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LOINOI PAU

Cubn sdch néay duge hoan thanh trén co sd cudn gido trinh cung tén do
Truong Dai hoc Bdch khoa Ha Néi xudt ban cdch day 10 nam. Trong 10
ndm qua, cuén gido trinh "Thuy khi déng luc ing dung” vdi thoi lugng 4
don vi hoc trinh co bdn (60 tiét hoc) da duoc sz dung réng rai, nhét la
sinh vién Pai hoc Bdach khoa Ha Néi.

Nham ddp tng yéu cdu gidng day va hoc tp vdi chdt luong ngay cang
cao, ching toi dd b6 sung, hiéu chinh va thém phén bai tdp.

Tdc gid chdn thanh cam on cdc doéng nghiép b6 mén Ky thudt thuy khi,
Dai hoc Bdch khoa Ha Néi va Nha xudt ban Xay dung.

Ha Noi, thang 4 nam 2005
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Chuong 1
MG PAU

§1.1. POI TUGNG, PHUONG PHAP NGHIEN CUU MON HOC - UNG DUNG

1. Doi tugng

Mon hoc Thuy khi dong luc tng dung, con dugc goi 1a Co hoc chit 1ong tng dung hay
goi mét cach gan ding 1a Ki thuat thiy khi. D6i tugng nghién ciru cia mén hoc la chat
16ng. Chat 1ong & day hiéu theo nghia rong, bao gém chat long & thé nudc - chat 1ong
khong nén dugc (khoi lwong riéng p khong thay ddi) va chat 16ng & thé khi - chat 16ng nén
duoc (khéi luong rigng thay déi, p # const). Dé tién cho viéc nghién citu, cling nhu theo sy
phét trién clia khoa hoc, ngudi ta chia chat 1ong thanh chat 16ng 1i tudng hay 1a chat 1ong
khong nhét va chat 16ng thuc, con goi 1a chat 1ong nhét (d6 nhét p = 0). Chat 1ong tuan
theo quy luat vé luc nhét ciia Niuton goi 1a chat 16ng Niuton. Con nhiing chat 16ng khong
tuan theo quy luat ndy ngudi ta goi 1a chit 1éng phi Niuton, nhu ddu tho chang han.

Thuy khi dong luc nghién citu cdc quy luat can bang va chuyén dong cta chat 16ng.
Thong thudng trong gido trinh, ngudi ta chia thanh ba phan:

- Tinh hoc chat long: nghién ciu cdc diéu kién can bang clla chat léng & trang
thai tinh.

- Dong hoc chat 16ng: nghién citu chuyén dong cua chat 16ng theo thoi gian, khong
ké dén nguyén nhan gay ra chuyén dong.

- Dong luc hoc chat l6ng: nghién ctu chuyén dong cla chat 1dng va tic dung twong
hé cha né v6i vat ran. Cu thé 1a phai giai 2 bai todn co ban sau day:

1. Xé4c dinh su phan bo vén toc, ap suat, khéi luong riéng va nhiét do trong chat 1ong.

2. X4c dinh luc tdc dung tuong hé gifta chat 1ong va vat rin xung quanh né.

Vi tri cia mon hoc: né 1a nhip néi gitta nhitng moén khoa hoc co ban (todn, li...) voi
nhitng mo6n Ki thuat chuyén nganh.

2. Phuong phap nghién ciru

Dung 3 phuong phédp sau déy:

- Phuong phép li thuyét: Sir dung cong cu todn hoc, chi yéu nhu todn giai tich,
phuong trinh vi phan. Chung ta s€ gap lai cc toan tu vi phan quen thudc nhu:

gradient: gradp = 1 ap 6p ~ k= Gp
6y oz
ov
divergent: divv = (')“vx +—L+ v, ;
' ox 0oy 0z



i j ok
rotor: rotv = i i 91
: =% % &l
Ve Yy Y,
2 2 2
Toan tir Laplas: A=V?= 62+ 62+62
ox* oy° oz
. \'
DPao ham toan phan: V(x,y,z,t): g—=@/—+a—V d_x+_81 d_y+§X dz.

dt 8 ox dt 8y dt 9z dt’
Va st dung cdc dinh i téng qudt clia ca hoc nhu dinh If bdo toan khéi lugng, ning
lugng, dinh 1i bién thién dong lugng, momen dong lugng, ba dinh luat trao ddi nhiét
(Fourier), vat chat (Fick), dong lugng (Newton).

- Phuong phdp thuc nghiém: dung trong mot s6 trudng hop ma khéng thé gidi bang li
thuyét, nhu xdc dinh hé s6 can cuc bo.

- Phuong phap ban thuc nghiém: két hop giita 1i thuyét va thuc nghiém.

3. Ung dung

Thuy khi dong luc c6 tng dung rat rong rdi trong cic nganh khoa hoc, ki thuat nhu
giao thong van tai, hang khong, co khi, cong nghé hod hoc, vi sinh, vat liéu... vi ching
déu c6 lien quan dén chat long: nudce va khi (tham khdo thém sach [3]).

§1.2. SO LUGC LICH SU PHAT TRIEN MON HOC

Thuy khi dong luc biéu thi su lién hé rdt chat ché gilta khoa hoc va yéu cdu thuc t€.
Nong nghiép di doi hoi thuy lgi phdt trién rat sém nhiu kénh dio, dap nudc, déng
thuyén, be... O day chi xin néu ra mot s6 nha bic hoc quen thudc ma qua dé thdy su
phdt trién clia mon hoc. Tén wéi Acsimet (287-212, trudc cong nguyén) gan lién véi
thuy tinh - luc ddy Acsimet.

Nha danh hoa Y Léona Povanhxi (1452-1519) dua ra khai niém vé luc can ca chat
16ng 1én cac vat chuyén dong trong né. Ong rdt mudn biét tai sao chim lai bay dugc.
Nhung phai hon 400 nam sau, Jucopxki va Kutta méi giai thich dugc: d6 1a lyc nang.

Hai ong L. Ole (1707-1783) va D.Becnuli (1700-1782) 1a nhitng ngudi da dat co s& li
thuyét cho thuy khi dong luc, taich né khéi co hoc li thuyét dé thanh mot nganh riéng.
Hai ong déu la ngudi Thuy Sy, sau duge nit hoang Nga moi sang 1am viéc & Vién han
1am khoa hoc Pétecbua cho dén khi mat. Chiing ta s& con gép lai hai 6ng nhi€u lan trong
giao trinh sau ndy. Tén tudi clia Navie va Stoc gan lién v6i nghién ctu chat long thue.
Hai ong da tim ra phuong trinh vi phan chuyén dong tr nam 1821 dén nam 1845. Nha
bac hoc ngudi Dic L. Prandtl da sdng lap ra li thuyét 16p bién (1904), gép phan giai
nhiéu bai toan dong luc hoc.

Tu nira cudi the ki 20, thuy khi dong luc phat trién nhu vii bdo vé6i nhiéu guong mat

sdng chdi, ké ca trong nudc ta.
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§1.3. MOT SO DINH NGHTA VA TINH CHAT CO Li CUA CHAT LONG

1. Chat long c6 mot s6 tinh chat dé nhan biét sau day

Tinh lién tuc: vat chat dugc phan bo lién tuc trong khong gian. Tinh dé di dong biéu
thi & chd: dng suit ti€p (ndi ma sit) trong chat long chi khdc O khi c6 chuyén dong
twong d6i giita cac 16p chat 16ng). Tinh nén dugc: thé tich W clia chat 16ng thay déi khi
ap suat téc dung p thay ddi. Ta c6 hé s6 nén duogc:

1 dW

_ 1 dwWw 5
p= W dp (m°/N)

2. Tinh nhét

La tinh can tr& chuyén dong cua chat 1ong. Nguyén nhan nao? Ta nghién ciu tinh
nhdt dua trén thi nghiém ctia Newton. C6 hai tém phang (hinh 1.1): tdim du6i II c6 dinh;
t&m trén I c6 dién tich S chuyén dong duéi tdc dung clia ngoai luc F. Gitta 2 tam cé 1 16p
mong chat 16ng h. Sau mot thdi gian nao d6, tdm 1 s& chuyén dong déu véi van t6c tuong
d6i v song song vdi tam I1. Thi nghiém cho ta thdy ring cac phan tir chat 16ng dinh chat
vao tdm 1 s& di chuyén cling véi van téc v, con nhimg phan tr dinh chat vao tam II thi
khong chuyén dong. Vin téc cdc phan tl Idng gitfa 2 tim phéang tang theo quy Iuat tuyén
tinh va ti 1 v6i khoang cach tam II (hinh 1.1).

v
—_—

F

Ya

v
u

h

X
7777777777777 777777 >

Hinh 1.1

Newton gia thiét 1a khi chat 16ng chuyén dong, né chay thanh 16p v6 cing méng véi
van t6c khéc nhau, do dé truot 1én nhau. Giita cdc 19p chat 1ong chuyén dong tuong doi
v6i nhau dy xuat hién luc ma sat. D6 1a luc ma sat trong, con goi la luc nhét:

v
fT = HSL—

p 13 hé s6 chi phu thudc vao chat 16ng gilta hai tdim phang. N6 dic trung cho tinh
nhdt goi 1a hé s6 nhét dong luc hodc do nhét dong luc. Téng quat hon, ta c6 thé biéu
dién cong thirc trén dudi dang dinh luat cha Newton vé luc nhét:



Hay biéu dién dudi dang (g suat tiép:

t——T—— EIE (LD
s Mgy '

Trong dé du/dy 1a gradient van tdc theo phuong y vudéng gdc véi dong chay. Nhing
chat 16ng tuin theo (1.1) goi 1a chat 16ng Newton nhu da ndi & trén.

