Sa |

. e Cic di€ém o,
Cong thue tinh T
T i -l 28 -1/3 0 1/3 2/3 P
[ Vi, 01055 | <0.1055 | -0.1055 | -0.1055 ¢ -0.1055 | -0.10585 | -0.1055
2 (26« 9.83 0 9.83 222 40.} 52 55.2
3 -90u, 15.85 7.02 0 -7.02 | -1585 -286 -37.2
4 460, -146.3 -81 -35.9 it 359 31 146.3
5 -1804, 761.1 58.5 32.4 14.31 0 -14.31 -32.4
0 6304 -274.5 -261 -200.5 -111 -49.2 0 492
7 334, -146.3 | -145.6 | -137.8 | -106.1 -58.7 -26.05 0
8 2247 484,98 | -442.08 | -331.97 © -187.59 0 4775 | 64.04 181.1
9 v P -0.331 | -0.288 1 0227 | -0.1284 | -0.0327 | 0.0437 | 0.124
i V. -0.461 | -0.328 | -0.16 0 0.164 | 0.328 0.491
1 210, -16.35 0 16.35 37 66.9 87 91.5
12 =120, 215 9.36 0 -9.36 -21.5 -38.2 -49.6
13 460¢; -146.3 -81 -35.9 0 359 81 146.3
14 -120¢, 49.6 382 2115 9.36 0 936 | -2L15
15 210a; 91.5 -87 -66.9 37 16.35 0 [6.35
16 T (1) -183.4 1 -12044 1 -65.3 0 65.3 [20.44 | 1834
17 V"L -.584 | -0.383 | -0.0208 0 0.0208 | 0.080 0.584
18 W -1.6 -1.6 -1.0 -1.6 -1.6 -lev -1.6
19 | WEE(HHOM | 230115 | -2.7047 | -2.1173 1 -1.8339 L -1.5534 1 -0,9508 | -0.5056
(1 73+H(IR)
2{) VoL 0.1585 | 0.1585 | 0.1585 © 0.1585 | 0.1585 | 0.1585 | 0.1585 |
I 21 12658, -12.95 0 12.95 23.68 26.58 201 14.6 |
22 904, 16.92 9.482 0 032 | -1692 -19 -24.4
P23 4604, -97 -86.5 -47.4 0 47.4 86.5 97
! 24 -1808, 28.8 38 338 18.54 0 -18.54 1 -33.8
‘_ 25 | 0304 =73 -100.8 -133 1184 | -64.8 0 08
! 26 3345, -29.1 -38.8 -53.5 -70.5 -62.8 -34.4 0
‘ 27 1 T(21)=(26) -166.33 1 -178.82 | -187.13 1 -155.96 | -70.54 | 34.00 128.2
28 | V7o 00135 -0.122 | -0.128 | -0.1064 | -0.048] I-().(}23? 0.0875
| ) . . - i
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Tiep bdng 5.5

ry | Cons i G [ [ an %L(%Lmugm s ap 1o
| 29 Ve 074 | 0494 | 0247 | 0 | -0247 | 0484 | -0.74
30 2108, 216 | 0 206 | 394 | 443 | 355 | 243%
31 L1200, 25 | 1235 | 0 ] -1235 | 225 | 253 | -192
3 460, 97 | 963 | 474 | 0 474 | 963 | 97
33 -120m, 192 | 253 | 225 | 1235 | 0 | -1235 | 225
4 210h, 2438 | 355 | 443 | 394 | 216 | 0 216
35 | T G0-G4) | -10128| 8215 1 476 | 0O 476 | 8215 | 101.28
| 16 Ve 0322 | 0261 | 04517 0 | 0151 | 0261 | 0.322
37 W, 275 | <1275 | <1275 | <1275 | <1275 | <1275 | <1275
38 | W=520)+(28) | -0.802 | -1.0055 | -1.1485 | -12223 | -1.2616 | -1.326 | -1.447
| +(29)+(36)+(37
39 1-11,3 9678 | 7313 | 4492 | 3354 | 2412 | 0904 | 02565 |
40 W2 06502 | 10110 | 13118 | 1495 | 1503 = 1758 | 2004 |
Cal | Wiew? 10337 | 8322 | 58 | 4849 | 4005 | 2.662 | 2.3505
42| W=@n" | 3214 | 2884 | 2408 | 2202 | 2000 | 1632 | 1.533
| 43 | cosp=wiw | 097 | 0944 | 0878 | 0833 | 0779 | 0528 | 033
44 | 1pcoss + 0.957 | 0911 | 0856 | 0.806 | 0653 | 0429
cosfr )
45 (44).1/6 0.0644 | 0.0612 | 0.0576 | 0.0542 | 0.044 | 0.0289
a6 | . 01832 | 0.1188 | -0.0576 | 0 | 0.054 | 0.0982 | 0.1271
47 | Smpowiw | 0254 | 0348 | 0477 | 0557 | 0631 | 0812 | 0946
a8 b pgsing e | 0301 | 0412 | 0517 | 0594 | 0721 ¢ 0879
SInG, . )
49 (48).1/6 0.0202 | 0.0277 | 0.0348 | 0.0398 | 0.0485 | 0,059
50 v 0827 | -0.0625 | 00348 | 0 | 0.0398 | 0.0883 | 0.1473
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d. Pap do day

Thuc hién theo hinh 5.22 va tinh todn ti€p hé s6 chen
dong va phép tinh lap lai c6 tinh dén h¢ s6 chen dong.

Sau day 1a bang ghi toa do cta profin gbc cua canh K30
do Vién BUI'M (Lién X6 cti) véi D, = 1m.

Hinh 5.22. Ddp do day profin

Bdng 5.6

X, mm y, mm X y X y ]
5.02 4.57 60.4 13.65 291 9.96
10.05 6.75 80.4 | 15.2 - 322 6.75
20.10 9.15 120.5 16.55 362 3.38
30.15 10.62 201 14.85 372 2.03
40.2 11.98 241 12.65 403 0

5.3, THIET KE BANH CONG TAC TUABIN TAM TRUC

5.3.1. Chon bién dang clia mat cat kinh tuy&n va mot sé théng so6 khac

Sau khi két thic phan chon va xdc dinh cac thong 6 chinh ctia tuabin bing cdch so sdnh céc
phuong dn theo chi tiéu kinh 1€ — nang luong dd néu & phin dau chuong nay, ta 1i€p tuc tinh hé
thong canh dan cua tuabin.

Cic thong s6 tinh todn dd chon dugc gom ¢6: H, Hip, Hyuo N N,..D,n H.

Ngoai ra con ¢6 dudng dic tinh t6ng hop chinh va dac tinh téng hop van hanh cua phuong an
da chon.

Tinh todn banh cong tic cha tuabin va thiét k& bien dang canh cta n6 thudng ti¢n hanh trong
ché& do t6i vu. PEi v6i tuabin tam truc, theo kinh nghiém thiét k&, ngudi ta 1ay gid tri tinh todn s0
vong quay quy dan va luu lugng quy dén theo cong thic sau:

Q 'HT = [0'? = 0$75) Q 'I et (545)
n 'H'I' = (0‘9 -1 ’0) n ’J' téin it
Gi4 tri nho hon dung cho bdnh cong tac ¢6 n, nho va vira, gid tri 16n ding cho n, 16m.

C6 thé chon theo bang 5.7.
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Rdng 5.7

Corap Loai tuabin h/D, n 'y O ot O
H,.—H,.

30-45 F45/123 0.35 75 78 1400 1330
40-75 F 75/728 0,30 73 74 1370 1250
70-115 F 115/697 0,25 68 72 1250 1030
LLIO-170 F170/741 0.20 67 69 1030 680
180-230 F 230 0.16 62 ! 67 6350 420
220-310 F 310 0,12 60 | 65 420 280
300-400 F 400 0,10 38 62 280 200
%80 500 F SOU 1 0,08 57 60 210 150

Bién ddnﬂ cta mat ¢it kinh tuyén thudng chon theo cic mo hinh ¢6 56 vdng quay dic mm"
n, gan vai n, cla tuabin cin thidt k&, Sau day la bién dang cia mot s& loal tuabin tam true di
duge st dung cé hiéu sudt cao (theo két qua nghicén eitu ciia Lién X6 cii) (hinh 5.23).

Di={ih 2,
Hi=tn

1 E 4252

\......9?.&51_

| D8z
4032_| D,=0.083
T B;r = {6 Br o
D038
I GO.7H 0928) ) |
I . T 548300328 |
[y = =
N- B . —_ o r__‘i n_)‘
k “ ‘E’; ;.
3G _
‘a-@h g
= e =
N =
B =1000 ;
D,= 1078 [1124)

Hinlt 5.23. Bién dang mdr cdt kinh tuyén ciia mot s6 loai tuahin tdm e

C6 thé thay ddi bién dang nay doi chit dé phi haop voi yéu ciu thiét k&, Vidu: 1y 86 b,/D,. C6
thé tang chi¢u cao cinh hUUno b, so v4i gid tri di cho trong bang 5.7 hoac hinh 5.23. Lim nhu
vay ta ¢4 the tang chat lugng chdng xim thue ciia banh cong tac. D61 véi binh cong tac ¢6 i, Idn
v trung binh ¢6 (hé lay b,/D; = 0,35 - 0,2. Doi vdi loai 1, nhod lay »,/D, = 0.16 — 0,08.
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Chon mot 56 thong s6 khie:

- 86 cdnh banh cong 14c z,.

Chon theo n, va [T (bang 5.8).

Tuy nhién d6i v6i nhitng tuabin nhd s& cdnh bdnh cong tdc chon linh hout hon. C6 thé chon
56 canh it hon so vé6i bang 5.8 vi dudng kinh binh cong lic cta chiing nhd hon. S6 cdnh ¢6 the
chon cho tuabin tam tree loai nhd z; 2 7.

- Vi tri clla mép vho vi mép ra cla cinh bidnh cong tic: su b lay theo mau (hinh 5.23) cua
mo hinh ¢ », (hodc ) gin véi tuabin cin thiét k&, Sau d6 tién hanh kiém tra chiéu dai cdnh
trong mit ¢t Kinh tuyén /) phu thude vio do mau tuong déi clia day cdnh (ty s6 41).

Nhu trén di phan tich anh hudng ctia ty 6 Hr dén dic tinh nang luong vi xam thuc cia
tuabin, Dai voi tuabin tam rue kha nang xdy ra xam thye nhd hon déi véi tuabin hudng truc,
Nguoi ta xdc dinh khodng gid i cta 1y s& {1 cho tuabin dong trung binh {tinh theo cong thire
(5.13) rong gidi han:

(4t),,=15+35

Kiém tra vi tri mép viio vi mép ra theo do diii coa canh trong mat ¢it kinh tuyén lm. BSi voi

Ll dién gan sat vanh dudi cta bianh cong tde duge tinh theo cong thire sau:
I,=(6,5-8)D/—nfun,=80-120 (5.46)
L,=1(4.5 - 5D, —néu n, =150 - 400

Goe nghiéng o clia vinh dudi so véi phuong thing ding (hinh 5.23) ¢6 the thay doi so vdi
méu di cho cta bién dang mat ¢at kKinh tuyén, Chon theo 1, dua vao bang sau (bang 5.8)

Baug 5.8

n | 120-180 180-200 | 210-250 | 250- 300 300 - 400
“ 36 6 - 10° -1 | o-13 |1y
|z 20-19 ] 19-17 ] 17-15 14 P 129

Vay, két thiic phéin nay ta cian cé:

Ban v mit ¢iit kinh tuy@n cla phian din dong (tte 13 bien dang mat ¢it kinh wyén), rong d6
¢6 vi tri vanh dia trén, chiéu cao cdnh hudng b,

Chon 6 ciinh bdnh cOng tdc z,.

Chon vi Kiém tra ty s& Ut

- Xée dinh mép vao vit mép ra cua cinh banh cong ac.

5.3.2. Xac dinh mat dong trong mat cat kinh
tuyén

Vm=f(1) Vm=f{} . z

5.3.2.1. Dung duong dong dang thé

Xide dinh mil dong trong mit it kinh tuyén bao gom hai
phin;

- V& cdc duong dong.

- Xdc dinh trudng van toe theo duong dong.

a. Ca so by thuyét

Puding dong trong ving banh cong tic, nhat 13 ¢ tuabin
tam tryc. rat phic tap. N phu thude vao hinh dang cdnh va
bi¢n dang phin dan dong. Vige xdc dinh cdu wic dong chay
tat day ¢6 thé nghién cu bang cdc bai todn thudn va gua céc

Hinh 5.24. Dicong dong trong
nidt edr kindi tuyén
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k&t qui tha nghicm do trudng vin tde cha dong. NGi chung dong chiy tai viing nay la viing
xody, dic trimg boi xedy cua cde phan tr chit long quanh true clia né Khi chuyén dong chinh 1a
chuayén dong theo dong 1r mép vao 131 mép ra ¢lia binh cong tic,

Tuy nhién, khi gidi bii todn nguge d€ thiél ke tuabin, trén co sd két qua nghién ciu va inh
nghiém thi¢t ké tuabin cé hiéu sudt cao, ngudi (a thudng gia thiét dong chay wrong phin din
dong theo mat cat kinh tuyén ¢6 hai dang: ddong dang thé va dong ding t6e (hinh 5.24).

Dong diing the dic trung bdi tinh chal: khong ¢ cdc xody quanh truc cha cdc phin U chat
long, Vai bidu thie todn hoc: 2 =0, Nhu vy, doc theo dong chay vit theo dudmg vudng géc véi
dutmg dong van tde va dp lue déu thay doi.

Dong ding (e didc trung bai tinh chit: van 8¢ dong chay doc theo dutng vudng gée véi
dudmg dong khong doi: tie 1a €, = const.

Trén hinh 5.24 nguoi 1a v& ciic dudng dong ding toc (k¥ hicu bing dudng chidm cham ---) vi
cic dudng dang thé (ky hiéu bang duding nét lién) trén cling mot mit ¢it kinh tuy€n, Ta nhan xét
thay cdc duting dong khdc biét nhau it nhiéu, ohat [y & viing ngodt. Trudng van tde tai viing sau
cinh hudng clia dong dang 16 phin bo wong déi déu theo chiéu cao cdnh hudng, so vdi dong
dang the. Tuy nhién gid thiél v& dong dang thé van ¢6 co s& 1y thuyét viing vang hon dong dang
10c. Va cde banh cong tic thicét ké biing ca hai foul ddng nay déu cho hiéu sudl cao,

Ky hi¢u 8§, S......8, a cdce duting dong va iy, n,,..., 1,10 cde dudng vudng gée val dudng dong,
Luu fugne qua bdnh cong tic tinh theo cong thic:

Q= j2 arrC, An (5.47)

d
Trong do: o — vanh dia dudn;
¢ — vinh dia wén.
Luu lugng nguycn 16 AQ qua mdt dicn tich vanh khian gida hai dudng dong i
A =2mr,. An, . C =270, An C, = .= consl
Néu 2oi A 1i dd chénh éch (he gilra hai dudng vuong gée diimg canh nhau, cich nhau
khoang AS, thi theo todn hoe.vin 16¢ C, tink trong domg dang the bang cong thic:

C.,= E'!q_j = /\? (5.48)
dS  AS
Thay viwo cong thirc (5.47) ta cde
i A[IJ !
0= 2w cn =2mA® [~—An (5.49)
;] AS T AS
Goi: F= J " An
G A8
Viy: G =2nF AP {5.50)
Adh= Q‘ (5.51)
2k

Vily suu khi dung duge dudng dong, tinh dé chénh léch thé A@ theo cong thie (3.51), ding
cong thie (5.48) ta tinh dugc truding van 16¢ rong mat cit Kinh tuyén,

b. Phuong phdp dung duong dong ding thé

Trén co s¢f nhitng thong s& dia chon #'. O, vil ban v& mat ciit kinh teyén ciia phan din dong
ta tién hinh dung cde dudng dong cho mo hinh ¢é dudng kinh banh cong tic D, = 1000 mm,
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trong ty I¢ xich M 1:1 chi v& mot nira mat ¢it Kinh (wyé&n. Lay hai tiét dién /-f va {11 1 giéi han
duong dong ta &€ dung (hinh 5.25).

S0 lugng duéng dong. k€ ¢i gisi han [t vinh dia trén v vanh dia dui ctia banh cong (dc.
thuimyg 1y Inam dutmg (7 = 5). NEu tuabin c6 n, 160, ty 0 h D, =0.2 —0.35 thi choni=7-9,

Vitritiel dién 7-f: 1y cich true quay mot khoiang du 1én ¢y, = (1.2 — 1 A2, Gl thiét rang
tai tiét dien /-7 van tée doc theo chidu cao cianh hudng khang doi: C,,, = const, hoiae AQ = const.

Nhur vay ta chia doan /-7 ra 2 phin. trong d6 » = i-1, chicu cao mdi doan 12 b /n,

Vin (16¢ trung binh il mat it 7-7 13:

Y ,
C= —ﬂ . (m/s) (5.

t_.h

2)

- Vit uet dien /-1 1dy khodng cdch tir chd ngoit cla dudng dong dén Gt dien 7-7/ i 1on.
phu hop vai gid i€t van (¢ @i tét dign ndy khong déi: €, = const hoi 1w A = const. Nhu viy,
ta phai chia sao cho di¢n tich cde hinh vinh khan nhé 10 thanh tist dien /-1 khong déi, e L

RS AR’
i—1 ik
Néu k 1250 thit tr ctia dudng dong thi bdn kinh ¢ha dong thit & s3 chia tinh theo cong thire:
i~k <
R, = RI"—I (3.53)
i—

Viduw: =5 v k=1hR =R
K=2hiR =R, = R{3/2)'"...

- Sau khi chia duge vi tri diu v cudi caa nam dutmg dong tai hal Gé dién I-f vi /1-11, LU
i vC s ho ede dudng dong theo kinh nghi¢m,

- Ve tiep cde dudmg vudng gdée vai cée duding dong 46 v6i khodng cdch AS = 10 + 20 mm.

- D¢ (im vi tri chinh xde cla cic dudng dong dya vao co sd 1y thuyet da néu 1rén ta lap bing
(¢ tinh todn (bang 5.9).

Tinh todan bang nay cho timg dudng vuong géc n-n (vuone gde v dudng dongy vi thay déi
g ndy g g g2 g & g y
vitri cde dudmg dong. sao cho gid tri clia AF; doc theo duding vuong gée - 1a hing nhau. St s6
cla cde gid tri niy ky hicu Ia KAF) = AF, - AF,. Trong d6, gid tri trung binh AF,, tinh theo
cong thie:
AF = ZAFJi-1)
Tir 46 can phai dich chuyén dudng dong 1 khodng cdch 12 HAn), chi ¥ ¢4 ddu ctia nd. Tinh
A An) theo cong thice:
AAN), = SIAF(AS,)

Qud trinh tinh todn va dich chuyén c¢de dudng dong theo cic cong thie (1¢n 8¢ két thiie khi S
sai Kech gira hat lan tinh 1odn cudi cling con fai;

XAn)iAn 100% =3 + 54,
- Sau khi dung duge cic dutmg dong ta tim trding van tde clia dong dua vio cong thic
(5.48)—(5.51) vi lap bang 5.10.
Sau khi <6 kél qud & bang nay, ta v& d6 thi quan hé C,, = j{S) (hinh 5.25).
Tir d6 thi C,, = fiS) ké cdc dudng thang C,, = const Vi tim vi tri cac diém ¢6 clng gid tri C
Noi ede diém vira tim duge ta ¢é dutig cong €, = const (rén edc cdmg dong.
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Neay nay véi su phat irién coa k¥ thudt tinh todn va may tinh, chiing ta ¢ theé dyng dudng
dong dang (hé trén mday tinh,

—
[R——
[t}

R 650 R500 R4D0 | R30C R200 RI0D
f
e
] d
o
[ [
-3
3
a P
R436
Ii’
13°
Yo,
MiC
a
3 /AU _
L Lt
746 ¢ q '
b . fr
2 ™
LSS
P
i P - e —
T L
It 100 200 300 400 500 500 700 &00 S.aM
Hinh 525 Buong dong ddang thé cho ma hinh twubin
D= 1tm = 1m Q= 100015 trong migt cdt kinh tven
Bang 5.9
‘ l ‘ — -
o | AF = 1 AF,= | ... ; o ‘
l! Sa ‘ R AS An . Z;\rr_. NAFJ= | XAn)= | NAn),. ‘
‘dm‘mg imm ‘ [ HAS L {rIAS), ' (‘;-'LQ‘) C | AFAF, Y KAL) An
L dong mm L G " mim (rfAS)y, | 100%
‘ mm mm

‘ -t
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| e-c
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Ring 5.10

%r _T__._,._m_ :__,,:_____

| Dm:mg | EHZ T an | _ ¢ e | b;h B
vuong Ay | : .
g m \ Z’TZA’LE Co
m/s
oy _
| 0-0
s | \ || | | |
| 2-2 | | |

5.3.2.2. Dung dudng dong ding toc
a. Co so Iy thuyét

Pudng dong

T e

Aﬁ‘)‘. Cmr
m m/s

Puong dong dang 16c¢ tuy chua ¢6 co s¢ ¥ thuyet todn hoe chil ché. song trong thuc & s

dung tuabin v mdy bum thiét k& trong dudng dong dang oc di

1

z

g jiale) 200 300 400 00 600 700 SHM

flinh 5.26. Drong dong dang toc trong mdi cdt kinh tuvén
citer mo hindy wabin 6 Dy = D, H=1ni

réi dung cic dudng vaong gée voi cde duting dong do.

- Doc theo dudng vudng gée bit k¥ n-n, do cde gid trf An, va

cho hiéu sudl cao.

Trong dong difing 10¢ vin toc
C,, doc theo dudbng vudng 20¢
vGi cde dudmg dong khong ddi
C,, = const, Luu lugng qua cdc
ang ¢6 tict dién vanh khiin gitra
hai duong dong sit nhaw la
khong doi:

AQ, = 2mAnC,, = 2mr0a1.C
=...=2m AnC, =consl

Vay, dign tich hinh viinh
khan giita hai duding dong ké
nhau khong doi:

A= A= S r.An=consl

b. Phuong phdp dung
duimg dong dang téc

Dung dudng dong ding 10¢
don gidn hon so vii dutmg dong
diing the.

Cic thong s6 cho rude va
cac budc chuidn bi ban vé giong
nhy & muc dyng dudng dong
ding thé.

Sau khi chia cic tiéi dién -]
va /-] thanh cdc diém ma
dudng dong s€ di qua, ta vé cic
dudng dong theo kinh nghig¢m.
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Nhu ren i néu. dac diém cua dong ding 18¢ 10 tich 53 (r.An ) cia cling mot dudng vudng
gde hat ki (n-n) 1a hang s6. Trong qud trinh (inh todn cédn dat duge diéu nay.
Tién hinh tinh wiin theo bang suu {bang 5 11).

Bing 5.11

i! DLj'(‘mg L ‘ i ‘ An; [ A, FoolAF, | AF) [ KAL) | XA An, | AT | v |
dong | | | \ 100%
AR
b-b | ] = ‘

Vai cong thice:

ro T -
L)) ZOAR) v :g;
: 27 F,

! !

r.rb =

-

. . . . AF
Fo=E0F A =2m,An 0 AF, = —_—“]  NAF)Y = AF, — AF,
i—

Qua trinh tinh todn s& k&t thac khi sai 6 HA/AR ) 100% trong khodng (3-3)%.,
- Tinh tedn trudmg van toc theo bang 5.11.
- Dung quan hé v, = fis} (hinh 5.26}.

5.3.3. Thiét k& banh cong tac cua tuabin tam truc
35.3.3.1. Chon diéu kién tai mép vao va mép ra cria banh cong tdic va mot 6 thong so
a. Piéu kién dong chdy tai mép vio cinh banh cong tic
+ Chon goc f, theo gid 1ri n,.
1, =400 + 250 B, = 40" = 60"
n,= 150 + 80 A, = 50" + 90",
+ M¢Ep vao ¢it viinh dudi cua binh cong tde tai vi tri ¢é quy ude-la D,

+ Vi trf mép viro & vanh dia trén, k¥ hicu 12 R, | xdc dinh theo cong thie.

N

R;ZJ<JUWgJ! (5.54)
42,

Khi v& mép vio can chid ¥ két hgp vii hinh chidu bang cia c¢énh, sao cho trén hinh chiéu
bing niay mép vio 12 mot dudmg thang hode cong nhe.
b. Biéu kién dong chay tai mép ra cia canh bdnh cing tdc
+ Chon ede fF theo n
tuabin nho n.nho - = 10" - 25",
mon vavira - B = 107 - 255,
Trong mot hinh cong tie thi gde S, ting tir vinh dudt 1én vanh trén.

+ Vi trf mép ra duoe chon so bo 1r & phan wén, k& hop v6i vige Ki€m tra 36 dad cdnh /£, vty
O i cua day cinh,

Khi v& mép ra ¢in chd ¥ sao cho hinh chiéu bing ciia né 1 dudng thiing.
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Dé don gian cho cong nght ché tao cdnh bénh cong tic, thong thutmg ngudi ta chon sao cho
¢i hai mép vio va mép ra tring v3i hudng kinh. Mot s6 hiing ché tao tuabin nude ngodd cho phép
mép vao lech so vl hudng kinh khoang 3" - 8%

+ + Goe om cla canh trong hinh chiéu bing. ky hi¢u la 8, duge chon theo n, vt H.

— __lli__ " | - |

I 700 - 300 | 80 - 150 | a0 50" _J
\7 300170 L 150-250 \ 30°-40°
T eeas ] 250-400 I

Chon bé day cia cdnh theo diéu kien vat licu va do bén, didu kién gia cong. Co the tham
Khao cong thie tinh bé dity 16n nhdt clia cdnh.

8, = (0,005+0,01D, 1’-H—— +0,002, (m) (5.55)
4

jay gia tri 0,005 cho n, nho, 0,01 cho n,16m.

Mép vao

Hinh 5.27. So dé dé chon diéu kign dong chdy vd

cde thong s khae cia canh bdnh céng 1de tabin idm truc
¢. Chon quy ludf thay d6i ciia momen van toc doc theo dudng dong (C,.r) =f(5)
Theo kél qua nghién clu. ¢d thé chon quy luat thay déi (C,.r) = f{S) nhu sau:
+ Tai mép vao:

gH
(Cu .f‘)1 = ‘?H 5 ‘
a
Trong dé: ry; =092+ 094~ hicu suft thuy lue 16n nhit.
Trudg hop nity dong chay ra khoi banh cong tdc hoan toan song song vi truc quay, tiic la

C“g:O.
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+ Neu dong chiy c6 xody khi ra khoi binh cong tde thi chon:
- Tai vanh dia dugi: (Cory }=(0,03 = 0.1 }M ;
. €0
- Tai vanh dia tren: (C,r) =0,
Khi dé diéu kien vao 1al vanh dia dug;.
B, .8.H
(Cr)y = (1,03 = 1,1y u&
@
Quy luat thay do1 C r = f{S) diic trung choe phan bo ap luc trén mat canh. C6 1hé cho (rude
quy ludt niy. Quy ludt momen van ¢ thay dei thi sy phan bé dp lue ren mat canh ciing thay

do1. So sdnh ba phuong dn cho trude quy luat C.r = #S$) (hinh 3.28) vii ttng vdi ha phuang dn nay
1 ba bidu do6 phan ba ap Tyc trén mit ednh.

B Pl
T

» 294,
ot

(Cu P'}f

S S
il 5.28. Quan hé Cor = fiStva P = /{S)
Ching ta nhan thiy:

Phurong an 1: ¢ .r = f{S) theo duding thing thi bicy da phan bo dp lue P khong déu trén mar
cinh,

Phuong dn 2: ¢ r = AS) i dudng Cong vong xuong nhir vay ¢ gan mép ra AC, 1 i, Bicu da

Phin ba P déu, chat lwong cinh to1,
Phueng 4n 3: ¢ = SIS} 1 dudmg cong lén - bigy dé phan b P cang khong déu hon, chat
lugng cénh xau.

5.3.3.2. Cde pheong phdp thiét ké cinh banh cing tac ciia tuabin tdm truc

Xiy dung bién diang cdac mét cit coy cinh binh cong tic 13 bii todn nguge theo cde thoéng sa
hinh hoe viy dong hoc i trude va sauy cinh bdnh cong 14c di chon trude. Day i loai bai (odn
khong xdc dinh v ¢é nhidy phuong phip gidi. Maj phuong phip ¢d co s kho hoc v gia (hi¢t
riéng cla nd. Co sg 1y thuyél chi yéu Iy I¥ thuy&t dong tia. coi s6 canh banh cong tac 1a nhidu vo
CUNg Vi & ldn tinh £an ding ddu ticn khong tinh dcn do day canh,

Thigt k& canh cha tuabin tam true <6 hat phuong phap chil yéu la: phuong phip mot toa do vi
phueng phap hai toa do.

a. Phuong phdp mot toa do

La phuong phip bien hinh bio gide [én mit nén. Diic dieém cua phuong phidp nay 13 coi cde
thong s6 cia dong chay chi thay doi doc theo dudng dong, Phuong phip niy ¢ (hé gid thigt ring
¢o thé xem xét dong chdy trén lrng mat dong khic nhay v doc 1ap véi nhau. Dong chiy en
cie mit dong doi Xing qua true quay tuabin,

Néu cie thdng s6 cta dong chay chi thay ddi doc theo dutng dong, 6 nghia i né chi phy
thude viro mot 1oa do - toa do chay theo dong chay.
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Xay dung bién dang céc mat cil cha cdnh 5& 1rs thinh bai todn xdc dinh cac dudng dong
trong mot h¢ toa do, thoa min cdc yéu ciu vé diéu kién vio va ra clia binh cong tac.

Thict k& theo phuong phip nay khong xét duoc dnh huong cac canh vé&i nhay, Khi thiét k& chi
hao dam duoc didu kien vio va ra clia binh cang tac, con phan giita 14y theo kinh nghigm.

Phuong phap nay thiéu co s& 1y thuy€t chit che phan 1én phy thuge vao kinh nghiem cua
ngudi thiét k€. K&t qui thue & chitng 10 ring chat luong thuc t€ 1hi€t k€ twabin theo phuong phip
nay dat két qua 101, Viée tinh todn don gidn, gidm nhe Khai lugng thiét ké. Nhung & day cin
nhéan manh kinh nghiém cha ngudi thiét k& trong viée phan tich, chon cdc théng s¢ hinh hoc va
dong hoc.

b. Phuong phdp hai toa do (con duwoc goi la phuong phéap Pekin - Voznhexenxki

D6 L phuong phip thay cinh bing médt xody. Gid thi€t vdi so cinh nhiéu vo han, v méi canh
mong vo ciing, khong xét dén dnh huong cua 50 cdnh hitn han ¢6 thé thay cdinh mong vo cung
bang mot mit xody trong toa dd cong,

Phurcsng phip nay cb co sd 1§ thuy€t chat ch€, nhung khai lugng tinh toan 16n.

