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7.1 Khal niém chung

1. Dinh nghia

buong ong diing dé dan chat 1ong tir noi ndy dén noi khéc, 1a phuong tién dé
truyén co ning cia chat long tir noi nay dén noi khac.

Vi du: Nho duong 6ng, chat 1ong duoc dan tir bom qua van phan phoi dén céc
xilanh luc trong c4c hé thong truyén dong, truyén luc hodc dén cac bo phan can
boi tron (nhu cac 6 truc), trong cac may moc, dan nude tir thap nude dén noi
tiéu thu.

Hé thong duong ong tot 1a hé thong dan chat long dén noi tiéu thu ding yéu
cau Vé, cot ap va luu luong, gy ton that nang lugng it nhat, 6 loi vé k§ thuat va
Kinh t¢.



7.1 Khal niém chung

* Muc dich tinh toan thuy luc duong ong:

- Thiét ké hé thong dudng ong mdi hodc kiém tra dé sua chira hé thong
duodng ong cil.

- Piéu chinh hé thong san c¢6 cho phl hop véi Yéu cau cu thé (xac dinh mot
trong cac thdng so6 luu lugng Q, cot 4p H tai dau va cudi duong ong, duong
kinh d hoac ca d va H).

2. Phan loai:

a) Dua trén ti 1¢ gifta ton that nang luong cuc bo va ton that doc duong cua
dong chay, chia duong 6ng ra lam hai loai:

* Puong ong dai: dudng ong trong d6 ton that doc duong 1a chi yéu, con ton
that cuc bo va cot ap van toc khong dang ké, cé thé bo qua duoc (I >> d hang
ngan lan), ton that cuc bo va cot ap van toc < 10% so véi ton that doc duong.

* Duwong ong ngan: dudng ong trong doé ton that cuc b va cot ap van toc 1a
dang ké so vai ton that doc duong, khong thé bod qua duoc, ton that cuc bo va
cot p van toc >10% S0 véi ton that doc duong.



7.1 Khal niém chung

b) Dya vao két cau: phan lam hai loai (Q, d)

* Dwong ong don gidn: duong o6ng c6 duong kinh va luu luong doc theo
chiéu dai ciia n6 khéng doi.

* Puong ong phirc tap: dudong ong cO dudng Kinh hodc luu luong thay doi
doc theo chiéu dai ctia nd. Pudng 6ng phirc tap do nhiéu dudng o6ng don gian
ghép noi lai, nhitng chd noi goi 1a nat. C6 3 loai:

- Pudng 6ng nodi tiép: Q = const, d # const

- Puong 6ng song song: Q # const, d # const

- Pudng 6ng phan nhanh hé: Q # const, d = const
3. Cac thdng sé co ban:

+ Théng s6 ctia dong chay: v (), v (p)

+ Thong sb cua duong ong: d, |, z, n, ...

+ Thong sb thay luc: Q, H.
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Trong d6: Q, H, d 1a 3 thdng s6 co ban cua hé thong. Ty thudc vao viéc can
xac dinh thdng s6 nao, c6 4 bai toan co ban.
4. Bon bai todn co ban:

+ Bai toan 1: xac dinh cot 4p H khi cho Q va d, con goi la bai toan Thiét ke
nguén.

+ Bai toan 2: xac dinh luu luong Q khi cho H va d, con goi 14 bai toan Kiém
tra.

+ Bai toan 3: xac dinh duong kinh d khi cho Q va H, con goi 1a bai toan Thiét
ké dwong ong.

+ Bai toan 4: xac dinh cot &p H va d khi cho Q, con goi Ia bai toan Thiét ké
tong hop.