T (1.1) it ra: pz—T—

Néu lay S = 1 don vi; g—uz 1 don vi thi p tuong duong voi moét luc. Don vi do p trong
y .

hé SI 1a N.s/mz; trong hé CGS la poa-zo: P; 1P = 10"'N.s/m>.

Ngoai , con dung hé s6 nhét dong hoc v = p/p trong céc biéu thic ¢é lién quan dén
chuyén dong. Pon vi do v trong hé SI 1a m?/s, trong hé CGS la:

Stéc: St;  1St=10"* m%/s

Cac hé s6 p va v thay déi theo nhiét do va 4p suét. Nhin chung p va v cua chat long
giam khi nhiét do tang va tang khi 4p sudt tang; ciia chat khi tang khi nhiét do tang va
giam khi dp suit tang. ' '

3. Khoi lugng riéng va trong lugng riéng

Khéi lugng M ctia chat 16ng duge dac trung boi khoi lu'qng cha 1 don vi thé tich W
goi 1a khdi luong riéng hodc khoi lugng don vi:

M 3
=— (kg/m
p=yy (ke/m)
. ” G 3 3
Tuong tu, c6 trong lugng riéng vy = W (N/m” hay kG/m”)

Trong luong 1 vat'cé khéi luong 1kg c6 thé coi bang 9,8N ~ 10N;
1kG ~ 10N = 1daN
Ta c6 méi lién hé: y = pg; g =9,8m/s’
4. Ngoai luc tac dung lén chat long’
Dugc chia thanh 2 loai:
- Luc mat 1a hue téc dung 1én chat long ti 1¢ véi dién tich mat ti€p xic (nhu 4p luc...).
- Luc khdi I Iyc tic dung lén chat 16ng ti 1¢ v4i khéi lugng (nhu trong lyc, luc quin

tinh...).
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Chuong 2
TINH HOC CHAT LONG

Tinh hoc chét 16ng hay thuy tinh hoc nghién citu cic quy luat vé can bing clia chat
long & trang thdi tinh. Ngudi ta phan ra 2 trang théi tinh: Tinh tuyét d6i: Chat long
khong chuyén dong so véi hé toa do c6 dinh (gén lién v6i trdi dat). Tinh tuong d6i: Chat
long chuyén dong so véi hé toa do ¢ dinh, nhung giita ching khong c6é chuyén dong
wiong d6i. Nhu vay, & day chat 10ng thuc va Ii tudng 1a mot. Trong chuong nay cha yéu-
nghién ciru 4p sudt va dp luc do chat 1ong tao nén.

$2.1. AP SUAT THUY TINH

1. Pinh nghia

Ap sudt thuy finh 12 nhiimg dng sudt gay ra bdi cdc luc
kbhéi va luc mat tdc dung 1én chat long & trang thdi tinh.

D€ thé hién 15 hon khéi niém 4p suat thily finh trong chat
Yong. ta xét thé tich chat 16ng gii han bdi dién tich Q (hinh
2 1). Tudng tuong cét khai chat 16ng bing mat phing AB, chat
Iong trong phan I tic dung 1én phin II qua mat cat . Bo I ma
van giit I1 & trang théi can béng thi phai thay tdc dung I 1én II
bang luc P goi 1a 4p luc thay tinh tic dung 1én mat o.

Hinh 2.1

Ap suit trung binh: Pw = L
®

’, . .2 P
Con dp suat tai diém M:  p,, = Ahmo—i—
W—> ()]

DPon vi cia 4p suat: N/m? = Pa(Pascal);
lat = 9,8.10* N/m? = 10* kG/m® = 10mH,0 = 10T/m? = 1kG/cm®
2 Hai tinh chat ciia 4p suit thiy tinh

a) Ap suat thuy finh luon luén tic dung thing géc va huéng vao
mxit uép xiic (hinh 2.2).

C6 thé ty chimg minh bing phan ching.

b) Ap suat thiy tinh tai méi diém theo moi phuong bang nhau.
Qg han, tai diém goc toa do Dé cac O:

px = py = pz = pn (21) Hinh 2.2



C6 thé chitng minh bang cach xét khai chat 1ong trong mét hinh 4 mat c6 cic canh
dx, dy, dz vo cling nhd bé. Chitng minh biéu thic (2.1) khi dx, dy, dz — 0 (Tham khao
gido trinh [1]).

§2.2. PHUONG TRINH VI PHAN CAN BANG CUA CHAT LONG - PHUOGNG TRINH
O-LE TINH (1755)

Phuong trinh biéu dién méi quan 2
hé gilta ngoai luc tic dung vao mot
phan tir chat 1ong véi nodi luc sinh ra |
trong d6 (tdc 1a 4p suat thuy tinh p). :
N ‘, ” ~ ~ l
Xét mot phan tir chit 1ong hinh hop N
can bang c6 céc canh dx, dy, dz // x, y, e /
z (hinh 2.3). Trong tam M(X, y, z) chiu

0 P
ap suat thuy tinh p(x, y, z). v
Luc khéi:
F ~m = pdxdydz; X, Y, Z la hinh |
chi€u clia gia t6c luc khéi 1én céc truc
X, Y, 2. Hinh 2.3

Luc mat tdc dung lén hinh hop gom cic luc do ap suit thuff‘ tinh tao nén trén 6 mat
(ap luc). ‘

I:ép diéu kién can bang cla phan tir chat 16ng hinh hop dudi tdc dung cua luc khdi va
ap luc. .
Hinh chi€u clia cac luc 1én truc x:

3. =P P +F, =0 2.2)
Trong do: F, = Xpdxdydz

1 op
P, =(p+— —dx)dydz
=P > B )dy

, 1 op
P =(p—-— —dx)dydz
=P 2 ox Yy

Thay vao (2.2) ta dugc:
| D =- ggdxdydz + Xpdxdydz =0
hay la: x_1o_,
p Ox
. 1 dp
tuong tu cho truc y va z: Y-= _a_y_ =0 23)
o}
Z— 1o =0
p Oz
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D6 1a phuong trinh Ole tinh viét dudi dang hinh chiéu.
Viét duéi dang véc to: F- 1 gradp =0 24
p
Trong d6: F 1a luc khéi cia 1 don vi khoi luong:
F=iX+]jY+kZ
$2.3. PHUONG TRINH CO BAN THUY TINH

Nhin céc phuong trinh (2.3) lan lugt véi dx, dy, dz, 16i cong lai theo cot, ta dugc:

de+Ydy+Zdz=l égdx@dy+—a£dz
p\ox Oy oz

by 1a: Xdx + Ydy + Zdz = ldp (2.5)
p
Day Ia mot dang khéc ctia phuong trinh vi phan can bang clia chat 10ng.

L Mat ding ap
Mat dang 4p 1a mat trén d6 tai moi diém dp suat p = const. Tir (2.5) suy ra phuong
wmh cia mit dang ap:
Xdx + Ydy +Zdz=0
2 Xét truong hop luc khai chi c6 trong luc va truc oz huéng lén trén

X=0;Y=0,Z=-¢g

Tr (2.5) ta co: ,
A
1 P
—gdz =—dp \V4 B Lo
P B
h
Sau khi tich phan, ta dugc phuong _l
wimh co ban thiy tinh: ’ 7
;]
£+ z=const =C (2.6) »
Y
v la: 0
y
p—"‘-+zA = p—B+ Zg =...= const
1 Y
X
3 Cong thiic tinh ap suat diém
Hinh 2.4

Gan tinh 4p suat tai diém A: p, =7

%A:%HZB ~2,) =P =Pp +7(Z5 —24)
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Khi biét 4p suat tai B, nhu B tring véi mit thodng c6 p suat p, va z; —z, = h la do
sau tir mat thodng dén diém A, ta dugc:
Pa =P, +Yh—>p=p, ++h @7
Néu p, = p, - dp suat khong khi: p=p, +7h
vh 1a trong lugng cot chat 1éng cao bang h va ¢6 dién tich ddy bang 1 don vi;
h= P—Po
Y

biéu thi 4p suat, nén c6 don vi 1a m ¢t nude. 1at = 10mH,0.

4. Phan biét ba ioai ap suat

Muén do 4p suat ta phdi ldy mot gid tri ndo d6 lam gdc, thi du nhu s6 0 hay 4p suat
khong khi p,. Néu 1dy 0 lam goc thi p, = lat. Ap sut tinh theo (2.7) 1a 4p suat tuyét d6i
ki hiéu p,, nghia 1a cdc gia tri duoc do trong chan khong tuyét d6i. Nhung trong thuc t&€
chi do dugc hiéu s6 ap suat tuyét doi va ap sudt khong khi goi 1a ap suat du, ki hiéu py:

P, — P, = P4 =7h, v6i p> p,; khi p<p, = p, — P = Ps £0i la 4p suit chan khong.

5. Y nghia cia phuong trinh co ban thuy tinh (2.6)

a) Y nghia hinh hoc hay thuy luc

z - d6 cao hinh hoc.

P do cao clia mot cot chét 16ng biéu thi 4p suat, goi 1a do cao do 4p.
'Y .
2+ P H, = const - cot dp thuy tinh tuyét doi;
Y
z+ P4 - H, = const - cot ap thuy finh du.