5.3.3.3. Thiét ké canh theo phuong phdp mét toa do

a. Noi dung co bdn

Sau khi xay dung phén din dong, chon vi iri mép vao vii mép ra clia cinh, Tuong (g véi mol
mit dong xdc dinh gée F, . Chon mit dnh xa. chuyén tog do tir mat dong ra mdt dnh xa. Tién
hianh xay dung dudng nhan va dip do day cinh trén mat inh xa. Sau d6 chuyén tog df w mit
4Anh xa vé mat kinh tuyén v mét chidu bing. .

Viy khau quan trong clia phuong phdp nay la chon mat dnh xa vi cde phép tinh chuyén doi
tir mat dong sang sang mét dnh xa vi ngugce la,

Nhu phin trén da dé cap la xay dung cdnh dua vao profin trén mat dong la mat tron xoay.
Mat dong cia tuabin tam trye la mat cong bat ky, khong thé ral true tidp 1én trén mdt phang
dam bio cdce kich thude vi goe thue duge. Vi the xay dung profin cdnh trén mit dong vai goc fi.
S thi trén mat phing cac goe s& 1 F7,. f. Mit phiing phu thuge viio cach chon. Can chon mt
phéing ndo gdn vai mat dong. Trong thuc t¢ thudng chon mit try hoac mit non.

D&i véi tuabin 1am truc thudng chon mat nén a mat dnh xa, vi mat ndn gan voi mat dong,
chon mat tru € kém chinh xdc.

Ta xét mat nén tp yén véi mat dong (hinh 5.29). Trudng hop tiép tuyén tai mép ra. Tiet
dién kinh tuyén cit mat nén va mat dong doc theo dudmg dong S-S, Bat k¥ di¢m nao trén mat
dong, vi du diém A, cé (hé xdc dinh duge trén mit non bing phuong phdp chuyén doi. BE dam
bao sy twong (ng ctia gde rén mat dong va goc wén mat nén ta thigt lap quan hé sau:

' he h'e!
’gﬁd = : ;gﬂd =

r, By Py

Trong d6: f, — goe xde dinh tr tam gide vin 10¢ trén mit dong;

A, — g6e wong dng trén mat nén, quan h¢ gifta cdc goe nay 1a: be = b'c” hay i
roA g B =L ALtgl

. o . - N . - ) - - rr
Truding hop matl ndn 1€p tuyén vii mit dong tal mep ra cua canh thi: rgf, =-—"—1¢f, .
Fy
Trudng hop mit ndn 1iép tuyén vai mat dong tai mép ra ctia cinh thi: By, = Do
R
LAY
rgﬁlﬁ - R -'fgﬁm

Ll
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Daoi v&i tuabin tam truc phu thuoe vio hinh dang phin din dong chia binh céng tic (phu
thude vao #.) d€ chon cdc mit nén vt cic dudng sinh khdc nhau. Mit ndén ¢é duding sinh di qua
diém ra cla mép cdnh. dudng sinh di qua diém vio clia mép cinh hodc mat nén ¢6 dudng sinh

cdch déu didm vie va ra cha meép cinh Chinh 5.29}.

L. Mat noén €p tuyén véi mat dong, c6 dudng sinh di qua diém mép 1 cla canh (hay néi
cach khac: G&p tuyén tai diém ra cla mép cdnh): sir dung cho tuabin ¢ot dp cao v trung binh:

H =200 + 500 m.

Ciic quan hé tinh chuyén tuong tng gifta mat ddng vh mit nén nhu sau:

ﬁuf = [3_1“
IRl
'fgﬁlu = [‘Q‘ﬁjm (556)
Rln
]{2“ = jR:
sy

[{;” = R_;” + JJHI.
Trong do: y - gbéc tao boi mat nén va truc quay
cla tuabin.
l,, - ¢hiéu dai day cung cua profin st
vanh dia dudi trong mat cit kinh tuyén.
Géc trién khai cta hinh nén ra hinh quat la:
w=siny.y.
Trong dd:y - gde om cita cianh rén mat nén,
Y - gbc om cua cinh trén hinh chiéu
bing.

2. Mat non tiép tuyén vdi mat dong qua mép vao
cua cdnh: st dung cho tuabin ¢ trung binh, H = 100
+ 200 m.

Cic quan hé dnh xa tinh todn nhu sau:
ﬁ."u = /}Irf'
R,

'rg[jlu = "gﬂhf’

n

R,

siny

R, =

It

RZu = Rln + ‘Fm
Ay = A siny

zZ ___,_‘.--‘-—'-___&-___JE'

Hindt 8.29. Chon midi andi xa

(5.57)

3. Mt nén & vi Ui trung gian cdch déu mép vio via mép ra. Su dung cho tuabin ¢ét nude thap

H =45 = 130m.
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Céc quan h¢ 4nh xa nhu sau:

R
95, = rgﬁw.—é]— (5.58)

R's
Igﬁﬁn :‘rgﬁhf'}e—"_’

2n

Goi ry Ia khoang cach tir truc guay tuabin dén giao di€m trén cia mMat nén cat mét dong. Giao
diém nay thudng chon & phén ¢6 d¢ day prolin 16n nhit, Tuong tng véi r, ta ¢6 bin kinh non R,
vil cdc cong thire 1inh chuyén nhur sau:

’
Ry=—L

siny
le” = R{j + S”--S‘If
R, = R, —S”.S;

Ay = A.siny

b. Cdc budc tién hanh
I- Xdc dinh cdc kich thuge Dy, n va cic thong s6 quy dan Q°,, n”,
2- Xay dung mat cit kinh tuyén

3- Xay dung duimg dong dang th¢ (hodc déng 16c) va quy ludt phan bd vin 8¢ ren dudmg
dong C,, =f{s)

4- Chen z,, gé¢ 6m, do day o =4 )
5- Chon didu kien dong hoc va tam gjidc van toc ¢ mép vio va mép ra

6- Trudce khi xay dung profin trén mat nén. ta tien hanh dimg lai tam gide van t8c & mép vao
vl mép ru ¢4 tinh dén heé s6 chén dong A

He 6 chen dong nay phu thudc vao nhidu yéu 16, nhung dugc tinh gin ding theo cong thie:
A=fir.po).
2, ~ 28, sin g3,
2,

A= (5.59)

Trong dé: g, r, - gée v bin kinh cila diém / trong tng,
6, - do day cinh tai diém 7 bat ky.

Céc tam gidc van 16¢ ¢6 tinh dén h¢ s0 chén dong & thay d6i va duoe tinh theo cong thie:

Al _ CYJ:H'
i ;\.J-
wh = —i— (5.60)
”r - ( 1

Khi thiél k€ can tinh 1am gric van 16¢ ¢ hé s6 chen dong cho timg tiét dign va thutng lap
bing nhu saw:
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Bang 5.12

/ Dudng F { i, C,,P,TC',,,. { C,, u-C, 1gh Jii 1o /3’ il
l— dong m m/s m/s my/s m/s my/s
| Mép vio i - B
s

S,

Mép ra
Ay
S,

7- Chon mit 4nh xa vi cdc cong thitc tinh todn dnh xa, chuyén cdc thong s6 hinh hoc 1r mat
dong sang mat non

8- Trién khai mat1 nén ra mat phang ta duge mot hinh quat ¢4 26c o dinh 13 ¥ (hinh 5.30).
Goc may xde dinh theo cong thie (5.56)

Dung lugi dnh xa tren mat hinh quat nhu sau:

- Chia gé¢ ¥ ra nhidu 20¢ nhd A% = 5" thanh n phin sao cho

n A= Wirén mat nén va tuong ang voi né: 1. A, = k 1rén mat dong.

- Xac dinh didm A va A dng vé&i di€m vao va diém ra cia profin tén mat quat véi ban kink
Far 2.

- Chia khodng cich 1 P dén p,. ra nhimg khoiing Ap déy p ¥ !
nhau ing véi AS trén mat dong. Eﬂ

9- Xay dung profin trén mil quat:

Sau khi tinh dugc B va B 10 tam gide van (oc ¢é tinh
dén hé s6 chén dong, tinh sang mat non 1a B Por. vE hai tia
tuong Ung vai hai gée nay di qua diém A4, 4.

Yéu ciu hai tia nay cit nhau & phin gitta hodc gin mép
vao cinh. Néu khong dat nhu viy thi phii thay déi gée om
hode vi tri mép vio hodc mép ru.

Vin d¢ & day doi hoi ngudi thist ke didy chinh cic thong
$0 dil chon. Céc gia Ler gSe om vi gée 3, /% cho khoing cich
chon tuong ddi rong, chon vi didu chinh cic thong s6 dé haj
tia A, A” thod min yéu cdu trén dé canh dat chat lugng to1.

V¢ dudmg cong suon UEp tuyén véi ca hai tia theo duomg . o
parabol hogc theo dudng bac 2 hodc bic 3. Thuong hay vé Hinlt .30 11cii dnii xa.
dudng cong bac hai bang cich sau: 1rén haj doan tuong dng véi ting tia, chia ra lam céc phan
déu nhau (thuomg chia lam 4 phan) vdi ky hicu 1, 2, 3. 4 vi 1,2, 3", 4*, N&i diém 1 vdi 3,
diém 1 véi 3, diém 2° voi 2 ... Sau d6 v& mot dudng cong ti€p tuyen vai 1t ca cac doan 1-3°,
I7-3,2-2°, .. vira n&i duoe, Ta nhan dugc profin canh mong vo cling.

Tidn hanh v&i tat ca cdc mit dong ta ¢6 cic profin cinh mong vo cung ciia cic mat don

10- Dép do day cdnh trén mat nén

o
=
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Pé dip do diy cdnh trén mét nén ta chon nhitng profin khi déng cé chat lugng cao. Trong
bang 5.13 [a vi du vé do day profin chiit hugng cao, phan b trén mit nén khai wrién.

e dip do dity cin xdc dinh do day I6n nhii. Chon &, sao cho thod min diéu kién bén vira
dl. Vi ting J,,,, 1d gidm hi¢u sudt tuabin v tang hé s& xam thirc.

Bang 5.13

Iﬂl, % &duu.\"% x”’ % (S“Idam_\" % Xf'f % &b‘um.r- (yo
5 70 45 91 30 44,5
10 87,5 50 g7 85 335
20 98.5 35 81,5 90 25.5

275 - 100 60 75.5 95 13,3
30 99,5 65 08,5 100 5
35 98 70 6l.5
40 94.5 75 52,5

Tiét dién nguy hiém nhat 12 tiét dién sdt bau cdnh. Nén chon 8, & biu cinh thod man diéu
ki¢n bén. Dd day 16n nhat ca ban phy thude vao cdt ap, s& cinh. s6 vong quay, dudng kinh binh
cong tdc vi hinh dang cdnh. C6 thé chon gin ding theo do day cia cdc tuabin md hinh hoge
nguyén hinh 6 gan s¢ vong quay dac trung n,.

Po day &, ¢4 thé xdc dinh tir tuabin mo hinh theo cong thiic sau:

5max - "_E)]_'b‘mux At (56 l )
DIM

C6 the tinh todn theo cong thic (5.55) di chi din & phan trén. Quy ludt phan bo do day theo
ban kinh 14y theo dudng thing:

dard.\ 5= a+ bRSI
Trong d6 tiét dién sat biiu da duge tinh. Tiét dién ngoai ciing chon theo diéu kién cong nghe.
v v H I :

Hinh 5.31. Ddp do day canh
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Sur dung profin cho trong bang 5.13, xdc dinh gi i v vl otheo cong thife,

Y
X = _x' ‘Im'rn' &= _('"_ (5‘

; L I

oy

Dip do day teen mat nén: Pudng cong profin mong vo cling vira xay dung & muc 9 duge xem
12 mat trude clia cdnh. Bip do day vé& mot phia dé tao thanh milt lung cia cinh (hinh 5.13).

Phin trén ching ta gia thiet s6 cinh nhicu vo cung. Trong thue (€, s& cinh 12 hifu han. Phin
tinh todn chira dé cap 167 dnh hudng cia s cdnh hitu han, Véi dnh hudng niy, géc ra ciia dong
£y bao gl cling 16n hon goc dat ¢inh g,

IT- Kiém tra géc v cde vin e

Sau khi xay dung profin trén mat nén, do lai cde goe
B. 4o diy &, tinh nguge ud lai cde tam gidie van t6¢ thu
duge suu khi dung profin. Trén co s& d6 xic dinh cic
dudng quan hé: B = fR), ¢ = HR). C.r = jiR),
W = fiR). Yéu ciu cdc dutmg cong thu duge phai bién
doi déu khang duge c6 diém sai khic.

I2- Ding phuong phdp dnh xa nguce ta dira profin
da dung va kiém tra vé mat dong bing nhimg cong thic
(5.56) + (5.58). V& mat it kinh tuyén va hinh chiéu
bing ctia binh cong tic.

K¢t lugn: Phuong phip xay dung cdnh tuabin tam
truc bang mot toa 4O duge tién hanh weén cde mat non
2an véi mit dong la phuong phip don gidn nhat, khong
doi hoi tinh todn nhidu, vh vin mang lal két qua i,
nghta 1a tao ra tuabin chit lugng cuo. Nhung, phuong
phdp nity thi€u co s 1y thuyél, vice ndi dudng cong tao
nén profin méng vo cung tién hanh hét sic v do, khong
o diéu kién chat ¢he nio ca. Hon nita sae khi (hict ke
xong kKhong danh gid duge chil lugng cinh ma phai ches
thuc nghiém tra |oi.

Hink 5.32. Ban ve thicl ke canh

. . i o Ding phuong phdp nay nguti thi€t k& phiii ¢6 kinh
banly cong tee tuahin rdm truc &P & Pap nay ng ph:

nghi¢m l6n. DE khic phuc nhitng hun ché cha phuong
phap nay, ngudi tu 1ién hanh theo phuong phip hai toa dé.

3.3.3.4. Thiét ké banh cong tac tuabin tam truc theo phicong phap hai toa dé

a. Co sa Iy thuyét

De hi€u ky vé phuong phdp thigt ke nay ching ta nhac lai nhitng nét co ban nhit cua ly
thuyét cdnh ding cho tuabin tam truc. Xét quan h¢ gitta cdnh v6i dong chiy qua binh cong tic
cla tuabin tam truc ta nhan thdy: dong chiy trong tuabin tam truc la dong chay dgi xing qua
truc. S6 cdnh ciha tuabin 13 tuong d6i 16n cho nén ¢6 thé gid thi¢t Ia s& cdnh i6n vo ciing,

Trén cu s¢r gia thiét dong chiy twong doi o boi mat dong, ¢b thé thay mat c4nh bing miit
X0dy vdi cudmg do .

Trong tou do tru (r,z,y) 1a 6 phucng trinh mit cinh ¢6 dang chung:

Firzyl=0

B¢ dim bdo cho dong khong tich thanh thi mat ¢énh phai tring v&i mat dong, hay néi mot
cich cu thé hinh chiéu cdc thanh phan bicn déi cira mat dong bing dai luong thay déi tueng ng
clla cde phan tir mat cénh theo ba phuong, nghia li:
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AL o I
D+ 2y LB g (5.62)
or riy oz :

Ta¢d thé xdc dinh cic thanh phin van t6¢ trang d6i theo toa do mat dong:

Hﬁ_zﬁ : H/Z:-{-'lri : W_.:ﬂ (5.63)
t dt dt
T tam grdc van t6¢ ta ¢é;
W=C,W,=C,-U;W.=(C. (5.64)
Thay biéu thirc (5.64) 16n ta ¢6:
dr=C.dt; rdy =(C, - Ujdt: d- = C.elt (5.65)

Tir (5.62) ta cé:

n =
—CELC,, +E'£C2 + oF

cr oz Fiy

(C,-U)=0 (5.66)

Dé mat cénh tring véi mat xody 1hi phéi thod man diéu kién:
oF aF aF
@t ——,; +—w, =0 (5.67)
or iy iz

Pé cho ba phuong trinh (5.62), (5.65), (5.66) phu hgp véi nhau thi dinh thic 1ao bt cide biéu
5O phii bing khong.

Dr - iy
¢, C. C-7]1 =0 (5.08)

€0, ({28 £y,

Khai trien dinh thire nity ta ¢é phuong trinh:
{C.0,—(C-U)w febr + {(C,, - Ulw, - Cow,jdz + (C,.00. - Cerdy=0 (5.68a)
Tiét dieén kinh tuyén clia cénh theo phucng bin kinh y = const ¢6 dang nhur sau:

|C.c0, —(C, - Ueo.fdr + [(C, - Uew, - Coew,fdz =0 (5.68b)
Ti¢t dién kinh tuyén cda cinh theo phuong vuang goc 7 = const;

HC, - Ule, -Coe0,fdz + (C . - Cwpdy=0 (5.68¢)

Vay néu cho trudc cudng dé xody @ véi cdc thanh phin @, w, w vi rudng van toc¢ thinh
phan C,, C., C, trong pham vi banh coéng tic tir cdc phuong trinh (5.68b), (5.68¢), (5.68d) ta 6
the xd¢ dinh duge phuong trinh mét canh F(r,z,y,.

Trong thue t€ rat khé xde dinh duoc cic thanh phan xody vk van téc mot cich chinh xdc dé
dap Ung duge chit luong cha banh cong tic.

Xay dung bieén dang canh theo phuong phip hai toa do o6 hai truong hop:
- Trudng hop o, = 0 - dong chay 1a ddng the.

- Truding hop @, # 0 - dong chity xem la dong xody.

1. Truong hop @, = 0

Trong trudmg hop niy dudmg xody phan b trong mat cat kinh tuye:

T=0, + @
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Trudng hop y = const, tir phuong trinh (5.68h) véi gia thiét w, =0 ta cd:
(Co, - Ulwdz - wdr) =0
Truong hop chung. C =, nén:

wdz -dr = () 569
Thay g]‘i ll'ii W, = —L‘ a(Cur}
2y or
w. = 1ac,n)
T2 o

Thay vio biéu thiic (5.69) 1a c6:
E(C,,rl i 4 C, r)
Oz or

Tir phuong trinh nay 1a ¢o phuong trinh vi phan toan phén: d(C,r)=0.

(=0 (5.70)

Nghia la véi mot gid tri gée om trén mat chiéu bing y = const thi trén mit ¢t Kinh tuyén doij
VAL LT ca cie duding dong déu t6n tai mot dudmg ma doc theo né C,r = const.

DX hict 1ap quan h¢ duting dong tren mi kinh tuyén gée am trén mat chi€u hiing. ta dura vio
bieu thife van 16¢:

{. .
—{S"C' U:iff_,?

T T Ty T (S?I)
ot di
Viy ds =" “— iy (5.72)
C, ~ar
hoiic: dy =527 g (5.73)

rC,
Chi y: trong cong thite (5.72) va (5.73) ¢6 tham s6 @ - van 16¢ goe tinh theo s6 vong quay
cua tuabin # bdi cong thiic.

i
w=——{l/s).
30
Trudng hop @, = 0 cong thic (5.72) ¢6 1hé xde dinh dé diang néu chon trude quy luat C.r.
Cac dai lugng +C,, vd e’ chi phu thude vao luu luong, s¢ vong quay ciia tusbin, kich thude vi
hinh dang cla phdn dan dong. Chiing duce xdc dinh sau khi dung dudng dong & phan trudc,
2. Trudsng hop ,# 0
Trudng hop tong quat ta ¢o phuong trinh xody licn hop:
dr dz  rdy

wr oz w

i

(5.774)

Trong d6: dr, dz, rdy - hinh chi¢u chu cic phin tr xody.

Khie vai trudmg hop «, = 0, duting xody khong phai 2 duding cong clia mit phang. Tir bidu
thifc trén ¢é thé vict thanh hai phuong trink nhir sau:

dr

o () 428 (42}

¥ oy ¥ "

dz dr _rdy
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Phuong trinh xody theo phuong « ¢6 dung nhu sau:
{ aC,~ ocC.

(QIJ Sl TN -

2 ér ar
Tuong tu viét cho @,, . vi thay vao (5.74) ta ¢

= . | =
O(C"} ) d?‘ + £ (Cur) d: + L (C”r')—d?'Z = 0 (5,76)

) (3.75)

oF 0= TB‘Z

Phuong trinh (5.76) bicu thi doc theo dudng xody dfC,r} =0, nghia 1a Cr = 0. {J day xuat
hién s& hang th ba, Cén xédc dinh thém quan he y =/{S} d¢é xay dung canh theo cong thue (5.72).

Trudng hop @, = 0 thi cac dai lugng ’C. va e khong chi phu thude vao luu fugng, 80 vonyg
quay kich thude va hinh dang cla tuubin, ma con phu thude vio @,. Trong 4o, @, phu thude vho
povaozs, e e (o).

Vay: r7C.(S) v afS), véi cde dang e,(r.z) khic nhau th cac dai lugng 77C,(S) VA 17 S) s&
khde nhau, din (di thu duge nhitng bién dang khidc nhau.

Giai phuong trinh (5.75) vé6i dicu kicn duge xdc dinh béi kich thude, hinh dang phin din
dong Cl}a tuabin [3 \{a‘{n dé phic tap. Phuong trinh nay chi giai duge don gian trong trudng hop
dong ding tdc. Vi ring trong dong ding téc thi van toc kinh tuyén C,(r.z) 1a hang s0 doc theo
dudng vudng poc vii dudng dong.

Vé mat vt 1y, trudng hop o, # 0 1hi dong ding toc phi hop véi dong xody, dong dang thé chi
phir hop vai dong khong xody @, = 0. _

pé xic dinh duge @,(r.2) cla dong ding 10¢ gidi han gita hai dudng dong va hai dudng
vuong goe véi hai dudng dong dé tao thanh chu tuyén ABCD (hinh v& 5.33).

Theo dinh 1y Stoc¢ ta cd:

w, AS . An = %[{AS + A5, ~ C,,.AS]

Trong di: 0AS = AnAy

Sau khi bién déi bidu thic (rén ta co:

C, AC

L L

W, =—=

2R 2An

Coi mit canh {2 do cdc duding xody lao nén, cuong do xoay 12 e, =f(S). Trén co s6 d6 ta o
phuong trinh vi phan:

(3.77)

dn  rdo . An o FAS
= hayla —=——

) 4] (12} )

n i " it

Trong dé: AS- phén tir goc do sy ton Wi cua @,{r.2) # 0.
;.A& - hinh chi¢u ctta phan (r dudng xody theo phuong i
@

A
Viy: Ad =—4 — (5.78)

w, *

Néu: @, =0 thi A6=0; w(r.z}* O thi Ad= (.
Ngudi ta chitag minh duge rang @, ¢6 the tinh theo bidu thic.
1 d(C,r)

@, == 5.79
o dS (5.79)
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D¢ xdc dinh AS ta xdc dinh thanh phan xody w, = £S). Chon dutmg dong chuin va quy ludt
bien déi C,.r = f5) twong tu nhu trudimg hop @, = 0, Tinh todn cho dutng dong nay ciing nhu
trudmng hop w, = 0, theo cong thic (5.72). (5.73).

Dot véi duimg dong ke tiep canh dudmg dong chuan, s& sudt hieén them phén (r géc om ASdo
SU 16N tai cBa xody @, (r.z) = 0. D& dai lugng phan 1 gée om Ay cua cong thic (5,72), turong Ung
v AS clia duding dong k& tiep duoe xidc dinh nhu sau: néu Ay, , l1a phan tir g6¢ ém tren duding
chudn vi A 12 philn tr g6¢ 6m tren dutmg dong bén canh. Bist AYaum, i Az, tinh theo
cong thire:

A¥aim = Moo, HAG .y - Ay (5.80)

Néu chon dwge quy It er.z} v @,(S). 1a ¢é thé sir dung cdc cong thite (53.77)+ (3.80) J¢
tinh todn. Khi dé, cong thirc (5.72), (5.73) ¢ ¢6 dang:

t'E,C'm
AS jim = c DAY i (3.81)

o=

Trén day da trinh bay co sd 1y thuyét cia phuong phap hai toa do cho cd hai truomg hop w, =
0 vt , # 0. Thiél k& cinh banh cong 1dc cla tuabin tam truc theo phuong phap hai toa d cho
trudng hop @, = 0, két hop véi nhitng cong thic dan ra i phin nay, ngids thidl ke cé thé SUY ra
duge cdch thict ké cho truong hop @, # 0.

b. Cdc bude tién hanh

Sau day [a phuong phap thiét k& cdnh tuabin 1am truc theo phuong phip hai toa dé trong
trudng hap w =0,

I. Xdc dinh kich thuée dudmg kinh binh cong tic D, s6 vong quay n, cde thong s quy dén
' Q) vi cde dudng dic tinh tong hop chinh, téng hop viin hanh.

2. Chon kich thudce hinh hoc vit xay dung mat it kinh tuyén,

3. Xay dung duding dong ding (hé (), = 0) va truding vin toc C,, theo cic dutmg dong trong
mal cit kinh tuyén.

4. Chon z;, géc om y, do day canh & =f1}.

3. Chon diéu kién déng hoc vi tam gIdc van tdc & mép vio va MEp ra ndy ching ta cdn juu y
nhitmg gia thiét: doc theo dudmg xody momen van téc C,.r 1a nhitng hang s5. Cac duong xoday
nay chiéu xuéng hinh chicu hiing thi déu ¢6 phuong hudng kinh. Vay mép vao v mép ra 13 hai

dudng xedy, doc theo chiing momen vén toc khong déi va trén hinh chigu bing thi mép vio vii
MEp ra nam trén hai dudmg hudng kinh.

Quy ludt C,r = f15) dd néu & phan trén.

Dl,ra} vao ket qué dung duomg dong (thong thuémg chon § dudng dong), xay dung 4 thj bién
doi r.C., = f(S) va = f{§) cho cde duting déng,

6. Xidc dinh lai géc 6m y trén hinh chicu bing

- Chia mat ¢it kinh tuyén ra nhidu doan véi AS = 20 mm. Tim cic diém gilta cua cde doan
AS ndy va tuong (ng voi cic diém gilta n6. 1im trén d6 thi va ghi lai cic gl wi Cr, e, /°C,

- Theo cong thike (5.73) tinh duge cic gid trj Ay.
- Tinh géc 6m 12 téng cic Ay vira thu duge:

y= Z C.,;!‘j— "-(UAS‘. (5.82)
it rC,

L
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N&u goe g tinh theo cong thie (5.82) sai khdc nhicu so vai goc di chon theo H va i, thi ¢in
chon lai quy luiat C,r v tinh lal.

D¢ tinh todn thuan tién ngudi ta thudng 1ap bing (bing 5.14).

7. Suu khi di Gm duge goc y can thidt. ngudi fa v& do thi quan hé x = f{5) dé dimg cho cic
duding dong tiép theo.

Viee xdc dinh quan hé niy cla cic dudng dong con la duge thie hién bang phuong phap
tinh gidn ddng vi dam bio cic dic¢u kién sau day:

+ Doc theo dutmg xody Cr = consl, nghia la tuong dng véi AS fa AC .

+ Vai cée gid tri AS; khiic nhau ciia cic duong dong khac nhau thi ¢é clng mot gid i goc
&m Ay = consl,

Tim quan he y = f$,) khidc nhau ¢ia cde duong dong con lai dua vao dudmg dong chuan goi
Ia ducng dong sat vanh dia trén S; hoac sdt vanh dia dudi S, Tudn (v theo ciac dudng dong k&
1i€p nhau: tinh duting S, dua vao két qué cua dudng ;. Tinh S, dua vio K&t qua cua Sy, coi S, lue
nay 1a chudn. Tinh dudng dong sau thi phii dua vao ket qua clia duding dong ké ucp trude.

Tidn hanh xdc¢ lap quan he y = ftS;) cua dudng dong S,

- Dua vio K€l qui tinh clia duting dong S, d¢ tim ¢de gid 1 AS, cua dudng dong S,. E phan
bict cac phin w¥ clia cde dudng dong ta Ky hicw:

AS, - ciic phin tir cia dudng dong thi 7.

Néu ¢6 hai dudng xody k&€ 1idp nhau 0-0 va I-1 thi AS,,, — phan ur dutng dong coa dudmy
dodng thit nhit (ing vai hai dudng xody do.

AS,,; — taong tr, dng vdi duding dong thit hai.

Tim céc gid tri AS; cho cde dudng dong chinh la tim vi tri
cic duding xoay -0, 1-1, H-1...

- Pé tinh todn nhanh, ding phuung phip dé thi. Sd bo cho
quy tuat C,r = f{S,) cla duding dong S,. V4i cung mot gid tri
Cr = const, la xdc dinh dugc AS,,. Theo gid tri trung binh
chin AS.y, Hm duge » v cde gid P w, r*C,. Thay cdc gid
iy vio bidu thife sau d€ tinh AS,,;:

- AZ[{JJ-"ZC (AS.07)

AS'Sy, = - (5.83)
) C . —r (&S, 00}

|
|
|
b
1
1
i
L

Trong dé: AS's, - phan tir dudng dong S, tinh gén ding
ldn thir nhat

AZ,y - phin tlr goc 6m cla dudmg dong 5, tuong
ing voi AS,y, KO (ASsy) v rae ASyy) - gid tri cua cde da
Jugng Gng véi diém trung binh cla AS

Tinh duge AS 'y, so sdnh véi gid i di Jdy so bo, néu sai
khéc nhiéu thi tiép tue tinh gdn dung 1an thit by, thir w... Neéu
két qua tinh gin diing ldn sau so véi k€L qud tinh lan trude dé
ma bing nhau hogc sai khdc nhau khodng 1+2% thi kél thac
tinh AS,, & tuc tinh cho dutmg dong S.S,... O day ddi hoi
sai 6 rat nhod, vi két qua dudng dong nity lai 4 co s& d€ tinh

{inh S 33 Dung prophin
trong mdt cdr kinh neyén
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todn cho dudng dong sau. Néu d€ sai sa 19n thi dén dudmg dong cudi cing s& ¢4 sal 6 rit Idn so
vii dudng chuan,

Vi phuong phdp tinh nay cic diém nam trén mép ra va mép vao 1 chc dutng xody, C, =

const hoge bang 0, hoic bang mot gid tri cho trude ndo dé nhu d3 néu & phén trén,

8. Sau khi tinh géc om X @ budc 6 vi so sanh gid tri cta nG theo cong thite (5.82) va theo
cich chon phu thuoe #,. Vé hinh chicy bing v6i gée X viua thu ducce, Trén d6 ldy ra cdc tia khac
nhau géc Ay = 5 Sir dung cong thiic (5.72) dé tinh AS; véi cdc gbe Ay niy.

Trén day ching 1a vita xdy dung cdnh mong vé ciing véi hai hinh chicu.