7.2 Tinh thuy lwc dwong ong don gian

7.2.1 Phwong phap Bernouli
a) Cong thurc co ban:
Viét phuong trinh Bernoully cho hai mat cat uot:

2 2
H0+py1+°‘1zvg1 :O+I;(2+°‘22Vg2 + hy,

bat: H=H. - H,.=H, + pl;pz - g0i 14 ¢ét &p cuia hé thong.
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H= + hy, (7.1)
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7.2.1 Phwong phap Bernouli
a) Cong thurc co ban:
Thay vao pt (7.1) ta co phuong trinh:
_ apvy? a1Va? (S7)2 1 vy ?
H = 2g i 2g (31) +(}\d1+zzc 2g
S2\? 1
=2 0‘2_0(1(_2) +}\E+ZEC]

S1
4Q L}
—> tadugc:

Thay Vo, =

8Q>2 S5\ 2 1
H= g1‘[(22d4 [(Xz — 01 (S_i) + }\.a + ZEC] (72)




7.2 Tinh thuy lwc dwong ong don gian

7.2.1 Phwong phap Bernouli
a) Cong thurc co ban:
N¢éu dong chay tang déu, duong ong dai:

.. _128vIQ
H=hy =hg=——3

Hay rut Q ra, ta duoc:

m4dg
S2

8[0(2 - al(g)z‘”\é T X &

Q= [H
\

cong thac (7.2) va (7.3) la cac cong thirc co ban cua phuong phap
Bernoully.

(7.3)




7.2 Tinh thuy lwc dwong ong don gian

7.2.1 Phuwong phap Bernouli

b) Gidi bon bai toan co ban:

* Bai todn 1: Xac dinh c¢ét &p H (Q, d da biér)
Tt biéu thire (7.2) ta x&c dinh ngay duoc H.
* Bai toan 2: xac dinh leu lwong Q (H, d da biér)
T biéu thire (7.3), ta co:

g ¢d4

8[062 — 0(1(§_i)z+7% T ) Ec]

Q= |H

\
Trong do6: H=H,+

P;-P,;

v la chénh 1éch cot &p giira dau va cudi dudng ong.




7.2 Tinh thuy lwc dwong ong don gian

7.2.1 Phuwong phap Bernouli

b) Gidi bon bai toan co ban:

Pay khong phai 1a mot biéu thire tuyén tinh theo Q vi A = f(Re), Re = f(v), v =
f(Q), ttrc 1a trong A chira Q vi vy muon tinh duoc Q ta phai sir dung phuong
phap gan dung. O day ta s& sir dung phuong phap thir dan, gom cac budc sau:

- Cho trudc mot gia tri hé s6 masat A;, tir d6 tinh Re;, v;, Q;. Thay Q;vao bicu
thire (7.2) ta tinh dugc hé s6 Ay 4.

-Néu Ajp1 = Ay, thi Q, 1& gié 77 can tim,

- Néu Ay, # A;, thi tir gid tri A;;4 ta lai tién hanh tinh céc gia tri Re,,; , Vi1,
Q.. tir d6 suy ra hé sd masat A;,,. Ta tinh vong lap cho dén khi A; = A4 thi
Q: la gia ti can tim,



7.2 Tinh thuy lwc dwong ong don gian

7.2.1 Phuwong phap Bernouli

b) Gidi bon bai toan co ban:

* Bai toan 3: xac dinh dwong kinh d (H, Q da biér)
Ta ciing str dung mot phuong phap gan dung khac d6 phuong phap do thi:
T biéu thire (7.1), ta dit:

H= Ho + =2 = f(d;)

Hay:
_ 8Q?2 S, 2 1
f(d) = 2 o — o () +23 + 2]
- Gia thuyet mot so gia tri cua d;
- Thay cac gia tri vao vé phai ciia phuong trinh ta co dugc ham f(d,)
- Biéu dién ham trén do thi f(d.) - d. (Hinh 7.2)




7.2 Tinh thuy lwc dwong ong don gian

7.2.1 Phwong phap Bernouli
b) Gidi bon bai toan co ban:
- Trén tung d¢ lay gia tri H = H, + e

»
f(d.) tai A, tir A dong duong thang xudng truc hoanh ta xac dinh dugc d. .