Y .
Vay, trong mot moi trudng chat 16ng can bang, cot dp thuy tinh ciia moi diém 1a mot
hang so6.

b) Y nghia ndng luong

Xét phan tir chdt 16ng quanh diém A ¢6 khoi lugng dm, dG = gdm & do cao hinh hoc
z va chiu 4p suat p. So v6i mat chudn, phan tir c6 thé nang z.gdm = zdG dac trung cho vi

tri cua phan t, goi la vi nang. Do chiu ap suat p nén c6 nang luong Py - cling 1a thé
Y

nang, nhung dac trung cho dp suit thuy tinh tic dung 1én phén tr chat 16ng, goi la
ap nang. :

Téng thé niang (z + P—] dG.
Y
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Tinh cho mét don vi trong lugng chat 16ng:

(z+£]dG/dG= z+2
Y Y
Trong moi trudng chat long can bang, theo phuong trinh co ban thiy tinh:

2+ -H= const
Y
Vay th€ ning don vi clia moi diém trong mot moi trudng chat 1ong can bing déu
bang nhau va bang cot dp thuy tinh H.

6. Mot s6 ing dung

Trén co s& cong thic tinh dp suat diém-(2.7) ngudi ta ché tao ra cdc dung cu do dp
sudt diém bang chat 16ng nhu 6ng do 4p (bang thuy tinh, c6 dudng kinh d = 0,015m, néi
wu LEp qua ong cao su vao diém can do 4p suat), dp ké thiy ngan (khi dp suat tai diém
do I6n, h cao), 4p k€ do chénh (giita 2 diém trén dudng ong v.v...).

$2.4. TINH TUGNG POI

Chat 16ng chuyén dong lién mot khoi. He toa do gan lién véi vat chuyén dong (hé toa
45 theo). Luc khoi gom trong luc va luc quan tinh cia chuyén dong theo. Ta xét hai
Jang tinh tuong d6i dac trung sau day.

1. Binh chifa chat 16ng chuyén dong thing thay déi déu (gia t6¢c a@ = const ; c6 trong
cac xe chd dau, nudce sau khi khdi dong, bo ché hoa khi cla 6 td, mdy bay v. v...).

O day can xdc dinh phan bo 4p suat trong chat 16ng vi mat déng ap.

Chon hé toa do nhu hinh v€ (hinh 2.5).

Xudt phat tir phuong trinh (2.5):

dp = p(Xdx + Ydy + Zdz)

Luc khéi tic dung: trong luc G= mg, luc
quin tinh F, =-mi, hinh chiéu clia gia t6c luc
khoi:

X=0;Y=~-a,Z=—¢g CTTXT T T 7777777V 7777

Do d6 dp = p(— ady — gdz)

—>p=—pay —pgz+C
Khiy =0, z=0: p=C = p, — 4p suat tai mat thoang:
Vay, phan bd 4p suat tai moi diém trong chat 16ng:

P=P.— pay — Yz

13



Phuong trinh ding 4p: p =const,dp=0
" ady +gdz=0>ay+gz=C
Vay mat dang 4p 1a mat phing nghiéng mot géc a:
a
g
2 05250 van téc tang, chuyén dong nhanh dan déu (xuéng doc), dudng déc
xudng nhu hinh v&.

~“2,05a<0: van toc giam (khi hdm), chuyén dong cham dan déu, dudng doc lén.
g N

Do d6 phai c6 nhitng bién phdp dac biét dé dam bao viéc cung cdp nhién liéu duogc
diéu hoa trong mdy bay, 6 0.

C6 thé tinh dugc muc nudc & phia sau toa dang cao bao nhiéu:
L
Ah = —tga
> g

2. Binh chifa chat 16ng quay déu véi van toc géc o = const.

Tim phan b& 4p suét va mat dang 4p ? (hinh 2.6)
2

Luc khoi: G = mg; luc quén tinh li tam: F, = mo’r
Hinh chi€u: X = o’x, Y=0%,Z=-g.
Do d6: dp= p(cozxdx + cozydy —gdz)

o’
p=p~2—(x2 +y*)-pgz+C
: o’
x=y=z=0:p=C=p, > p=p——2 r? —yz+p,

Phuong trinh mat dang 4p:
2

of
o —-yz=C
P > Y
D6 1a phuong trinh mot mét paraboloit quay quanh truc oz. 0
y
Phuong trinh mat thoang: p = p,:
2.2 Fa
O°r
—vz=0 VX
P > Y \
Do dé: Hinh 2.6
2.2 2.2
Ah:z:p(or =a)r (2'8)
Y 28
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Dua trén hién tugng nay ngudi ta ché tao cac may do vong quay, cic hé thong boi tron
0 truc, céc hé thong lang li tam, diic cdc banh xe, céc 6ng gang thép v.v...

§2.5. TINH AP LUC THUY TINH
Ap luc clia chat 16ng lén cdc cong trinh, thiét bi.

1. Ap luc Ién thanh phing

Tinh 4p luc P lén dién tich S (hinh 2.7). Phai xdc dinh 3 yéu t&: phuong chiéu, tri s0,
diém dat cla P.

Cich tinh: tinh dP tac dung 1én dS, sau tich phan trén toan S s€ dugc P.

- Phuong chiéu: P L S, hudng vao

- Tri s6

P= [dP = [pdS= [(p, +yh)dS = [p,dS+ [yhdS =p S+ysino [ydS=p,S+ysina.y .S
s s s s s

S
= S(p, +h) = Sp,
K{ hiéu: P. = P, + Yh, — 4p sudt tai trong tam.
Tir hinh 2.7: h = ysina; h, = y.sino; [ydS=y.S —momen tinh.
s
Néup,=p,; P, = vh.S (2.9) trong thyc t€ hay dung cong thiic nay.

- Diém dat: xét trudng hop hinh phang c6 truc déi xing.

Goi D 1a diém dit cha P.

h he \\ ki
Nhp N
c \ N
/
y oNys 7
o«
Yo P
Yo //
/
X n Y
\y
Hinh 2.7 -

Ap dung dinh 1i Varinhong: Momen cta hop luc P d6i vé6i rri()t truc bing téng cic
moémen cua céic luc thanh phan dP do6i véi truc dé.
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L4y momen d6i véi truc x:
Py.yp = jydpd
S
Pyyp = vh.Syp = vy, sinaSyp,
Pyyp =7h.Syp =71y, sinaSyy

j'yde = j yyhdS = _f yyysinadS = ysinaj y2dS = ysin’aJx;
S

vil = I y*dS=1J_ +y2S - 12 mé men quén tinh clia S d6i véi tryc x.

C

V.S

C

Thay cdc gid tri vdo biéu thic trén, ta nit ra: yp =y +
Trudng hop hinh phing khong c6 truc d6i xing phai tinh thém xp, (tham khao [1]).

2. Ap luc lén thanh cong (6ng dan nuée, bé chita dau...)

Ta xét mot s6 trudng hop thanh cong 1a hinh cau, hinh try. Céc luc phan t6 khong

song song nhau.
P(P,,P,, P,); P=,/P§+P3+P}

o

-

Hinh 2.8

Xét truong hop thanh cong S clia binh chita ¢ mot mat tiép xidc véi chat long, con
mat kia ti€p xdc véi khong khi (hinh 2.8), xoy tring v6i mat thoang. Tinh dP tic dung
1én dS c6 d6 sau h. Vi dS nhd nén coi nhu mat phéng:
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dP=yhdS ; dPLdS.
P, = [dP, = [vhdS, =vh,,S,
Sx Sx

P, = [dP, = [yhdS, = vh,S (2.10a)

cyy
Sy Sy

P, = [dP, = [yhdS, = yV
Sz Sz

Trong do: S,, S, — hinh chiéu clia S Ién mit phang L Ox, Oy;

hexs ey - 0 sdu cua trong tdm S, S,.

V - thé tich hinh tru ¢6 ddy dudi 1a thanh cong S, ddy trén 12 hinh chiéu S
ctia thanh cong 1én mat thoiang, mat cong 1a mat chi€u. V goi 1a vat thé
ap luc.

Diém dat 1a giao diém ciia Px, Py, Pz.

Z

3. Phuong phap do giai

4 b
Tinh luc tic dung 1én canh cira hinh chit nhat h.b ¥
(hinh 2.9).

V& biéu d6 4p sudt thuy tinh tdc dung lén cnh clra
theo ap suét du (p, = 0) ta dugc tam gidc vuodng c6 ddy
1a yh (theo tinh chét 1 cta ap suat thily tinh va cong . LA I
thic tinh 4p suat diém).

Theo cong thic tinh 4p luc Ién thanh phéang (2.9): Hinh 2.9

h h -
P=yh S=y—hb=vh-— b
™M 72 Y 2

yh-—g- chinh 12 dién tich cia tam gidc biéu dé ap

ik

suit. Vay P c6 tri s6 bang trong lugng khéi chat 1ong

b 2, ’ N g A s - h a S
hinh tru c6 ddy la biéu d6 ap suat yh- > va chiéu cao

12 bé rong cha cénh clra b. Diém dat 12 trong tam cla
tam gidc biéu do 4dp suat.

TR ENANS
kg

Tinh 4p luc bing biéu d6 rdt thuan tién trong trudng
hop ¢6 nudc & hai bén (hinh 2.10). Biéu dé 4p suat la
hinh thang vuong, nén ap luc 1én cinh cta sé la:

Hinh 2.10

17



ch, +h,

y(h; —=h,).b

b) Tinh 4p luc 1én tru tron c¢6 ban kinh R, dai b (hinh 2.11).