9. Budic tiep theo 1 dip do day cinh. DE thye hién bude nay tu lai phii chon mat danh Xa, linh
todn ludt dnh xa, sau dé dap do day canh tren mat dnh xa {mat nén), Cdch tinh 1odn niy dd trinh
bay & phin thiét k€ theo phuong phip maét toa do.

10. Tinh todn hé¢ s6 chen dong theo cong thic (5.59),(5.60). Thay d6i lai cde tam gide van
toe véi gid tri €7, ¢6 tinh dén h¢ s6 chen dong, Tinh 104n duge {ap lai toan bo véi cic tam gidc
vin 16¢ méi.

[1. Sau khi dap do day cénh lai dung phuang phép dnh xa ngue tir ML nén ra miit dong d¢
thu duge profin trén ma dong cén tim.

[2. Xay dyng ban v& cinh banh cong e tuabin tam truc.

3.3.3.5 Vidu

Thi€t k€ cinh binh cong tdc ctia tuabin tam truc bang phuong phdp hai toa do
Cho trude: H,,, = 95m, Hpy = 86,5m; H,, = 65m,

Cong suat tinh 104n N, = 51,5MW.

a. Chon tuabin

Sau khi tinh so bg chon dugre loai tuabin ¢é cot dp H = 05+95m, d6 1a loai F 115/697 theo
catalog cta Lién Xo.

Budng kinh binh cong tde tinh theo cong thire (5.1 1a D, = 2500mm, s& vong quay tinh theo
cong thiic (5.23 I 7 = 250 vong/phit,

Vi cong suit tinh todn v D, n, di chon. tinh toin duge cdc thong s quy dan @', va n 'y
N, 51500

QI = 3 = 5
981D H, JH, 98125865, 86,5.0,93

=1L128,({/s)

, nh, _250.25

i, = _\/f = __\/8—6_75_ = 68,3, vong/ phiit
Chon theo cong thic (5.45) 18y cdc gid i tinh todn cha QY 0, la;
@ =1000s, 1", = 70 vong/phuit,
b. Thiét ké cdnh binh cong tdc
Ta v& mit cit kinh tuyén theo mé hinh tuabin [15/697 va tinh todn he théng cdnh theo cac
thong s¢:
Di=lm H=1m, Q=0 w=1000 s, =y, =70 vong/phit,

Dung duting dong déng the vi irrimg vaa t6c.
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- Chon hi¢u suat thuy lyc 77, = 92%, sG canh banh cong tac 14 z, =14, bé day dn nhét cia
canh tai 1iét dién bau trong mit cét kinh tuyén /,, = 170mm. Quy tuit bién doi do diy theo chiéu
dai 14 cdnh {a dudng thing.

- Chon vi tsi mép vio vit mép ra: mép vio cé giao difém véi vanh dia dudi 1ai D, giao diém
vai vanh dia weén tai R ') tinh theo cong thic:

R’ >—u1/r},;gH = ,/092981 =0,41; 1dy R’ = 415mm.

Vé dudmg cong tran cho mép vao, tinh !,,, vii v& s bd duding cong cho mép ra.
- Chon (C r), = O tinh géc B, cho cic dudmg dong theo cong thirc:

o =
Uy =ve
Quy ludt cia momen vin toe chon nhu phin trén da hudng dan.

- Chon dutng dong tai 1iét dicn biu (54t vinh dia 1én). Theo trinh w tién hanh 1inh loan nhar
wén da huéng dan, tinh géc 6m cua ting profin theo cong thire (5.73).

Cic cong thic v két qua tinh todn l4ap theo bang 5.14. Gée 6m tinh duge theo bang nay 1a
7= 3948 phi hgp vd1 khodng gid tri ¢6 thé chon cho loai tuabin ¢6 ¢dt 4p nay,

Budc tiép theo véi cdc Ay = 5" tinh lai cde nguyén 18 dudng dong AS dé€ v& cdc mat ciit hudng
kinh cua ¢dnh. Trong bude ndy tinh fai tam gidc van 3¢ ¢ tinh d&n hé 30 chen dong, két qua
tinft todn dua vio bang 5.15. Cic cong thie chd yéu ding dé tinh todn ciing phi hgp v cic
cong thite di dan ra & cac phén trén. Tuy nhién, dé phit hgp vdi hai bang trén chiing 16i trich dan
céc cong thdc dé tign-theo doi:

Wy =r( — ), {m/ s}
-
N H "
”r: (HI“ +k [ H?1 )-
e VTS TR
)
2
C
Ay = AS A —(u) {rad)
CHJ’ ’J
AyC,
AS = A% {mn).

[qu.r_ ~ WJ '
N

Sau khi tinh xong hai bang trén va v& mat cit kinh tuyén vi hinh chi€u bing ¢a cdnh ta chon
mit dnh xa. Do1 voi tiét dien st viinh dia trén di tinh todn nhu wén, chon mat ndn ¢6 gée § dinh
nén ¥ 14 80", Bing phuong phdp dnh xa (r mit dong sang mit non, ta dyng lud dnh xa vi cac
théng s6 clia mit ndn theo cic cong thie (5.56)...(5.58). Sau dé dap do day cdnh trén mat dnh
xa. Cha ¥ ring dudng tam vira thiél k& duge theo hai bang trén & 1 mat trude cha cinh. Tién
hanh dip do diy vé mot phia, 120 ra lung cnh. DE ¢4 ban v& trén mat ¢t kinh tuy&n va hinh
chi¢u bing cfin ding phuong phip dnh xa nguge dé tinh chuyén céc thong s hinh hoc tir mat
nén trd lat mit dong. Ban vé k¥ thuat canh bdnh cong tdc tuabin nay dugc dua ra ¢ hinh 5.34.

111



LE6U0 | 9010 | 89S0 | Skero | S | 2T | LT | 00 | 8660 { TCHIN [ SL00T0 | V1000 | 1ZE | 9RUL | K00 | 19000 | TETD | LESO | $90 | 910

. (650 [ 61600 | FEOO | 10 | RLTE | 86T | POTO | v | L66D [ESSO0 | SEID0 | SO000; 26T | FLeD LCNOD| CLF0 [QESTD| TFSO | S510 | $10

OIIF0 | ZOLUD | $89°0 | 9610 | SEE | £LT | SOL0 | TS0 | 61660 | SLO°0 [ SIZ0U[S6000 | 1LT | 609 | 910 | SL0°0 |TTOTO| $4S0 | SEI0 | P10

e | scono |sroro|sesiro| zawe | sz | gavo | wown | #3670 | SITD | €ZS00 SHIO | OFT | 6% |SL10| R0 [S12T0| 0980 | S0 [ €170

TRLT0 | SLS00 | 688D | 1RTO | POCT | £TT | KO0 | RESO | £8260 ] SSL1°0 | terU | TTU0 | 91T | L0 [ TT0 | 600 | 18C0 10950 | STIO 210

LLZT0 | 60SO0 | 980 | LTo | sz | sTel | sseo | aes0 | 9960 | sr8ID | cesoo | shion | se1 | peF [s9zo| 600 | 620 [0950 | $11D | 110

QIRI0 | SSHYO | 6ERD | ¥ST0 | T86'1 | 6T1 | THED | SSC0 | $996°0 ] ESTO | S9S0U| TZU0 | ST | 66F | 600 | 19600 IS0 | €950 | SO0 |0U0

68610 | tr00 | Lz | osTo | €691 1 srel | se0 | 1650 {22960 | 1810 | 8500 | FTOD | €1 | OV | €80 | FIOTO; 0 | 1L50 | $60°0 |6U0

L2610 | 2Le00 | ssov0 |60t ot | Zor L esen | 96s0 | 8960 | 6410 | 16500 SSTOD| SRED | O |CLE0| 68010 €80 | 9480 | $80°0 | 800

(00 | LTTE00 | §8SL0 | SSSI0| 6EIL | 6800 | 09€0 | 090 | 6960 | OLI0 | 86S0D| 9TUU | TOLO | CLT FEFD[9SITO| YO | RS0 | SL00 | 00

Sorta0 | 9200 | €200 | 2910 | esw0 | Fic0 | seeo | 21o0 |roreo| 2o | wooo | wotoo | sere | 10T | ow |stare| seo | sec0 | $900 | 900

REGTV0 | R0 | 2zsLn| TIEro | vve | seze | sseo | 1zeo [szeeo] 9910 | seson| 8900 | TTo | rEr | 190 | 96210 980 | pOYD | SS00 | $00

ETEI0°0 | SOUI00 | £SO | FITUO L ST 0| FLIT0 | FiF0 | 690 | 10260 | 1910 1 0680°0 | L9200 | 90170 SIC069C10 | LED | 9290 | SH00 | R0

REBE | 66L00°0 | FTLONO | L0SL0 | 29010 | L8O | BEHOD | 9THD | 1500 | $£6°0 | SSSI0 | 165070 | S9Z00 | £EH00 | SE0 0 [SENOE ERID | RED | LE90 | SE0°0 | €070

=DV Ror00T0 | 11HORT0 | $82£°0 | CTO10 | €260 | 19100 | £sE0 | 9290 | 8Li60 | 68170 | su0 | ozno [ s | TO0 [S8e0| 12510 670 | 990 | STOD | 00

LS690 | 9810070 | TOTOO'0 | 8¥6L°0 | RL6OTD | 16F0 | 91P000 | L8FD | L6970 | SORED { S6LI0 | BYSUD  SSTOO | 16000 | 010 [S01T1| 0910 | OF'0 | E¥9°0 | $10°0 | 100
=13 0 OS100°0 | 6S08°0 | REGUTD | ROICY | FREODD | LSO | 1L0 | €TSE0| YLD | 9rsO0 | SEZON [ REY00U| S0 | T1 | 891D | 140 | 8690 | SUY0 | O 1100
3 03 Ty wo | EE O ey | N HW t " S, w u % o
; ) Tl | fsie ¢ = A o K M fyl T o hm N

|

pI's Bupg




| |

Yo} 7 [HEO | sy L0 P 9L i | vl QRO $9T1°0 | OBYd €100 | 69 (A e | L6l m.:,r..,c . 1371 SOET'0 | 92D | 96t 0 | 01
LOU(E | $ECO0 | 9y ryy £r il il QLLED | 610 | 82p0S  v1zor0 | e RU 00 1o L1800 So6'D | SLET0 ] +Eon o &
S | 961070 | L8y AN FASEN e Yo' 1 Rl QLLeT [ U0 | svsoa ] tToe [ Tt L9 | Sgio | 8010 | eTvo LREQ | SET1°0 o CLRD -]
PO | L2 6UEY) | DRET (83 98670 COO0 | TTLE | L9170 | 868070 | SEC00 | 60y | SvaC | w0 | 9lte | o Fue'd | 9010 GLO0 | TLRY) L
B0 | UTTO | 91 [ SV Yt HO'Y | 6Pe'0 SLOMY P TTLOD | L910 | 16SUT0 | SOT00 | RTY |ty | vz | sTio | rero t+e'0 18070 0D | TLROM 9
L) SO0 | weTi LOC7G | Loy S A N TN VEEE OO0 | SEYI [ BeL0TD | ¥OTINO ) HCT | wet [ally] SO0 | ¥og'D | 826'0 | STY00 { 100 | £L80°0 g
S¥OU) | SOLO0 | EICT | £9T0 | 9reL ST | 968 i eI mmh@.,ﬁ.v E8S1°0 | TesUD | eacirny! e . vy SO ERIO | e | TTOU | SYRGD | L1000 | FZE00 r
S| SR | S9U1T | vaITD [y Dy 60 | el [ TULETD ] RHID | RSO'C | 9T00 | 9T LRC G690 | CET0 [ sot0 ] 1670 | S0E00 | sT00 | orcg 3
STOU | 9VHD | S0P Souln | vt ¢ ousey | s HE6) 867} TIO [ 80400 | €vT00 240 981 60 COT°0 | 90 | 6N g100 FHY | LETOD F4
GOOTE | LYOUNY | LL070 IR | ST T ErT0 | 9int) 60 CBOT0 | CY 0 [ L¥SO | STOD | FT0 | STT L SL0°T | L2010 | 240 | 68070 | SEO00 G000 | L8000 I

]

B 7 7 fe]h+ ,. pry
T 7 o i . :Wl_wa o % g5 7 . ﬂﬁ:mu. 1 _7 y M.m I " o ﬁ Ay o ¥ . _ % g 8% " LIS

Lo | . _. | |

113



Aot~ ™ 80

S .
S
[ &
I's
oy
h2=")
=
LT~y R.i'

%

Hinh 5.34. Bdn vé k¥ thudt canh banh cong tdc tiabin




5.4. THIET KE BANH CONG TAC CUA TUABIN HUONG CHEO

5.4.1. Dic diém cta tuabin hudng chéo

Dic diém co bitn clia tuabin hudng chéo 1a tryc quay clia cdnh nghiéng voi iruc quay cua
tuabin mot géc nao 4o, thudng ky higu 1a 8. Gia tri cha géc € cd 1heé la 30", 45% 60°. S& cdnh
banh cong tdc z, = 7+14. Tuabin hudng chéo vdi géc nghieng 6= 60" ¢ dac tinh gdn giong voi
dic tinh cia tuabin hudng truc (@ = 90%). V4i tuabin nghicng ¢ =30" thi dac tinh gén gidng vdi
dac tinh cia tuabin tam truc.

Dong chay trong viing bdnh cong tic cla tuabin hudng chéo la dong chdy déu, khong bi
ngodl gap nht & abin tam truc do cénh dat & ving ngodi dé. So vé6i twabin hudng truc thi bau
canh ctia twabin hudng chéo ngin hon, vi the 16n that ma sat it hon. Dong chay déu thi ton thit
thuy luc giam di.

Vé chat luong chdng xam thyc: kha nang xdy ra xam thuc ¢ tuabin huéng chéo it hon so vai
tuabin hudng truc. Didu nay 6 thé gidi thich so bo nhu sau: néu & tuabin hudng truc géc f; (6
mép vAo) 1dn hon gée B (& mép ra) thi doi v6i tuabin hudng chéo hai géc nay X4p xi bing nhau
do thanh phén van t6c tuong doi W it thay doi ca vé hudng va tri s6. Vi vay dac tinh chdéng xam
thue tot hon.

Vi nhitng uu diém co ban nhu trén cho nén tuabin hudng chéo duge st dung thay tuabin
huéng, truc ¢é #7, nhé, Tuy nhién, khi lua chon loal tuabin con phai so sdnh nhiéu vin dé khdc, cé
ca quan diém vé kinh t& xay dung.

5.4.2. Cac théng s& hinh hoc va théng s6 thuy luc cla tuabin hudng chéo

Bién dang cua phan din dong dnh hudng lén dén dac tish

nang lugng vA xam thyc ciia tuabin. Tuy thude vao tuabin c6 B dom |-
thé chon géc nghiéng cua cinh:
H =25+ 60m, 0= 060" ,-J AR —
H =60+ 120m, 6= 45" BN '/'<f’
H = 120 + 200m, f= 30", = 2
Cic théng s6 hinh hoc chll yéu duge bidu thi trén hinh A Dgi |
5.34, D
¢ - gée nghiéng cla truc quay cinh so véi tryc quay cia A D:C T
tuabin. ___Bes?ﬂ,,_f
/12, -1y 80 bau.
b,/1), - chidu cao wong ddi cha canh hudng. Iinh 535 Bién dgng phdn

B ) cein domg tuabin lutong chiéo
by = B-ir— - chidu rong tuong doi cua cdnh bdnh cong tic.
i
Khi thict k& ¢6 thé chon cde thong s& hinh hoc mo hinh tuabin hudng chéo ¢ n, gin vdi gid
tri #7, thiél k&. Sau d6 bang cong thirc kinh nghiém sau:
d =
—£ =1-28Bsind (5.84)
D,
Thong thuding cdc théng s6 hinh hoc duge chon theo cic bang chi dén.
Puong kinh chuyén tigp trude 6ng xa dnh hiomg dén kha nang thodt huu lugng cua tuabin.
Vi vay, né anh hudng dér dic tinh nang lwvgng va xam thuc clia tuabin, Pudng kinh nay chon
bang 0,995D, vé 8= 60" va 45% chon bang 0.9D, véi f= 30° sau d6 kiém tra [ai trong qui trinh
tinh toan va thuc nghiém. Chon hiéu suft thuy hue twabin 7, =0,9...0.92.
Céc dai luong quy din »,’, va @', chon theo n,, sau d6 tinh lai theo cong thilc:
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_ Q.f.r.u' . n' _ HI."m (S 843)
v = My = B
r N

- Xay dung dong chidy trong tuabin hudng chéo: 6 thé dung dong ding the hoic dong ding
10¢. tuy thude vio phuomg phdp thiét k¢ vt Kinh nghiém cta nguai thiét k€. Thong thudng ngudi
ta chon dong dang thé,

- Chon mép viio v mép ra cla cdnh banh coéng tic: dua vao nhimg hudng din cho tuabin
hudng truc hoilc tuabin tam truc ¢é #, gin vdi 2, coa tuabin thiét ké,
- Quy luat phan bd momen van 16¢ C,r = f{r) chon nhu sau:
Da&i vai tuabin co #= 60" chon:
(C ot dnin = - 0 T el
(C o )y = T0.0300,2H/ .
Doi vai tuabin ¢6 = 30" chon theo {uu $6 d mép ra va fuu lugng:
Tiél dién bau canh: FHD2,/0 =0
Tiét di¢n ngoai: 130,/0 =132
Tir d6 tinh ra (C ), con (C,r),; tinh theo phuong trinh cot dp.
- Ty s6 I/t v s6 cdnh banh cong tic chon theo cot dp H va géc nghiéng 6.

Hm) | o 5, | ()ngoa (//1) bau
40-60 | 60 710 12+ 1] 14+15
80 + 120 45" 9+ 10 15+16 17+ 1,9
150 + 200 30° 10+ 12 16+ 1,7 18+ 1.9

Quy tuat thay ddi /1 theo bin kinh /¢ = f{r) la quy ludt tuyén tinh.

- Chon do day 16n nhat cia cinh va quy luat phan bo do day: dua vio stie bén, vat ligu va kha
ning gia cong dé chon do diy 16n nhat, sau dé dua vao ede proflin khi dong da duge ki¢m tra
chit Jugng theo catalog d€ chon quy lu@t phan bo do day profin cinh.

5.4.3. Thiét ké banh cong tac cua tuabin hudng chéo

Thict k& banh cong tac clia loai tuabin niy ¢6 the st dung mot trong nhiing phuong phip di
néu & phén thidt k¢ binh cong tic ciia tuabin tam truc hodc hudng truc, tuy thude vio s6 vong
quay dac trung 1, cOUdp I vivkinh nghi¢m ctia ngudi thiét ke,

Trong d6 ¢6 thé su dung ba phuong phdp sau:

- Phuong phdap mot oa do trong dong diing téc hodce trong dong dang the. O diay mat dnh xa
¢6 thé chon mat ndn hodc mat try.

- Phuong phap hai tog do: chii yéu st dung phudng phip dong ding thé,

- Phuong phip phan b8 xody —ngudn.

Hien nay phuong phap mot toa do 1i phuong phdp duge su dung nhi¢u nhat dé thi¢l k& tuabin
hudng chéo. Ching ta di tim hidu k¥ phuong phdp niy @ phén wén.

Khi thi¢t k& binh cong tic cla tuabin hudng chéo can chi ¥ nhitng diém sau: s6 cinh binh
cong tdc clia wabin 13 hiu han, dicu niy khdc véi s6 cdnh bdnh cong tic nhidu vo cing da duge
dit ra khi sie dung phuang phip mot toa do dé thiét k€ ¢dinh banh cong tic. Vi vy dé thiét ke
cénh binh cong tic cho phit hop véi didu kién $6 cdnh hitu han cdn cho thém gée ra % v mot
dai luong Af%. Dai lugng nay 1y theo kinh nghigm. Af, = 1"307 =+ 3", K&t qua tinh todn /3, va f,
néu gid tri cha hai gée nhy qud 1on thi ¢6 thé thay d8i quy luat phan bs momen véan toc C,r, hoiic
¢6 the thay ddi cd vi (ri mép vio va mép ra clia cdnh bidnh cong tdc. Dai vai wabin huong chéo
cd 1, 16n, gdn véi loat tuabin hudng truc nén ding phuong phdp xody -- ngudn d¢ thiet ke.

Ban v& bién dang cinh binh cong téc viu ban v& bdnh cong tde cha tuabin hudng chéo cing
tuong Gr nhir ban vé cGa tuabin tam tryc va hudng truc.
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Chuong VI: THIET KE BO PHAN DAN DONG CUA TUABIN NUGC

Trong chuong V ching ta dd nghién ciiu phuong phap thiét k& chi (iét quan trong nhit cla
{uabin. dé 1a banh cong tac. Tiép theo 12 thict k& nhimg bo phan chinh ¢ua phan dan dong, bao
cém budng dan (budng xoén, tru 48, cinh hudng) va buéng hit. Yeéu cdu chung doi vl cdc bo
phan nay la dém bio sy bicn dé1 nang lugng dong chay thanh co nang mot ¢éch hiéu qua nhat,
di bén v tinh dén quan diém kinh 1€,

6.1. THIET KE BUONG DAN

6.1.1. Budng xodn
6.1.1.1. Nhiém vu va cdc thong so dédc trung

Budng xoin lam nhi¢m vy dan nude vio banh cong tac va hinh thinh ddc tinh cia dong chay
trude mép vao canh hudng dong.

Yeu cdu doi véi budng xoidn: Dam
bao phan b déu dong chay theo chu
tuyén trude cdc mép vho cinh hudng.
Pim bio ©n thil tong budng xodn
nho, anh hwong it dén dac tinh ning
lugng cha tuabin. Ngoai ra trong tram
thu§ dién thi budng xoin la bo phan c6
kich thudc ngang 16n nhdt vi vay ycu
cau d6i véi budng xodn la kich thude
ngang nho.

Trudc khi di vio thiét k& cdnh bdnh
cong tic d6i véi vhimg tuabin lén,
ngudi ta thudng chon so bo molL vl
phuong an budng xoin dé lay kich
thudic ciia tram. Trén cd s¢ k& luan vé
luan chdng kinh (& — k¥ thuat s¢ bt dau
thict k& banh cong tic va cdc chi tiét
khic.

Cdc thong s6 dic trung cua hudny
xoan:

Céc théng s6 hinh hoc cua budng
xofdn duge biéu hién trén Hinh 6.1, D06
lic chiéu rong budng xoan B. Goc ém
ciia budng xodn @. Néu budng xoin Kim
loai tict dién trdn thi ban kinh 1iét di¢n

Hink 6.1 .Céc thong s& hinh hoc cua blicng xodn
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2. N&u budng xoin bé 1ong 1iét dién hinh thang thi ¢é: chiéu cao b va chidu rong ¢ ciia hinh
thang.

6.1.1.2. Cdc loai buong xoan va pham vi stt dung

- Budng xodn hd ding cho cdc loai tuabin nhé, ¢t nude H = 3+ 10m. Uu diém ciha loal
tuabin nay 1a dong duge din déu vio cinh hudng. (6n thit nho, nhuge diém: khoang céch gita
cic 16 miy phai di 16n, bé rong tram 16n, B> 4D, khong diing duge cho cac tram ¢é ¢t dp 1o,
kich thuéc tuabin lén,

- Budng xodn bé tong: thong thudmg loai ndly ¢6 1iét dién hinh thang, gée 6m nhd, dung cho
cde tram ¢d cOt dp trung binh v thap {(H = 3 +45m) véi cic thong <6 chl yéu nhu sau: 5 =
(2,5+35)D,, ¢= 180°+ 225°,

- Buéng xodn kim loai: tiét dién trén hoiie elip.

Diing cho tram cot 4p trung binh vivcao: H =150+700m. B =(2.5+4HD, ¢ =345" + 360"

Hién nay ¢6 mot s& tram ¢t dp Khodng A = 200 + 300m, dung budng xoan hon hyp bé tang
vii kim loai.

6.1.1.3. Anh huong cua buong xodn dén ddc tinh cua tuabin

Anh huting clia budng xoin dén dic tinh nang lugng clia tuabin gdm: 1&n thit rong bén than
budng xoin v anh hudng dén sy hinh thinh dong chay.

Tén thit chi yéu trong budng xoin chit yéu |4 1én thal doc duding, tinh theo cong thike:

v ‘
4R 2g

Céc 18t dién trong budng xo#n ¢6 dé nham 16n, R, 16n (R>10") vi viy h¢ s6 tén thit thuy luc

doc dutmg tinh theo cong thite Dacxi va ton that s tinh theo cong thie:

-

. =

.
hl'fr.\ = .Eb.\ ’)_
2¢

Tinh v theo van tde gt dién vao:

_ J_ Q; \/_ Hayp
T 360.F, / D}
Thay vio biéu thic tinh A, /H:
A \
— .
85 ,/fz"\\ N h s S & QrpT
RN Yk E e
N /] N H 2¢  2g¢ F,.360 o
// \Q Tir biéu thic (6.1) ta thily rang ton thil trong
5 budng xoan phu thude vao géc om @, vao sy thay
ddi clia van t6c doc theo chi€u dai xean va hinh
dang cha tiét dién budng xodn. Thuc nghi¢m cho
thdy dong nang cta budng xoin v*/2gH khong lén,
viio khodng 2+4% va tén thit nang lugng trong
buéng xoin khong 16n. Cic he s6 ton thit xéc dinh

78 1
000 1200 00 1600 4800 2000 2200 G ak

Hink 6.2. Anh liidng thong sé hinh hoe
buong xodn (ot higw sudt twabin hiong e
- o= {80, a=07

2- ‘;’J = 180" =12 theo thue nghiégm doi véi budng xoin tiet dicn
3 =135 a=] hinh thang va @ = 180, &, = 0,07 +0,09. Déi vai

vdii budng xodn kim lowi ¢ = 345, &, = 0,22 +0,24. Tén thit nang luong trong budng xodn cila
tuabin huéng truc lam viée & ché d¢ tinh odn vao khoing 0,26 +0.41%., phu thudc vao /1, 1on
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thit budng xoan tuabin tam truc ¢ H = 400+ 500m, ¢ = 345 vio khodng 022+0,25%, H =
45m, ¢ = 345° vio khoang 0,6 +0,67%.

Anh hudng clia budng xodn dén viée hinh thanh dong chdy va gidn ti€p dén hiéu sudl tuabin
phu thude vio kich thude va hinh dang budng xoén, dong chay ra khoi budng xoan ¢6 luu s6 nao
d6, tinh theo cong thie 7= 2Ry, Luu s6 nity phu thude vio géc 6m ¢ va dién tich 1iét di¢n vao.
Néu ting dién tich nay va giam gée 6m thi luu sé giam, dong chiy s& huéng tam. Diém lam viée
(Gi wu léch sang phii (viing ting luu lrgng). Néu giam dién tich tiét dién vio d6i véi budng
xoan, thi€t k& theo quy luat C,r khong d6i, s3 lam giam hiéu sudt cla tuabin. Néu déng thii
giam di¢n tich v giam ci géc 6m thi 1am giam hi¢u sudt cta tuabin vi ddng thdi gy xam thye.

Tuy nhién khi thigt k€ phai chd ¥: néu tang kich thuée budng xodn thi tang hiéu suit cia
luabin nhung (ang gid thanh xay dung, Cén chon phuong dn 31 uu clia hai van dé trén.

6.1.1.4, Thiét ké' buong xodn

a. Cdc phuong phdp thiét ké

Cau triic dong chily trong buéng xodin phu thude vio hinh dang cua tiet di¢n vi géc Om. Van

toe dong chiy tai diém bl ky ding rou do z, r, ¢ 20m ¢4 van tac kinh tuyén C, =4/C + C> v
van toc vong (. D¢ thiét ke bubng xodn ngudi ta gid thict:

- Dong chay trong budng xoin i dong chay ding, déi xtng qua truc quay vi 1 dong thé.
Luu lugng qua tiét dign bat ky Q, lay theo goc ¢ 1a:

(;O.
Qe‘ = Q)u'_f (6.2)
2r
Trong do: Q,, - luu luong tinh wdn qua tuabin.
- Dong chay duge coi 1a 16ng hop ciia dong chay thang va dong xody, dic trung bai luu fuong
Q valuu s6 /7 bicu dién theo ham phite sau;

r \
L’sz.——=—ll1r+-Q—ln7, (6.3)
ir 2
Phuong trinh duémg dong trong budng xodn ¢é dang: T + Q¢ = const. (6.4)

Gae gida hai vée to thanh phin C, va C, ky hicu 1A gée S . dugc tinh theo cong thitc:

fgd =—~ = 2. const {6.5)
C r

I
Gia thiet rang khi thay doi ch& do lam vige thi Q@ va 7 thay déi sao cho g6¢ o khong doi va
cdc dudng dong trong budng xodn khong déi.
Thanh phin €, va C, tinh theo cong thife:
a Q)H

C == (6.0}
’ D by,

Trong d6: D | - dudng kinh dudng tron 1d mép vio cot tru,
Vidong chay 1d dong the, nén momen van tée C,0 12 hiing s6:
C. =K =consl. (6.7)
Trong d6: r - khoiing cdch tir tryc wabin dén diém bat ky;
K —hiing &8 clia budng xoin.
T nhimg gid thiét 1rén ¢d ba phuong phép thiét ke
- Thi¢t k€ theo gid thi€t momen vin (e C,r 13 hing so.
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- Thigt ko (heo gid thiél van t6¢ trung binh doc theo dutmg xodn 1 hing $6: €, = const,

- Thi€l ke theo gia thiél thanh phin vin 1&c vong trung binh theo dutmg xoan giim dan.

Theo quan diém thiy khi dong hoc thi phuong phdp 1 ¢o co s& todn hoc nhidu hon hai
phuong phip com lai. Phuong phip nay dude sir dung cho budng xodn ¢é @ = 180° - 360", Néu
26¢ om nho ¢ <180 (hi tinh 1odn theo hai phueng phép sau dat hieu qué 16t hon. Néu muén cho
ryc quay teabin ndm gin gitra budng xodn hon thi ding phuong phip 3. Thye nghi¢m cho thily
budng xoan thiét ké theo ca ba phuong phép trén déu bao dam chi hegng. -

Sau day ching ta s¢ lam quen vdi thitt k€ budng xodn theo phuong phiap momen vin 16c¢ 1a
hing s0. '

b. Lwa chon thong sé hinh hoc

- D61 vai taabin cot dp thip chon ¢ = 180" - 192°, chidu rong ké tir true dén mép phéi cia
budng xoin B; = (1 +1.2)D,. Néu giam B, ¢ giam hicu suit Luabin.