Vay d. d6 chinh la duong kinh 6ng can tim.

* Bai toan 4: xac dinh d va H (Q da biér)

Bai toan c6 hai an H va d. Thudng ta xac dinh d theo véan toc han ché v, , hay
van toc kinh té v,

Khi Q d3 biét, ta co:

_ . md? _ ,4Q
Q_VT hay d= Fkt

Van toc han ché v, , hay van toc kinh té v, co thé tra bang. Sau d¢6 tinh H nhu
bai toan 1.

vach duong ngang cat duong cong
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7.2.2 Phwong phap hé sé ddic trung
Diéu kién han ché:
- Ong dai
- DONng chay déu, c6 ap
- Chay r6i & khu vyuc binh phuong strc can (doi vai cac khu vuc khéac phai cé
hé sb diéu chinh cac két qua).
Gia tri hé so hiéu chinh ton that a khi v< 1,2m/s (ding cho ong gang thép)

v(m/s) {0,20 |0,40 |0,50 (0,60 |0O,70 |0,80 (0,90 |1,00 [1,10 |1,20

a 1,41 (1,20 (1,15 (1,115(1,085(1,06 (1,04 |1,030/1,015|1,0




7.2 Tinh thuy lwc dwong ong don gian

7.2.2 Phwong phap hé sé ddic trung
a) Gid thuyét va cong thitc co ban:
Vi duong 6ng dai cho nén cé thé coi toan bo do chénh cot ap chi ding dé khac
phuc ton that doc dudng (b qua cdt 4p van toc Va cac ton that cuc bd)
H=h,~h, =Jl (4-119)
trong do:
J: @0 doc thuy luc
|: chiéu dai dong chay
Van toc trung binh mit cat trong dong chay déu duoc xac dinh bang cong

thirc Chesy:
V = Cw/ Rh]



7.2 Tinh thuy lwc dwong ong don gian

7.2.2 Phwong phap hé so dic trung
a) Gid thuyét va cong thitc co ban:
Vay luu lugng Q trong ong s€ la:

Q =SC/RyJ (4-120)
Dit: k =SC/Ry, (4-121)
Ta co: Q=k] (4-122)

Trong d6 k 1a hé s6 dic trung luu lugng, c6 thir nguyén cia luu lugng va co
gia tri bang luu luong khi d6 doc thay luc J =1.

Tir (4-121) ta ¢6 k chi phu thude vao 2 dic trung cua duong 6ng 1a duong
kinh 6ng d va hé s6 nham n.

_md21,d .y [d_
k=—--(; )y\/;—f(d,n)
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7.2.2 Phwong phap hé sé ddic trung
a) Gid thuyét va cong thitc co ban:
Biéu thtrc (4.122) 1a cdng thirc co ban dé tinh thiy luc duong ong dai trong diéu
kién néu trén.
Mat khac, ta co:

Q=k]= \f (4.123)

Suyra. H=hyg== (4-124)
Trong do k va 1/k? du:qc tinh san cho céc loai duong ong c6 d, n khac nhau,
va lap thanh bang. Néu dong chay nam ngoai khu vuc strc can, ta dua thém vao
hé s6 hiéu chinh ton that a:

QZ
H=hy=ax| (4-125)



7.2 Tinh thuy lwc dwong ong don gian

7.2.2 Phuwong phap hé 50 dic trung

b) Gidi bon bai toan co ban:

*Bai toan 1: Xac dinh cot ap H (Q, d, n da biet)
Str dung biéu thirc (4.125), ta co:

2
H=H,-H,=h,=X1

Vi d van da biét, ta tra bang — s& X4c dinh dwoc cot ap H.
*Bai toan 2: xac dinh lueu lrong Q (H, d, n da biér)

Tir (4-123): Q =k \E

Véi d va n da biét, ta tra bang k s& xac dinh duge luu lugng Q.
*Bali toan 3: xac dinh duong kinh d (H, Q, n da biet)