O day chi c6 P, va P,.
P, = P,, — P,, tinh theo cong thic (2.10a) hay theo biéu do: ¥
3 A
. R Z
P, =y2R.R.b—yR-5-b=3yR2b L v
2 2 = VR LE /U/ i
,TCRZ 1 2 @ @
Pz=PIZ+P22=YV1+YV2=Y—2_+ZynR b Trrrrrr i
P, = %ynsz Hinh 2.11

§2.6. MOT SO NGUYEN Li THUY TINH
1. Nguyén li hoa rian
Mot khoi chat 16ng can bing néu trd nén ran lai thi tinh chat can bing khong bi mat di.
Nhu di biét trude day nhi€u nguyén li nhu tic dung va phan tic dung, doc lap tic
dung... 1a nhitng nguyén 1i clia co hoc vat rin ¢6 thé dp dung cho chat 16ng thi nguyén 1i

ho4 ran 1 nguyén li 4p dung tir chat long cho vat ran, cho phép ta tir viéc xdc dinh 4p suat,
ap luc trong long chat 10ng trd thanh viéc tinh dp suat, dp luc 1én cdc bé mat vat rin.

2. Nguyén li Acsimét - khai niém vé vat néi v _

Mot vat khong tham ngap timg phéan hay toan phan trong L=

chat long s& chiu mot luc ddy theo phuong thing ding,

chiéu tir dudi lén va c¢6 tri s& bing trong lugng khéi chat

16ng bi chi€m ché. =
P=yV (2.10)

goi 1a luc ddy Acsimét. Piém dat C ctia trong luong G cla

. i ) e Hinh 2.12
vat goi la trong tam, con diém dat D cia luc day Acsimét P

goi 1a tam ddy.

Diéu kién dé mot vat ngap toan phdn hodc timg phan trong chét 10ng cé dugc trang
thai can bang 1a G = P va C va D phai & trén cliing phuong thing ding. Néu muén duogc
trang thdi can bang 6n dinh thi C phai & do sau hon diém D.

3. Nguyén li Pascan - Khai niém vé may ép thuy luc
Goi p, la 4p suat trén mat thoang da cho. Theo cong thitc tinh 4p suit thay tinh ta ¢ (
thé viét (hinh 2.13):
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PA=P, * YhA
Ps=P, + Yhg (2.11) P°$
Néu tang dp sudt trén mat thoang mot dai luong Ap ta ¥
ciing c6 thé viét:
hB
Pa =P, + Ap +7hy hy
Pg =P, + Ap + Yhy (2.12) B
Qua cic biéu thitc (2.11) va (2.12) ta c6 thé phat biéu A
Hinh 2.13

ndi dung sau:
Ap suit tic dung lén mat thodng truyén dén moi diém

trong chat 16ng nhitng dai lugng nhu nhau.
Tir biéu thic (2.12) ta suy ra ring néu Ap 16n (cé khi hang chuc at) thi c¢6 thé bd qua

dai lugng yh,, yhg. Khi d6 c6 thé xem p, =~ pg.

D6 1a co s& dé tinh todn cho bai todn may
ép thity luc (hinh 2.14). ‘>/
Khi tic dong luc Q d 16n ta cé: Q é)
SO\
P1=P2 T,

P, P .
Trong dé: p, =—%+ , p,=—% pﬂ s

o, @, L

atbg, Hinh 2.14

Xét bai toan don OA ta c6: P, =
Cuéi cling ta c6 biéu thic lién hé giita P, (Iuc ép vat) va tai trong Q 1a:

2
®; a+b a+b (D
®, a a \d

Py
§2.7. TINH HOC CHAT KHI
O trén ta khéo sat chat 1dng khong nén duoc. D6i véi chat 16ng nén dugc ta khao sat

mot sO truong hgp sau day:

1. Chat 16ng it nén dugc
Khao sit qué trinh dang nhiét ta c6 phuong trinh xac dinh thé tich khéi khi 1a:

V =V, - xe(p—py)l

N 1 1, v
Hay la: —=—[1-%(P-py)] (2.13)
Po
Trong d6 chi s6: 0 - chi trang thai da x4c dinh; g - hé s6 gidn nd déng nhiét.
19



Chon truc 2’ theo phuong thing ding huéng xuéng ta c6 phuong trinh vi phan:
dp

p
Thay (2.13) vao phuong trinh trén, sau khi tich phén ta cé:

=gdz

1
P=Po 7 X(P=Po)" = P.g2
hav L Xe _
ay la: (P=Po)| 1=77(P—Po) | = Pog?
Vi 2g:—e(p—po) qud nhé so véi 1 cho nén ta c6 thé viet:

P=D, +P,g2 (HX; pogz'] | (2.14)
2. Khi\luyé”n
Khao sat phuong trinh trang thai ctia khong khi:.

Poh,=293T=RT (2.15)
O nhiét d6 0°C ta c6 Zhiéu cao tuong tng: h, = 7989m ~ 8000m
Onhietdo T°K:  hp=h, 2:3 | (2.16)
Chon truc z hudng 1én tir mat dat ta ¢S phuong trinh vi phan:

dp = — pgdz

Két hOp véi céc biéu thitc (2.15) — (2.16) ta suy ra:
g;_) 273 dz dz  dz

p T h, hy 8000

, (dz — tinh bang m) 2.17)

Duéi day khao sat cac biéu thitc xac dinh 4p sudt
va khéi lugng riéng theo chiéu cao trong mot sG “01
truong hop.

- Truong hop ddng nhiét: S

Tich phan phuong trinh (2.17) véi chd y:

T =T, = const ta dugc:

Prm

nP =_273.z—zo __z-z,

Pz Tm ho l'le
Hay la:

T h

273 -2, ) o Pa P
m
z-1, ) Hinh 2.15

p '—pzoexp(

o

= P,o EXP (- (2.18)

hTm
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Tuong tu (2.18) ta ¢6 biéu thitc xac dinh khéi luong riéng:

pZ pZU p T h

m o

—p,. exp (— Zh— Zo J (2.19)

Tm
- Tritomg hop nhiét do thay doi tuyén tinh
T,=T, [1-B@-2)l (2.20)
B - hang so6:
Thay (2.20) vao (2.17) véi chi y:

hr,, =h, Ly =29,3T,,,
273

K = 273 _ 1
hoBTzo BhTzo

Ta cé: InP2 —Kin[1-B(z-2,)]
20
Hay la: P, =P [l -B(z-z, ) =P [;—Z)K 2.21)
Tu phuong trinh trang théi ta suy ra cong thirc tuong tu:
p, =P, [1-Bz-2)]" =p, (;—ZJK_I (2.22)

Théng thudng doi v6i cac bai todn trong khi quyén ta chon gia t6c trong trudng g
khong ddi, trong luong riéng khong khi trong diéu kién chuén 1a 1,293kg/m?>, con trong
lwong riéng cta khong khi & dp sudt 760 mmHg & nhiét d6 15°C (Hay 288°K) & do cao
tang khong 12 1,225 kg/m°.
Khi 0 < z < 11.000m, nhiét do thay ddi tuyén tinh theo cong thifc:

t, = 15-0,0065z; (z—m, t,— 0°C)
may la: T, =288 (1 -22,6.10%) ; (z—m, T-°K)
Khi z> 11000m ta cé: t = — 56,5°C; (T = 216,5°K)
Tir d6 cao 300km nhiét do T — 1500°K.
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3. Khi cau

Goi: G - trong lugng khi cau (ké ca trong luong khi trong khi ciu);
V - thé tich khi cdu;
y - trong lugng riéng cua khong khi;

Y’ - trong lugng riéng cta khi trong khi ciu. Ta s& c6 biéu thic x4c dinh luc ddy:
- F,=Vy,~G,=Vy,~ (V¥ +G)) = Vy, (1 - 8) — G,

Trong d6: 6 = Y 4 trong chat khi;
Y

G, - trong lugng cia khi cdu (khong ké khi bén trong).
Tai vi tri khi cau dat do cao cuc dai zy ta ¢c6 F, = 0; nghia la:
GO = VYZM (1 - 8)
Khao sdt moi trudng khi quyén dang nhiét, két hop véi biéu thite (2.19) ta cé:

273 zy -2
G, =Vy, (z-8)exp| —— M "o
o = V¥, (z—0)exp ( T 8000 J
Zy — Z,, - tinh bang m.
S T Vy,,(1-9)
hay la: Zy — 7, =8000—-2.31g | — & — =
y M 73 77 [ G,
§2.8. THI DU )

Bai 2.1. Xdc dinh 4p suét du tai diém A cla 6ng’
dan, néu chiéu cao cot thuy ngan h, = 25cm. Tam dng
dan dat dudi dudng phan gidi gita nudc va thuy ngan

h, =h = 40cm (hinh bai 2.1). c b,
Bai gidi: Ap suat du tai diém A tinh bing cong
. N A Hg
thitc: py = pg + Yy,0 hy ma pp= vy, h nén:
Pa = Tighy + 41,0 hy = 133 x 416 x 025 + 9810 x 0,4
Hinh bai 2.1

= 37278 N/m? = 3800kG/m>.

Bai 2.2. Dé giit luu lugng chat 10ng ¢é dinh, trong nghién citu, binh Maridt dugc s
dung rong rai. Sau khi dé ddy chat léng vao binh, kho4 1 dugc déng lai. Trong thoi gian
thdo can binh chi c6 éng 2 dugc thong véi khong khi. Khi chat 1ong bat dau chay thi
trong binh muc nudc ha thip va chan khéng hinh thanh. Muc nudce trong 6ng 2 ciing ha
thap dan va qua 6ng d6, khong khi bat ddu vao binh. Tai cao trinh ddu dudi cla 6ng 2
hinh thanh dp suat khi quyén. Tai cao trinh d6 & trong binh ciing c6 4p sudt bang dp suat
khi quyén. Do dé binh chita s& duogc thdo can dudi cot nuée H va luu lugng ¢6 dinh Q.
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Hoi 4p suat p, thay déi ra sao khi binh chifa duoc
thao can dan.

