Chuong 1

CO SO LY THUYET VE MAY THUY LUC
1. 1. GIOT THIEU CHUNG.

Phan 16n hoat ddng cla cac may thuy luc d€u lién quan dén chat
16ng va chat khi. Vi vay ma ly thuyét co sd dé€ khdo sat cac may thuy lyc
dugc dya trén 1y thuy€t cd ban cla thuy khi ddng Iuc hoc. Mot s6 dinh
luat vé thuy khi ddng luc hoc Ung dung trong viéc khdo sat cidc mdy thuy
luc sé dugc trinh bay dudi day.

1.1.1. PHUONG TRiNH CAN BANG NANG LUONG-BERLLOULI

Chat 16ng va chat khi déu 1a mOt dang cUa vat chat n6i chung. Trong
thuc té chiing ludn tiém tang ning luong dudi ba dang chl yéu; DOng

2
Yy clia méi chat chuyén ddng, ap nang (pV) clla méi chat c6 ap

nang (
sudt va thé ning (mgh) clla mdi chat trong méi truOng trong luc.

Ning luong cla méi chat ky hiéu E 1a tbng cac nang lugng thanh
phan va dugc viét dudi dang tOng quét:

mv?

E:pV+

+mgh ;

Dbon vi cla nang lugng 1a N.m hodc KN.m.

D6i véi chat 16ng, d€ tién cho viéc khdo sat va nghién cltu, ning
lugng cla chat 16ng thudng dugc tinh cho mdt don vi trong lugng
(G=mg) cla chat 1dng, dugc ky hiéu 1a H va goi la cOt 4p cla mOt trang
thai chat 10ng.

E 5 oo 12
(H= G ); trong d6 G la trong lugng cUa chat 10ng, G=mg.

Nhu vay cOt p cUa chat 1dng:

2
pv . .mv. . mgh :
G 2G G
Trong d6: p - ap sudt cUa chat 18ng.
V- Thé tich chat 18ng chi€m cho.

H= (1-1)

m- KhOi lugng chat 10ng.
v - van tOc chuyén dOng tuong d6i cla chat 1dng.
g- Gia tOc trong truGng.



G- Trong lugng cla chat 16ng.
TU cong thic (1-1) sau khi bién dGi ta dugc:
2

H=24+" 4p, (1-2).
y 29

H 1a cOt 4p cUa mOt trang thai chat 10ng, don vi cla cOt 4p 1a [mH,O].
Trong do:

- COt p ap ning;

< Is

2

v A an o
Z - COt 4p dOng nang;
h - CO6t ap thé nang.

TOng ba gia tri cla cOt ap &p ndng, cOt 4p thé ning va cOt ap ddng
nang bi€u thj cOt ap toan phan cla mot chat 10ng dang tOn tai G trang
thai ndo d6 va dugc xac dinh bang cong thitc (1-2).

Dua trén cO s@ cUa dinh luét bdo toan va chuyén hod nang 1uong ap
dung cho mOt dong chdy cla chat 1&ng tUr di€m 1 dén di€m 2, ta xét quy
ludt cla n6 doi vdi tung diéu kién cu thé.

Hinh 1.1. SO d6 xay dung phuong trinh ning 1UQng

a. Phuong trinh can bang nang luong Berllouli d6i v6i chat 16ng ly
tu’a‘ng
~ Xét trudng hgp quing dudng chuyén dong tUr mat cat 1-1 dén mat
cat 2-2 (Hinh 1.1) ma chat 16ng khéng trao d6i nang luong v6i moi
truOng bén ngoai. Khi chat 16ng 1a ly tuéng (d6 nhét bang khong) ta co:

E1:E2



C6 nghia 1a t6ng nang lugng tai dau vao (1-1) va tai dau ra (2-2) cla
duong dong 1a nhu nhau. Hodc c6 thé viét dudi dang cOt 4p ta co:

2 2
H,=H, hoéc &+L+h1:&+vi+h2;
y 29 y 29
Phuong trinh dugc viét dudi dang chung la:
2
£+V—+h =const; (1-3)
y 29
Pay la phuong trinh Berllouli viét cho chat 16ng dudi dang tOng quat.

b. Phuong trinh can bang nang luong Berllouli ddi véi chat 16ng

thuc

* Xét trudng hgp quiang dudng chuyén dbng tU mat cat 1-1 dén mat
cat 2-2 (Hinh 1.1) ma chat 16ng khong trao d6i ning lugng vGi méi
truong bén ngoai. Chat 16ng thuc véi d6 nhét (v 2 0), dong chdy On dinh.
Vi chat18ng c6 v # 0, nén khi chat 1dng chuyén dOng tir mat cat 1-2 dén
mat cat 2-2 phai chi phi mét gia tri cOt ap d€ thang cac slc can doc
dudng va mOt sO di€ém cuc bO. Gia trj tOn that nay goi la tOn that cOt ap
va ky hiéu 1a h,, phuong trinh dugc viét dudi dang sau:

E,;= E; + E, hodc H;= Ho+ hyq _o);
2 2
. v %
Hodc L R X (1-4)
y 29 y 29
Trong d6 tGng tOn that thuy luc tir 1 -2 1a:
htl(l ) hd()c dudng + hcue bd > (1_5)

* MOt sO it truOng hop doi vGi dong chat 1dng thuc (v # 0), dong
chdy khong 6n dinh (v= variant). Khi do6 ton tai quan tinh t(c 1a chat 16ng
chuyén dOng c6 gia tOc a thi phuong trinh can bang nang lugng tOng quat
c6 dang:

H;= H>+ hya.2+ Hy (1-6)
c. Ton that thuy luc

T6n that thuy luc dugc chia lam hai dang 1a t6n that cuc bd va tén
that doc dudng .

*Tén that doc dudng

La tOn that xdy ra doc theo dudng di chuyén cla dong chdy ky hiéu
1a h,.
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Nim 1956 Daraf da tim ra cong thlc:  h; = A. E g

Trong d6 :  L- 14 chi€u dai dong chay.
D- 1a duong kinh Ong.
V-1a van tOc trung binh cla dong chay.
G- 1a gia tOc trong trudng.
A-1a hé s0 tOn that doc dudng.

Gia tri cGa hé s6 t6n that doc dudng phu thuOc vao tinh trang cla
Ong (vi du Ong nhan tron, 6ng nham ...) va dugc tra bang hodc tinh toan
bang cac cong thirc thuc nghiém.

Trong thuc t€ néu dudng dng dudc tao thanh bdi nhi€u doan Ong c6
kich thudc khac nhau va tinh trang 6ng khac nhau thi h, tOng quat dugc
tinh theo cong thUc sau:

Sh, :j higg (1-7)

* Tén that cuc bo

Khi d6i erOng dot ngot hay gap vat can trén duong di, dong chay bi
tach khdi thanh Ong va lap t(rc xuat hién khu vuc xody. Tai d6 xdy ra su
r6i loan cUa cac phan t chat 1dng:

2
v
h, =¢é—
CEZQ

Trong d6 : v-1a van tOc trung binh 3 ha luu cla vat can .

&-1a hé s6 t6n that cuc bé dugc xac dinh bang thuc
nghiém

Z-1a hé s0 phu thudc dac trung hinh hoc cla vat can,
x- 12 sO mil phu thuGc mUc d6 bi pha hoai cla trang thai
chdy tang.
Trong thuc t& néu tai nhi€u vi tri ¢6 ton that cuc b, vdi nhiéu hé s6
& khéc nhau thi céng thlc tOng quét nhu sau:



thzz EZ, (1-8)

d. Ung dung cia phuong trinh ning luong Berllouli

Ong do véan tdc Pitd: Gng Pitd 1a mOt Gng nhd bang thuy tinh hodc
bang kim loai, hinh ch{r L, dudng kinh tir 6 + 10 (mm), miéng Ong ngan
thu hep vGi duOng kinh 1+ 2 mm nhu (hinh 1.2).