7.2 Tinh thuy lwc dwong ong don gian

7.2.2 Phwong phap hé so dic trung
b) Gidi bon bai toan co ban:
T (4-123), rut K ra ta duogc: k = =

H

1
Véi H, Q da biét, ta tinh dugc gid tri cua k.
Tir K va n d3 biét, ta tra ngugc bang k sé xac dinh duoc gia tri luu lugng Q.
*Bai toan 4: xac dinh d va H (Q, n da biér)
Tuong tu phuong phap Bernoully, duoc tinh theo hai budc:
- Xac dinh d: ta chon trudc d theo van toc Kinh té v,, hay van toc han ché v,

d= |22 Xac dinh H: turong tu bai toan 1.

TVkt
, 2
Sir dyng biéu thirc (4.125), ta c6: H =35 |

, . . o~ 4 o L ) 1 ~ . n. s
Véi d va n da biét, ta tra bang 5 S€ Xxac dinh duogc cot ap H.
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7.3 Tinh thuy lwc dwong ong phirc tap

7.3.1 Hé thong ong noi tiép

Hé thong noi tiép gom nhiéu doan 6ng don gian duong kinh khac nhau mac noi
tiép nhau.

Dic diém thay luc:

Q=0Q,=Q,=Q3;=...=Q, (4-127)
H = Hdau ch01 h
=H;+H, +H;+... Hy=> H;
= hy,q + hyo + hys +... + hyp
= Yhyi=Zhg + Zh,, (4-128)
Zh: ton that cuc bé tai cac chd noi.
Truong hop ong dai ¢d thé bo qua ton that cuc bdo H = Zh, (4-129)
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7.3.2 H¢é thong 6ng song song
Hé thong noi song song 1a hé thong gom nhiéu duong 6ng don gian c6 chung
mot nUt ra va mot nut vao.

Dic diém thay luc:

Q=Qu+Q+Qs+...+ Qy

= 2iz1 Q; (4-132)
H = Hd?lu_ chéi =H = H1: H2
=...=H;=h, (4-133)
Trong do:

H; = hy; + Zhg;+ hyy;+ h

nri

(4-134)
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7.3.2 H¢ thong éng song song
Ny » N o ton that nang lugng tai NGt vao va nit ra cua ong th i
zhg: ton that cuc bo trén doan ong tht |
hg : ton that doc dudng tai ong |

Doi voi dudng 6ng dai thi:

H; = Ny

Do do:

H=hy,=hy,=...=hy, (4-135)
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7.3.3 Hé thong ong phan phoi lién tuc
Gia st trén doan | chat 16ng chat 1ong duoc xa ra lién tuc véi luu luong g (luu
lwong trén mot don vi chiéu dai)
Ki hiéu:
Q,: luu luong khi vao doan |
Q,: Iuu lugng khi ra doan |
Q::Iuu Iugng phan phoi trén doan chiéu dai I, Qg = q.|
* Luu luong tai M cach dau doan | mot khoang x la:

Q Q
QM QV ffX Qr+fo' ff

Néu coi rang tren doan dx vo cung nho, luu luong khong bién doi, ta co cong
thirc:
8Q2Al

H=h=
T[ZGdlS
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7.3.3 H¢é thong ong phan phoi lién tuc
Ta c6 thé tinh ton that na‘mg luong d,, trén doan d,
_ 8. dx Q
d 1'[2g d 15 (Qf ff X)Z
Do d6 ton that niang 1u:0’ng tren doan chicu dai | la
1 8A Q
ha=J; =5 (Qr + Qe - = X)% dx
Néu coi 7\ = const ta co:
_8A 1
1.[2 ds f (QZ Qerf X) 2
Hay:

811 szf

1'[2 ds(QZ Qer
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7.3.3 H¢é thong ong phan phoi lién tuc
Do chénh cot ap gitra dau vao va cudi doan ong phan phoi lién tuc sé Ia:

H=hy= (@, + Q- 550 (4137

Thuc té ¢d thé coi duong Ong trén do c6 duc nhiéu 16 lién tiép nhau lay chat
long ra dé tudi hoac mot duong ong cung cap nudc cho mot day nha doc mot
duong pho la nhitng dudng ong phan phoi lién tuc.
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7.3.4 H¢ thong éng phan nhanh hé
Vi du: hé thong cap dau boi tron, hé thong cung cap chat 1éng cho cac xylanh
luc, cac hé thong dan nudc.

Trén so do dau tir binh chira duoc may bom hat 18n day qua loc dau va theo
duong Oong phan nhanh chay t&i boi tron cac 6 truc.

a.Cac bai toan vé dwong ong phan nhanh: c6 2 loai bai toan thiét ké va kiém
tra:

- Noi dung bai toan kiém tra: kiém tra lai xem sau khi bi ton that ning lugng
(cOt &p) trong qua trinh van chuyén cot ap con lai tai noi tiéu thu (cudi duong
ong) c6 du yéu cau khong.

- Noi dung bai toan thiét ké: tinh dugc cot ép ctia nguodn chat long (do bom
hoac mot thap cao cung cap) can thiét du dé thang moi strc can trén dudng ong,
thda man cot 4p Yéu cau & cac noi tiéu thu (cudi duong dng).
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7.3.4 H¢ thong éng phan nhanh hé
b. Puong ong co ban:

Nhanh c6 yéu cau vé ning luong cao nhat goi 1a ong co bdn (dudng ong
chinh), con moi nhanh khac goi la nhanh phu.

Vay phai xac dinh dugc duong 6ng co ban va tinh cot p ciia nguon theo yéu
cau cua dudng 6ng co ban. Cot &p ctia nguon tinh duogc tir dudng 6ng co ban s&
hoan toan thda man yéu cau ctia cac nhanh phu.

Néu nhanh phu c6 nhiéu nhanh nho nira thi ta lai phan chdng ra thanh 6ng co
ban, 6ng phu ctia nhanh phu dé tinh toan.
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7.3.4 H¢é thong 6ng phan nhanh hé
c. Cac budc gidi bai toan dwong ong phan nhanh.
Thuong trong mot bai toan thiét ke, ta cho nhirng so li€u sau:

- Luu lugng Y&u cau tai cac noi tiéu thy Qye-
A 4 v 4 /( A )\ . /7 . = A P
- D6 cao do ap hoac ap suat yéu cau tai Cac noi tiéu thu hy,. = ==,
Y

- P cao hinh hoc cta c4c diém trong hé thong dudng ong: z (tinh tir mot mit
chuan chung)

- Chiéu dai cac doan dudng ong |.

- Hé s6 nhdm n hodc do nham A cua ong.

Yéu cau: Xac dinh dudng kinh cua cac doan ong d va cot ap ciia nguon H,
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7.3.5 Tinh dwong éng co bdn

Gom 2 buéc:

a. Xac dinh duong kinh ctia duong 6ng co ban d,;.

b. Xac dinh cot ap cua nguén: H,

Cac duong kinh cua dudng 6ng co ban duge xac dinh theo véan toc han ché,
hodc van tbc kinh té:

4Q;
dy; = |2

Doi voi hé thong duong ong ngan, nén thiét ké dudong ong co ban ¢d cac doan
ong clng mot duong kinh dé dé lap dat. Khi do trong cong thire trén Q; 1a luu
lwong 16n nhat cua dudng ong co ban

Céach XaC dinh cot ap H, ciia ngudn theo dudng 6ng co ban giong nhu d6i véi
hé thong Ong ndi tiép.