- Do v6i tuabin ¢dt dp vira vii cao: ¢ = 270" + 360" H ciing 16n thi g cing lon,

- D31 véi twabin H =80m. ¢ = 270° + 315",

- Tiét di¢n cua budng xodn be tong thudng ¢6 dang hinh thang. Tiél dién budng xodn ¢6 dang
tron, chuyén sang elip & phin cudi, hoge tiét dicn clip.

Kich thude cua tiét dién vao va dién tich £, phu thude vao van 16c trung binh cla dong chay
tal cia vao va he s6 van 16¢ @ ¢6 thé chon theo hinh 6.3, hoic tinh theo cong thic:

v =N H (6.8)

B6i vt budng xoiin bé tong ¢6 thé chon nhu sau;

@ =08+ 1. LR, = 16D, b, = (1.8 2)a, B > R,, + 0.95D, (véi ¢ =180"); B >R, + 11D,
(V6i p=180"+ 225

V. — Vo] & ]
HBC I ! -t T O féc-io 1 ’l..-: — l
o N AT 8 i
5 ] ! g _Q.g—\>. .
4 | L | J _ 8 08 « I
\S_;ﬂﬁ )
3 7 -G,?/ _ -
|
| ; ! :
IG I 20 30 40 50 60 70 Hwm 50-’ £ 300400 150 200 250 300 350 KM

Hinh 6.3, Chon 116 s va Vi theo cot ap tahin

c. Thiét ké'buong xodn tiét dién hinh thang

Céac théng s6 cho trude:

Cotdp thiét ké H,, luu lugng Q, cong sudt thict ké N,,.

- Né1 dung tinh todn:

Sau khi did chon cdc thong s6 hinh hoc, hinh dang tiét dién va van téc dong chay ti¢t dién
viio, tinh dién tich 1iél dién vao:
o~ Go . O

Ty 360%w,

(6.9)
Luu luong qua tiél dién 7 bat ky li:
{D};
Qﬂ' = Q:: ! ) '
‘-'E
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Mat khdc né lai duge xde dinh theo cong thic:

I3
Q, = |C,bar 6.10)

it

Trong dé chidu cao tisl dién 1& haim ctia bdn kinh b = fir}

K
c, == 6.11)
r
% b
Vay: Oh =0, = K. [Zatr (6.12)
2 o
Héng 56 clia budng xoin K tinh theo cong thifc:
e
K= %L (6.13)
b
JL dr
Jb r
Vit cla tiét dién i theo géc ¢ tinh theo cong thic:
27K b
@ = ——— . |—dr (6.14)
Qe o
fo Cic thanh phdn van t6c trude mép vio canh hudng:
il : R ' 0 K
S ‘ Coo=ote ()= (6.15)
. = | "%z ZFE?”Gh, FU
| il C, 0
o = & =arctg—" = grerg 51 (6.16)
18] L Y @i @ ":?I £ Cro § 27h,
A | L - o Thay vao (6.14) ta ¢6:
g A g, I b :
- pd : o = -———‘.J—ffr (6.17)
e b] Fy .Ig() ¥
// e [ Rri -
f/ - Thee cong thie (6.17), néu ta chon trude quy luat
R, bicn d6i b(r), ta ¢6 thé tinh duoc vi tri @ cha tiét di¢n 6
dr), - "t " 71 chiéu cao b, va ban kinh r.
. Cic bude tién hanh:
Hinh 6.4. Sodé tinh todn budng xodn - Theo gid tri 2, chon cdc théng 6 hinh hoc chiy yéu
HEr dién hinh thung theo cde bang chi dan, phu thuoe vao H, D,.

- Tl d6 thi v, = f{H) (hinh 6.3) chon van toc v,

- Tinh di¢n tich tiét dién F,, theo cong thic (6.9). ;

- Chon thong s6 clia mat ¢t vio ¢6 dién tich vira tinh duge F,, va géc 6m & cia budng xodn
thco cong thirc (6.16). Trong dé hé s6 K tinh theo cong thire (6.13) cho tiét dién 16n nhat .

- Tinh kich thude cdc mat cét con lai va vi tri ®, cla cdc mat do.

- Trong khoéng céch tr R, dén R,, (hinh 6.4) chon khoang 6 — § diém. Quan hé gifta chiéu
cuo tigt dién b, vi ban kinh duge cho trude theo quy luat: & nua trén cha hinh thang: v = py?, nira
dudi cta hinh thang x = p,y 2, céac 5ié 56 p,p, tinh theo 116t di¢n F,

hi-
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P= = = oy 6.18
I IE Py fE ( )
Tinh y, theo y:
L}l —ﬁ}!
2
Theo hinh 6.4 ta ¢6:
b =b+Lysy=bry iy (6.19)
2 2
b b
P
I
RI = Rb.\' —r
R, =R, - yzq, (620

Ry =R, —yiga,
Tir cong thie (6.17), tinh tich phan, ky hi¢u la 7;:

Bp
I = j'Tdr

Chia cdc mal cil cdn tinh ra lam 4 vung [, 1L, [I, IV, trong d6 chiéu cao tiét dién tinh theo
cong thic:
b, =b=const. by =m, +nyr
by=m+nr by = b+ (10+20)mm

/ R’bd Koy m+nr m +nyr
:J;r:ITd j j af+j—dr—

=hH'(nR, —InR,)) + m(InR, — InR,) + n(R, — Ry) + m,(InR, - Inr ) + n Ry - r,) + b Inr jr,.
=b"InR + (m - B JInR, + nR, + (m, +n)InR, + (n,-n)R, — mInr, — nr, + bnr, — blnr,

- Sau khi 6im duge cdc gid tri tich phan, tinh { theo (6.21) va tinh ¢ theo (6.17). Chid y: ¢6 thé
cho quy tuat thay d6i x theo y 12 tuyén tinh hodc d6 thi parabol bic 3.

Céc tinh 1oan dugce tién hinh theo bang 6.1,

Theo cdc mat it vira tinh duge, tién hinh lap cic dudng cong kiém tra: R, = fi{@), v = fi( ).

= fd @), Vi Ve = fol @) Trong do v, 12 van t&e trung binh mat cé,

Sau d6 xay dung ban vé budng xoiin (hinh 6.5).
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Hinh 6.5. Ban vé buong xodn tiét dién hink thang

d. Thiét ké buong xodn tiét dién tron
Né&i dung tinh todn:
Luu lvgng qua tiét dién vao:

ar r

X D
a

Hinh 6. 0. S do tinh todn
hudiig xodn tidt dién hinh tron
canh huéng thi:

fg§ — Cr() _ QH’ r_O

1

_ @
O = Q”'360° (6.21)
Dién tich ti€t dién vio v ban kinh cha nd:
Fp = Do g, = 22 (6.22)
vh.\’ T

Luu lugng qua tigt dién bat ky nao do:

A o o,
= |C bdr =K | =t =0, ———
o, ;[ PR ,T[;( r =4, 360"

vay: =R Iﬁdr (6.23)

Néu C, va Cpy 13 van toe vong v vin 10¢ vao cla

& (6.24)

Co 2mb, K 27b, K

blry=2.Jp  —(r—a)

Thay vao {6.23) ta cd:

(6.25)

_ 2m2K ';ﬂ f—l-_(r—a)z— 2 ’:[ r_g__(r_a ):_‘_f_[
i 2, Kigs * r P O byrgd P Ty

2
bydgd

Ky hicu: 4

[

(6.26)
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Fr = [ﬁa TR TN, +2p, JJA (6.27)

(?J = "‘N + ;)}
r=ra+2p,
@, = Ala, — Ve ) {6.28}
v, = L) + 231?.—@—
7 A
R=p +a,. (6.29)
7
.
L7
Fse 3 7! L 1
7 72 23 25 o] B X228 KNG 2
Y
o2 23 24
o 25
26
20 !
{9
v
% N\
- . . - rsa fﬁ——
17 =y, g
£ l\ p
Hij
S S 3
15 ’
4
10
13 5
2 6
7
1t
e 0 g

Hinht 6.7. Biun vé buong xodn tiét dicn tron

Cic budc 1ién hanh:

- Tinh dién tich, ban kinh tigt dién vao theo
(6.24),.

- Chia @ ra thanh cdc tict dién cich déu nhau goe 15., 45"
Theo (6.28) tinh céc bdn kinh £, Theo (6.29) tinh R..
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- Cdc budc tinh todn nay thudmg lap theo bdng.
- Dung céc dé thi tai R = f{ ¢}, O = f{R).
- Clc 1i¢t dign cudi chuyén sang tiét dien elip. 1dy bdn kinh R tir d6 thi theo . Bén kinh nhé
lay theo ¢ong thite.
R—[R, + p,(1 ~cosa
_ [ s+ p(1-cos )] (6.30)
2cosex

[

Sau khi tinh todn, dung ban vé nhu hinh 6.7.

e. Thi du tinh todn budng xodn bé tong cho iét dién hinh thang

Cho trude: ¢dlL dp thiét k& H, = 13,5m

Cot dp 16n nhat: H,,, = 19.0m

Cot ap nho nhit: H,,, = 10,0m

Cong sudl 16n nhat: N, = 69,0MW.

- Doi v6i nhitng thong s6 nay, theo hinh 5.1, chon loai tuabin hudng truc cdnh quay ky hiéu
Li¢n Xo ¢t la K20. Theo chi din d6i véi loai tuabin nay thudng ding buéng xodn bé tong cé géc
om 1 g = 180",

« Luu lugng cia tuabin tinh todn 13 O,

N 69.10°

- - =61 m's
98I H, 981085135

Qi
- Luu lugng qua tiét dién vao tuabin:
i - :
=0y ———=307 s
Qb,\ o 360

- Theo hinh 6.3 chon van t6¢ tai 1iét dién vao 12 3,45m/s, h¢ 6 van ¢ « tinh theo cong thic
6.8 120,94

- Dién tich tiét dién vio;

F})r — Qh,\‘ —_ 30—{ = 89”’}2
’ va 3.43

& phan tinh todn bénh cong tac ta da lia chon huu lwgng dén xudt O, = 20501/s. Theo bing

chon bén kinh tict dign vio R, (ty 56 R, /d}) theo Q ', nhu saw:
Q' (ls) 1600 1800 2000 2200 2400

R, /D, 1.55 1.57 1,59 1,61 1,63

Vi thong s6 din xuat nhur trén, chon ty s6 bing 1,60,

R, =1,690=144m.

- Chon théng 8 hinh hoc theo mé hinh K20 ta ¢6: r, = 6,75m, n=39m, D)= 10,5m, 6,
=3,6m g6c cla hinh thang o, = 15", (hinh 6.8).

Chicu cao tiet di¢n vao tinh theo dién tich ¥,

£ wi;’irgw”:gg

far

= b[} (f'ﬂ - rb ) + ('rh - r(r )bb.\' -

&"53_;{’)_“0,268 =89

3,6(6,75 — 5,9) + (14,4 — 6,79)b,, - (
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0,134h°,, - 8.615h, +87,68 =0
Ratra: b, =12.7m, 1y 38 b, Ju,, = 12.7/7,65 = 1,66
- Tinh tich phan:

b
i

[= jf dr .
", ¥

Néu chon hinh thang léch dudi, tie 1a " = ¢ (hinh 6.1) thi:

r ¥ v
I=hIn+bIn-L —porga, Int+m
A ¥

o o

6,75

59

[l

=0.487

by Inle = 3,651n
P

h

Con lai cdc s6 hang khac cia tich phan tinh theo kiing 6.1

. Bang 6.1
Cic - Ti¢t dign
| thong &0 1 2 3 4 3 6 7B
rom 144 | 134 124 | 1.4 | 10,14 9.4 8.4 7.4
H.m 12,7 10,47 8.50 6.96 5.76 4.,6G 4.023 3,666
rom 9.19 | 859 8.0% 7,65 | 731 7.04 6.86 6,77
rr 1361 | 1273 | 1,197 | 1,133 | 1082 | 1,043 1,017 1,003
Inr/r, 0308 L 0241 | .18 | 0,125 | 0,079 | 0,042 0017 | 0,003
rir, 2,133 | 1,985 | 1.837 | 1689 { 1,641 | 1393 1,244 1,096
Inrir, 0758 | 0.686 | 0,607 | 0524 | 0432 | 0332 0218 ! 0,092
b.Inrir, 9.63 | 7.8 5,20 365 | 245 1,56 0.877 | 0336
retey 34.3 32,05 30.15 28,54 27,26 1 206,38 25.61 25.26
rotgdnrde, | 10,57 | 772 | 542 3,56 | 2,15 L1000 | 044 0.08
m 910 | 687 | 496 336 | 2.07 1,092 0,423 | 0,0656
J‘r-
j'ﬁdr 8,64 | 681 5.22 3,93 | 285 2,03 1,34 0.80
p
b !
& 180 | 141,9 | 1087 | 819 | 594 42,3 279 1 6,17
0 307 242 1855 | 1396 | 1013 | 71,2 47.6 28,4
F 89,11 | 66,37 | 4812 | 3391 | 23.19 | 1533 9,86 544
V., m/s 344 | 3,65 3,85 412 | 4,37 4,70 ‘ 492 522

- Theo k&t qua tinh 1odn & bang dung cic duting cong quan hé cia hru lugng. gde @, vin 10¢
trung binh mat cat, chiéu cao mat ¢t theo cie 1ié1 dién di chon (hinh 6.8).

6.1.2. Truda

6.1.2.1. Nhiém vu va ddic diem

Try dé& tuabin déng vai trd chiu lue gém c6 luc doc truc cta 16 mdy, trong lue cla cdc thiét bj
phu va khéi bé tong phan gian mdy... xudng nén nhi may.

Yéu cdu-d6i vai try d vé mit ket cau [3 phai di bén vi khong dnh hudng dén dong chay.
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Dong chay qua tru d& 1a dong tiép theo cua don;, chiy trong buong xoin. Thong thudng coi
li dong the khong xoay Pe dam bido cho cdc hé 88 can thuy luc ciia ¢ol tru |3 nhéd nhat. ngudi La
dung dutsng tam coa profin ¢ot tru 1a mot phan clia dudng dong nity. Nhu trén dii néu, dong chay
rong budng xoin tinh theo quy luil momen van t6e do 13 hidng s6 va dutng dong gin dang véi
dutmg xoin logarit véi ban kinh cong lém.

L. )
M l‘
12 1 241 1
0] 1Yl 50 v/
) P
o sl o fao
% ¢ NTh 280
61 12011 3 240
M b, 289
N N {
f\" 80 \\ o .___2 rfﬁg
FL‘Q’ N N 124
2440 f {40
g L :‘?
M o B 0% 7 |y

Hink 0.8 Két gua tinh todn

Cac thdng 56 hinh hoc dic trung clia cdt tru gdm s6 lugng ¢dt tru 7, d& diy 16n nhilt &, vi tri
cot 1ru (duwdmg Kinh mép vao ¢t tru D), gée nghiéng cta ¢t ru so véi phuong hudng kénh y,
gae cua dong ra khol budng xodn € (goc gilta tiép tuyén véi duding dong va ban kinh vécto tal
ti¢p diém), goc dong ra khdi cot tru va bién duang ¢ol tru.

56 luong ¢t tru Idy bang nira s0 lugng cdnh hudng, chon thee mo hinh ¢ 7, va H gan nhat:

i
:u = E Z[i '
Do day 10n nhat tinh theo stc bén, so ho chon:
. &
émn?{ = ”}1‘ IS - ')0%

Trong dé: L - chiéu dii day cung cla dudng tam.

Vit ¢dt tru D, chon thee mé hinh.

Gac 6 gilia ban kinh véc 10 clia mot diém va 1i€p tuyén vdi dudng dong tai diém do thudng
LAy 1ir k&t qua tinh todn budng xoin {cong thic 6.16). Nhung vi ¢6 cdc cot tru vai bé diy hitu han
nén c6 hién twgng chén dong goi Adla do chénh gée cia dong bi chén so vai dong cil.

Thutmg lay Ag= 3" - 5"

Thye nghi¢m cho thdy: gée ra khoi dong ra caa cOt tru bang gde vao cdnh hudng,

Khi thi¢t k& cot tru thudng chia Iam hai phén: cdc canh ¢ot tru & trong ciing gdée 6m ¢ cla
budng xoin vi phin ¢ ngoal ving gic 6m. D61 véi nhimg tuabin 1dn tinh todn bién dang vi géc
nghiéng y ciua hai phin ndy khdc nhau, chi yéu Ia do duding dong tai hai phin nay khic nhau
(hinh 6.10).

Goéce nghigng cdnh ctta ¢dt tru y trong ving géc 6m tinh theo cong thife:

y=90° - (5+ Ad) (6.31)
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Gée y trong viing ngoii gée ém ¢ chon theo dudng dong, 14y tir tam gidce van Léc.
Bién dang cdnh trong mét ot tru khong thay d6i theo chiéu cao coa coL.

6.1.2.2. Thiét ké bién dang cdnh cot fru

a. Noi dung thiét ké

bé dom gian ngud ta thudng thidt ke cde cot tru ¢4 cong bién dang cdnh.

Tu tam gide van toc sau khi dung dudng dong ta cé:

. 2
C =—=48 (6.32
" 2w b, J
Cr=K
Trong d6: K - hé s6 buéng xoiin.
C, )
C'u 2m:rK

Chon tga = tgd,, — géc @ & mép vio cinh cot try bing gée & budng xodn theo (6.16). Gée
o 0 mép ra cha ot try ldy biing gdc a, 0 mép vio cdnh hudng.

Céc nt dién gita mép vao vi mép ra véi ban kinh r, thi tinh géc ¢ theo cong thirc:
b,

'tg afl'r_f = rg(sb.\' N {-
).

!

{6.33)

Neéu 1inh sir chén dong thi phéi tinh theo (6.31) hoac néu goi 1, 14 bude cia canh, thi tinh theo
cong thiic:

2R,
f, =2 (6.34)
Z(q’
Goce a’; tinh dén sy chén dong theo coag thifc:
. b
fva' = Ig(),,_\..—-‘iﬁs— {0.35)
b.’(l - -'J._)
{,

o] day &1a dé day canh cot tru taj tiél di¢n thit 7.

b. Trinh tu tinh todn

- Tinh lan thi nhél: tinh cinh mong vo cling.

+ Dua vio k¢t qua tinh budng xodn dé tinh g6¢ a cho tam gidce van (6 theo cong thie
(6.32), (6.33). Trén duding dong, 14y trong khoang tit R, dén R, tr 5 + 10 tiét di¢n cho bin kinh R,
dé tinh e,

Gia sif ta chia nam tiét dign thi:

AR =Rz R
Goc om Af cho timg vi tri tinh theo cong thire:
A= A6 + A8,
Trong do:

128



Riga, + (R, + ARI2Y (1 + 1g°a,) — K
(R +AR/2)(1 +1ga,)

Riga; = (R, + ARI2Y (1 +1g°q;) = R}
(R + AR/ 21 +15a,)

A8, = arsin

(6.36)

A6, = arsin

+ Tinh A&theo (6.36)

X=x/! 01 1 02 | 03 1035 04 | 05 | 06 | 07 | 08 [09]
6=83,, | 0808 | 0,995 | 0996 | 1 | 0915 | 0,905 | 0.830 | 0.692 | 0.555 0.4 ]

Hinh 6.9, Dung duong tam

_ Hinl 6,10, S0 dé sdp xop cdnh cot tru
profin cdnlt cot tru

+ V& duong gap khic theo A8 va «,
+ NGi dubng cong tron theo duimg géip khic trén, dé 1a duting tam cua cdnh méng vo cling.

+ Dép do day theo bang sau:

Tinh gan ddng lan thir hat; ¢6 tinh dén sy chen dong,

+ Do tryc tiép trén ban v& d€ ¢6 quan hé & = fIR).

+ Tinh ¢, theo (6.35).

-+ Tinh lai A0, A8, v AOtheo (6.36).

+ Xay dung lgi dudng tam nhu 6 phén thi nhét véi géc o, vi AG,

+ Dap do diy.

Sau khi da thiét k& duge bién dang cdnh clia cottry, dat ching theo dudng dong hoac theo chi
din cong thite (6.31). Chd y: cinh cot try 0 gan mii budng xo4n thudng ¢6 bién dang 1a profin
thang hoic cong nguge lai so véi nhimg cdnh cot tru khic (hinh 6.10).

6.1.3. Canh hudng déng

6.1.3.1. Nhié¢m vu va cdc thong so' ddc trung

Trong tuabin phan hrc cdnh hudng déng vai trd:
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- Din dong va phan bg dong trude khi vao binh cong tic

- Diéu chinh fuu luong qua tuabin phit hop véi phu tai

- D6ng va md tuabin, bio vé binh cang tac khi ¢6 su ¢6 vA khi sta chiia.

Céc thong s6 hinh hoc cia hé thong cinh huéng (hinh 6.1 [):

Budng kinh dudng tron phan bd truc xoay cdnh hudéng D,

Chieu cao cdnh huong - b,

S6 lugng cdnh huéng - =

P mé canh hudng - a,

Chicu dai cung canh £ so vdi tam quay —L, £,

D¢ mau cdnh Liy

D¢ day 16n nhat

Do léch tam khi cinh hudng déng hoan toin: e= - L', - L*).
2z, +17)

Hinh 6.11. Cdc thong sé hink hor Hinlr 6.12. Cic dung profin
dae trime ciia ednh huding done cdnd ngdug dong
Chieu dai va bién dang cinh ¢6 thé khong doi doc theo chidu cao b, Thong thutmg & wabin
true ditng cdnh hudng ¢6 bién dang va chiu dai khong déi theo b,. Tuabin truc ngang (kiéu cap-
sun) ding cinh hudng ¢6 chidu dai thay déi.

Bién dang profin cinh hudng ¢6 1hé ¢6 ba toal: doi xing, cong lén va cong xudng. Néu goi f

L do vong 16n nhit caa dutmg nhan profin so véi ddy cung cua né vii géc «, la 26¢ cou duong
dong chay & mép ra profin cinh hudng (hinh 6.12), thi ba loai tren con gol 1a profin ¢6 do vong
am (6.12a). profin doi xttng (6.12b). profin ¢6 dé vong duong (6.12¢) ing vai bu trudng hop: £ <
Ovaf=0vaf > 0. Gaoc: a<al < a’,

Luu lvgng qua cinh hudng phy thuée vio do ma ¢, vil vio bién dang profin. Luu lugng qua
canh hudng ¢6 /> 0 (hinh 6.12¢) 1 In nhit, Vi goc i, I6n, tic 14 thanh phin C, Ion,

Cdc thong 6 hinh hoc chon phu thude vio H va 2, NEu D, 1on v b, nhd thi giam van {G¢
trung binh mat cat va tén that thuy Tuc wrong cdnh hudng giam. dong ra khoi cinh hudng déu
hon. Can chon 181 vu tuabin n, nhé, Ly 58 b,/D, = 0.08 dén 0.12. cong sudl dinh mirc dat khi ¢6
d¢ md cinh hudng = (0.3 = 0.5) ¢y Tuabin ¢é 2, 16n, b/D; =03 + 0.5, d6 mé ay = (0.7 =
0.8

AN
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6.1.3.2. Tén thdt trong hé thong cdnh hudéng

a. Dong chdy hinh thanh sau khi ra khoi cdnh huing

Trong thuc & ddng chay ra khoi cdnh hudng cé thay 481 v& hudng va tri 56 doc theo chiéu
w0 ciinh hudng b,. Su thay ddi nay phu thudc vao bién dang phan din dong va ché€ do lam vige
cita tuabin. C6 thé viét C,,, = f, (h, v C.r = f; (b,). Khi thi€l k& banh cong tdc ngudi ta thudng
cho trude quy luat thay déi cha hai hivm trén. Thyc nghi¢m cho thay gid tri 2, 1dn thi su phéin bo
hai ham trén theo b, cang khong déu.

Tai ché d6 lam viéc 181 vu dong chdy gua cdnh hudng Ja dong thé khong xody. Khi giam
momen vin 1dc tang, hye ly tam 1ang lam cho thanh phan C,, & vanh dudi nho hon & vanh trén.
Thuc nghiém cho thiy sy thay déi cia C,,, va (C,rp) theo b, ¢6 thé dat chénh 1éch dén 10-20%.

Gée gilta tiép tuyén véi dudng dong va hudng niim ngang ky hi¢u la ¢ cing thay déi theo by,

Tuy nhién khi thi¢t k& bién dang cinh hudng ngudi ta thudng cong nhan mot s6 gia thiét:

Dong ra khoi canh huéng ¢o goc a, bang a, cla cinh a,, = a,

Géc @, cla dong ra khoi cdnh hudng khong phu thude vao diéu kién dong vao cinh hudng.

Momen van 8¢ (Cr}, = (C,r}, }& momen van tée tui mép vao cla cdnh binh cong tac.

- Cic thong s6 chia dong chily khong thay ddi theo chiéu cao cdnb hudng

- Céc thanh phin van 18¢ tinh theo cong thic:

c -2 (6.37)
25myby

Co=Ccorga

Xic dinh géc a , bing cdch cho trude momen van 15¢ & mép vao banh cong tdc, r do tinh:

¥
|
Crr” = Cn 1

ry

s

C
tga, = —2-cosg = consl (6.38)
Géc ¢ clia tiép tuyén vdi dudng cong so vai phuong nam ngang, xac dinh tr phan dung
dudng dong.
b. Ton thdt trong canh hudng dong
Xé1 16n thilt trong viing cinh hudng dong, dé ¢6 o 56 chon cdc thong s6 cua nd

G T 2

03 - —1 6

02 £ 2‘\ . \2 __g | 0
l=]
bl

0 \ / 2 \
| \_.// A | A B

e 4 ) PR -3
20 40 60 £04,% 20 40 60 83 d,%
o i
Hinh 6,13, Ton thdt ning hiong trong viing cdnh hniang (b
Queant hé C = f{C) cuia profin cdanh Inong o

P U rex

Néu thay ddy cénh thuc bing diy tdm phéng thi ton thal trong hedi cua diy 1dm phing |2 ham
cta nhiéu thong so:
h".,, :jrC‘_\' ﬁ"“‘ L"t’ D(IDJ! brr.l’D.f' Q-I'J
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Trong d6: C, - he s6 lyc can cla cénh:
B..- ede diit cinh cha profin ¢dnh hudng dong.

He 56 ton that cdnh hudng & = h,JH cling {3 ham cha nhimg thong s uen duge biéu thi
trong hinh 6.13 a,b véi dudng 1 tng véi , Ién, dutmg 2 - 57, nhd.

Chon C, = f{C,) theo hinh 6.13c. Trong d6: 1- cdnh c6 do vong duong, 2
cinh o6 do vong am. Ta thay dé ¢o cing mot gid tri hé s§ luc nang C,
dm ¢0 he s6 can nhé nhat. Nguoc lai néu budng xoin hep, g,
loai cinh ¢6 do vong duang lai ¢6 he 6 cin nhd, Vi vay
phai tinh dén tdn that.

- cdnh do1 xung, 3 -
thi loai cinh ¢§ d6 vong
ton thi hé $6 lue nang am, lic 46
chon hinh dang profin cdnh hudng ciing

Dai v6i tuabin hudng true H < 40, goc om cia budng xodn nhé, dé 18n th
nhé nhit nén chon profin ¢6 do vong duong, Véi budng xo
tuabin hudng truc i, ién — chon profin dai xung.

it trong canh hudng
an hé chon profin co do vong am. Vdi

Dai véi teabin tam true # = 45 +170m, dung bubng xoén c6 géc 6m < 345"
do vong duong. Néu H = 230 +700 m, budn
chon prolin ¢6 do vong am.

- chon profin ¢6
xoan rong, 1am viéc chd yéu & do mé g, nhéd th

£ g ¥

} Cy : b K < S ———

\ N
o < 3 I NS .
\ N\ N
0 \ AN 20 >
! >\\2 \\:i

1 - “‘“"‘-::;:-‘*
AN J | T
=2 | 1 — e
0 20 40 64 P 2g 48 61 £
Hinh 6.14. Chon cic théng so ctia profin cani hirony
a-quanhé C,=fif).1. g =252 8 =35 3. Br=45" b -yudn hé K = f{3)
Néu thay ddy cénh hudng bing diy tam phang, dat dudi goc f3. thi h¢ s8 lue nang tinh theo

cong thite: - Co=20Ksin{ B - B)
e
. L
K=—2=f(=8)
C. =t 2
Thong thudmg chon L/r = 1.1, chon B theo C, vt K.
e [ T o * by : [ Qg g, %
1 Lot Yo ’
50 K 1400 //‘z/«;J, U < ol 60
/ 7 J M ' /ﬂﬂf‘ldz
5‘3.-/ ; 2 ‘ L/ —
f 7 0
20 p—- /Z/—— e 1000 A : 1 02— 7 20
Z | v4En i
) , 800 = 0 0
20 40 60 80 g% 20 40 60 85, % 09 300 S00 0 n.

Hinh 6.15. Chon cde thong s6 cdnh hueong dong
a- gt he C = fido ) b quan hé Q= flay )i - quan hé h;iDy. A= ),

L. profin do vong dm. 2. profin doi xiing. 3. profin do vong dicong
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Tén that trong cdnh hwdng cla tuabin hudng truc nho hon 16n thit trong cinh hudng cta
tuabin tam truc. Vi du véi tuabin hudng iruc van toc i6n, v6i do mo g, bang nira dd =55 1Gn nhit
thi tén that chi vao khoing 0.1 — 0.3%. Con vdi warbin tam truc van t6c nho voi d¢ s bang nira
do mé 1dn nhat thi (6n that ¢6 the len 1§ 3-5%. VI vay thi€l ke cinh hudng cua tiabss tim true
can phii ¢chd trong hon.

6.1.3.3. Thiét ké bién dang profin canh hudng

N&i dung tinh todn:

Chiing ta dd biét: s6 vong quay dac trung cha tuabin phu thude vao cot dp tuabin Mat khic
né phu thude vio kha nang thdo cua he thong canh hudng qua théng s6 hinh hoc by, va ag,.,..
Hinh 6.15 bicu thi quan hé dé, )

Vi nhitng gid 1hiét vé momen van 10c trude mép vao bdnh cong tic vit suu cinb hudng da
néu trén, néu lay {C, ), = 0, cho quy lwat (Cr), ta ¢

(C“r);: Ef‘in ctga, = %_{_{_
Tinh theo cdc thong s¢ quy dén '), @
, ttga, 30n, ¢H
o' 2mh, B ', D,

1 60b[|f?'r.-'gf"'r"gad
g, = I
n' D,

(6.39)

Vay kha ning thao qua canh hudng phu thude v H, b, n'y, .

Chon cdc thong 6 trén chil y&u dya vio cde mé hinh ¢d 2, gan nhal.

Khi ¢é @, theo dudmg dong cla dong thé rong viing canh hudng. tinh gée &, theo cong thic
(6.37), (6.38). Néu gbe @, var @, sai léch nhiéu thi phai chon lai cdc thong so va tinh Lai.