Badi giai:
Sau khi binh dugc chia ddy, dp suat trong binh bing

ap suat khi quyén, tic 1a p, = p,. Trong mot thdi gian 0
mgan ap suat sé giam dan cung véi viéc can binh. Khi
khong khi bat dau vao binh chita bang 6ng 2, ta xé4c

dmh &p sudt tir di€u kién can bang chit 1ong & cao trinh

mat phing O-O. Trong ong 2 4p suat bang 4p sudt khi i l
quvén. Trong binh chifa ciing tai cao trinh dé:

Py =P, + pgh Hinh bai 2.2
Do su can biang cac 4p suét do:
P.=DP, + pgh
Do do6:
pO = pa - pgh (1)

Tu phuong trinh (1) ta thiy dp sudt trong binh chita nhé hon dp sudt khi troi, tic 1a
chdn khong xuat hién va 4p suat chan khong bang:

Pck = P2~ Po = pgh @)

Khi binh can din thi muc nuéc ciing thap dan, tic 14 khi chiéu cao h giam dén thi

chan khong ciing s& giam cho t6i khi muc nudc xudng thap bang ddu duéi cha ong 2

kim h = 0) chan khong s& bang khong, con dp sudt trong binh s& dat dén 4p suat
khi quyén.

Bai 2.3. Tinh 4p suat du & do sau h = 1800m cua dai duong trong hai trudng hop:
I Nude bién 1a khong nén duoc.

2) Nudée bién 1a nén duoc.

ho biét:

- Modun dan héi thé tich clia nudc bién K = 2.10°Pa.

- Trong lugng thé tich clia nuéc man tai mat bién: y, = 1,03.10*N/m?.

1.  p=yh=yh=185;4.10° (Pa).

2 Duwa vao 3 cong thic sau:

23



dp = ydh ey

dM = d(pV) 2)
dp
K=-V— 3
v (3)
T (2): ﬂ:_@:_ﬂ (a)
v p Y
dv  dp
Tu (3): — == b
(3) v K (b)
. d
Tir (1), (), (b): dp =k —YY- | ©)
f(©)>p=Klny+C=Kin-" )
Yo
Tu (1) va (c): dh = Kd—;{ (e)
Y
I(e)—»h=—E+C=K[i—lJ (g)
Y Yo Y
Tur (g) rut ra:
Yy _ K
Yo K-v.h
Thay s6 vao ta tinh duoc:
9
¥ 2.10 10094

v, 2.10° —1,03.10*.1800

Thay gia tri cha X vio (d) ta duoc két qua:

o

p =2.10° In(1,0094) = 2.10°.2,3.0,0041 = 188,6.10° Pa.

Nhu vay néu coi nudc bién 1a khong nén dugc trén sudt chiéu sau h = 1800m thi sai

léch so v6i két qua tinh chinh xéc chi 1a ~ 1,7%, c6 thé bd qua.

Bai 2.4. Buong ham CDEFG c6 dang ban nguyét, ban kinh R = 2m, nam duéi ddy

bién sau H = 25m (hinh bai 2.4). Gia thiét rang:

1) Trong khoi nudc tir mat thodng dén mat A-A (A-A o T T
cach mat thodng mot khoang h, = 20m) trong lugng thé  ~ T = T h,
tich cia nuSc bién thay déi theo quy luat sau: - =

h E
YZY()[1+O’02h_] .‘m

t

SIS é///////
C

trong do: y, = 10000 N/m?; h - do sau tinh tir mat thong )
o, ) Hinh bai 2.4
dén diém duoc xét; ap sudt trén mat thodng p, = lat.

2) Tir mat A-A dén ddy bién trong lugng thé tich clia nuéc bién xem nhu khong déi.

24
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Yéu cau:

L. Tinh 4p suit du tai cac diém C, D, E, F va G trén dudong ham. Cho C va G nam trén
&iy va 5 diém ndy cach déu nhau trén cung tron. Tir cdc gid tri tinh dugc & trén, vé dang
e d6 phan bé 4p suat do nude bién tac dung lén CDEFG.

2. Tinh luc do nudc bién tic dung lén 1m chiéu dai dudng ham (iri s6, phuong chiéu)
wa ve v1 tri dat luc do.

o e mp e aa g gl . 0
1.Tinh dap sudt va vé biéu do phdn bo ap sudt W I l T 1 1
* Tinh ap suat du trén mat A-A ;

Ap dung phuong trinh vi phan can bing clia chit 1ong chi 4 A_Y
cheu tac dung cua luc khdi 1a luc trong trudng, véi phuong z m
chon xuéng dudi, 14y mat thoang lam chudn, ta c6:

dp = pgdz =ydz €8]
Theo dau bai, quy luat phan bé trong lugng riéng theo
chi¢u sdu c6 dang:

Hinh badi 2.4a

y=y(,[1+O,O2Eh—J )
1

Do viéc chon truc nhu trén, c6 thé thay h trong cong thitc (2) bang z, ta nhan dugc:

Y=7, (1+0,02BZ—-j 3)

1
Thé (3) vao (1) ta co:

dp:‘ydh:'y0 (I-FO,OZ—};Z—de )
1
Vay:

p/hl = IY()[1+O’02EZ_deZY()[Z-FO’OZIZI—] =1,01Y()h1 (5)
o ! o
Theo ddu bai: h, = 20m, y, = 10000N/m’, thé vao (5), ta c6:
p/y, =1,01.10000.20 = 2,02 .10° N/m’ 6)

may: Paa = 2,02.10°N/m’
* Tinh trong luong riéng clia nuéc bién tai vi tri mat cat A-A
Vi trong luong riéng clia nuéc bién trong ving tir mat thodng dén mat cit A-A phan

0 theo quy luat (2), A-A céch mat thodng khoang h,, nén thay h = h|, ta nhan dugc:

h
Yaca = Yo (1 + o,ozh—‘J = 1,02y, (7)

1

25



Thé y, = 10000N/m” vao (7) ta c6:

Yaa = 1,02.10000 = 0,102.10°N/m? (8)

Theo dau bai, trong ving tir mat cit A-A dén ddy trong luong riéng clia nudc bién

khong déi, do vay bing trong luong riéng clia nuéc bién tai A-A, va dugc x4c dinh theo
cong thuc (8).

* Tinh 4p suét du tai cdc diém C, D, E,Fva G
+ Ap sut tai diém E:
Pe=Pa+ 754 (hg—hy)
=pa+¥aa(H-R-h)vihg=H-R )]
Theo két qua céu 1, py = 2,02.105N/m3, theo két qua cau 2, y, 5 = 0,102.105N/m3.
Thé s6 vao (9):
pg = 2,02.10° + 0,102.10°.(25 - 2 - 20)
=2,02.10° + 0,102.10°.3 = 2,326.10° N/m?
pg = 2,326. 10° N/m?
+ Ap sudt tai diém D va F:
Do cic diém C, D, E, F, G dugc bd tri déu trén dudng tron nén hai diém D va F cich
ddy bién mot khoang: y = Rcos 45° = R+/2 /2, vay Pp Va pg dugc xac dinh nhu sau:
Po=Pr=Pa+Yaahp—h)=pp+yp4 A, H-y~-h) (10)
Tuong tu cau trén, th€ s vao (10) ta c6: :
Pp = Pr = 2,02.10° + 0,102.10%. (25 — 1,414 — 20)
=2,02.10° + 0,102.10°.(5 - 1,414) = 2,386.10° N/m”
Pp = Pr = 2,386. 10° N/m*

+ Apsuit tai diém C va G: E

Pc =Pc =Pa + Yh (hc—hy) (11) Y F

Thé s6: c y 150 R

Pe = po = 2,02.10° +0,102.10°. (25 — 5) N/m? 6
Hinh bai 2.4b

Pe =P =202.10° +0,102.10°. 5 =2,53.10° N/m?
Pc=pg = 2,53.10° N/m?
* V& biéu d6 phan bo 4p suat:

Ap suat luon vuong géc va hudéng vao mat tic dung, nén cic dudng ap suat déu di qua
tam. Do dai cdc vecto bidu dién twong (ng v4i cdc gid tri 4p sudt tai cac diém duoc tinh
(hinh bai 2.4b).
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2. Tinh dp luc do nudéc bién tic dung lén ham
+ Do dudng ham cong phang nén 4p luc theo phuong y bang khong.

+ Ap luc theo phuong x triét tiéu.

+ Ap lyc theo phuong z thang ding: A - | e A
P, =pr.0, +Ya-aV (12) ‘
Trong do: ) h,
- Hinh chi€u mat cong lén A-A: P,
o, =2R. (13) '
V = (2Rh, - 1R*/2) . ] (14)

Thé (6), (13), (14) vao (12) ta nhan dugc:

P, =p,.2R+7,_,.R(2h, —mR/2)
=pn2R+7,  R[2(H-h,)-nR /2]

(15)
Thé s6 vao (15):
P,=2,02.10°2.2 + 0,102.10°.2 (2.(25 — 20) — 3,14.2/2) = 9.479.10°N
P,=9,479.10°N
Phuong ciia hop luc tic dung: thing ditng, chiéu: huéng xuéng.
Pudng dat luc: hinh bai 2.4c.

Bai 2.5. Mot tru tron ban kinh r = 25cm, dai / = 100cm, dung dé day mot 16 & ddy bé
chita (hinh bai 2.5). L6 ¢6 kich thudc: a x b =25 x 100 (cm). Yéu cdu:

1. Xéc dinh dp luc cta nudc 1én tru khi H = 3m, p, = p, = 100kPa.
2. Véi chiéu sau muc nudc H trong bé chita bing bao nhiéu thi
tru sé€ tu dong md néu biét trong luong cua tru G = 600N va ap v Po

suat mat thodng trong binh p, = 80kPa.