7.3 Tinh thuy lwe dwong ong phirc tap

7.3.6 Tinh dwong éng véi nhanh
Nhiém vu: Xac dinh duong kinh d;.
Bai toan twong tu bai toan 3 (duong 6ng don gian)
Dé ap dung cach giai bai toan 3, ta phai xac dinh duogc cot ap tai dau nhanh.
Vi du: Tinh duong kinh nhanh A-F. Xuat phat tir nit A trén duong 6ng co ban.
Ta d3 biét cac théng so6 hinh hoc khac ctia duong 6ng nhanh, luu lugng va cot
ap tai F. TUr d6 ta suy ra hiéu ap tai hai dau nhanh, tir d6 tinh d theo bai toan 3.



7.4 Va dap thuy luc

(.4.1 Hién twong
(Puogc nha bac hoc Nga Giucopxki phat hién vao nam 1898)

Va dap thiy luc 12 hién tuong bién doi 4p suat dot ngot khi van tdc cua dong
chay tang hay giam dot ngot.

Khi chat 1ong dang chuyén dong vai van toc 16n trong 6ng, néu dong khoa lai
mot cach dot ngot thi ap suat trong dong chay (trudc tién tai khda) sé tang vot
1&n, d6 1a hién tuong va dap thuy luc duong. Ap suat cd thé ting gap rat nhicu
lan &p suat trong 6ng do do6 co thé gay vd ng.



7.4 Va dap thuy luc

(.4.1 Hién twong
Nguoc lai néu chat 1ong trong 6ng dang & trang thai tinh dudi ap suat 1on ma ta
md khda dot ngdt 1am chat 16ng dot nhién chuyén dong vai van toc 16n, ap suat
trong dong chay (trudc tién tai khoa) sé tut hian xudéng gay hién twong va dap
thay luc &m. Hién twong ndy cd thé tao ra ap suat chan khéng trong dudng ong.
Nguyén nhan ting hodc giam ap suat trong va dap thuy luc 1a do luc quén tinh
xuat hién khi van toc thay doi dot ngot. Theo D’Alambe, luc quan tinh ludn
nguoc chiéu véi gia téc, vay néu van toc giam thi lyc quén tinh tac dung theo
phuong dong chay néu vén toc ting thi sé ngugc lai.
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7.4 Va dap thuy luc

7.4.2 Vin téc truyén song, dé ting ap sudt
Ta khao sét chat long chuyén ddng tir binh chira ra véi van téc v trong ong dan
c6 chiéu dai | va dudng kinh d = 2r. Cudi 6ng c6 khoa k.

Gia st tai thoi diém ndo day do dong khéa k, dién tich S cua ong giam di mot
dai luong. Khi do van téc s& giam di mot lugng (trudc tién tai khoa, sau sé
truyén tuan tu 16p ndy dén 16p khac theo hudéng tir khda dén bé chira). Van toc
giam lam &p suat ting do do 1am chat 1ong bi nén va thanh ong bi no ra.

Gia st tai thoi diém t sy ting 4p suat di truyén dén tiét dién AB, dén t’ no di
dong mot doan dén CD



7.4 Va dap thuy luc

7.4.2 Vin téc truyén song, dé ting ap sudt
N¢éu a la van toc truyén song va thi: Ax = a.At

Thoi gian song va truyén tir khoa dén bé chira va nguoc lai goi 1a pha va dap

, 1
thuy luc. tr = z

d
Ta ky hié¢u t; la thoi gian dong khoa
Néu tg < ty —va dap thuy luc truc tiép.
Néu t4 > t; — va dap thuy luc gian tiép



7.4 Va dap thuy luc

7.4.3 Chéong va ddp thuy luc

Mot s6 bién phap:

- Bong, mo khoa, van tir tur.

- DUng 6ng 16n dé giam toc do dong chay.

- Dung vat liéu 1am 6ng c6 mé dun dan hoi bé.

- DUNg thiét bi tu dong thdo chat long & dudng 6ng ra khi ap suat vuot tri so
dinh trudec.
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