Bict a; v C,,,. khong déi theo &, cin tinh €, cho cdc dudng dong theo (6.38). Tinh lai O,
C,». B B cha binh cong tdc. Nhu vy ta di kiém tra dugc su hop 1y cua dong chay qua cinh
huéng va qua cinh bdnh cong téc...

Cde phutomg phdp thiét ké:

1 Thiét k& profin canh hudng c6 thé sir dung hai
phuong phip chinh: phuong phip mét toa do va
phuong phip xoday nguon.

AT

- Phuong phap mot toa do (xem phin 5.3.3).
- Chon tam gidc van t8¢ & mép vio theo digu kién
& mép ra cua tru da.

- Chon tam gidc van 16e & mép ra theo diéu kién ¢
mép viro va mép ra binh cong tic.
Hinh 6.16. Dung profin canly luiong dong -~ St d}mg\ phuang phdp nay vai gi th"‘Cl dudng
dong & cac ving canh hudng song song vai nhau va
vuong géc vdi truc quay thi mit nh xq s€ phai chon

theo phitong phdap mat tod do

12 mit phéng vuong gde voi truc quay.

- Trinh tu tinh todn theo phuong phdp nay ¢6 thé tham khio & trén va phan thict k€ bién dang
tru de.

- Phuong phdp phan bd xody ngudn, Phuong phép nay di trinh bay ¢ chuong V.
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Céc cdnh huéng ¢6 hinh quat (bién d

ang thay doi theo &) ciing thi€t k& theo phuong phip
mat toa dd, mit anh xa 13 mit ndn.

6.2. THIET KE BUONG HUT

6.2.1. Nhiém vu va cac thong s& dac trung

Budng hit lam nhiem vu dan nuée tir banh cong tic xudng hu luw. Buéng hut cho phép st
dung phan niing lugng con lai cia dong chay sau khi ra khéi banh cong tic.

D¢ thity 18 vai 1rd clia buéng
khong ¢ budng hdt (hinh 6.17).

- Triong hop khony budng hiit:

Cot dp tuabin duge xdic dinh theo cong thiic:

H=F,-[,

hdt trong tuabin ta xét hai tewang hop: tuabin cé budng hiit va

Ey =—*+ H ;- nang lugng riéng tai mat thodng thuong Juu (P, = P.C,=0)
¥

.7

£ = fE_+_i+ hy - niing lugng riéng tai tiét dién ra banh cong tic
yoo2g
H=te, H, ~§-~-Ci—h(,
y y o2
Trudng hop khong bubng hit thi P, = P,
C;
H=H - =14, (6.40}

2g

Trong d6: H, - con ap. la hiéu s6 gitta do cao myrc nude thugng luu va do cao dat tuabin;
h, - 16n that trong budng din.
Trong trudng hop nay cot ap tuabin
tuabin va ton that trong budng dan.
- Tritong hop ¢ budng hiit:
Trong céng thic xdc dinh cot &p H tuabin thi nin

g luong riéng cira ra s& thay déi. BE im E,
ta viét phuong trinh can bang nang lugng gilta hai mat 2-2 v 5-5 (1a ueét dién ra cira budng hit)
v6i chudn 1a miit thodng ha .

bang hiéu cua cot dp H, trir di dong nang cira ra cia

. (] . Cs .
£, :f-+C~ +H, :£+ S —Zs+h,
vy o2y yoo2g
P .
—-‘:io—”—+ZS
y ¥
thay [én vii rit ra:
, P LG :
P—z_‘f_y,_;+£-w+hq_,\ (6.41)
yoor R
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Hink 6.17. 80 dé phdn ddn dong tuabin phdn lise
«- khang budng kit b- bucng it ong thang, c- budng hit dng loe cong

Nhém 3 s6 hang cudi cling va goi la chiin khong thuy dong

b 2
’D.'.fr CE - &

= - th)=H, (6.42)
y 28 2g
P TC o1 P C:
E::—”—H:—C“+L—-‘+;’135+L~+H3:—"+ — 4 s
¥ 2¢ 2z 2g yoo2¢

. P _— N .
E,=—-+ 1 +{{,(ncu &y chuan i mat thodng ha luu)
¥

- R P
Cotdptuabin la:  H=E,~E,=—“+ H +H, -4~ "2 h,
y y o2

AR

|

=0 Hy (St hy ) (6.43)

LR

[£2
-

So sanh gid i ¢ol ap & hai bicu thie (6.40) va (6.43) ta thdy néu ¢6 budng hit <& sir dung
duge toan bo ¢ot dp tinh H, + H, K hicu do cao mre nude thugng huu vil ha heu,

Cot dp dong ning dong chiy & clra ra cha budng hit €74/2g khong 16n. Ton thit trong budng
htit h, 5 phu thude vio hinh dung budng hit. Tdng hai s hang trong (6.43) 14 (C-/2g + i 5) cling
nho vi ludn nho hon dong nang d cira ra binh cong tic néu budng hit loc.

Thue nghiém cho thay: néu budng hiit loe véi ty s6 dién tich Fy/F; = 0,25 - (.35 thi 16n thdt
B- s chidm khodng 6-12% dong nang cia 18t dign 3-5.



[

c: i
— < —=
2y 2g

ge di chan khéng thuy dong (biéu thiie 6.42) tal clra ra banh

9

by =(1,06~112)
£

[

Nhdé the bubng hidt toe tuo du
cong tic.

Thong 58 dic trimg vé mat nan
héi ndng tugng clia budng hit.

Chan khong thuy dong ¢6 bidu thiic va ky hieu nhir sau:

g luong cta buéng hit [a chan khong thuy déng va hé s6 phuc

GG, Lh_y

-5 - i
2;;’ a j/ #
He <6 phuc héi nang luong cia budng hut con goi 1a higu sudj cia budng hiit, 1a ty s¢ gitra
chan khong thuy dong va dp luc thuy dong cla dong chay sau banh cong tic, theo biéu thitc:

Uﬁh = {_[Ifr - CE - Cﬁ_ :zghE—S (()44}
C;/2g C;

Tir bidu thire (6.41) 1a ¢6 thé viet:

et o By
4 (6.45)

e = (_.;_v
Hiéu suat thuy Tuc budng hiit phu thuge va hinh dang budng hiit ¢é gid tri nhu sau:
- Budng hiit thing loc 0,75 - 0,85,
- Buong hiit loe cong 0,58 — 0,75,
Cic thong 56 hinh hoe dic trung gém c6:
Chi¢u cao budng -hit f, chiéu dai L. thong & cha 1iét dign vio D
thuong 12 hinh chir nh) Bovhi (hinh 6.18),

+ va 1i¢t dién ra (thong

Hinh 618, Cac kidu budng nir

6.2.2. Tén that nang lugng trong budng hit
Ton that ning tugng cia budng hit gém c6 hai loai: 16n thal trong budng hat vi tén thil dong
nang khi ra khoi buéng hut.

Ton that trong budng hiit gém: ton that ma sdt véi thanh Sng, t6n that cue bo do dong ngoat
vit loc. Nhirng loai 16n that ndy di xét ky trong thuy lyc dai cuong. D€ gidm 16n thit trong budng
it cdn chon do loe va chidu di budng hit. Trén hinh (6.19 0.b) ta thay duge dnh hudng cla goc
e va do dai 16 ton thit trong budng hit.
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Tén thit dong ning cua dong chdy ra khéi budng hit phy thuge vio ché do lam viéc cia
(uabin, vio hinh dang va sy lam viée cua h¢ thong canh dén ciing nhu hinh dang kich thuGe cua
budng hiit. Déng nang clia don vi khoi lugng dong chay ra khoi budng hit tinh theo cong thic:

il
1

Trong dé: Cs — vn tdc dong chay tai diém bat k¥ ciia tiél dién c6 dién tich F;

By = — [Z2C,dF (6.46)
528

C., — thinh phan cba van tdc chi€u ién hudng r vuong gdc voi tiet dién 5-5;
O - huu huong qua 1L dien, m's.
Pong ning niy khong sif dung cho tuabin, Né&u tinh theo cong thic tén thit, véi hé so
Kariolit o
fopp = V5128 (6.47)
He s6 o, cla 8ng loe thuong 1a 1,2+1.5, ng loe cong lam vige & ché do 161 wu la 1,5:2,5, G
ché do khong 10i wu co thé dén 3+7(hinh 6.19¢).
Hinh 6.19 b biéu thi quan hé gilta cac dang tén that vai gée loe & Budng cong 1 - t6n thit
ma sil doc duong. Pudng 2 — 10n thit dong nang tai clra ra. Pwding 3 - t6n thit do dong bi md
rong. Pudng 4 — 16ng hop cic dang 16n thit, Ta thy. géc 6 neén Ay trong khodng 12+16°, ty $6
1/D . =3 + 6, trong khodng géc foe da chon.
6.2.3. Anh hudng buéng hiit téi dic tinh xam thie
Vi cic ¢hé do lam viee khdc nhau, budng hiit s€ gay ra su giam dp luc ¢ dudi binh cong
tac. Néu sy giam 4p nay dat dén diéu ki¢n nhét dinh, s€ x4y ra xam thuc {chuong 1), Néu coi
H. = H_ tircong thie (6.41) ta co:

iz P — _{E-"—___(’S-__;;:_s)
¥y 2g

Néu giam tén that nang lugng o budng hiit A._ thi —=s€ gidm, tc 1a1ang kha ning bi xam
v

thuc cta tuabin.

Z:ﬂ? X vlﬂ Vg
Lok= J }7, 1 ﬁi/' =9 I
N ] N\ AN\ |
30 g oy S 8 1% 3 ==
o 20 P 4 i—]”""’#'—#%‘

e 2/( I P ~ ?\ 3 itz LA

1'.'- T — =
50 Y, S , L — A \&_j(j‘—f |

- 6 280 B° — E——

o T8 22 24 ¥ 6 12 16 9

e e S
25 75 145 195 325 275 p

Hinh 6.19. Anh huténg cde thong 6101 ton thdt budng hiit

as .
— = f(If
5 FACER

8

L L . ;
a- quan hé iy, = f(g,(?} : b- quan hé &, = f(0); - quan hé

L}

Ky hi¢u o, lahé so xam thuc budng hi, tinh bai cong thife:

O—Mr[] = H:h
I

??hn - CT; @
2 zg
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a-Cs
viy: Gy = Hopy = (6.48)
LY = el

Diing cong thife nay dé tinh so bo hé s¢ xam thye cho budng hit. Khi thiét k€, néu thay doi
thong s6 hinh hoe budng hit, phai tinh lai hé s6 nay.

Ngoai nhitng anh hudng dén dic tinh ning lugng viv xAm thue, budng hat con dnh hudng dén
chi tiéu kinh &, khi thiél k€ ¢dn phai chi § dén vén dé nay.

6.2.4. Chon budng hut

Chon budng hit trong cdc s0 tay tra ciu, Dudi day 12 hing tra cttu dua vho buéng hit mau.

Loal | |

Loai tuabin hll']f\)l”g hil), D, L 8 i, b, i, Ly it
ut

K30, K50 4A 1915 | 1,0 | 3.5 | 2,20 LL1IO | 1,10 | 0,35 1.417 1,0

K20, K30 AC 2,30 4531238 | 1,17 1,17 | 0,58 .50 1.2
K10, K20 4D 2.50 4512501123 | 1,23 | 0617 1.59 1.2
F170, F230 2C 2,30 35 02,17 L,o4 ) 1,04 ¢ 051 .41 0,94
FLis, F170 4B 2,30 452,50 1,23 | 1,23 | 0,617 1,56 1.2
F45, F75 4H 2,50 4512741 1,351 1,35 | 067 1,75 1.31
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Chuong VII: KET CAU VA TINH TOAN PO BEN
MOT SO CHI TIET CUA TUABIN PHAN LUC

7.1. BANH CONG TAC CUA TUABIN

7.1.1. Bénh céng tac tuabin tam truc

7.1.1.1. Két cdu

Banh cong téc tuabin tam truc ¢6 ba chi tigt
chinh la cdnh binh cong tdc, vanh dia trén vi
vanh dia dudi, ngoai ra con c¢6 nhidu chi tist
phu. Chét lrgng thity dong vit do bén cia banh
cong tic phu thude vao hinh dang vh két cdu
cla ba chi tiét do.

Hinh 7.1 bi¢u thi két ciu banh cong tic.
Vanh dia trén Ia chi tiét chiu lye, né néi véi mat
bich cua true twabin 9 bai bu long 7. 8. Cinh
binh cong tic 3 han 1én vinh dia trén va vinh
dal dudi 1, chinh cdc cinh nay ciing lam tang
do beén va citng cho bidnh cong tdc. Khi tinh bén
phai kiém tra bén cdnh binh cong tic. Trén

vanh dia (rén ¢4 nhitng Gng gidm tii 6, néi phin.

trude v sau binh cong tdc lam giam lue tac
dung ién vanh dia 1rén, ong chép 15 dé giir cho
dong san cdinh xuon déu. Ong chép 15 6 thé
han hoje bit bu 1ong 18 vie vanh dia trén. Bu
16ng 18 phai di bén « = (0,005 + 0.01)D, va
chdng xoay. Ong chop ciing ¢6 thé néi lan truc
nha doan ndi 14 va dai 6e 16, Phan duéi true ¢o
lip van mot chiéu 10 ngan nudc lén phin trén
va dai dudi ¢6 gin gioang 2 va 4. Binh cong tdc
¢6 thé 1dp Ién truc tuabin nhd dai ¢ 20 hodc
21, then 19, hodc bu long, dai 6¢ 11,12, 13,
Binh cong tic wabin tam truc ¢& nho ¢ thé
dac 1ién khai 1 thép hap kim 30, 200°C, saw 46
gia cong ¢, Nhuge dicm cua chiing 13 ¢hé 120
phie tap, it chinh xde v do nhin hé mat thap.
Phén 1én bianh cong tdc tuabin tam truc ché
1110 bang céch dic - han, Ngudi ta ché tao cic
cdanh ¢6 do chinh xdc cuo, d0 nhin cao. Dung
cac thép hop kim cé khd nang bén xam thuc

5 5 g g
N N\ V7

o)
1\ 7
U A — i
[
3

Hinh 7.1, Két can band cong 1ace
fitebio tdn true
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cao nhu thép mic OX12, 10X18H3D2,... Cic vanh dia va dai dic riéng, sau dé han ba chi ti¢t

vGi nhau nho nhitng bo gé 1ap dac biét.

Cénh banh cong tic loai vira ¢6 thé ché tao bang phuong phadp han dap. Binh cong tac tuabin

tam truc ¢& 16n c6 thé ché tao tir hai nira va lap
rap bang bu long.

z .

a) a)
7.1.1.2. Tinh luc doc truc tdc dung lén banh T
cong tac iy ; h,
Luc tic dung lén banh cong tic cdn xdc dinh 1 ! j‘; hi,_ ‘

dé tinh truc quay, 6 da.
a. Cong thite kinh nghiém dé xdc dinh so bo
T )
P=k=-Di yH (7.1)

max

Trong do: y la ty trong nudc.

Cong thic nay ¢6 thé dp dung cho ca hai loai
tuabin tam truc va huéng truc co truc ding.

Hé s6 k d6i v6i tuabin hudng truc phu thudc
vao sO canh banh cong tac Z,. DGi vdi tuabin tam
truc phu thudc vao ng. Gid tri k xdc dinh theo
bang sau:

Tuabin huéng truc:

Hinh 7.2. So do tinh luc tdc dung lén
hdanh cong tdac tuabin tam truc

Z 4 15 6 7 8
k 0,85 0,87 0,9 0,93 0,95
Tuabin tam truc:
ng 280 235 200 190 100 90
|k 0,340,441 | 0,28+0,34 | 0,22+0,28 | 0,2+0,26 0,08+0,14 0,07+0,12
b. Phuwong phap tinh chinh xdc
P':P‘:+P2+PI;+P4
Trong dé: P,- lue tée dung 1én banh cong tac;
P - luc tic dung lén vanh dia trén;
P ;- luc tac dung lén vanh dai dudi;
P,- luc ddy Acsimet.
+ Luc tdc dung lén bdnh cong tdc P, tinh theo cong thiic:
P,=y(HF,-H,F,-22_) (7:2)

g F
Trong d6: H,,H, - ¢Ot @p vao vi ra binh cong tac;

F,, F, - dién tich hinh chi€u bang clia mit chita cic mép vao va mép ra cua banh
cong tic. Trén hinh vé tuong tng vai dién tich hinh vanh khan CD va di¢n
tich hinh tron EF; ¢ de

Q- luu lugng qua tuabin;
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- he 86 thue nghiém. phu thude vio ng

7~ 1y trong clia nude,

ne 65 100 150 200 250 300 350 ‘
u | 0.87 0.75 0,67 0,63 0.61 0,60 ‘
Xac dinh H, va /7. (mH,0) theo cbng thie; ‘
H= H-Hy S
24
c
Hy=H -t (7.3)
2g
+ Luc téc dung lén vinh dia trén P, xdc dinh theo cong thic:
b, + A,
Py= Py (7.4)

/1= &p lue trong khe hé C;

f1;- ap lye trong khe hé gitra vanh dia trén v ndp tuabin;
F- dién tich hinh vanh khan gi6i han bdi hai han kinh R..

+ Luc tdc dung lén vanh d7a dudi P

Lue nay phu thude vao hinh'dang cda dai dudi, tinh dp luc
P; theo ¢dc cong thiic thong thudng, theo timg trudmg hop cu
thé.

+ Luc diy Acsimet Py Py = -

Trong d6: V - thé tich bianh cong tic.

Chi §: néu cdc 16 gidm tai ¢ vanh rén thi bidu d6 phan bo
dp luc s¢ khie trudong hop khong ¢6 16 giam tdi, Trén hinh 7.2
ta thay, biéu dd phia bén phai truc quay ng v&i trudmg hop
khong giam tai, biéu dé phia bén trdi dng véi teudng hop ¢6 16
giam tai. Khi tinh P, cdn chd ¥ & y€u t6 nay.

Khi chon kich thude cdc khe hd can tinh vén 16¢ va dp luc
tai do, sao cho dap luc khong giam tGi dp sudt bde hai gay ra
xam thuc.

7.4.1.3. Tinh bén cho binh cong tdc

C6 rit nhi¢u cdch tinh bén cho bdnh cong tdc. Cic cach
linh chinh xdc thutng phifc tap nén & diy chi tinh so bd. Nai
dung cta phép tinh gan ding niy 1a chi xét dng sudt trén bdnh
cong tac do lue Iy tim va do momen xoan giy ra.

Xét mit cit /-7 (hinh 7.3), trén mat kinh tuyén (a xdc dinh

Hindt 7.3- S de tink hén ednh
hdnlt caonv (e tualin i trie

dugce trong tam cua cinh, vdi bdn kinh 1 R, trong luong cdnh 1a G, vin t0c gée 1a wthi lue ly

tam tic dung lén canh la;

G il
C=—SwR,.
&

(7.5)



Gia thiét rang lyc ly tam nay tdc dung Ién vanh dia trén va dai dudi. Néu coi ring tai vanh dia
trén nhan luc C, va dai dudi 1a C, véi cic ban kinh diém dat lyc R,, R, va khoang cach t6i trong
tam la a,b. Lic nay banh cong tdc coi nhu chia ra hai nira: trén va dudi. Tinh tng suat do luc C,
va C, theo mat cit dién tich F,, F, clia vanh trén va duéi. Can phai tinh ting suat khi tuabin quay
vGi vong quay dinh mic va quay 16ng, theo cong thiic:

o=l e G Cr L O (7.6)
2F, 2F, 2F, 2F,
. ) b a
Trong dé: C,=C, G =C—— (7.7)
a+b a+b

Viéc xdc dinh tng suit do momen xodn thuong tinh theo dac tinh luc ctia mé hinh binh cong
tdc gan ngtheo cong thie:
D, .. N

et 7.8)
DIT‘) M,w (

7.1.2. Banh céng tac cda tuabin huéng truc

7.1.2.1. Két cdu

Tuabin hudng truc ¢6 hai loai: tuabin chong chéng va tuabin cdnh quay.

Tuabin chong chéng 13 loai tuabin hudng truc don gian nhét. Két cdu ciia né nhu sau- cic
canh banh cong tdc 2 gin chat vao biu cdnh | bang cic bu long 3 (hodc han chic) va cht 4
chéng cit. Chép 5 ¢6 dang cdc hinh nén gip khic hoac chép cong déu, sao cho bao dam tinh
chit dong chdy sau banh cong tic. Tuabin chong chéng thudng duoc dic lién tir thép 30 hoac
20IC dai véi tuabin nho (H<15m, D,<4m).

o= O-lM(

Ut diém ciia loai nay 1a don gian, ré tién (ré khodng 20 + 25% gid thanh so véi tuabin canh
quay cung cd). Ty Ié bau nho vi khong can b6 tri co cdu quay canh, nén kha nang thio tang.

Nhuogc diém 1a viing dat hiéu sut cao nho, ’

Tuabin cdnh quay (huéng truc va canh chéo) khéc véi loai tuabin cinh co dinh boi co cau
quay canh dat trong bau banh cong téc.

1
= 3 R
4
A
) {
2 @ 5
Q\
n
- .

Hinh 7.4. Két cau banh cong tdac tuabin hiong truc
a.b- tuabin chong chéng, c- tuabin canh xoay



Céanh banh cong téc tuabin cinh quay ¢6 thém phdn tryc quay cia cénh. Canh c6 thé diic lién
v6i truc hoac lap vao truc nhd bu 1ong va chdt dé truyén momen quay. Cénh dic lién c6 ket cau
don gidn nhung chi dung cho (uabin ¢é dudng kinh D,< 4 + 5m. Néu 16n hon s& phifc tap trong
vigée dic. Canh duc lién ¢6 nhugc diém |2 phai thdo d& 10an bd banh cong tac néu can thdo canh.

Pé quay canh ngudi ta ding 6 truot ché tao tir déng BrPO® 10-1. Trong mot 56 trudng hop
¢6 thé dung & lan. Biu canh va budng binh cong tic & doan ti€p xuc voi cdnh can ¢6 dang mat
cdu. Mép ngoai va mép trong cua canh ciing c6 dang ciu tuong ung dé tén that luu luong qua
khe h& miit canh khi cdnh quay cac goc khic nhau 14 nhéd nhat. Khe hé khéng qui 0,001D, voi
sai 50 + 0,0002D,.

Csnh binh cong tac tuabin hudng truc cén ¢o chal
lugng chéng xam thue t6t. Puoc ¢hé tao tir cdc loai thép

hop kim 20x13H, OX12HD, OOX[2H3D. Trong tuabin
vira v 1on khong nén ding cinh ma va son 16p chéng r ydr
xam thie. 2 1
. _ _ Ml
Co cfu quay cdnh c6 nhicu loal khéc nhau, chi yéu Nk 1
gém piitong, vanh diéu chinh va cdc thanh truyén. i B s IO ', P
7.1.2.2. Luc tdc dung lén bdnh cong tic . ' <
Luc tic dung lén bdnh cong tac tuabin huéng tryc , @
g6m ¢6: luc thity dong P va luc ly tam C. P { Pa
Luc thiy dong chinh la Jyc ning cidnh, diém dat cla z P
né la tam ap chia cdnh ¢é bdn kinh tam dp r. Luc nay
phan tich ra hai luc thanh phén P, va P (hinh 7.5). Hinh 7.5. So dé e
Luc P, s& gay ra luc doc truc, lue Py v tay don r s€ rde dung fen bank cong tac

gily ra momen quay canh, bdn kinh trong 1am R, c6 téc dung kéo cdnh theo hudng ly tam.
Luc doc true Py cd thé xdc dinh theo cong thifc thyc nghiém (7.1) hodc dya vao dic tinb lyc
ciia mo6 hinh tuabin ¢6 sy gdn nhdt, vivtinh theo cong thie (7.15):
P, =P D 7.9
P’ - luc doc truc clia tuabin md hinh déng dang véi tuabin thiet k&, 14y tir dac tinh lyc khi thi
nghi¢m mo hinh.

Luc Py, xdc dinh theo cOng thife:
N

P,= —
wZ, Xy

(7.1¢

Trong dé: N- cong suilt tuabin;
- van t0c goc;
Z,- 6 cénh banh cOng tdc;
- ton do diém dat luc. xéc dinh theo cong thic:
D anX
1 sn 2

,% - Ia géc 6m clia canh trong hinh chiéu bing.

_r,,=9—(l - (7.11)
2

Momen tac dung 1&n canh do luc P
M=Pe
¢- khoang cach tir tam &p luc dén truc quay canh.
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Lue 1y tdm tdc dung 1én cdnh tinh wong ty nhu phdn trén:
G s TRAV
C=—wHK . R =—-+—~
£ _\
7.1.2.3. Tinh bén cdnh bdnh cong tdic
Bai todn bén cho cinh ¢6 do day thay déi (hlnh 7.6} c6 thé dua vé tinh do bén cho mot tadm

phang, c6 luc phan b& déu trén bé mat. Tam phéng c6 mot bén bi gin chat. Can kiém tra bén udn
va bén xoan cua 1€t dién géc canh va dnh hudng cha tuc ly 1am C.

{7.12)

Dua viio cdc luc da tinh, ta im cdc (ing suat do ching gay ra tai tiét dién gée canh.

Ung sudt udn va Ung sudt kéo tinh thco cong

thic:
F' | l | ' M C
s’ C O'”:”"""H": o’c:--—- (713)
R- — g W F
< Trong dé: F- di¢n tich tiét dién gdc canh
R G Ry . ‘
' C- lue ly tam
| p W- momen can cua tiét dién:
Hinh 7.6. So dé iinh bén W= Y
canh bdnit cong tédc e

J- momen qudn tinh coa tiét dien
M- momen vdn tai 118t dién gdc
My = PR - Ry) +G(R,. - Ry) (7.14)
Trong d4: R,- bidn kinh tiét dién géc

P,- luc doc truc tdc dung én 1 cinh

Tinh gin dang theo cong thic: £, = 717“ Dl —d}) (7.15)
Z
Tong tng suat: o= 0o, + o (7.16)
Ung sudl 1ié€p do momen xodn gay ra, xdc dinh theo cong thite:
M
- : L 717
M, xdc dinh theo cong thie (7.10):
M,=P,r
Hé s& €, xic dinh theo cong thic thue nghi¢m:
D, D1 D
C = Ty (7.18)
7D, 6F° 27
b+ ——
16F~

Ung sult gidi han: o, =vo~ +47° (7.19)

Vi thép hop kim o = 1200 kG/em’.
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7.2. BUONG DAN

7.2.1. Budng xo0an va tru do

7.2.1.1. Két cdu

Bu6ng xoan c6 hai loai: buéng xodn bé tong va buéng xoan kim loai, sir dung tiy theo cot 4p.
Budng xoan bé tong c6 géec 6m nho, sir dung véi H < 45m. Budng xoan kim loai ¢6 géc 6m 16n
sirdung v6i H > 45m. :

*

Hinh 7.7. Két cau buong xodn
bé tong va tru dd Hinh 7.8. Két cdu buong xodan kim loai va tru do
Budng xodn bé tong c¢6 tiét dién hinh thang. Kiéu tiét dién chon phu thudc vao cich bé tri
cong trinh tram. Thong thuong dung tiét dién léch dudi, khoang khong ¢ trén bé tri thiét bi. Bén
trong budng xodn ngudi ta dép tam thép 5.6 (hinh 7.7), c6 thé dung thép thong thuong CT3 day

a) 8 + 10mm. Tam thép sé han v4i vanh trén va dudi cla
tru-da.

Céc canh tru do 2 ¢6 vanh trén 7 va vanh dudi 8.

- Tru dd c6 thé khong ¢6 vanh duéi ma chan cot tru

g gidng vdo bu long nén va do bé tong. Tru d& c6 thé

. ch€ tao lién khoi hodc lap ghép tr 2 = 4 manh, phu

thuoc vao duong kinh va kha nang van chuyén t6i noi
lap rép. :

Miii cia budéng xoédn la mot canh cua tru do.

Tru d3 ché tao tr thép 30L, 20I"'CL. Sau khi ldp rap
gia cong co cadc moi han.

Budng xoin kim loai ¢6 tiét dién tron va chuyén
sang elip & cudi. Céc tiét dién budéng xoin han vdi
vanh trén va dudi ctia tru d& (hinh 7.8). Phan trén cta

. O in c6 phu ti 3 $p, tinh todn theo
Hinh 7.9. So dé tinh bén L);{?rg%nxo B,£90.PhY Him, 1o, bAng, thep, 4in

RS AV rad Budng xodn kim loai ¢6 thé didc lién khéi véi kich

thudc nho, theo diéu kién k¥ thuat dic. C6 thé dic hoac han tr 2 + 4 manh. Déi véi budng xoin
16n ngudi ta han mot vai doan va han thanh khéi tai noi lap rap.
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Viéc che 120 budng xoin: thép cacbon MCT3, 10XCHD. C6 thé diing nhiéu loai vat liéu cho
cdc doan khéc nhau cia cling mot budng xoan dé dam bio yéu cdu vé do bén.

7.2.1.2. Tinh bén budng xodn

Xét mot doan buong xedn kim loai (hinh 7.9). Day 132 mot doan 6ng cd tiét dién thay déi,
chiu ap lyc tir bén trong p lén thinh 8ng day & Dé tinh bén cho doan Ong nay theo phuong phéap
cha Jomyda cé thé quy vé doan 6ng tru thong thudng v&i ban kinh trong it g, day & va chiu dp
luc bén trong p.