S

Bai gidi:

1. Binh tru d6i xing theo phuong ngang, nén theo phuong ngang:
P, =0

a

Py
et -

Chon truc z quay xudng du6i, khi d6 4p luc thing dimg P, tac 11k bai23
dung lén binh x4c dinh nhu sau: '

P,=y (W, +W,)
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Trong do6:

Po C D
Wl = (SCDC’D’ - SCED)b mang dfiu + W
sl
W, = 2.S,pc-b mang ddu — CypYIiYyy D
W, rE W,
* Tinh cac dién tich: Fi| o
a
+ Seperp = a.CC* = a.(H — AC) = a.(H — 21sin B/2). AN |8
= SCDC’D’ = 0,25(3 — 20,25811’1 120/2) = O,64175m2 Hinh bai 2.5a
2
r 1 2 . . 0
+Scep = Squatocp ~Saocp = =0~ sina ; véia=60" (a=r=25cm)
3 3600 2
2
= Scep = 3140.25 (00 L0 257 sin60° = 0,005645m?.
360° 2
2 2
1Sy = gL ing = 214925 150 14 252 6in120° = 0,03835m?
360° 2 . 360° 2

* Tinh c4c thé tich vat 4p luc:
W, = (0,64175 — 0,005645)1 = 0,6361m’;
W, =2.0,03835.1 =0,0767m’,
Vay ap luc 1éng hop:
P, = (W, -W,) =9810(0,6361 - 0,0767) = 5487,71N
2. Khi P, = 80 kPa, ta c6 do chénh dp giira 4p suat khi trdi va dp suat trong binh la:
Ap = p,— P, = 100 — 80 = 20kPa = 20.000 N/m”.
* Goi H 12 cot nuéc khi tru c6 thé tu néi lén, ta c6 bat phuong trinh:

Ap.a.b >y [0,25(H - 0,433) - 0,005645 - 0,07671}1 + G

trong dé:

W, =0,07671 m" khong thay déi
| W, =ab (H- AC) - Sgep.b = 0,25 (H - 0,433) - 0,005645m”
Bat phuong trinh dan dén:
0,25y H < Ap.a.b + 0.1906y - G =

H < Ap.a.b+0,1906.y -G

0,25y
Thay s6, dugc:
H< 20000.0,25.1+0,1906.9810 - 600 =2.556m ~2,56m
0,259810

28



B 2.6. Van hinh tru c6 thé quay xung quanh truc nim
mpawg O. Trong tam clia van nidm trén dudng ban kinh tao

deimb pic @ = 45° theo phuong ngang va céach truc quay

mie kibodng OA = ér; Bi¢t ban kinh r = 40cm, chiéu

wimg van b = 100cm (hinh bai 2.6).

Xic dinh trong lugng cha van dé van & vi tri can bang

ming himh vE.
Dé cho van & vi tri can bang:
Hinh bai 2.6
M, =0.
Theo biéu d6 4p sudt thiy tinh ta viét phuong trinh can béang:
P,OD, P _OD, + G.OA cos ¢ =0 1)

Trong do6:
P, = Lymp; 0D, = 2L N

z 477[ ’ 2 37_[ A?:;__—:‘_;‘P/
Pl :le +Px2 -/ (
P, =3 72r2rb= 2yr’b; | | AArTAW
=27r'r-b=2yr2b; / P:’r;xom G °

j VA0 M S
P, =4y’ 7
Xic dinh OD, tir:
-P,, .-;—r—P,(Z.O—-P.ODl =0 Hinh bai 2.6a
1 1, 3
P, .-r =2yr'b
l .
OD, = 3 3 = ir = lr

P 4y’ 12 6

Tw (1) ta dugc trong lugng clia van bang:

‘ 1 1 2 4r
4yr’b=r—=ynr’b .—
G___Px'ODl _PZ‘OD2 - Y 6 4Y 3In
OAcos¢ L cosas?
5
4 ) 1 2 . 2(4 1) 1 7
“vi’b——yr?b Ybr|—--- —+vbr
G 6Y 3Y _ 6 3 _ 3Y

1 cos45° 1 cos45° 1 cos45°
5 5
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2 2 .
Go3 b 598101048 oo N
3 cos45° 3cos45°
Bai 2.7. Tai ddy bé chita nu6c c6 mot 16 tron ban kinh R = 20cm dugc day bang mot
van dang nira hinh cdu c6 ciing ban kinh va cé trong lugng G = 200N. Cho biét 4p suit

khong khi p, = 100kPa.

1. Hay tinh luc T cdn dé md& van khi cot nuGc H = 2,5m néu dp Po

sudt trén mat thodng p, = 100kPa.

2. Véi cot nuéc H bang bao nhiéu thi van tu dong md né€u H
p, = 80kPa.

Bai gidi:

1. Luc ndng T cdn dé md van

Hinh bai 2.7

T=G+P,
édéy:
P, =yW=y[nR2H—§nR3)=

= ynR? (H—%R) =9810.3,14.0,20° (2,5—%0,2] =2916N

Luc nang: T =200 + 2916 = 3116N
2. Xdc dinh cét nudc H khi van tw dong mo

Van sé ty dong ma& khi:

ApnR? > y(HnRz —%nR3J+G L

1 Y
Trong dé: Ap =p, — p, = 100 — 80 = 20kPa K
: T
Giai bat phuong trinh trén ta duge: H < __G >+ ZR
Y ynR° 3 Hinh bai 2.7a
20000 _ 200 > +20,2=2,01m
9810 9810.3,14.0,20° 3

Vay: H<2,0lm

Thay s6: H<

Bai 2.8. Mot khai chat 10ng khong nén duoc thé tich V = 1000m> diing, can bang dudi
tac dung cua luc khéi chi 12 luc hap din huéng vao mot tam O c6 dinh va ti 1¢ thuan véi
khoang cach tit phén tir d6 dén tam O.

Tim dang mat thodng cta khdi chat long va 4p sudt cla chat 16ng tai tam O. Cho rang
chat 16ng 1a nudc (kh6i luong rieng p =1000 kg/m’). Luc hap din c6 gid tri 10N d6i véi
1kg khéi lugng cdch tam 1 cm. Ap sust & mat thodng p, = 0.
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B g

* ¥i hac hap dan huéng vao tam c6 dinh va ti 1¢ thuan véi khoang céch r tir phén tir d6

s g nén:
F=—kf
=ik k B hé s6 c6 thé xdc dinh duoc.
K& kb6t chat 1ong can bing, mit thodng 1a mat dang 4p.

Ap swit tai méi diém bat ki trong khoi chat 16ng can bing dugc phan bs theo:

dp = p(F, dx +F, dy +F,dz) = —%kpdrz

“’ p= C- %kprz
Telm mit thoang p = 0. Do d6, phuong trinh cia mat thodng 1a:
,_2c

kp
WVay mit thoang c6 dang hinh cau, tim 14 O.
* Kl ciu c6 thé tich:

r

3

VL B O} &
3 3 \kp

“Taa tam khdi cdu, theo (1), taduge: r=0, p=p,=C.

Tae3). ta c6:
2/3
e
2 \ 4n
* He so: k=._£=10()0l= kN
r mkg mkg
Ap sail § tam:
2/3
- 1.1000 (3.1000) _ 19250KN /m?
2 4n

, W& 2.9. Mot binh hd ¢6 dudng kinh D, chiéu cao H, chita
'«lMk Yomg c6 khoi luong rieng p dén chidu cao H/2 (hinh
;‘\“Mt

L Qimg minh ring: néu cho binh quay véi bat ki van téc
® m2o (vOi diéu kién chit 1ong khong tran ra khoi binh)
st phiang chia giao tuyén giita binh va mat thodng cla
 omg va mat phang nim ngang ti€p xdc véi diém thap

(1)

2
3)

Q)

]

e

|

Hinh bai 2.9

cma mit thodng ludn cdch déu mat thodng cta chat 16ng kic tinh tuyét doi.
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2. Néu bit kin thiing lai bing mot nip phéng va tang 4p suét khong khi trong binh dén
ap suat du py, va cho binh vira quay quanh truc déi xing thang ding véi van téc géc o,
vira kéo thiing 1én vdéi gia t6c a khong ddi, hoi:

a) Quy luat phan bd ap suit trong chat 1ong d6.

b) Ap luc chat 16ng lén ddy binh.

¢) Tim vén 8¢ géc nho nhét dé cho khong khi trong thiing bat diu tiép xiic véi ddy binh.

3. Néu thay toan bo khong khi trong binh bang chat 16ng khéc ¢ khdi lugng riéng
p; < p va khong gia 4p (nghia 1a ap sudt du cha chat long & st nap binh chifa bang
khong) va cho binh vira quay véi van tdc géc o, vira kéo lén véi gia t6c a khong déi nhu
cau 2, 4p luc chat 16ng 1én day binh s& thay déi nhu thé nao?