M N

X 2,
Hinh 1&. Ong do van tOc Pit6

Néu dat 6ng Pitd sao cho miéng Ong ngan ngugc dong chdy va
vudng géc vGi dudng dong sé thay chat 10ng dang 1én trong 6ng véi d
2 2

% . R A < A A ]
cao 7 +2—; bé xac d h d0 cao van tOc 2 ta dat thém mOt Ong do ap
9
thang dlng sao cho miéng Ong song song vOi cac dudng dong va st vOi
g . X P
mieng Ong vao cUa Ong Pit6. Ong nay do ;

DO chénh mUc chat 10ng trong hai 6ng do 4p va Ong Pitd cho phép xac
2

dinh gia tri —
2g
Vi€t phuong trinh Berllouli cho dong chdy 6n dinh qua hai mat cat
sau:
- Mat cat 1-1 qua miéng Ong do ap (Di€m M sat miéng 6ng do ap )
- Mat cat 2-2 qua miéng Ong pitd. (Di€m N sat miéng Ong Pito)

- LAy mat chudn qua céc diém M va Nta cé Z; = Z, = 0; v> = 0; hur.
»=0va vi doan 1-2 rat ngan, nén ta co:



2 2
p1+V1_p2DV1_p2_p1 v=12 pz_pl_\/—
Py Vi Pg Vi Pmh o g PeZP oan,
y 29 vy 2 ¥ ' y
Nhu vay do Ah ta tinh dugc v.

D& xét dén anh hudng cla tinh nhdt va sy pha hoai két cdu cla
dong chdy khi dat 6ng Pitd can dua vao cong thlc tinh van tdc. HE sb
tOn that cuc bd (¢) dudgc xac dinh bang thuc nghiém:

v=.2g.0h;
Hés6 {=1,00+ 1,04.
1.1.2. PHUONG TRINH LIEN TUC VA UNG DUNG
a. Phuong trinh lién tuc cla dong nguyén t0
Trong mét dong nguyén t6 cla chat 16ng chuyén dong 6n dinh ta xét
doan gidi han gilta hai mat cat 1-1 va 2-2, xem hinh 1.3
df1 df2

\4 \ \4
2

Hinh 1.3. SO d6 thanh 1ap phuong trinh lién tuc

[JTai mat cat 1-1 ta c6 dién tich mat cat udt 1a df; va van toc 1a
Vi

[JTai mat cat 2-2 ta c6 dién tich mat cat udt 1a df, va van toc 1a
V2
Trong th0i gian dt
+ Thé tich chdy qua 1-1 1a v;.df..dt
+ POng thoi thé tich chat 18ng chdy qua 2-2 1a v..df.dt.

Theo ddc di€m cla dong nguyén td trong chuyén dbng On dinh, néu
thé tich chat 1&dng chdy vao khong bang chéat 18ng chdy ra, thi hodc chat
10ng bi nén lai (di€éu nay khong thé€ thuc hién dugc vi p=const) hodc
trong chat 10ng xudt hién 16 hdng va mat lién tuc (di€u nay ciing khong
th€ c6 dugc vi gia thiét chat 16ng 1a mOt moi trudng lién tuc).

Do d6, trong chuy€n ddng cla dong nguyén t& chat 10ng khong nén
dugc (p=const) ta c6: v..dfi.dt= v..df..dt. [ v,.dfi= v..df,

dQ;=dQ: (1'9)
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b. Phuong trinh lién tuc cUa toan dong chdy
Ta m& rOng phuong trinh lién tuc cda dong nguyén t6 cho toan dong
chdybang cach tich phan phuong trinh trén toan bd mat cat uét f:

Jf'vl.df1 = -f['UQ.dfz [0Qi=Q; :vidfi=v..dfs (1-10)

Trong dong nguyén t6 chdy 6n dinh, luu lugng qua moi mat cat udt
déu bang nhau va van tOc trung binh v ty 1& v&i dién tich mat cat uét.