Ung sudt trong vo try ky hiéu o, tinh theo cong thife:

o= %’?—- , kG/em (7.20)
'Fir d6 tinh dugc (ng suit trong doan budng xoan (hinh 7,9):
r+r 1
o, = Tt Oy =—0y. 7.21
! 20 0T TET 70 ( )

Tai cdc dudmg han ndi giita budng xodn va vanh cia cot tru, fim ing sudt uén ciia méi han c6
ban kinh r, theo cong thirc sau:

o, = (0,635 027225, (7.22)
r

Lay {ing sudt gidi han 1a 1300 kG/em”.
Khi tinh bén cho budng xodn can tinh dén su gia 1ang dp dot bign do hién tugng nudc va khi
€0 s ¢d dong nhanh cdnh huong,
Tinh bén cho budng xodn be tong c6 tiét dién hinh thang rat phitc tap, phu thudc vao thong s6
hinh hoc cia tiét dign. DE tinh todn chinh xdc ngudi ta thudmg st dung mdy tinh.
7.2.1.3. Tinh bén cho tru di
Tru d6 12 chi ti€t chiv luc cla tuabin. D& tinh todn chinh x4c duge dd bén cho tru & ngudi ta
phai gidi nhimg bii t0dn kha phic tap vdi cic tru do trong budng xodn bé tong, tru do trong
budng xoan kim loai, anh hudng cla cic thong s6 hinh hoc, ché do lam viée cla tuabin dén phan
bé luc, khd ning chiu lyc ciia vé budng xodn, kha nang gia 6 thém,... Ngodi ra cén tinh bén cho
tru 4@ trong trudng hop tuabin tam viée binh thuding v trudng hop mat tii dot ngot.
Hink 7.10 1a so d& d€ tinh bén cho cot tru, trong trudng hgp budng xoén bé tong (a), budng
xodn kim loai (b}, khi tabin lam viéc & ché dg tinh todn (b) v & ché do mat tai 4ot ngot (¢).
Sau day la so bo tinh todn gan ding cho cot tru:
a. Truong hop tuabin lam viéc binh thuong
Luc t4c dung Ién cdc cot tru do:
P=3G-P,+P, (7.23)
Trong do: XG- trong lugng ctia khéi bé tong nha mdy, trong luc ctia phin mdy phat, truc mdy
phat, truc tuabin, banh cong tac, cdc chi tiél khong quay cia tuabin, céc thiét
bi phu,...;
P, - dp luc nude phan b6 tyi nira trén cia budng xodn, vanh trén cha canh hudng;
P, - lyc tac dung lén banh cong tdc (luc doc truc). Gid trj cha =G thuong cho trong
sach tra ciiu, s6 1ay tuabin, theo phdn tram cita trong lugng tuabin, phu thude
vao dudng kinh banh cong tac D,.

P, tinh theo cong thic: P =P, %(Dj —dlyFe (7.24)
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Trong d6: y, - gbéc 6m cia mot profin cot tru trén hinh chiéu;
D,, D, - dudng kinh mép vao va mép ra ctia canh cot tru;
P, - ap luc nudce, tinh theo cong thirc:

2
C;

ﬂ):?’(Hl_zg)

H, - khoang céch tir mat thoang thuong luu dén dudng trung binh clia cinh hudng.

b)

a)
g0

P G

)

AL

Hinh 7.10. So do tinh bén cot tru

a - buong xodn bé téng; b - buéng xodn
kim loai lam viéc ¢ ché' do tinh todn

¢ . ché'do mat tai dot ngot

| P

p=2ite
© 3607
P. - luc doc truc tinh theo timg loai tuabin.
b. Truong hop bi mat tai dot ngot
Trong trudng hop nay xudt hién thém luc P; do canh hudng déng nhanh va thanh phén ép luc
P, phai tinh thém AH la do tang dp dot xudt. Vay luc tic dung l1én cot tru la:
P=XG-P,+P,+P; (7.26)

(7.25)

C} D: x
Trong d6: P, =y(H, + AH -=%); P, = 0 _Aa_
g o =7(H, Zg) 3= Ps 4 360"

Gid tri p; 1dy theo két qua thuc nghiém bang 1kG/cm’,

Uhg sudt kéo nén xuat hién trong cot tru tinh theo cong thic:
A Ly il
Fo Z
Trong d6: F - dién tich mt cét ngang cta cot tru;
P - luc tinh theo (7.23), (7.26;

a
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@ - hé s6 giam tng sual, phy thude vio vat 1idu va do chiv udn 2 coa vat lieu.
Vidu d6i vai thép CTS va 30CL, hé s& ¢ nhu sau:

L2 ] o 0 1 so [ 90 [ 120 | 150 | 200 |
o o loos | ose | 062 | 037 | 026 | 016 |

P, - luc tic dung 1én mot ¢t truy,
Z ,- 30 lugng ¢ot cia tru do.

Ung suat uon do momen udn giy ra:

! w

Trong ¢&: W 13 momen can cua bign dang ¢ft tru.

7.2.2. Canh hudng dong
7.2.2.1. Két cdu

Cénh hudng 6 vi tri nim tiép sau tru ¢& theo hudng dong chay. Bo phin hudng dong goém
¢é: ¢ic canh hudng nim cdch déu nhau. vanh diéu chinh vi cac thanh truyén. D¢ digu chinh luu
lugng, quay canh hudng quanh truc ¢6 dinh cua cdnh nhd céc thiét bi diéu khién (con goi [a dicu
t6c). Phin truc quay cla cdnh hudng duge ndi vai vanh diéu chinh qua cdc thanh truyén. Vanh
diéu chinh duge dan déng bing cdc xyianh thiy lwe. Khi ¢o tin hi¢u diéu chinh cdc xylanh
chuyén dong tinh ti€n kéo vanh diéu chinh quay, cdc thanh truyén gin trén vanh di¢u chinh ciing
chuyén dich dén cdc vi tri twong (ng va din dén quay 1it ¢é cdce canh hudng véi mot goc nhu
nhau. Nhu vay ta da thay déi do md cdnh hudng a, (hinh 7.11). )

B phin hudng dong trén hinh 7.11 gém cé cdc bo phan chinh nhu sau: canh hudng 3, 6 truct
clia canh huéngl. 5, 7, vo truc 6. cic vanh dudi 2, vimh trén 8, ndp tuabin 4. Thiét bi diéu khién
gém ¢6: tay don 9. thanh ndi 13, h¢ thong thanh truyén 15, 16. 17 n6i voi cde vanh diéu chinh
18. secvomoto 19 dat wren be 18, Dé dam bao cho bd hudng dong an oin khi s cd. ngudi e tinh
bén ciia khau 14 trong thanh truyén sao cho né bi gily dau tién khi ¢6 su c6. Ngoai ra ¢on co mot
56 chi ti¢t phu khic, Doc theo cdnh hudng, tai phin 1i¢p xiic gilta hai canh vai nhau khi dong
kin, ngudi ta dat dém cao su, ¢ tac dung giam chan vl lam kin khi dong canh huong. Pém nay
¢6 thé bang gb hoac chit déo 1dng hgp thay cho cao su.

Cinh hudéng dong 1 chi tiél chinh nim trong dong chay. Bé mit cdnh phai duge tinh todn va
gia cong dam bao chét lugng thuy lue cao. Canh ¢6 thé doe 1ién truc hoic dic rot roi han, Theo
diéu kien két cfiu cdnh hudng 6 thé c6 hai hode ba 6 trugt (mot & duéi vi mot hoge hai 0 wen).
Loai k&l cdu ba & rugt dam bdo phan bo dng suft déu hon.

Vit lieu ché tao cinh hudng thudmg ia thép 20, 3¢. Cinh han dimg MCT3, hoac gang dic.

O truot cla true canh hudng ¢6 thé boi tran bing dau hodc nude, N&u boi tron bang dau thi
dan dau vio hai & truot trén qua ong din. qua vo true. DGi véi 0 dudi ¢o thé dén diu qua than
cdnh hudng bang cach khoan 16 xuyén sudt than cdnh. Boi tron bing dau chd yéu dung cho
(wabin cot dp cao. Boi tron bing nudc k¥ thudt ciing dugc din vao cdc & bing duong ong. Bac 0
truot diing ddng hoac chit déo 16ng hop.

Cic thanh truyén va vanh diéu chinh déu da dugc tiéu chuan hoa vé kich thude va vil liu.

Vanh diéu chinh thudng duge han tir thép tdm MCT3, hoje dic biang thép 20, 30.

Ngoii cinh hudng dang chir nhat néi trén con ¢6 canh huéng dang hinh quat: vi tri dat canh
hudng c6 thé nghiéng so v6i tryc tuabin (d61 vit mot 6 tuabin cdnh chéo) hodc truc cdnh hudng
¢6 thé vuong goc vdi truc tuabin (trong két cdu tuabin chay thing capsun). :
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7.2.2.2 Luc tdc dung lén cdnh huéng

Canh huéng tuabin dang 1am viéc chiu nhiing lue chi yéu sau:

- Ap luc nudc P,

- Lurc tdc dung tlf phia cdc thanh truyén P,

- Phin luc 6 d& va luc ma sat trong & truot,

a. Ap luc nwée P: gébm c6 2 luc thanh phan 12 luc doc truc P v tuc P, vudng gée véi truc
cdnh hudng. Ngodi ra con ¢ momen thity luc M,

Luc P, vd momen M, xudl hién khi dfmg chdy bao cdnh huéng xéc dinh bdi cong thiic sau:

Fo= yH

by s
M, =y | [2—rdzds
Y yé[i[zg razds

dzds (7.27)

Trong dé: L. - chu vi cua profin cénh;
dz.ds - chidu cao vi chiéu dai nguyén to cua canh huéng;
r - bin kinh diém da1 lyc so v6i truc cGa cdnh huéng;
V - vin t0c dong chay bao cinh,
Momen t4c dung déng cdnh huéng duge quy ude 13 momen duong, md cinh la momen am.
Khi thiét ké tuabin ngudi ta thudng dia vio nhitmg tuabin mdu ¢ s, va {1 gin v6i tuabin cin
thiét k&€ Cac mo hinh mau nay di qua thir nghiém va ¢6 cdc dudng dac tinh vé luc. Nguoi ta
diing cac dudng dac tinh nay va xdc dinh hé s¢ luc va hé s6 momen C,,, Cyy theo cong thire:

P
Cro =—7 (7.28)
P
s
CWO -
0,
Trong dé: P, Q'; - luc va luu lugng quy dén.
T d6: p="2c,
g by
M, 21%6'1»:0 (7.29)

Canh hudng déng hoan toan, lye vi momen 14c dung lén cinh huéng P, va M/, tinh nhu sau:

7 D2b,
DuPo ypys pry =200 (7.30)

Zy Zp
Trong d6: 1, - do lech tam cha cdnh huéng, thong thudng 14y 1, = 0,05;

Py=

H’ - cot 4p khi ddng canh hudng ¢é tinh dén hé s6 tang 4p (£ = 1,3 + 1.5)
H, = (I + ﬁjHMu.\
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Hinh 7.11. Két cau bo phdn huong dong

b. Luc tac dung tir phia thanh truyén
Luc nay tinh todn khd phc tap, phu thuoc chi y€u vao do mé& a, vi tri cdc thanh truyén va
luc cua secvomoto tai timg ché do lam viec. Theo két qua thuc nghiém c6 thé tinh theo cong
thirc gan ding sau:
P =kpP (7.31)

& ;¢ max
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Heé s6 &, = 2,5 la h¢ s& kinh nghiém.
¢. Phdn luc tai cdc 6 dé R, R,, R
Tai ba 6 d& luc xdc dinh theo bai todn co hoe 1y thuyél. Momen ma sat tinh theo cong thirc:

o

(-fu o u+.fhthh +.f d R ) (7-32)

FA

Trong d6: d,, d,, d, - dutng kmh truc tai noi ¢d 6 d&
F, [, f. - hé s8 ma sdt tai cdc diém tuong ing.
7.2.2.3. Xdc dinh luc cdn thiét ciia secvémoto

Luc clia secvomoto duge xic dinh dua vao phuong trinh can bang momen: momen quay cénh
can bing vdi momen do céc luc 1ac dung 1én cinh hudng. PE 1inh chinh xdc dugce lic nhy phai

gidi bai todn kh4 phic tap, & day chi din ra phuong phap tinh gan ding, dua vao cong thire thue
nghiém.

Néu goi R, 1a ban kinb diém dit lyc cla bewfbmom tac dung 1&n vanh diéu chinh, thi momen

do secvOmots gy ra quay 1a; P R,. Bin kinh R, 14y theo két cdu. Xéc dinh lyc secvomote P,
theo cong thite:

M.+ M, ;
P =ZUK.K3K3(—"——Q (7.33)

p
Trong dé: Z, - s6 canh hudng;

M,, M, - 43 xdc dinh theo cong thae (7.29, 7.32);

f, - 46 dai tay don;

K, = 1,2 - hé s6 dam bdo hé thdng thanh truyén chuyén dong;

R . , . :
K., = —%£— - hé s& truyén dong cla hé thdng thanh truyén;

) J;J Ru"c
R -ban kinh ciia diém n6i thanh truyén trén vanh dicu chmh
K, = ﬂ - hé s0 dong luc, phu
siny

thudc viio vi trf cdc thanh truyén trong
hé théng. Hinh 7.12 la so do hé thong
thanh truyén va so d6 lyc dé tinh todn
luc secvomdto,

Pé xdc dinh dudng kinh secvomotd
d. va hanh trinh S, cua xylanh
secvomold ngudi ta s dung cong thic
thire nghiém. Sau day 13 hai cong thirc
thudng ding:

dscc = ADI. y K[)Hnmx (?34)

=114+ 1L 8,
Tronb aé: K, = by
A - hé s0 thuc nghiém.
phu thudc vao s6 luong secvomota va
Hinh 7.12. Sardé hee sde dung 50 lugng cdnh huong‘. _ o
lén bo phdn cdnh huong dong Pt v6i loai diéu chinh bang hai
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secvomdty, A =0,034 v8iz, = 16; 1= 0,028 vdi z, = 32.
Hodc st dung cong thiie thit hai:

dsec = A ’M (7.35)
Zype- P

Trong do: A" - hé s6 thye nghiém, 4" = 0.5 + 0,55;
Ze - 36 lUOng secvomoto,
p - dp luc rrong bé ddu, _
#hIn D Thong thudmg c¢é hai loai bé ddu vai p =
"o P 25kg/cm® va p = 40kg/em’,

7.2.2.4. Tinh bén cho cdnh hudng

Tinh bén cho cdnh hudng dua v€ bai todn sice
bén cho thanh c6 ba g&i d& (hoac hai gi d& tay
thudc vio két cdu cu thé). Sau ddy 1a tom (at bai
todn tinh bén cho canh hudng cé ba g da.

Hinh 7.13 la so d6 bai todn. Cac kich thudc
hinh hoc trén so &6 da gidi thich & phéan trén. T
bai todn thuc cha tinh bén cdnh hudng 7.13a ta
dua vé bai todn tinh bén cho thanh dam ba géi d&
(hinh 7.13b). Tinh bén cho truong hop cdnh
huéng déng hoan toan, dp luc 1én bé mat cdnh
trudng hgp nay thay thé bing luc phin bd déu ¢
trén do dai {, = b,,. Luc ¢ tinh theo cong thie:

P

a=7 (7.36)

y & Trong dé: P’y tinh theo cong thic (7.30).

~ Hé s& tang 4p 1ay khoang &= 1,5. Su dé luc
' trong hinh 7.13b lay luc 16n nhat ma secvomoto
h) e tic dung len vanh diéu chinh P, ., luc d6 ky
) ) A hiéu P, va tinh theo cong thiic:

5 T s R
Pufc =—( 2"’5—1.@ - atr.m )P:;cc max (?37)

: . 4
Hinh 7.13. S déo tink hén cdnh lnwdng dang
i @ e R e e Hong qons Trong dé: d,,, theo cong thike (7.34), (7.35);

d ., - dudng kinh can pitiong, 1ay theo két cau cita xylanh;
P, - luc tac dung 1¢n cdnh hudng tir phia hé thong thanh truyén.
Céc momen gy ra cho cdnh hudng gém moemen xoan M, va momen von M, tai tiét dién 5-5
vh xac dinh theo cong thic:
M. =P L, {7.38)
M, =P"(l5- 1)
Cdc 40 dai Ly, {,, {5 18y thee hinh 7.13,
Day 13 bai todn siéu tinh, d& gidi dugc thi phéi tich bot mot 6 € 6 B c6 khe hd va tién hanh
tinh todn. Tir cac lyc vi momen trén tinh dén cdc phan luc tai cic goi do A, B, C.
Hinh 7.13c |4 biéu dé momen do lyc ¢.
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Hinh 7.13d la biéu d6 momen do luc P",.

Hinh 7.13e 12 biéu d6 momen do luc R'.(R'. = P".I5/1,).

S I I
T

| u

| { 9
d~(0,2+0,/51d4 FJ/ 4
0 !

[ I

gy f

- _I ] da8

17

18
! N
N

N N

NS

A\

y 1 10
7—] i . ,
6 Z BN

D=(15+14)d,
N i

U
| _ 13 /f»:rf ' ey
; ; T

Hinh 7.14. Két cdu 6 dd canh huéng dong

diéu chinh.

Tai g6i do C néu tiac dung thém mot
luc AR, nao d6 thi luc nay s€ gay ra
momen udn trén toan bo canh hudng
theo biéu d6 7.13h. Tai g6i d& B,
momen uén M, , la 16n nhét. Hinh 7.13i
12 biéu d6 téng cong toan bo. Sau khi
c6 biéu d6 momen téng cong c6 thé

tinh Umg sut tai mot tiét di¢n bat ky.

Ung suat quy dén tai g6i dd B la:

1 2 >
O,=——\ M+ M, 7.39)
4 W, 4 4 (
Ung suat uén trén than canh la:
M,
o, =—%= 7.40
2=, (7.40)

Ung sudt gi6i han ca tiét dién than
canh

9 0
Orgn = \Jos +4rs

Ung suit gi6i han cla thép dic cénh
14y trong khoang 1300 + 1400kg/cm’.

Sau khi da tinh toan bién dang, tinh
bén cho cdnh huéng, cdn phai dung ban
vé cdnh hudng. Ngoai ra con phai xay
dung vi tri 1am viéc dong bd cua cic
canh, hé théng thanh truyén va vanh

(7.41)

Yéu ciu: V6i nhitng kich thudc, bién dang va két cdu da chon, xédc dinh vi tri cdc thanh
truyén sao cho khi quay vanh diéu chinh céc canh huéng c¢6 d6 mo a, bang nhau (hinh 7.14).
Hinh 7.15 1a hai phuong 4n két cfu & d& trugt: Phuong 4n 1 1a 6 trugt boi tron bang nude,

phuong 4n 2 12 6 trugt boi tron bang dau.

Hinh 7.15. Su doé ldp ghép truc tuabin
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7.3. TRUC TUABIN

7.3.1. Két cau va dic diém

Tryc tuabin déng vai trd ruyén momen xodn tir banh cong tic dén truc may phat dién.

Yeu cdu k§ thuat d6i véi truc tuabin 12 sy truyén momen véi hiéu sudt cao, lam viéc On dmh
khong giy ra rung, 6n trong t6 may.

Chat lu'(mg vt thai han 1am viéc cia tuabin phu thudc nhi¢u vao su 1am viéc 6n dinh cia truc
tuabin va chat lugng khdp ndi gifra tryc tuabin va truc mdy phat.

Tiy thude vao dac diém cla t8 mdy tuabin c6 thé dat dimg hoac dat ngang. Théng thudng
cdc tuabin phan lyc ¢6 cong sudt 1on thi t6 mdy dat ding. Cic tuabin Xxung luc va céc tuabin
phan lyc ¢d cong sudt trung binh va nhd thudng dat ngang. '

Truc tuabin ¢6 thé noi truc tiép véi tr uc mdy phét, ¢6 thé ndi qua truc trung gian, Tuy nhién
kinh nghiém sir dung cho thdy nén tranh phuong 4n ding truc trung gian.

Khi thiét-ké va ]d[) rdp trec tuabin can chi y dén d¢ ddng truc gita céc truc nGi ghep vai
nhau, do déng truc chia truc tuabin va truc bdnh cong tic, khe h& gilta mat truc va cdc 6 truol -
d6 14 nhitng yéu ciu ¢in thiet.

K&t cau:

Truc tuabin ¢6 thé ¢6é hai mat bich hodc mot mat bich. Cdc truc tuabin cé cong suft 16n
thuésng ¢6 hai mat bich: Mat bich trén ndi vdi mat bich truc may phat, mat bich dui gan véi

bianh cong tdc. Tuabin tam truc ¢ nhd khong cdn mit bich dudi ma ghép vdi binh cong tic
bing cach lip ghép then.

Truc tuabin cd trung binh va 16n thudng i 6ng tru, truc tuabin ¢d nhd c6 thé ddc dac. Cic
tuabin cong sudt 10n thudng cé s& vong quay nhd, vi vay momen xoin ¢6 thé dat gid tri rat 1dn,
truding hop nay phai tang dudng kinh céia truc. Truc tuabin c6 dudng kinh 16n nhit (trén cdc tram
thuc) dat dén dudng kioh 1,5m; chiéu dai 6m va ning 60 tan.

Hinh 7.15 12 so dd cta ba cdch 13p ghép tryc tuabin,

Truc tuabin ¢6 thé 1ap truc ticp vdi bianh cong tdc khong cdn mat bich. Momen quay dugc
truyén qua then (7.15a). C6 thé lap ghép bing hai
mdt bich va bu léng (7.15b,c). Néu diing bu long
thudng thi khong thé truyén chuyén dong quay, vi
the ngudi ta dung céc 4 hodc dung bu long ¢6 than
dic biét, o phiém vy truyén momen quay. Giita hai
mit bich ¢6 g& dinh vi v&i duong kinh d,,

Vdi cic ky hiéu vé kich thude hinh hoc nhu .
trong 7.16, ¢6 thé chon céc gid tri clia ching theo S
dudmg kinh cla truc ¢ nhir sau:

Di=(1.5+1.85): D, =(1,3 1,45 :

r=(0,2+020d;
=09+ 1,00d;:d,= (0,1 + 0,1 ;
R=(0,07+0,1)d;
dy: 0.5d cho tuabin hudng truc,

ﬂ

FEH

ddy: 0,3d cho luabin tam truc,
S6 luong bu long: z =10+ 14 véi d = 250 +800,

Hinh 7.16. Két cdu truc han
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Khe hé giita truc v cdc 6 truot: 0,25 + 0,4mm.

Truc ¢6 thé diic riéng hodc rén sau d4 han vai mat bich. D6i véi tuabin ¢é cong sudt 16n kich
thude truc 1dn, truc duge ché tao tir ba doan. Hinh 7,16 13 so d6 kiéu truc han W ba doan: doan 1
¢6 mat bich trén duge dic tir thép cé chit luong cao. Doan éng tru cé thé dic lién hode han tur
hai nra doc. Doan 3 ¢6 mat bich dudi ciing duge diic bing thép chat luong cao. Sau dé han ba
doan lai.

Truc han la loai ket cdu kinh t€ v thuan tién nhat. D€ 1dy vi du so sdnh: d6i véi dudmg kinh
truc la 1,5m, dai 6m cidn 223 tan thép d€ dic, 200 tdn dé ché tao truc rén, cdn chi ¢dn 105 in dé
ché tao trye han, Nhu vay trung binh truc han ¢d thé gidm 35% khéi luong thép, 25% cong lao
ddng so véi truc rén,

Tai dogn truc cé 6 trugl, mat ngodi cla true duge boc mot 1¢p dic bict. L&p boc nay thutng 1a
thép tam dac bi¢t ding thép aystenit loai IxI8HIT. Thép nay cé thé han ma khéng can nung
nong. Tdm thép boc nay cb thé d& dang thay déi, thdo lip khi can phdi sira chira.

7.3.2. Tinh toan truc ¢ua tuabin truc dimg

7.3.2.1. Xdc dink duong kinh truc

cl.im Trong thigt k& tuabin, ngudi
210p | thuong chon dudng kinh truc d theo
1900 — bang hoidc biéu dd, phu thudce vao 3, vi
1700 momen xoan ciia trye. Cic bang bicu do
nay la két qua nghién cdu v kiém tra ky
1344 ) ludng vdi cdc loai tuabin (hinh 7.18).
1308 // C6 thé tinh so bo truc theo cong sul
1180 // va s vong quay tuabin theo cong thitc:
_J'/ ' R SR S ’
w7 | -] d> Cs\/E (7.42)
Ta0 { ! l —l ; . 1
svg L.

SRS SV RN T | P . oo
Se10T 10210 150 10 201 10 25 107 3067 B aliad ™ 45 PEk=rrng Trong d6: € = 120 + 150 - hé s6, phu

) thude vao tng suit xoén cho phép.
Hinh 7.17. Biéu di chon duomg kinht truc tuabin

Momen xodn clia truc duge tinh theo cong thitc:
M. =9?,400-N—, KG.cm
1
N tinh ra kW.

Truc ¢4 the tinh hodc chon nhu trén, sau d6 1am trdn theo day dudng kinh tiéu chuén,
7.3.2.2, Tinh bén cho truc tuabin
Luc 1dc dung 1én truc tuabin: ZP
P=G+G,,+P.-P, -P, (7.43)

Trong dé: G, - trong lugng cia truc tuabin va truc mdy phat (va truc trung gian, néu cé):

G, - trong lugng cta bdnh cong téc;

P, - lue doc tryc tdc dung 1én banh cong tic {tham khdo cde phan tinh luc & trén);

P, - dp luc diy trén mit vanh tréa (tham khdo phén tinh tru d&):

P, - lyc diy Acximet.

Ung sust do luc kéo nén:
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L ZP_ATP

o 7.44
F o z(d —dl) (744
dy - dudsmg kinh trong cla 1ruc.
Ung suit do momen xoiin gay ra:
M
T=—2= (7.45)
w
)
Trong d6: W, =Zo(d® —d
" l6d ¢

Ung suat quy din:

o= 1!0’3 +47°
Ung sudt quy ddn gidi han cho truc la 1000kg/cm?,
7.3.2.3. Tinh 56 vong quay (i han ciia fruc
a. 86’ vong quay léng

Khi tram thiy dién 1am viée binh thutmg néu phu tai thay déi thi bo didu i6c sé 1am viec deé
thay doi do md a, clia canh hudng, dua 6 mdy g vé trang thdi 1am viéc binh thudng véi &
vong quay dinh mitc.

-

130

: i ; s | ! ! : | f
R /A TR S W ) , o
S o ’ 5 T

Hinh 7.18. Bgc tinh s6 vone guay long quy dan ciia cde logi mabin

Khi ¢6 sy ¢d bél thudng nao d6 gay ra mat tai tai mdy phat va bo diéu t6¢ chua kip thay ddi
luu lugng qua tuabin hoac sy ¢8 do bo diéu toc khong dicu khién dugc do6 mé cinh hudng. Lic
do, s6 vong quay cia tuabin trong ca hai trudng hop déu khdc véi so vong quay dinh mifc.
Trudng hop thit nhat khi mat tai so vong quay s& tang dot bién, trudng hop thit hai 6 vong quay
tang dan, tri s6 vdng quay {6n nhat do st ¢O ndy trong ky thuat goi 14 s6 vong quay long, ky hiéu
{a n*.
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Dé tinh duge gid tri clia #* cia tuabin ngudi ta st dung cic dac tinh thir nghiém ¢Ua md hinh
tuabin tuong w. Trong cic dudmg dac tinh mo hinh ¢6 dudng dac tinh s6 vong quay long quy
dan, ky hi¢u [a »'/ (hinh 7.18).

Vi gid tri ' clia tabin mé hinh ¢6 thé tinh #°* clia tuabin thye theo cong thic:

o= %1 A (7.46)
n
Trong (hiél k& tuabin, ¢4 thé tinh so bo gin ding (khong cén dén déc tinh mo hink} nhu sau:
n&

foo = —- (7.47)
H

Tic 1a 1y 1é giira vong quay long va s6 vong quay dinh mie tuabin 1a mot gid tri chon theo
két qua thye nghiém. D&i vdi wabin tam tryc va tuabin xung lue, chon &% = 20+ 2.2 khi bo
diéu téc ¢d su e chon A% =2,4 + 2,6

b. 56 vong quay toi han

Trong qua trinh tinh todn thiél K¢, véi céic truc ¢6 chidu dai wrong doi 1dn va sO vong quay
cao thuimg khong dua vioe diéu kién bén ma dya vao s6 vong quay 161 han.

Viy s6 vong quay tdi han la gi?

Trong qud trinh lam viéc truc nhu mot thanh dan héi déo, ban than nd cd dao dong riéng.
Vay s6 vong quay 16i han 12 s§ vong quay cla tryc ma tar do tan $0 dao dong riéng cha truc
triing v6i 14n 58 dao dong cha hé lue tic dung lén trye. Nghia Ia 6 vong quay ma tai do € bi xdy
ra hién tuong cong hudng gilta dao dong riéng va vdng quay cua (ruc tuabin, k&l qua 1 truc ¢o
thé bi cong, gay.

D& véi tuabin, nhitng chi tiét [ap rdp trén truc quay can phdi duge ¢an hing dong 6t. Nghia
[4 nhitng chi ti€1 &y khi lap 1én truc thi trong tam ciia chiing phai tring vdi trong lim cua truc, vi
truc quidn tinh chinh ciia ching phai di qua tam coa truc. Nhung trong thue 1¢ khong bao gior dat
duge su can bang dong tuyét doi, luon luon cd mot ¢ khong cin bing nio do. DS 1a mot trong
nhitng nguyén nhan gay ra dao déng ricng. Ngoai ra c6 thé do tryc cong, truc néi khong dam
bio do dong true yéu ciu,... Viy, cdn xdc dinh tdn 56 dao dong riéng cua lruc.

Tin s6 dao dong riéng xde dinh theo nhiéu phuong phap khic nhau. Sau day 14 mdl trong
nhitng phuong phdp tinh gan ding.

Xdc dinh gid 1ri van 16¢ 181 han @, bang cong thic sau:

Z 0.5
W0 EJe &'
fl'Jm - !} -

. RY,

L

(7.48}

Tir dé, 50 vong quay té han s¢ la
30

”Ih

Fia
Trong dé: P; - ciic luc téc dung ién trye tuabin:
Y, - do ving {inh ctia truc 1ai cdc diém 6 dat lye P;
¢ - gia toc trong truong;
{ - chiu dai ¢l truc;
E - mo dun dan hoi cda vit ligu lam trug;
J - momen quén tinh cta mit cit
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Fia
J=§(d“—d§)

X¢t trudng hop tdng qual nhat: lrue ¢ ba gdi déf dua vé baj todn sde hén vil liéu nhu & hinh
7.20. Day la truang hop tuabin ¢ mot § truot, hai & d& cia may phat. Truc tuabin va tryc mdy
phdt n6i ciing v&i nhau vi coj nhuy mot thanh. Trén thanh nay tac dung 4 lye, uong Gng vdi P

P, - trong lugng mdy phat va trong [ugng dogn truc ¢é chiéu dai ¢/,

£, - trong luong doan truc cé chidu da -4,

P, - trong luong doyn truc dai {, va trong lugng banh cong tac ciing véi cdc chi tigt quay.

P, - trong luong may phit va doan 1rue dai /,.

Theo he luc niy truc o6 do vOng tinh ¥, tinh theo cong thie sau:

Yi=anPr+ anPy + a,,P, +a, P,
Y2 = a0 Pr + anPy + 4Py +a,,P,, (7.49)
Yi=auP,+ anPy + a,Py +a P,
Ye=ayP, + a,P,+ anP; +a, P,

Teén cdc doan iy, 4, 1, 1,, 1, tinh ty G véi 7 ta duoc cie hé s6 khong thit nguyen @ O

Hinh 7.20 ¢6 todn dé sir dung dé tinh do vang cla cdc doan trye. Truc hoianh cta né I3 vi trf
cdc lue theo chiéu dai cla tryc, Truc tung 12 vi trf cde diém k€ tir § d& diu tien bén tréi.