Bai gidi: '

1. Binh ho:

Ta c6: thé tich chat 16ng gilta mat cit c-c va 1-1

r=

V4
bang thé tich cta khéi chat 16ng dugc gidi han boi v
mat thodng 2-0-2 va mat 1-1 nén:
b 2 2
2 2 C ‘ C
D
—h, = Izandr = " o] / ] H
4
' 0 B y X
2, % . 0)21)2 o - : 1 0 1|4
W -¥Z =0 h = Lo ey ay 2
D 2 l6g L y
8} Do d6 ta dugc: h=2h, véi moi gid triw. = =~ - ¥

: < \|/
- ‘ w
. o

2
bW ”D 2. Binh kin, c6 gia tdng dp sudt p,, : )
3} a) Tim quy luat phan b dp suat thuy tinh khi binh quay - Hinh bai 2.9a

Tur phuong trinh vi phan can bang Ole:
dp = p(Xdx + Ydy + Zdz) véi X = o’x; Y = ®Y; Z = — (g + a), sau khi tich phan ta c6:

po’ (x* +y*)

> ~p(gt+ajz—-p=C
Goc toa do duoc dat tai diém thap nhét clia mat thodng nhu hinh v, ta cé cic diéu
kién bién: ’

x=y=2=0=p=pg = C=py
pat: x? + y* = r? ta dugc quy ludt phan bo 4p suat thuy tinh khi binh quay:

2.2
wr
p=pdu+p -plg+a)z (1)
Phuong trinh mat thoadng:
0)21'2
Z =
2g
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Khir =%ta co:

_ o’D?
8(g+a) ’
Vay géc toa do sé nam thap hon mat thodng khi binh ding yén mot doan 1a

h  o’D?
e _2_ 16(g +a)
b) Tinh 4p luo lén ddy binh chifa lic binh quay
Theo di€u kién ddu bai ta c6:

212
Z=_[H__°°_D_:l 2)
2 16(g+a)

Thay (2) vao (1) ta dugc quy luat phan b dp suat tai day binh:

2.2

iy PO | o@D
Pagy =Pau TP BT S 6 +a)
Ap luc 1én déy binh bing:

b
2

P= I Pasy 27rdr
0

3)
Dat: :
H oD’
A=p, +p(g+a)| ————
Pau +Plg+2) [ 2 16(g+a)]
Tich phan (3) ta duoc:
2
P="D" (16A + pa?D?)
64 )
¢) Xdc dinh o, dé cho khong khi cham ddy binh:
Khi khong khi bat dau cham ddy, theo céch lap ludn ca cau 1, chiéu cao h; tng vdi
o, S€ bang:
2 "2
hl = _Ii — wminD
2 8g
Vi vay:
Ormin =£ gH

3. Binh kin, c6 p; < p, khong gia dp, dp luc lén ddy binh:
Ap lyc Ién déy binh P vin tinh theo (4) véi su thay ddi chia A

21y2
A=yH+p(g+a) E__(D_I.)____
2 2 16(g+a)
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Chuong 3
PONG HOC CHAT LONG

Trong chuong nay ta nghién citu chuyén dong clia chat 1ong, nghia 1a nghién ciu céc
dai luong dac trung ctia chuyén dong nhu dang chuyén dong, van téc, khéi lugng riéng
v.v... Ta chua xét nguyén nhan gay ra chuyén déng, tic 1a luc.

§3.1. HAI PHUONG PHAP NGHIEN CUU CHUYEN PONG CUA CHAT LONG

1. Phuong phap Lagrangio
Phuong phdp nay khao sit 2)
chuyén dong cla timg phan ti
chat 16ng riéng biét. Gia st &
thdi diém ban ddu t,, phin ti :
chz‘i.t léflqg cé vi tri Ao(a,”b, c); & AL A /
thoi diém t, né chuyén sang
A(X, Y, z). Goi T la véc to ban r
kinh chuyén dong cta mbi %
phdn t § thoi diém t: c z
r(a,b,c,t) . 0
hay la hinh chi€u 1én céic truc ‘b a

toa o (hinh 3.1): yd y '

X= X[ (a9 b, c, t); V

y= YZ (a9 b’ c, t); Hinh 3.1
z=17;(a,b,c, 1)

L

Néu biét x, , y, , z5 ta s& bi€t chuyén dong cia phdn tir chat Iéng v qu§ dao clia n6 va
.y oo dE o dF
tir 46 suy ra van téc: U =—, giatdc W =—-.
dt dt

a, b, c, t - goi la bién s6 Lagrangio.

2. Phuong phép Ole

Khéo sat mot cach téng quat chuyén dong cta chat 16ng di qua nhiing diém c6 dinh
trong khong giari & nhiing thdi diém t khac nhau (hinh 3.2). Chon diém M ¢6 dinh trong
khong gian dugc x4c dinh boi vécto ban kinh T (X, y, z). Tai thoi diém t ta xdc dinh
dugc véc to van t6c clia phén ti chat 16ng di qua diém dé:

u=u(x,y, zt)
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Khéo sat chuyén dong ctia nhi€u phin ti chat long
ni cic diém c6 dinh trong dong chay. Ung véi thoi diém
1 xdc dinh, ta ¢6 cic vécto van toc phan b6 tai cac diém
trong khong gian, nghia la ta c6 trudng van toc.

Hinh chi€u ctia u 1én cdc truc toa dé:

u, =u(x,y,zt) Hinh 3.2
u, =Vv(X,y,21)
u, =w(x,y,zt)
. . . di Ou ouidx odidy oudz 0
Giatoc w=—=—+——+——"—+ =
dt ot oxdt ogydt ozdt ot
X, Y, Z, t goi 1a bién s6 Ole.

So sanh hai phuong phap: Phuong phdp Lagrangio nghién ciu chuyén dong bing
cach gin chat vio mét phan tl chat 16ng, do d6 tim dugc quy dao clia né (nhu chuyén
dong séng). Con phuong phap Ole xdc dinh duge trudng vén téc va s€ tim duogc dong
cua céc phan tir chat 16ng. Trong gido trinh nay ta nghién ctu theo phuong phép Cle. C6
thé chuyén tir bién s6 Lagrangio sang bién s6 Ole va ngugc lai.

§3.2. CAC PAC TRUNG PONG HOC

1. Phan loai chuyén dong

Chuyén dong dimg: cdc yéu t6 chuyén dong khong bién déi theo thdi gian:

0
u=ux,v,z),..,—=0
(x,y,2) P

Chuyén dong khong ding: u = u(x, y, z, 1), ... —g—t #0
Dong chay déu (trong chuyén dong dimg): su phan bs van téc trén moi mat cit doc

theo dong chdy giong nhau (khéng déi); % = const

Dong chay khong déu: %xu_ # const

Dong chay c6 dp (cudng birc) 1a dong chay khong c6 mat thoang, con dong chay
khong ap (tu do): c6 mat thodng.

2. Cac yéu to thuy luc

Mat cét ué6t 12 mat cat vuong géc vdi véc to van toc clia dong chay, ki hiéu o.

Chu vi u6t 1a doan ti€p xiic giita chat 16ng va thanh gidi han dong chay, ki hiéu .

Bén kinh thuy luc: R = =
pd

35



Luu lugng 1a luong chat 16ng chay qua o trong 1 don vi thai gian, ki hiéu a Q.
Q= Ludm bon vi do Q: m®/s
Trong trudng hop phang (hinh 3.3):
Q= (f u,ds
s
= Cfusds - goi 12 luu s6 van toc. Véi 1 cung AB:
) B B B B
T ap = [(@i.d5) = [Ucosads = [uds = [(udx + vdy)
A A A A

ds — tiép tuyén tai mot diém nao d6 clia AB.

Van téc trung binh trén mat cat udt:

y=2
®
Suy ra:
Q=v.o

3. Puong dong, dong nguyén to
Puong dong la dudng cong trén d6 véc to van
t6c cla cdc diém trung véi tiép tuyén tai céc
diém clia dudng cong.
Tt dinh nghia suy ra: - Cach v€ duong dong.
- Phuong trinh dudng dong:

Hinh 3.3

ﬁ//df—)ﬁ/\dsz—)g(—:i}i:LjE
u v oow
Trong dé6: d7 : phan t6 véc to ciia duong dong.

Chi ¥: Tai mdi diém trong khong gian, & moi thdi di€ém chi di qua mot dudng dong,
nghia Ia cic duong dong khong cat nhau.

Can phan biét quy dao véi dudng dong:

Quy dao dac trung cho su bién thién vi tri cua phén tlr chat 1ong theo thoi gian, con
dudng dong biéu dién phuong van tdc clia cac phan tir chat 1ong tai mot thoi diém.
Trong chuyén dong dimg thi ching tring nhau.

Céc dudng dong tua lén mot vong kin vo cung nhé ta duge mot ong dong. Chat 1ong
chay day trong ong dong goi la dong nguyén t6. Chat 1ong khong thé xuyén qua
ong dong.

4. Ham dong va thé van toc

Dé don gian, ta khao sat chuyén dong trong mat phing xy. Pua vio ham y(x, y) va @
(X, y) sao cho thoa man di€u kién: '
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v _ %, N _%
dy ox’ ox oy
v goi 1a ham dong; ¢ - thé van toc
Tir phuong trinh duong dong: ax = dy
uov
Ta cé6: —vdx+udy=a—wdx+é—w—dy=d\p=0
ox oy

Do dé phuong trinh dudng dong c6 dang: w = const = C, biéu dién ho dudng dong.
Tuong tu, ta c6 ¢ = const biéu dién ho dudng ding vén téc.
Tu dinh nghia caay va o, ta dugc:
v op W _
0x 0x Oy oy
D6 1a diéu kién truc giao ctia cic dudng dong va dudng dang thé van téc, hay goi 1a
diéu kién Cosi-Riéman.