Phuong trinh lién tuc 1a bi€u thlc cla mOt trong nhiig nguyén ly
quan trong nhat cUa vat ly: nguyén ly bdo toan khoi lugng.

1.2. KHAI NIEM CHUNG VE MAY THUY LUC TAU THUY

M4y thuy Iuc la danh tUr chung dé€ chi cac may lam viéc bang cach
trao dGi nang 1ugng v&i chat 16ng theo nguyén Iy thuy Iuc hoc ndi riéng
va c0 hoc chat 16ng noéi chung.

May thuy luc trong thuc t€ dugc Ung dung rat rOng rai. Trong linh
vuc cong nghiép tau thuy thuong Ung dung cic loai mdy thuy Iuc nhu cac
loai bom, dOng co thuy luc, cic loai xy lanh luc, xy lanh md men...

C6 th€ phan loai mdy thuy luc theo mOt sO cO sG sau.

Trén phudng dién trao d6i ning lugng vdi chat 16ng tOn tai hai
nguyén tac chinh: Nhan ning lugng (BoOm) va truyén ning lugng (POng
cQO).

Cac médy thuy Iyc nhan néng lugng tr nguOn bén ngoai dudi dang co
nang (do cdc dOng c0 lai), sau d6 truyén ning lugng cho chat 1dng dudi
dang dOng nang va ap nang dudgc goi la bom. Bi€u thi ning lugng cla
bom nhu sau:

! m |

> B
1 * 2 HayE~E=N
N
HOéCEz-E1>O

Ngugc 1ai, cdc mdy thuy luc nhan nang lugng cla chat 1dng dudi
dang dOng ning va p ning, sau d6 bi€n ddi thanh co ning d€ lai cac thiét
bi khéc thi dugc goi 1a dong co thuy luc.

e
1N 2 EZ<E1; E,=N
*N ay L-Eo=

Hoac Ex-E;<0
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b6i v6i mdy thuy Iure néi chung, (Khong phan biét bom hay dong co)
dufa theo nguyén tac bién d6i nang lugng ngudi ta con chia ra 1am hai loai
may thuy Iuc canh dan va mdy thuy luc thé tich.

May thuy luc canh dan 1a may thuy luc ma trong qué trinh lam viéc
cUa né ning lugng bién d6i lién tuc tUr co nang cUa thiét b lai thanh dbng
ning cUa dong chdy thong qua cG cdu chinh clia may 1a cac canh quay vGi
van tOc dU 16n (bom canh dan) hodc ngugc lai bi€én dOng ning cla dong
chat 10ng thanh co ning dé€ lai cac thi€t bi ngoai (d0ng cO canh dan).

Trong thuc t€ mdy thuy Iuc canh dan thuong la: bom ly tim, bom
huéng truc, tua bin nudc, khdp ndi va bi€n tOc thuy Iuc...

May thuy luc thé tich 1a may thuy Iuc ma trong dé viéc trao d6i ning
lugng gilta chiing vGi chat 10ng dugc thuc hién nhd su nén chat 10ng
trong nh{ng thé tich cong tac kin va dudi p luc thuy tinh nhat dinh (bi€n
4p niang cla dong chat 10ng thanh co ning dbi v4i dOng cO va bién co
ning thanh 4p ning cla dong chat 18ng d6i véi bom thuy Iuc)

Cac may thuy 1uc thé tich c6 thé€ 1a: bom piston, bom banh ring, bom
canh gat va cac loai bom va dOng co thuy luc kiéu rotor.
1.3. CAC THONG SO CO BAN cUA MAY THUY LUC
D& khado sat qua trinh lam viéc cla may thuy luc, ngudi ta s& dung
mOt sO dai lugng dua trén dinh luat vat ly co ban va ching dugc goi 1a
cac thong sO co ban. MOt s6 thong sO cO ban cla may thuy luc 1a: cOt &p,
luu lugng, cong suat, hiéu suat.