Sau khi da tinh phan lue cta & de giita (k¥ higu 12 O trén hinh v&), 1a thay 6 d& dé bing phan
luc da tinh, ky hi¢u [a R,

Tuong dng véi cic diém dat luc P, P Ps, Ry tim vi trf cde diém teen tryce tung ké tir 6 43 bén
rdi vai cdc khodng cich fo, Lt tim duoc cdc diém trén todn 40 a,,, ay,. ay,... Luc P, phai
18y thee doan /, k€ 1 6 d& cusi vé phia truc hoanh. Theo truc tung thi /, dat tir toa do 0 g
xudng. Tir d6 tim duge cac diém Dy Ay gy

Hinh 7.20 1 toan d6 gém nhiing duong cong v, =const (dudng cong ¢6 do vong khéng d6i).
Sau khi di tim duoc cac diém @y Gp.ps-o W hINk 7.20, d6i chi€u vi tef cdc diém a;, d6 trén hinh
7.20 ta c6 cdc gid trj cua ap;.

Tim cdc gid tri ctia cdc hé so @y, ty5,... theo cdc bifu thire sau

(290
ay =a=a_, -, (7.50)
&y g
Gn
Qy =ty =b=0,_ —ay . —=L
Dy
- - - &g
Ay =ay =c=a,, ~a, . —2L
Gy g
a
_ g 4-0
Uy =ag=d=a, ~q,, —+2
Dy
a'i__u
n Te€=0h 5 — 0y j.—
a{]—(]
)
Uy =day, = f=a,, — O g
Dy _y
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Hinh 7.19. So do tinh s6 vong quay t6i han tuabin

e Gy
Qg U =M =0y 5 —Qy g
Ay
a5y
Uy =N=03 3 — U3 .
Xyg
Gy
Ay =g =k =04 3 -0y
0-0
27
ay=l=a, -0 yg——
Ao

Vi hé phuong trinh trén, cong thife (7.49) s€ ¢6 dang:
y; = aP, + bP, + ¢P; +dP,.
y; = bP; + ¢Py + fP; +mP,.
yv;=cP, + fP, + nP; +kP,.
vy =dP, + nP, + kP; +IP,.

(7.51)

159



d MmN —

GEn 06 05w oS get gt 070 % 2
i

R A )
: _ I T i

" iy
A e

«— Vi tri cac diém ké t

i
o
e L

J\\l\\w w0
et s g w0
i

o

48 . S y
= 3! P < Vo -
- i LN - N =4 vy i,
| UM \ of T
| 2 AN W e et s ;
i, f. 8 H 4 \ < Ly s y
b o LIRS 1 1 _ T ;
LA Al f 1. A N el Jl
S LA TR J
= i YLl : 4 " - s, ; i
A s g ket N - ”
: - o \ ] T -

e pilt-4
- l.\H.LH.\ S5
— ol

Hinh 7.20. Todn do sir dung dé'tinh s6'vong quay téi han tuabin
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Sau khi tim duce gid tri ¥; tinh gid el apy va ng,. Kiém tra, néu s, 18n hon s6 vong quay
léng n* khoang 20 + 25%, thi dutng kinh fruc a3 chon dat yéu cdu, Trudng hop nguoc lai

(i, - 1*) <20 + 25%, thi phdi chon lai dubing kinh tryc.

161



Chuong VIII: TUABIN XUNG LUC

8.1. M3 PAU

Nhu trén di gidi thi¢u, tuabin xung Juc I3 tuabin chi sir dung phdn dong nang clia dong chdy
va bién nd thanh co nang. BE d& phan biét sy khic nhau gifta hai h¢ tuabin: phan luc vA xung huc
ta Xét qua dac diém cla hai hé ndy.

Budng din clia tuabin phéan luc gém budng dan, tru dd, hé théng canh hudng dong. Budng
dan lam chic niang dan chat long vao banh cong tic, tao ra trudng van 16c va 4p sudt trude banh
cong tic phan bd déu, dGi xitng. Buéng ddn cla tuabin xung lyc lam nhiém vu bi¢n déi thé nang
cua dong chay thinh dong nang.

Dong chay qua bdnh cong téc tuabin phan luc 1a ddng lién tue, doc theo dong chiy & doan
ndy dp sudt gidm didn. Dong chay qua binh cong tdc cda tuabin xung luc 1a dong gidn doan, dp
sudt {uon ludn bing dp suat khi troi.

Trong tuabin phin lue buéng hit déng vai trd quan trong; tao ra chan khong & elta ra cla
tuabin d¢é sir dung hét ¢ot dp vi gidm 16n thit dong ning di ra khoi tuabin bing cach 1ang dién
tich ti¢t dién ¢ cira ra cita budng hit so vé&i cira ra bdnh ¢ong tac. Con tuabin xung luc (hi xa chét
long xudng ha luu véi dp suat khi troi.

H¢ wabin xung luc chi sir dung cho cdc nha may thay dién ¢d cot dp 1én, luu lugng nho. Vi
rang twong ang véi méi cot dp the ning cao méi ¢6 dong tuabin qua voi phun véi van 8¢ 1on, tic
la dong nang 16n.

Theo pham vi st dung va k&t cdu h¢ tuabin xung lyc ¢6 thé chia thanh ba loai chinh: tuabin
gdo, wabin 1ia nghiéng vh tuabin tic dung kép. Tuabin gdo trong mot s& thi lidu con goi 1
tuabin Pelton. Tuabin tidc dung kép con got 1a tuabin Banki.

Sau day ta xét nguyén 1y lam vige cha timg loai tuabin trong he xung e,
8.2. TUABIN GAO

8.2.1. Nguyén ly 1am viéc va két cau

Wy

oo lam viée: Dong chdy ¢o the nang ldn duge dan qua duong Gng vi voi phun. Tai
51 phun van 16¢ dong chay dm, tai 46 thé nang di bién thinh dong nang. Vai van

(6 iy o chay dap vao cde cdnh gdo duge sap xép trén mot vanh dia tron va tao thanh
chiiyon cony gquay cua dia (con gol 1 bdnh cong 1ac). Banh cong tdc quay, truyén chuyén dong

cho truc b va truc may phat, Nhu vay trong qud trinh nay thé nang coa dong chay da bién
thinh co nang guay cia true tuabin.

Pham vi sir dung cila tuabin gdo wong 470 rong. N6 la tuabin o tinh nang k¥ thuat 16t nhat
trong hé tuabin xung luc. Pham vi s dung vou cot dp H = 200 = 2000m €6 thé sir dung cho
nhitng tram (hiy dién nhd mos vii kw, dén nbifng tram hang ngan kKW,
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Két cdu cha tuabin gdo duge biéu
thi trén hinh 8.1. Vi phun duge ndi vdi
dudng 6ng din tao ra van tdc 19n tai cira
ra clla nd. Voi phun dat vudng goc voi
cdnh gdo nén van téc dong ra ¢o hudng
vuong gbée vai truc d6t xing cla gdo.

Banh cong tdc gom mat dia trdn,
giita ¢6 lap moayd dé€ lap len truc
tuabin. Phén ngoii dis gin cdc cdnh gdo
¢d phan b6 déu theo chu vi, Cdc cdnh
gdo duge ghép chat véi dia banh cong
tic bang bu long. & gila cdnh gdo b
mot ludi mong d¢ chia doi dong tia vé
hai phia (hinh 8.2).
Hinht 8.1 Sur dod két odu tabin gido . Chat lon_g sa khi ra !(hm b_'anh cong
tdc duge xa thang xudng bé ha luu,

khang qua budng hiit nhu tuabin phan luc.

K&t cau clia voi phun duge trinh bay & hinh 8.3, Tuabin ¢6 thé cé tir mgt dén bdn voi phun
cdch déu theo binh cong tdc.

Trong tuabin gdo bod phén hudng dong thyc hién nhiém vu sau: tao ra van e dong chay,
diéu chinh luu lugng qua tuabin, déng vd md tuabin, ngit dong khi ¢6 su c6. Bo phin hudng
dong nay chinh 13 h¢ théng voi phun. H¢ theng nay gdm cé: vdi phun, kim phun, bo phén diéu
chinh vi tri kim phun vé co cau hudng tia nude.

Kim phun ¢ hinh dang khi dong, gin vdi bo phan diéu chinh. Sy dich chuyén tinh tién cla
kim phun s& thay doi tiét dién ra clia dong chédy, tic 1a thay déi luu lugng dong (lign hé véi do

md canh hudng @, cla tuabin phan luc). Dé diéu khién chuyén dong tinh tién cua kim phun ¢o
thé dung diéu chinh tay hodc dicu chinh tr dong.

Co cilu hudng tia nudc clia bd phan hudng dong lip hén ngoai voi phun, Vi tri clia co cau
iy Lhay ddi lam thay déi tié1 dién cla ddng nude. Nhi¢m vu chinh cla ¢d cilu my 1A thay doi
hudng cha dong chay. Khi ¢6 s ¢6 cén dimg mdy lai, thi cing véi sy dich chuyén cia kim phun
vl déng van trén dudng dng dan, 1a diéu chinh vi tri clia co cau hudng cho tia nude huéng khong
phun vao cinh binh cong t4c ma xa thing xudng bé
(hinh 8.3).

8.2.2. Co sd Iy thuyét cua tuabin gao

8.2.2.1. Dong chdy trong pham vi bdnh céng tic
cua tuabin gdo

Dong chay tai day la dong gidn doan, khong
dimg, ¢6 thé khéng doi xing. Dong chdy trong
tuabin (huc 13 ddng khéng gian, phic tap. D¢ gidi
thich dirge qua trinh bién d6i ning lugng trong banh
cong tic cha tuabin gdo biang todn hoc, ta s&€ x¢&t no
trong mot s6 gid thict sau:

- Dong gian doan duge thay bang dong lién tuc,
nghia 12 voi phun ciing duge xem 14 chuyén dong
ciing vdi binh cong tdc vai vin 18c bing nthau,

Do day dong tia méng vo clng.

- Van t8c cha canh gdo bing vin tdc cla diém
ma dong chay tic dung 1én cdnh gao, cdch déu tim

Hinh 8.2, Bdnh cong tac tabin gdo
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quay mot khoang R, = D,/2. Trong d6 D, 1a dudng kinh danh nghia cta banh cong tac (hinh
8.4).
- Chuyén dong clia ddng tia khi bao' canh gdo nim trong mat phang song song véi truc quay.
Kinh nghiém cho thdy ring tuy cdc gia thiét trén khdc v6i thue t& ciia dong chay trong tuabin
gdo, nhung két qud ctia tinh todn 1y thuyét lai gin diing véi qué trinh lam viéc cta tuabin.

\

Hinh 8.3. Voi phun va su lam viéc ciia co cau huong tia nude
8.2.2.2. Phuong trinh cét ap va hiéu sudt thuy luc

Tir hinh 8.4 ta ¢6 cdc tam gidc van t6c twong doi ¢ 16i vao cliing phuong véi van téc tuyét doi
C, va van téc theo U, nghia la:

W; 5 C.{ fi U
Sir dung phuong trinh cot dp Iy thuyét cta tuabin:
T}NgH N axcm‘rf - Crrz*‘"z) (8 1) _

Thiét lap quan hé¢ giita hi¢u suat clia tuabin va cdc thong s6 cia nd.
O tuabin gao:r;=r,=D/2; hay U, = U, =U
Tir tam gidc véan t6c ¢ cira vao ta ¢6: C,, = C,.
Tir tam gidc van t6c & clrara ta c6: C,, = U - Wycos(180° - )
Viét phuong trinh Becnuly cho dong tuong d6i & clra vao va cira ra clia cénh géo:
4 2g 4 2g
Trong d6: P, = P, = P, - dp sudit & clra vao va clra ra bang 4p suat khi troi;
Z,=2Z,AU, =U,=U;
h,.; - ton that thuy luc.
C6 thé rit ra cong thic tinh van t6c tuong d6i & cira ra 1a ham van t6c tuong doi & cira vao:

u h_, (8.2)
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3 2¢h, '
Wy = WE = 2¢h, =W, [a- ) =W, (8.3)
1
-
— W,

Hinh 8.4. So dé dong chdy va tam gide van toc cuia tuabin gdao

Thay van to¢ W, vao biéu thic tam gidc van tdc clra vao ta c6:
W,=¢eW,=¢4C,-U)
Tur do: C,=U+ gC,-U)osp,.
Thay cac gid tri C,; va C,, vao phuong trinh c0t ap ta co:
ntlgH = U[C,-U - &C, - U)cosps] = U(C, - U)(1-Ecosf,) (8.4)
Tir d6 xac dinh dugc hiéu suét cia tuabin:
s U(C, -U)1-¢&cos fs)
gH
Ta biéu thi hé s6 voi phun theo cong thiic sau:
p=—_ (8.6)
J2eH

Hé s6 voi phun con goi la hiéu suat voi phun.

(8.5)

Né&u ky hiéu hé s6 van toc 1a y va xdc dinh theo biéu thic:
U U
W= (8.7)
G p\2gH

Thay cdc gid tri w va @ vao biéu thic (8.5) ta co:

20C,(1 - g X1 - Ecos )0
1

o\ 2gH 9\2gH

Tir biéu thite (8.8) ¢6 thé rit ra két luan rang hiéu sudt thity luc cia tuabin gdo phu thudce vao
bon thong s6:

Ny = =2¢°(1-&cos B,)(1-y) (8.8)

- Hiéu suat cta voi phun ¢.

- Hé s6 van toc w.

- Géc ra cua dong tia f,.

- Hé s6 & - dac trung cho tdn that cia dong tia chay bao canh gdo.

He s6 & lay gid tri gén bing 1. Vi bién dang canh géo thich hgp véi dong tia ra khoi voi phun
nén tén that nay chi khoang mot vai phan tram.
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G6c ra cla dong tia B, ¢6 thé chon gan ding B, = 180° thi cosf, = 1.
Trong thuc t€ khong nén thiét k& goc f, = 180", vi nhu vay dong tia ra chia cdnh géo trude s
téc dong vao mit sau clia canh géo sau, 1am tang sdc can. Goc 4, 14y trong khoang 174° + 176°,

Hiéu sudt cha voi phun ¢6 gia tri twong déi cao. V4i bién dang cla cdc vdi phun hién nay thi
hi¢u sulit cia voi phun dat khoang 0,98,

He 58 vin tdc w chon t6i vu trong khoang 0,46 = 0,49,

8.2.3. Cac thong s quy dan va sé vong quay dic trung cua tuabin gao
8.2.3.1. Luu luong quy ddn

Lauu lugng ciia tuabin duge xdc dinh bing hvu lugng ctia cdc voi phun theo cong thitc:

-

M..
0=2,0, =ZvFC=Z\,ga——4—°~J2gH (8.9)
Trong d6: @, - luu lugng qua mot voi phun;
Z, - 50 lugng véi phun;
o, - duding kinh dong tia ra khoi voi phur;
H - ¢t dp tuabin.
Luu lugng quy dén cla tuabin gio duge xac dinh theo cong thitc chung clia mdy thuy lyc:
0 w28 &
Ql = e = @Z‘, (‘—_-)
D 4 D,
Hay: Q' = K Z(d D) (8.10)

4

2 . .
Trong d6: K, = 4g(0 - hing s6

8.2.3.2. S6' vong quay quy ddn

. nD,
- 8.11)
T
, 30 )
vdi biéu thiic: n=""2 sy = e
T 2

U
Co=py2gH sy =—

=)
Thay vio cong thiic 8.11 ta cd:
= 60p.J2g U,
z
Hay: n} = K, (8.12)

Trong d6: K, = §—q¢,}2g - hiing s6.
n

8.2.3.3. 86 vong quay ddc trung n,

nIN =
n = s hay n, =3,65n,/
F3 HJ—[)T y ! Q!
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ul

Trong dé: Q, = Ksz(f‘;—‘;f) = 3,487 o( d, )
|

D}
n,=K,p=846pw~822yw
d
Vay: n, = K“/Z"'FO (8.13)
i
K, =560y Jp

Néu ldy ¢ =0,98; w=0,46 + 0,49 thi hé s¢ K, s€ vao khoang K, = 235 + 25(0.

Hé s6 K, cang 16n thi higu suit tuabin cang cao.

S6 vong quay déc triung s, t6i tu clia tuabin géo ndm trong khoang 10 + 22v/ph.

8.2.4, Chon va tinh toan cac théng $6 ¢o ban cua tuabin gao

Pé xac dinh kich thudc cha tuabin gdo cdn cho trude cée dai lugng: cot dp 1dn nhét A, cot
ip tinh toan H,, cot 4p nho nhat H,,, vh cOng suft tuabin N,

8.2.4.1. Chon so do két cdu

Trén co & cac thong s6 da cho, chon so d6 két ciu cla tuabin va tinh cdc kich thudce ca bin.

Trude tién cin chon so bd: S6 lugng voi phun, tuabin truc dimg hay truc ngang, irén cling
mat truc dit mdt hay bao nhiéu banh cong tic.

Viéc chon so dé két cau phai duge so sdnh nhiéu phuong dn khidc nhau. Sau dé chon phuong
dn (Gi wu nhat.

Theo kinh nghiém thiét k& ngudi ta dua ra cic k&t ludn sau:

- 56 lugng voi phun tang, thi dudng kinh banh cong tic cing nho.

- 88 vong quay tang, thi dudng kinh banh cong tic cang nho.

- Tang s& vOi phun, thi két cdu phin din nude cang phic tap va cang lam tang su phic tap
cita hé thong diéu chinh luu lugng.

- D6t véi twabin cd@ nho chi phi cho viée tiang $6 voi phun tang nhanh, so vdi chi phi cho viéce
giam bét dudng kinh banh cong tdc.

- Déi véi tuabin cd 1dn thi ting voi phun dé giam kich thudc banh cong tdc thi Igi hon so véi
tang su phirc tap cha phin dan nudc va hé thong diéu chinh luu lugng.

Ngodi ra, dé c6 thé chon duge phuong 4n k€t cau t6t nhit, cdn so sdnh cdc két qua thi
nghiém mo hinh, dic trung biing cac dutmg dic tinh téng hgp. Trude khi so sénh phai hiéu chinh
lai s6 vong quay quy dén »’ tinh todn (n’;4). Khi chon n'y, can xét dén thii gian tam viée cha
tuabin vdi phu tdi kon nhat va thoi gian ing voi phu tai khdce voi cde ¢ot 4p khéc nhau.

Dua viio n’;y d€ chon s8 vong quay déng bo va hiéu chinh lai dudng kinh banh cong téc.

Phu thudc viio cong sudt c6 thé st dung so dé két cau trong béng 8.1:

Bdng 8.1
Cong suft, MW Phan bg truc S48 banh cong tic S8 vbi phun
a 1
Nhé hon | bat ngang :
L5 bt ngang 1 2
O bit ngang 1+2 2+4
Lon hon 5 < 3
bat dimg 1 2+6
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8.2.4.2, Chon cdc kich thudc co ban

- Vi phun:

Cidc kich thude co ban cla voi phun duge xac dinh theo thong s§ sau; cong suat N, ¢ot dp
tinh todn #,,, s& lugng voi phun Z.. Luu lugng qua mat voi phun:

O N
0 ==

Z  98InH 2,
Trong dé: 7 - hiéu sudt tuabin gdo, so bd |8y khoang = 0,87,
Budang kinh tia nudce tng vai luu luong 1én nhat theo cong thite:

QI :Egizrgpv 2an (8]5)

40
dy= |—%mx (8.16)
"N Zxp2gH

Néu ldy ¢ = 0.97 ta cé bicdu thifc:

(8.14)

Tir do rat ra:

dy =0,545 & (8.17}
ZAH
Trong dé: Q - luu luang, m’/s
H-cit 'ép, m cot nurde

Hinh dang va kich thurée voi phun va kim phun ldy theo $6 liéu cho ¢ hinh 8.5. Cic kich
thudic 18y theo ty s6 v6i d,. O day d, = 100mm, cot ap I = 1m.

Hinh dang va thong s6 hinh hoc co ban clia tuabin géo.

- Chon dudng kinh banh cong 14c va sG vong quay:

Kich thudc ctia bdnh cong tdc va cha cdc cdnh gao dugce chon trén ¢o sd thue nghiém, phu
thuoc vao dudng kinh tia nude o, va 1y s6 D/d, Hi¢u sudt cua tuabin ¢d #, trong Khoang
14+19v/ph dat duoc wong d6i cao. Trong do ty s6 D,/d, cang 16n cang t6t. Nguoc lai mudn cé
kéi cdu gon nhe thi chon 1y 6 dé nhd. Chon so bd ty s6 Dy/d,, 1, O v 6 lugng cdnh gdo theo
¢dt ap tinh todn A (m cot nurde) dua vio s6 lieu bang 8.2,

Bdng 8.2
Cot dp : . SG cdnh gio |
F(m) D fd, iy, viph Qs n,, v/iph Z,

300 8-11 36,5-38,5 35-28,2 29.9-20.6 17-20

400 0.5-12,5 37-39 37,1217 25,5-18.4 18-214

00 11-14 37.5-39.5 28.2-17.3 22,4-16,5 19-23

750 16-19 38-40 13,2-9,35 15,5-12,5 24-28

1000 23 39.5 6,38 10,65 27-31

C6 the xac dinh so bd dudng kinh banh cong tdc theo ty s6: m = DJd,, st dung cong thiic
thuc nghiém sau:
260

H

A

m

1. (8.18)
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Trong d6: 7, - hiéu sudt & chd do 6 cong sudl 1én nhit.
Hicu sudl cua tuabin gdo & chd do 61 wu khic (Ién hon) higu sudt tuabin & ché do ¢6 cong
sudt Idn nhdt va phu thude vio s6 vong quay dac trung bidu thi trén hinh 8.6.
Trinh ty tinh todn ciing theo phuong phidp gin diing lién tuc.
- Theo bang 8.2, véi gid i H, vil chon 1 sv bo, tinh ..

- Theo hinh 8.6 tim gid tri 7, tinh »1 theo 8.18.

O

taé

cong

A

Fa

banr

5

kin,

P09

8.9%.
._Ui_.l
-

S

&

2
i3

=
IS
m

Il
§20545

Hinh 8.5 Bdn vé canh gdo cia tabin odo
™y f

- Tinh h¢ s6 van toc ytheo cong thic sau:
0,72 (8.19)
m+12

- Néu dai lugng y vira tinh duge khéc gid tri 0,46 v6i sai 56 1én hon 0.01 thi tinh lai 1y $6 m
theo cong thic:

w =048 -

m=220 o (8.20)

H\.
- Tinh lai cho dén khi dat gid tri y cén thiét.
- Tinh duong kinh D, theo D, = m.d,,.

Lam 1rdn gid tri dikng kinh D, theo duding kinh tiéu chudn véi do chinh xdc 0.01m.
V¢ hinh dang cdnh gio theo nhur hinh 8.2.
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8.3. TUABIN TIA NGHIENG

8.3.1. Pic trung va két cau

Tuabin tia nghiéng la loai tuabin xung luc cé thong s6 kém hon so vé&i tuabin géo.

Nguyén Iy Jam vi¢c cla tuabin tia nghiéng ciing gidng nhu twabin gdo. Nhung voi phun ha
Ui trong mat song song véi true quay véi voi mot goc nghiéng a, khoang 22°. Vdi gée nghiéng
nay vo1 phun huéng dong tia chdy vho bao cinh, Xung luc clia dong tia tdc dyng vao cdc cdnh
banh cong tdc, nén loai
tuabin niy co t@n goi I
tuabin tia nghieng (hinh
8.6},

Pham vi st dung cla
tuabin tia nghiéng: Cot dp
H =50 =+ 400m, vé& cong
suat N = 10 + 4000kW,
hi¢u sudt 57 = 75 + 80%.
Tuabin nay sir dung rong
riil cho cic tram ¢ cong
Hinh 8.6. Sodo dong chdy trong tmabin tia nghiéne sudt nhé vit trung binh,

K&l ciu ¢6 thé 1a true ditng vatrue ngang. Thong thudng 13 két ciu truc ngung.

Binh cong tdc tuabin tia nghiéng ¢ két ciiu don giiin hon so v&i banh cong tdc cha uabin
gio. Cinh banh cong tdc cha tuabin nay don gian hon, vi vily ché tao ching ciing don gian hon.
Phin mép ngodi cta banh cong tdc ¢6 thé lam vianh dai ¢ gin cdc canh. Didu ndy ¢6 uu diém vé
ket ¢iiu, ché tao vit banh cong tdc ¢6 do bén, chic so vai wabin gdo gan cic cinh go Ien dia
bang bu long.

Voi phun ctia tuabin tia nghiéng c6 kél cau gidng nhu ciia tuabin gio.

8.3.2. Cac thdng s6 cua tuabin va hiéu
suat

Ciic thong s0 cia tusbin tia nghiéng gém ¢6:
goc nghiéng cua tia g, dudng kinh bdnh cong tic
D, Thong s6 vé mat thiy Iye gém ¢é cde (am gidc
viln 8¢ trirdie va sau cdnh bianh cong tic (hinh 8.7)
vt h¢ 50 van téc w, hidu suiil voi phun ¢, xde dinh
theo cong thie (8.6), (8.7).

D¢ so sdnh gitta tuabin tia nghiéng va wabin
gdo, 1a thiét 1ap quan he hiéu sult vdi ¢ic thong s6
clia tuubin. St dung phuong trinh c¢o ban cia
tuabin;

putl = afCr + Cors)
Trongdo:r, =r=DJ/2: U, =U,=U
Tir tam gide van 18¢ ta ¢o:

C,=Creosa, = Weosfl, + U

C,2 = Cycosa, = U - Wicos(180° - 3} Hinht 8.7 Tam gide van 16e frong
banh cong ide tahin tia nghicng
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Thay cic gid tri vio phuong trinh ¢6t 4p va ridt ra biéu thitc hiéa suat:

- [, cos g, + U= [U - w, costis0° - gy}
[

gH
U, cos i, + Wy cos(180° — ,)]
gH
249 il [cosﬂ[ + £cos(180° — -5 )] (8.2
I
O day: W, = &W,
7 ==
29H
_u sin{ 3, —
G, sin(180° ~ B))
w o sina,
C, sin(180° -5)
Thay gid tri W, vio (8.21) ta cé:
1 =207 sm(ﬁ;in?ﬂ)smal( S - £0os ) 8.22)
]

Nhu vay hi¢u sudt cla tuabin tia nghiéng phu thude vao cic dai lugng @, v, a;, 3, b
Xdc dinh gid tri cdc gée 161 uu:

Tir cong thic (8.22) ta thdy dé cho hiéu sufit 1gn nhat thi géc B, = 180°, cosf3, = -1

o1 Af . 5 .9 . . cosfl —{cosf,
Y :2@“[smﬁ,{cos o, —sin” &) —2cosa, sing, - 2cosa, sing, COS@]M =0
oa, sin” /4,
Bi€n ddi mot s6 cong thife lugng gidc:
Singj(cos’a, - sin’e,) = 2cosasina,cosf,
cosd, sina sin 2a
T ~1g2a,
cos” oy —sin" @ coslq,
viy ta ¢6:
» sin*{f,/2)
Moy = 207 ———5—=(cos f§, =& cos f3,)
sin” j3,
Sau khi bign déi ta c:
scosff, — Ecos f,
Moax = @ : : (8.23)

[ +cosf,

Dé (im gid tri 167 vu cla géc F, 1a cling [am tuong w nhur 61 véi géc @, (Iay dao ham theo f,
va ¢ho bing khong )

an _ zsinﬁl(Hé’COSﬁ:):

j (8.24)
B Ureoss )
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Biéu thic (8.24) chi ding khi 8, = 0.
Nhu vay hiéu suat cua tuabin tia nghiéng 16n nhat VGi'cdc gid tri cha cdc £6c¢ nhu sau:
‘ ) 21+¢
4 =0;5=0;p4=180" Ml max = @ o (8.25)
Nhu d3 giaj thich & phén trude, d6i véi tuabin gdo cling nhu d6i vé6i tuabin tia nghiéng géc f,
khong thé chon 180, thudng chon nho hon mot vai do 174° + 176°, Con diéy kien o, =0, g, =0
thi chi thue hién véi tuabin £a0, d6 i v6i tuabin tia nghiéng thuomg c6 g20c @, =22 vy hé s6 van
16¢ w=0,542.

8.4. TUABIN TAC DUNG KEP

8.4.1. Dac diém va két cay

Tuabin tic dung kép con c6 ten £0i la tuabin
Xung kich hai lan. N6 3 loai tuabin ¢6 két ciu don
gian nhét. Tuabin nay thudng két ciu truc ngang,
trén truc gan banh cong tic ¢6 dang gin nhy
guéng nudc. Banh cong tic gém c6 haj hodc ba
dia, giira cdc dia c6 gan tr 12 + 48 c4nh cong dat
Song song vdi truc.

Nude duge din qua dudng 6ng vio tuabin qua
vOi phun ¢6 tigt dién hinh chir nhat. Dong tia di ra
khoi voi phun tic dung lén canh lan thg nhat, di
vong qua truc phia trong banh cong tic, lai di ra va
téc dung Ian thi hai vao canh.

Do su tic dong hai lan cu
banh cong tdc nén 20i la tuabin t4c dung kép.

Lan tdc dung the nha canh nhan khoang 70 + 809 nang luong dong tia. Lan thi haj khoing
30 +20% nang luong con lai ciia dong.

Vigc diéu chinh Iuy luong ctia voi phun dugc thuc hien bing ludi ga néi vei tay diéu chinh,
Khi van tay quay nay thi tiét dien voj phun sé thay déi.

Pham vi t4c¢ dung ctia tuabin tic dung kép véi cot ap H =24 + 200. Hiéu suit c6 thé dat 0,6 +
0,83%. Tuabin nay cé két cau don gian, duoc sir dung rong rii véi cong suét nho, (r mot vaj kW
dén hang ngan kW.

8.4.2. Cac thong s& clia tuabin va hiéu suat
B¢ hiéu qu4 trinh 1am viéc cua tuabin nay, ta sir dung phuong trinh co ban cia tuabin,
migH = axC,,r, - Cr,)
V6i hai lan tac dung nén phuong trinh c6 dang sau:
Mgt = a(C,r, - C o Curi-C,ry) (8.26)
Tur cic tam gidc van 6¢ va cic kich thude hinh hoc trén hinh v& (8.9) ta c6:
Cui = Ccosq, ; C.»=Cyosa,
Cus=Cosq, : Cu=Crosa,
'1=Tyr=r,Cy=Cy = ay

Thay cic daj lugng nay vio biéu thic (8.26)
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n.8H = U(C cosq, - C,cosa,) (8.27)

Gia thiét ring huéng chia van toc tuon
tuyén véi mat cdnh phia trong.

Tu gia thiét nay ta c6 diéu kién

sau: )

g d6i & cira vao va clra ra tring véi huéng ca tiép

Bi=180"- p,
B = 180° - B
vGi diéu kién:
W,=Wy B = pi

Bi=180"- S, =90°
Néu khong tinh dén t6n that khi
bao cdnh, nghia la &= 1, ta cé:
Wi =W, W, =W,
Tir tam gidc van tdc ta c6:
Cicosa, = U, +W cosp,
Cicosa,= U, +W cosp,
=U, -W,cosp,
Thay cdc dai lugng trén vao cong
thic (8.27), ta ¢é:
et =2U,W,cosf3,
Khong tinh dén t6n thét voi phun:

C, =.gH

_4U W, cosp,
C;

Hinh 8.9. Cdc thong 56 co bdan ciia tuabin tdc dung kép

U,

_ 4sin(f, —a,)sina, cos f,
sin® 3,

Nhu vay hiéu suat cua tuabin tdc dung kép phu thudc vao cic géc a,;, f; dac trung cho bién
dang mép vao clia canh bénh cong tic.

Hay: "

(8.28)

Ciing gi6ng nhur tuabin tia nghiéng, hiéu sudt thuy luc cta tuabin tic dung kép 16n nhat trong
diéu kién: o, =0 ; £,=0.

Nhung két cau ctia loai tuabin nay khong thé ¢6 diéu kien a; = 0 nhu d6i véi tuabin gdo. Vi
the hi¢u suat ctia tuabin ndy nhé hon ctia tuabin gdo.

Dao ham biéu thitc (8.28) theo géc a; dé tim gid tri hiéu sudt 16n nhat, ta rit ra diéu kién sau:
B
2
2cos f;
1+ cos B

ar=
Thay vao (8.28) ta c6: ny,. =

Néu chon a; = 15°; £/=30" 1a géc t6i wu, thi higu suat thuy lue 1y tuong c6 thé dat duge 1a
0,928. Néu tinh ca hiéu sudt voi phun va tén thit ctia dong tia bao cénh, thi hiéu suat 16n nhat sé
giam di.
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Chuong IX: HE THONG PIEU CHINH TUABIN

9.1. NHIEM VU VA NGUYEN LY LAM VIEC CUA BO PIEU TOC

9.1.1. Nhiém vu
D3i vai cée tram thuy dién bo diéu t6¢ iam nhiing nhiém vu sau:
- Gilt 50 vdng quay cia 18 mdy khong thay déi trong pham vi lthay déi phu tai cla mdy phat.
- Phan b6 phu tai clia cdc 16 mdy [am viéc song song.
- Thye hi¢n qud trinh mé va tit may trong dicu ki¢n binh thudng va trong diéu kién ¢6 su ¢6.
9.1.2. Nguyén ly lam viéc
Phuong trinh chuyén dong ciia roto 18 mdy c6 dang:
My —M. =Jdewldr (S.1)

Trong d6: M, - momen cla tuabin:

M- momen can, phu thude vio phu taii;

J- momen qudn tinh cua 1610 8 may;

@- van 10c goc,

Momen clia tuabin ¢6 thé xdc dinh theo cong thic:

My =202 e M, = 10000H 7 (9.2)
i) o

Tir biéu thire (9.2) ta thdy trong dicu kién tram lam viée, ¢ol dp sudt trong ngay hau nhu
khong thay déi, hi¢u suéit gan nhu khong d6i, momen ciia tuabin phu thuge vao luu lugng,

Nhi¢m vu co ban ctia bo diéu t6¢ 13 Jam thay déi luu lugng qua tuabin, dé thay ddi momen
tuabin sao cho biing momen can vi giit cho s6 vong quay khéng déi.

Tu phuong trink (9.1), trang thdi lam viéc cha hé théng cé thé mé ta qua 3 phuong trinh:

Jd.—a—) ={ (9.3)
dft

Je = const (9.4)

My-M.=0 (9.5)

Tuong ttng véi ba phuong 1rinh nay, ta ¢é ha nguyén |y diéu chinh tuabin.
Theo phuong trinh (9.3) agudi ta ché tao ra bo diéu té¢ ¢6 nhiem vu diéu chinh gia toc sao
cho daddr = 0. Bo diéu 13¢ ndy goi 13 bo didu t6c gia toc,

Theo phuong trinh (9.4) ngudi ta ché tao ra bo dicu t6c theo dai sy thay déi clia van téc gée
@ va 1dc dong sao cho a = const.

Theo phuong trinh (9.5)ngudi ta ché tao ra bo diéu 18¢ ¢6 kha ning theo dai su thay déi clia
momen M, hay 1a theo ddi sy thay ddi ciia phu tai, dé diéu chinh momen dong luc cla tuabin
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M. sao cho M can bang véi M, C6 thé dat duge diéu ndy bang hai cach:
- Bi¢u chinh 3, thang qua viée diéu chinh huu lugng qua tuabin, sac cho M, = M.,
- Diéu chinh M, thong qua viéc diéu chinh tdng momen can ciia phu tii,sao cho
M= M. Theo hudng nay ta ¢6 loai diéu t6¢ diéu chinh phu tdi,

Trong ba loi trén, bo diéu t6¢ dua trén co s& nguyén ly: My= M, dang duoc st dung rong
rat.

D61 véi tuabin tam true vi tuabin huéng truc cdnh ¢4 dinh thi diéu chinh chi thuc hi¢n nhe hé
théng canh hudng dong va goi 1a diéu chinh don.

P61 voi tuabin hudng true vi hudng chéo cdnh xoay, diéu chinh [uu lugng duge thuc hién
cung mot lie nhiy he théng canh hudng v cdnh banh cong tdc goi 14 dicu chinh kép.

D61 véi tuabin xung lue, didu chinh Tvu lugng duge thue hién nhd thay ddi vi tri kim phun
trong voi phun. Nhung, trong trudmg hop tit mdy nhanh do sy ¢d, thi can gidgm luu luong qua voi
phun cung v6i viec di€u chinh huéng cla dong tia ra khoi pham vi bdnh cong tic bing co ciu
huéng tia nude,

9.1.3. Céc bd phan cd ban va phan loai bd diéu toc

BS dicu tée ¢6 bon bo phan co bidn sau: .

- BO phén do: lam nhiém vu nhan cde tin hiéu diéu chinh (bang cich so sdnh) vi truyén tin
hiéu dé cho bo phan tiép theo.

- Bo phan khuéch dai: 1am nhiém vy khuéch daj cdc tin hi¢u dic¢u chinh va (ruyén cic tin hiéu
déd duge khuéch dai 16i bo phan diéu chinh.

- B phan chdp hanh: am nhiém vu thay déi cac théng s0 clia tuabin hogic cia phy tai,

- Bo phén dn dinh: 1am nhi¢m vu &n dinh he théng, dim bao chat lugng ciia bo didu t4c.

Phan loai bd diéu téc.

Ngudi ta phan loai bo diéu 18¢ theo ohiéu céch:

a. Bo diéu toc phdn logi theo phuwong phdp diéu chinh:

- BO diéu téc diéu chinh luu lugng.

- B diéu téc diéu chinh phu tai.

b. Bo diéu tdc phdan loai theo két cdu ciia cde b6 phan chinh:

- BO dicu 18¢ co-thuy lyc: bo phan diéu chinh cd hoc (con lic i tam), b phan chép hanh la
cd cau thuy lyc,

- Bo diu t6¢ dién-thuy lye: ciing nhur loai trén, bo didu 16¢ nay ¢6 b phan chap hanh [3 thiét
bi thuy luc, cdc b phan khéc [ thiét bi dién 1ir twong .

- Bo dicu t6c dién ti-dién: Bo didu toc nay ¢6 bo phan chdp hanh la dong co di¢n, cdc bo
phin con lai T4 thiél bj dién i trong ty.

Baéi voi cde tram thuy dién ¢6 cong sudt [on, viec déng md tuabin va cdc thiét bi cin phii
cOng suat 16n, nén co cau chip hanh van 13 co cdu thuy luc. DGi v tram thuy dién nho, co ciu
chap hanh {4 dong co dién gon nhe hoic ¢6 thé sir dung b6 diéu 16c diéu chinh phu tai (tai gia).

¢. Bo diéu t6c phadn loai theo nguyén Iy tde déng:

- Bo diéu 16 tac dong truc tiép: tin hicu sai léch qua khuyéch dat, truyén truc tiép dén bo
phan diéu chinh, khéng qua mot hé thong trung gian nao,

- BO diéu t8c 14c dong gidn tiép: Qud trinh truyén tin hi¢u dén bo phan diéu chinh con thong
Qua mdt s6 phdn tf trung gian 13m tang do chinh x4c va 6n dinh cia hé théng.

d. B¢ diéu toc phdn logi theo ddc diém ciia so dé diéu chinh:



- Bo diéu 16¢ ¢4 méi Tien hé nguoc.

- Bo di¢u t6e khong ¢6 mai lien k¢ nguoc (méi lien hé ngwge con goi la phin héi).

£ Bo diéu toc phan loai theo tinh chit cia méi lién hé nguoc:

- Bo didu t6¢ ¢6 phan hoi cling.

- Bo di¢u téc ¢6 phan héi mém.

D¢ hidu sau vé nguyén ly lam viée, ching ta sé nghién ciu bo didu e co-thuy lue,

9.1.4. Budng dic tinh cha bd diéu téc

Su phu thude cha s6 vong quay tuabin véi phu tai cua bo didu tdc co phan hoi theo mot quy
luat nao d6. Thudng su phy thuse nay ¢6 dang gan nhu dudng thing niim nghiéng duge bidy 1hj
trén hink 9.1. Do nghiéng cia dudng thang nay phu thude vao phéin hdi. Sy phy thude n - N goi
Ia dutmg dac tinh ciia b6 diéu 16¢ tuabin,

Trong trudmg hop dudng thang # = {N) 1a mot dudong nam ngang thi goi la dudng dac tinh vo
huéng. Trong thure 1¢ khong sir dung duding dic tinh vo hudng vi duong dac tinh nay khong phu
thude vao phu tai, nhu vay bé didu téc khong the 1am nhi¢m vu phan Phéi phu tii cho céc (6 may
lam viéc song song. D€ dinh i do chénh lech van 16¢ géc ngudi ta diing h¢ s8 sai léch & Hé so
sai léch duge xdc dinh theo cdng thic sau: '

Py T Mo 00%% (9.6)

O!S(Hmax + ”min

Trong dé: n,,,, - 56 vong quay ciia A)
tuabin trong ché do khéng tai;

[T >
L 0o

Mo - SO VONE quay cila
tuabin trong ché do tinh todn.

Q0

D¢ thay déi he s sai lech ngudi
ta thuong dung co cdu dac biét dé
thay déi hé s6 truyén cia phan héi
(ty s6 truyén cla xylanh luc vi thanh O

truyén). ' N ' e

faikcd

L OO0

Bo diéu (8¢ ¢6 nhiém vu phan bs
Phiu tai cho cdc 16 mdy lam viec song Hink 9.1 Duong dic tink ciia hé dicu 1o
song, : triccing hop 2 10 mdy lam ViGe Song sony

Xét hai 16 mdy 1 vd 2 tam viec
song song vdi hai dudng dic tinh tinh (hinh 9.1). O ch¢ do lam viéc véi <6 vong quay dinh mic
16 mdy 1 ¢6 dudng dic tinh 1 a,a;, 10 méy 2- aya,, 56 vong quay dinh mic dng véi dudng 0,0,
TS mdy | lam viéc véi cong sult N, 10 may 2 vdi cong sust N,. Néu s§ vong quay thay déi, gia
sir, gidm xudng dén duding 0,0, Tuong ting vé6i sy tang cha phu tai & 18 mdy thit nhdt 13 AN, vi
& 16 mdy 2 12 AN,, Bo didu 16¢ 1am viée, thay dot Iru lugng qua tuabin sao cho My =M, vaso
vong quay trdr lai bing s6 vong quay dinh mifc, tic 13 rdy lai vi tri dudmg O,0,. Liic d6 duding
ddc tinh finh cla hai ba didu 6c trén & trd thanh dudng b,b, va b,b, song song vdi dudng a,a, va
duong a,a,.

Téng s& phu tdi thay déi trén c hai bé didu tc la: .

AN = AN, + AN, 9.7)
Néu hé s6 sai léch chia bo didu téc | va 2 (uong imng:
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v Almas — Ay min
=
0"5{”| itk + 1y i }

Ha

rmay T~ Mamin

- =
0,5(:‘?:“““ + 13 in }

hodc: O, = AnfAN . & = AnfAN,
L AN .
Tir d6 rat ra: AN, = i-T (9.8)
& + 0
AN, = AN
TG+,

9.2, $0 PO NGUYEN LY CUA MOT $0O BO PIEU TOC

9.2.4. Bd didu téc tac dung tryc tiép va gian ti€p (khdng phan hdi)
a. B diéu toc tdc dung trige tiép

Trén hinh 9.2.1 1 so dd nguyén 1y cla bo didu 16c tic dung trye tiép. Day 1a so d6 don gian
nhét gitp t hidu duge nguyén 1y tac dung trye 1iép. Bo diéu tée lam vige trén nguyén 1y phuong
trinh (9.4). Truemg hop M, =M thi datdi =0, w = @, Lidc nay s6 vong quay khong doi v bang
50 vdng quay dinh mute.

Bo didu 1d¢ gébm ¢6 phan 1 do dudi dang qua ang ly tam 3. Qud fang do do léch clla $0 vong
quay thue (& clia luabin so vai vong quay chudn. Qué lang ly tam gan lién iruc vdi dong cd 1 cd
lien he thing v4i mdy phdt. Mot s thay ddi ciia vong quay tuabin déu din (i sy thay doi s0
vong quay cla lang, Tin hi¢u dicu chinh do qua lang phét ra truyén dén bo phin dicu chinh dé
diéu chinh d6 m& van chiin 2, qua he thong thanh truyén (tay don) 5,6, 7.

Gi thidt phu tai mdy phdt gidam di, (Me < My) thi $& vong quay (uabin tang. Qua lang quay
nhanh 1én, Ide nay lue ly 1am lon hon Jyc ly tam cha sO vong quay dinh mifc vi hat qua lang
viing ra xa, kéo theo khép nGi 4 dilén. Trudmg hop nay van bi déng bat lui, fuu lugng qua luabin
gidm din, giam momen cta tuabin cho dén khi M,. = M, thi qui trinh chim dat. Khi phu (i cla
méy phdl tang len, qui trinh xdy ra nguoc lai.

Uu diém cita s d6 nay 1a den gian. wy nhicn no cé nhiéu nhuge didm: lue dé déng md co
citu didu chinh nho, do chénh Iech 8 lén. N6i cich khic. do khong dbng déu khi didu chinh 16n.

a. Bo diéu téc tdc dung gian tiép

So ¢ nguvén Ly trén hinh 9.2.11 cta bo diéu t6c tic dung gidn ti€p twong ty nhu so do trén.
Bé& phan do 14 gqua Ling Iy tam, truyén tin hi¢u quanh h¢ thong thanh truyén. Bo phan khucch dai
& day gdém con truot phan phoi 9 va xylanh lyc 10. Xylanh lyc ndi voi vanh diéu chinh 8 va kéo
theo sur thay ddi cha d§ ma canh hudng a,.

Khi phu tdi gidm sé vong quay tusbin bi tang len, qua 1ang 3 vang ra. khdp noi 4 bi kéo lén.
Tiép theo, pittdong cua con trugt phan phdi 9 bi dily xudng. Bau di vao budng bén phai cla
xylanh gifm, momen quay tuabin gidm cho dén khi M, = M, thi qua trinh cham dit. So do niy
khic phuc duge nhuge diém vé luc déng md do sy ¢6 mat cta bo phan khuyéch dai 9 va 10. Tuy
nhién. cic ba diéu 16e khong ¢6 phin héi déu c6 nhuge diém 1a sau khi diéu chinh van t6¢c goc
s dao dong. Vi vay, ngudi ta cho thém bo phan phin héi (mdi lien h¢ nguge).
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Hinh 9.2. So do nguyén Iy bo diéu toc co - thuy lie
I- b diéu toc tic dung tryce tiép  HI- bo diéu toe ¢ phdn hoi ciing
11- b¢ diéu toc tdc dung trice tiép — IV- bo diéu téc ¢6 phdn hoi mém
V- bo diéu t6c tuabin cdanh quay

9.2.2. B6 diéu téc c6 phan hoi

9.2.2.1. B¢ diéu téc c6 phan hoi ciing

Trén hinh 9.2.11T 1a so d6 bo di€u t6c ¢6 phan hoi ciing. So d6 nay cling dua trén co s6 1y
thuyét la phuong trinh (9.4). Bo diéu t6¢ nay la phat trién cta bo diéu t6c tdc dung gidn tiép. Dé
bao dam hé théng diéu chinh khong bi dao dong va s6 vong quay sau khi diéu chinh phai dat
duoc s6 vong quay dinh mic (hay xap xi), véi sai s6 cho phép nao dé. o) day dung cam 11, thanh
truyén 12 lam nhiém vu phan héi. Khi pitténg cua xylanh luc 10 dich chuyén vé phia bén trdi dé
déng b6t do md canh hudng, thi cung tic dung vao cam 11 va thanh truyén 12 va ddy hé nay di
lén. Diém 6 dich 1én vi tri trén, thanh truyén 5 sau mot thoi gian sé chiém vi tri can bing. Sau
mot vai dao dong nho thi pittong ctia con trugt 9 dimng lai.

Sur ¢6 mat cta hé théng phan hoi ciing gitip cho hé théng lam viéc 6n dinh hon.

Nhuge diém cla hai bo diéu t6c niy 1a sau khi diéu chinh s6 vong quay thi s& khoé trds lai s6
vong quay dinh mic. Néu truong hop phu tai giam, M. <M, s6 vong quay tuabin tang thi sau
khi diéu chinh diém 6, thanh truyén can bing ¢ vi tri mdi, twong ing vé6i van t6c géc nao do 16n
hon van t6¢ géc dinh mic (@'> @,).

Trudng hop tang phu tai qua trinh xay ra nguoc lai. o chénh van téc gée phu thudce vao mirc
do can thiép cta phan hoéi cing.
9.2.2.2. B¢ diéu toc cé phan hoi mém

So d6 nguyeén 1y ctia bo diéu t6c ¢6 phan h6i mém bi€u thi trén hinh 9.2.1V. P& dam béo
trong ché& do 6n dinh s6 vong quay 1a hing s6 khong phu thudc vao phu tai, ngudi ta ding phé
bién la bo diéu téc tuabin ¢6 phan héi mém.
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Trong so do niy, b phan phin hoi goém thanh truyén 13, bo gidm chin thuy luc 14 va 15 xo
15.16. Bo gidm chin lhuy luc Ia mt pitténg ndm trong Kylanh thuy luc. Trong pméng c6 mot 14
ntho Ih(mg hai khoang cua xylanh véi nhau, Lo xo 15 cd khd nang gitt cho dié¢m 6 & vi uri tuong

dai cd dinh.

Qui trinh lam vi¢e twong tr nhw ¢ so d6 bo diéu 6¢ phan héi cimg. Khi phy té giam, s& vong
quay cua tuabin tang Ién, cdc bo phan do {qua lang). bo phan khuyéch dai (con trugt phan phai
v dong cg trg lyc) lTam vige. Pittong cua xylanh luc sang trdi déng cdnh hudng dé giam luu
fugng. Déng thoi bo phan phin hoi cing tam viéc. Qua thanh truyén, pitténg trong bo giam
chan thuy lue bi day 1en, 10 xo nén lal. Sau do, do lye din héi cia 10 xo0, pittong clia bo phén
gidm chin bi day xuéng, pitténg cla xylanh luc ddy sang phai. Do trong pittdng ¢6 18 nhé
thong hai khoang nén qud trinh chuyén dong xudng clia pittdng trong bé ghiim chidn vi qud trinh
md dan cdnh hudng dién ra ti wr. Khi 10 xo gifin ra hoan 1oin, thi con touet ciing ud lai vi tri ban
diu. Nhu vay wpy, = .

9.2.3. So d6 nguyén |y cia bd diéu tdc tuabin canh quay

Tuabin cdnh quay trong qud trinh di¢u chinh cin phii thay doi cong mét Iic do md cdnh
huding vi gée dit cdnh hinh cong tdc. DO 1a diéu chinh kép, Nha diéu chinh kép ma dong chay
qua tusbin ém, khong sinh ra va dap, nén hi¢u sudl cha tuabin cao trong mot pham vi thay ddéi
phu tai 1dn.

Trén hinh 9.2,V Huso dé nguyéen 1y cla bo didu chinh tuabin cdnh quay. Bo didu t6c g6m hai
bé phin: ho phan dicu chinh cdnh hudng viv o phan diéu chinh géc dar cinh bdnh cong tic,
Gida hai b phan nay ¢6 quan h¢ véi nhau theo mot mai lién két nhat dinh. M1 quan hé nay
thiCt lap trén co sav thue nghiém trong cdce che do 181 v, Trong b didu chinh tuabin cdnh quay,
mai quan hé niy duge bigu (hi bing mot cam. Thiét k& cam dua vio quan hé 181 vu gifta ¢, va
aoe dit cdnh binh cong téce 14y 1ir duding dic tinh tong hop chinh cla tuabin cdnh didu chinh,

Do su thay doi phu tdi nén sinh ra tin hi¢u didu chinh do md cdnh hudng. Dong thii cing
truyén tin hi¢u ndly nhé cam dén bo phin didu chinh gée dat canh binh cong tic.

Gia thi€l phu 1ai gidm, qua bo phan do, bo phin khuéch dai, pittong cla xylanh hre chuyén
dong v& phia trdi ddng bét cdnh hudng. Pong (hot, thanh truyén bi kéo vé phia trdi lam cho cam
quay theo chicu kim dong hé va diy thanh 22 di 1én. Vi diém 24 ¢6 dirh nén thanh 25, 26 di
xudng, md cta dudi cia co cdu phan phdi 9. Ngudn dp duge ndi budng trén clia xylanh lue,
Pittong cua xylanh luce dudi tdc dung cua dp sudt di xudng déng bét gée dat canh banh cong téc.
Dong thoi, qua hé théng phan hoi mém, day thanh truyén tlr i &y vé vi tri ban diu, [him cho he
thong én dinh,

M&i quan h¢ gilta dd mao cdnh hudng vie gde dit cinh binh cong tdc v&i cot 4p trong cic ché
d0 161 wu it Khdc nhaw. Vi the, eong dng véi moi ¢otdp ¢é cdc bién dang cam khde nhau, hoac
¢6 the ¢hé tao mét cam khong gian A€ twong Gng véi quan he a,=f @).

9.2.4. So db bd diéu téc tuabin gao

Nhu ta dé biét, d€ thay d6i hwu lugng cia tuabin gdo thi cin phai thay déi vi trf ciha kim phun.
Qud trinh dicu chinh luu [ugng, qud trinh mé. dong binh thudng va quan trong nhat [ trudng
hop déng do su ¢d déu duge didu chinh rong bo didu téc.

Neu yéu ciu dong nhanh v dicu chinh huu huong (¢1 gid vj @ = @ bing kim phun thi s& gay
ra va dap trong dudmg ong rat 16n. Vi the trong qud trinh tit mdy, cin dié¢u chinh kim phun dén
Mgt gia tri ndwo do, wong tng vdi luu luong cho phép mi dudng dng ¢ thé chiu duge, tinh véi 4p
sudt do hién wong nude va. Sau d6 cdn phii hudng dong tia di ra khéi banh cong téc.,
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Trén hinh 9.3 biéu thi so do nguyén
1y ctia bo diéu tée dung cho tuabin gdo.

Trong ch& do én dinh, véi viéc diéu
chinh luu lugng pha hop véi phu tai, thi
co cdu huéng tia nuéc luon luon & xa
dong tia phun khodng 2-3 mm,

Trong trudng hop binh thuong, bo
diéu t6c phai lam nhiém vu diéu chinh
vi tri kim phun.

Trong trudng hop su ¢, phu tai mat
dot ngot, qua lang X€p lai. Pittong cia
Xylanh lyc chuyén dong nhanh sang
phai, déng voi phun nhey hé théng thanh
truyén, cam, con trugt va xylanh luc.,
Dong thoi, tin hieu truyén dén co cau
huéng tia nuge dé huéng dong tia ra
khoi bfllﬂh cong tdc.

Hinh 9.3. So do nguyén [y
bo diéu toc tuabin gdo

9.3. SUTHAY DOI SO VONG QUAY TRONG PIEU CHINH TUABIN

9.3.1. Su thay déi s& vong quay va hé sé sai léch trong diéu chinh tuabin

Nhu chiing ta da biét, khi cong sudt t6 mdy thay déi, hodc do su thay d6i phu tai hoac do thay
d6i thong s6 clia tuabin déu dan t6i két qua la s6 vong quay t8 mdy thay déi. S6 vong quay sé
thay déi 16n nhat trong trudng hop mat tai dot ngot.

Ngudi ta ding mot hé s§ dac trung cho su thay déi s vong quay trong trudng hop mat tai dot
ngot, lay gid tri twong d6i so véi vong quay dinh miec. He s6 dac trung nay goi la h¢ s6 sai lech,
ki hiéu £ 1a va duoc x4c dinh theo c6ng thic:

Poax My @,

ﬂ —t max

i, Wy

max a_)ﬂ'

(9.9)

Trong dé: w,, n,- van téc goéc va s6 vong quay trude khi diéu chin;
Oyigys M= VAN 1OC g6C VA $6 vong quay 16n nhat khi mat taj dot ngot.
Thong thuong 14y gid tri hé s6 sai léch 16n nhét cho phépla g,..= 0,40 + 0.50.
He¢ 56 sai lech trong di€u chinh tuabin phu thu¢c cong suat 16 may tai thoi diém diéu chinh
N,
C6 thé chon S gin ding nhu sau:
Ny=75% N,,,,

B=0,654,.
Ny=50% N,,,
B=045p,.
Ny=25% N,
B=025 4,
He s6 sai lech A phu thuoc vio nhiéy y€u t6 nhu momen quan tinh cua (6 may, thoi gian déng
MG cdc co cdu diéu chinh, dac tinh cia hé thong dudng 6ng... DE tim hiéu bidu thic quan hé
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gitta he s& sai léch B vé6i cdc yéu t6 trén, bt ddu tir phuong trinh co ban cia chuyén dong (9.1}
d N;—-N
R VY VAL Al
dt e
Bign déi biéu thic ta cd:
My T;I
| Jedw= [Nt (9.10)
ey 0
Trong d6; N — cong sudt dinh miic clhu t6 may
T., — thoi gian déng cinh hiréng dong (hodc co ciu cé nhiém ve wong duong)ur vi
tri md holn todn dén vi uf khong tai.
Théng thudmg, d6i v6i tuabin 1am truc va tuabin gdo, chon gid i T, = 0,85-0,90)T .
D61 véi tuabin hudng truc cdnh quay va chong chong: Ty, = (0,65 +0,70)T;
Trong d6: 7'~ thdi gian déng hoan 10an cdnh hudng (tr md hoan 1oan dén doéng hoan 10an)
Néu gia thict trong qua trink dong cinh hudng T, cong sudt t& mdy gidm ti 1& thudn véi thai
gian déng thi tich phan vé& bén phai cia bicu thic (9.10) ¢6 thé viét don gidn nhu sau:
fa

[var =%NT“ (9.11)

u
Trong thue 1€, qud trinh nay dién ra khong theo qui ludl tuyén tinh ma theo nhiing qui ludt
phic tap hon. Nhitng qui Judt ndy phu thude vao dac tinh dutng Ong, ot 4p v van toc dong
chiy trong dudng dng. Ngudi ta dung mét hé s8 dac trung cho sy khdc nhau gita qui luat giam
cong sudl trong thue € khi déng md cinh hudng so véi qui Tudt tuyén tlinh trong biéu thiic
{9.11). Hé s6 nay ki higu 1a £, n6 1a him cla nhifng yéu 16 di néu 1rén. f = _/'(ZLV, H.T. ).
Chon gia tri cia f theo nhitng dudng cong bi€u dién hiim s& quan hé trén. Thong thudng gid
tri nay lay trong khoang f=1.0-1,7.

Theo nhiing tich phan trén thi bidu thic (9.10) ¢6 thé dua vé dang:

ko] wmux
w” !
JY = iNT s (9.12)
5 5 Vs
@y
Chi y riing:
W, = Ty
30

(Unmx = ﬁ(f)[} + &J[!
Ta cé:

J%[(mu +fo f - wé]z—%Nﬂ,f‘ (9.13)

9,3.2. Momen banh da

Momen quén tinh J trong cdc biéu thic trén duge xac dinh bdi momen banh da. Momen binh
da GD? véi banh di ¢6 dudng kinh quén tinh D va trong lugng G. Momen quén tinh J xdc dinh
theo biéu thiic:

1381



n

GD-
dg
Viay bidu thite (9.13) dua vé dang sau:
GD* | > 51!
TSy T foy s —wp = —NT
dg 2[( 0t B 0) n] 5 i

Sau khi bign ddi biéu thic trén, néu cong sudt té mdy tinh ra KW, momen binh da duge tinh
theo eong thuc:

J:

(9.14)

——Nif-—rm (9.15)
20+ 37

Ngubi ta ding cong thic trén d¢ tinh momen banh da cho 16 médy, & diy chon < 0.3 +0 4.
Da1 vai tuabin nhd, ngudi ta dua ra cong thitc tinh gan diing momen banh di nhu sau:
il NT d
CGD” =182—2LKG . i

Aoy

GD® =365

(9.106}

Trong d6: N tinh ra kW
ﬁ() = {),3 + l(),j
T, =15+30gy

K¢t qua tinh momen banh da ¢
(9.15) khodng 15-20%. D& véi t
va 1000 KW truc ding, 6 thé th

Bang 9.1

hco cong thire nay thuomg 16n hon ket
uabin nho, véi may phat ¢6 con
am khiio biang suu:

qua tinh theo cong thitc
g sudt dén 140 KW true ngang

Mgy phit truc ngang
CT—25/6
CT-45/6
CT-11-5-6
C-12-6-8
C-12-7-%

My phit truc ding
CTB-25/6
CTB-45/6
CB-134/8
CB-137/10
BTC3-260/20-40
BTC3-260/29-40
BTC3-260/24-32
BTC3-260/29-28

Ky hiéu mdy pht T S6 vong quay,

Cong sudt, Hi¢u suat, ]'
vong / phat kW 7% _

{000 20 86,5
1000 36 88,5
1000 30 90,7
750 120 91.5
750 140 91,9
1000 20 86.5
1000 36 88,4 |
750 120 90.0
600 156 91,7
150 360 90
150 600 90,8
187 800 92
214 1000 92,5
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