1.3.1.COT AP

COt 4p cla chat 18dng hay cla may thuy luc 1a gié tri ning 1ugng tinh
cho mOt don vi trong 1ugng cla chat 16ng. Cot ap thudng dudgc ky hiéu
1a H, don vj 1a mét va dugc tinh bang cong thlc dudi day:

E

G
E- Ning lugng cUa chat 10ng,
G- trong lugng chat 1dng.

DE tién cho viéc khdo st ta di xac dinh cbt ap cho ting d6i tuong cu
thé.

a. COt ap cUa trang thai chat 16ng

La gié tri cOt 4p cUa chat 10ng néi chung G dang tdng quéat hodc trang
thai chat 16ng clla dudng dong tai mOt di€m nao do:
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2

p.Vv

=Py 4n (1-11)
y 29

p- Gia tri p sudt tuyét doi tai vi tri x4c dinh

y- Trong luong riéng cUa chat 10ng tai 4p sudt dé.

v- TOc d6 trung binh cla chat 1dng.

h- B0 cao hinh hoc doi v6i mOt mat chudn nao dé dugc xac dinh.

g- Gia tOc trong trudng.

_Thong qua gia tri cOt 4p ta danh gid dugc trang thai ning lugng cla
phan chat 1dng do.

b. COt ap cia bom

COt ap cUa bom la ndng lugng ijalché't 16ng nhan dugc thong qua
bom tinh cho m&t don vi trong lugng chat 10ng, ky hiéu 1a Hy

H:Ez_E1

hay H= HQ- H],

E, va H; - 12 ndng lugng va cOt ap tai clfa vao cUa bom.
E, va H; - 12 ning lugng va cOt p tai cla ra cla bom.

ZX Py
A @ A
plvl h
h
: . @ y
i 0
Y \ /

Hinh 1.4. SO d0 tinh Ot 4p clla bom
COt &p cUla bom con dugc tinh bang cong thifc sau:

e B
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N€u phan bd tdc d0 dudng dong tai clfa ra va clfa vao cla bom
khong dé€u, hay dong chdy tai cac vi tri d6 & ché dod chdy roi thi cong thitc
dugc viét dudi dang sau:

2 2
H, = E&+—a2v2 +h, %E&+—GM +h1E
y 29 y 29

a;-Hé s6 hiéu chinh dOng ning tai clra vao.

Trong do:

a>- Hé s0 hiéu chinh ddng ning tai cUa ra.
Cong thlc tinh c6t 4p clla bom c6 thé€ bién d6i thanh:
2 2
_ Db, D +C!2.V 2 —a;vh

Hy =2 = +(h,-h).  (@-12)

Néu quy udc: % + (h2 - hl) 1a c6t ap tinh clia bom va ky hiéu

. Coavh o ., A .
la (Hy) va coi T la cOt ap dOng, ky hi€u la (Hg), thi ta co:
H=H,+H, (1-13)
c. COt ap clla dOng co thUy luc
COt &p cla dOng cO thuy lyc la ning lugng don vi ma chat 16ng
truyén dugc théng qua dOng cd thuy luc. Péy la tru0ng hgp ngugc 1ai
cUa bom, vé cach tinh ciing gidbng nhu d6i v&i bom.
1.3.2. LUU LUONG
_Luu lugng (hay con goi 1a san lugng) cUa mdy thuy luc la lugng
chat 18ng chuyén qua méy thuy luc trong mét don vi thoi gian, ky hiéu la
(Q) hoac (G).
Tuy thuOc lugng chat 1dng dugc do nhu th€ ndo ma ta c6 mot sO
dang luu lugng sau:
Luu lugng thé tich 1a luu luong dugce do bang don vi thé tich. Thi
nguyén cUa luu lugng thé tich 1a: m*h; m*/s;
Luu lugng khéi lugng 1a 1uu 1ugng dugc do bang don vi kh6i lugng.
Th{ nguyén cUa luu lugng khoi lugng 1a kg/h, kg/s, tan/h. ..
Luu lugng trong lugng 1a luu lugng dugc do bang don vi trong
luong. Thi nguyén cUa luu lugng trong lugng 1a T/h, kg/s. ..
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