Dé thdy rd ¥y nghia vat li cha @ vay , tir dinh nghia cta luu s6 van t6¢ & trén:

B B B 3 ¢ B
I'yg = Iusds = Iudx+ vdy = I—a—x—dx +—dy= Id(p =@(B)-o9(A)
A A A oy A

Tuong tu:

B B B B )
Q= [u,ds= [udx—vdy = _"%dx +éw——dy = [dy =y(B)-y(A) >
A A A oy ) A :
nghia 12 hiéu cic gid tri ham dong tai hai diém nao d6 bang luu luong chat 16ng chay
qua 6ng dong gi6i han béi hai dudng dong di qua hai diém dé.
5. Pudng xoay, 6ng xody

Chuyén dong quay ctha mdi phén tir chat 1dng xung quanh mot truc quay tic thoi di
qua né duge goi la chuyén dong xody.
Véc to van toc géc quay trong chuyén dong xody:
o
Q = —rotu
2
Chuyén dong khong xody hay chuyén dong thé khi:
rotu =0 .
Tuong ty nhu khdi niém vé€ dudng dong va ong dong, & day ta c6 khai niém vé dudng
xody va ong xody. Néu cho truc trudng van toc, tr biéu thic trén ta cé thé x4c dinh
trudng véc to van téc géc Q. Puding cong ti€p xiic véi véc to van toc géc goi la duong .

xody. Tap hgp cic duong xody bao quanh mot phan t6 dién tich do nao dé goi 1a 6ng
xody. Chit 16ng chay day trong 6ng xody goi 1a soi xody.’
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Cuong d6 clia 6ng xody: 1 = Irotnudm
(0]

Phuong trinh dudng xody:

dy _
Q)’

dx dz
Qx QZ

§3.3. PINH LI COSI - HEMHON (PINH Li HEMHON 1)

Hay 1a dinh li co ban cta dong hoc chat 1ong.

Dinh i v€ su bién dang ctia phan t6 chat long.

Theo co hoc li thuyét, doi véi vat rin, van téc tai M bang van tdc tinh tién tai O cong
vGi van toc quay cua M quanh O (hinh 3.4):

Uy, =1, +1,, Uy = QAT

D6i véi chat 16ng, moi thé tich bat ki nao d6é déu bi bién dang trong qué trinh chuyén
dong. Vi vay khao sdt van t6c ctia mot phan t6 chat 1ong phai thém vao thanh phan van
toc bién dang Uy, :

U=i, + QAT+

D6 1a noi dung clia dinh 1i Hemhon 1. iy, clia phan t6 chat 16ng tai M c6 thé viét dudi

dang ma tran:

S = ‘Skij [ - ten XJ van t6¢ bién dang, v§i cac thanh phan:

. Ou;
Si,zl %+_J S 1,j=1,2,3.
b2 ox; Ox;

Ngoai ra, con c6 cdc dinh 1i vé chuyén dong
xody sau day:

DPinh li Hemhon 2: Dinh Ii bao toan xody.

Dinh 1i St6c: Dinh if vé su lién hé gilta cuong

do cua 6ng xody valwuso vantoéc: i =T

Cong thic Bi6 - Xava: Tim phan bd véan toc
cam Ung quanh sgi xody da biét.

Hinh 3.4

§$3.4. PHUONG TRINH LIEN TUC
Pay 1a moét dang cta dinh luit bao toan khoéi lugng: Khoi Iugng m ctia hé co lap

khong thay déi trong suét qua trinh chuyén dong: %:1— =0.

38



1. Dang tong quat (hay la dang Ole)
Trong mai trudng chat 16ng chuyén dong ta tudng tuong tdch ra mot phén t6 hinh hop
¢6 thé tich AV = dxdydz (hinh 3.5).
Theo dinh luat bao toan khoi huong:
d(pAV) _

dt 0
p=p (X,Y, z, t) khGi lugng riéng clia chat long
L4y dao ham:
Ldp, 1 davV_o
p dt AV dt
dAvV

e 12 van t6c bién dang tuong d6i cha thé tich phan t6 chat 16ng, dugc xéc dinh nhu
t

12 téng hop clia c4c bién dang dai thanh phin theo ba phuong x, y, z.

b

i U

U,( 1 @ Ux+ T_xx d,(
— | ——
@ ————1 -
7/

Y >

X

4
Hinh 3.5

Xét theo phuong x: Van téc mat 1: u;

mat 2: u, + O, dx
ox

Sau thoi gian dt: mat 1 di chuyén sang phai: u,dt

mat 2: (ux + o, dx)dt
ox

Thé tich ctia phan t6 chat 1dng thay ddi theo huéng truc x mot luong tuyét d6i bing:
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(ux + o, dx)dydzdt —u,dydzdt = O, dxdydzdt
Ox ox

tuong tu cho hai phuong vy, z.

du
Nén: dAV = aux+ ’+&“<nQMMt
ox oy oz
. 1 dAV ou, Ou, ou,
va. e = + +

Vay ——

D6 chinh 13 phuong trinh lién tuc dang téng quat. C6 thé viét dudi dang gon hon:

1d  gvi=o 3.1)
p dt
R op ., -
hay la: ry +div(pu) =0

Trong chuyén dong dimg: % =0 nén div(pi)=0

baéi véi chat 1ong khong nén duoc (p = const) ta dugc:
divi =0

C6 thé chitng minh phuong trinh lién tuc gon hon bang cdc cong thitc bién déi tich
phan (xem Phu luc & cuéi sich. Dinh Ii van chuyén Reynolds).

2. Doi v6i dong nguyén to

Khao sdt khoi chat 1ong trong dong nguyén 6 giita hai mat cét 1-1 va 2-2. Gia thiét
chuyén dong dimg, chat 1ong khong nén
duoc.

Luong chat long di vao 1-1: pudo,
dira 2-2: pu,do,

Theo dinh luat bao toan khéi lugng:

pudo,= pu,do,
— u,do,= u,dw, = dQ = const
boi véi toan dong:

V0= V,0, = const

hay la: Q, =Q, = const

Hinh 3.6

nghia la trong dong chay dimg cua chat
I6ng khong nén dugc, luu lugng qua moi
mat cdt déu bing nhau, suy ra van téc ti 1& nghich véi tiét dién.
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Vidu:
Hai luong chat 16ng cung van tdc, nguge chiu, ¢6 dudng kinh d, va d, dap vao nhau.

Lap biéu thifc lién hé giita géc 0 va dudng kinh d, va d,.

31\\%//2L
| \\{T\T

Hinh bai 3.1
Bai gidi:
Chon chiéu truc x triing véi truc dong, tir trdi sang phai. Viét phuong trinh dong luong
cho thé tich kiém tra gi6i han doan dong tia trong pham vi 1, 2 va 3.
-pQ,v+pQ,v+pQ;svcosd =0
hoac
—pS, V2 +pS,v* +pv? cosO(S, +S,) =0
rat ra:
S,(1+cos0)=S,(1-cos0)

2 2
biét S, =%va s, =M

4

d, ) 0
Vay: dy | _I-cos

d, 1+cos6
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Chuong 4
PONG LUC HOC CHAT LONG

Trong chuong ndy ta nghién cltu cdc quy luat chuyén dong cta chat long dudi tic
dung ctia lyc va nhitng tng dung clia né. D& tiét kiém thoi gian, ta khdo sat chat 1ong
thuc trudc, sau dé suy ra cho chat long li tuong.

§4.1. PHUONG TRINH VI PHAN CHUYEN PONG CUA CHAT LONG THUC

1. Dang iing suat

Trong chat 1dng thuc chuyén dong, dp suét thuy dong van hudng vao mat tic dung
(gidng nhu 4p sudt thay finh, chuong 2), nhung khong chi hudng theo phdp tuyén, ma né
1 téng cia thanh phdn \ng suat phédp tuyén, ki hiéu 1a p, va thanh phén ng sudt ti€p t
do lyc nhét gay ra (xem (1.1)).

Dé thanh lap dugc phuong trinh vi i
phan chuyén dong, ta tién hanh giéng ‘
nhu khi thanh lap phuong trinh O}e il o
tinh (2.3). Trong moéi trudng chuyén i L
dong, ta khao sdat mot phan t6 hinh hop ’ \/ "
chat 1éng v6i van t6¢ i (hinh 4.1). O NF
day, ngoai luc mat P, luc khoi F téc
dung lén khéi chat long, con thém luc
quan tinh F = —m(:i—l:

Theo nguyén li Dalambe, ta c6 diéu z
kién can bang: Hinh 4.1

F+P +15q‘ =0
Xét hinh chiéu céc luc 1én truc x (hinh 4.1).
Vé luc mat: ing sudt nhan véi dién tich dydz:

xy

f <

Pux - UIng suat phép;

Tyy - UNg suét tiép:

chi s6 x: T ndm trong mat phéng L Ox;
chi s6 y: chiéu 1 1én Oy;

tuong tu véi tng sudt tiép t,,

Luc quén tinh: Fox = —pdxdydz%‘ti
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Luc khoi: F, = pdxdydz.X.

Vay: 2 B+ P =P+ F =0
ot
hay la: pXdxdydz + OPax +— 4 Uz dxdydz — pggdxdydz =0
x oy | dt

Sau khi don gian cho dxdydz, ta dugc:

ot
X+l(ap’”‘ +— +atxz): du;
ox

p

l(atyx Pyy 4.1

Tuong tuchotrucyvaz: Y+—
P

(4.1) 1a phuong trinh vi phan chuyén dong cla chat 16ng thuc dang ung suat. C6 thé
ching minh:

Txy = Tyx ; Txz™= Tax > zy © yz;

2. Phuong trinh Navie - Stoc

Hai o6ng Navier (ngudi Phdp) va Stokes (nguoi Anh) da viét hé phuong trinh (4.1) duéi
dang khac, tién sir dung, dua trén cac gia thuyét vé ing suat, va phuong trinh dé duge
mang tén hai 6ng.

- Ap sudt thiy dong p tai mot diém 1a trung binh cong clia cdc 4p suat phép tuyén lén
ba mit vudéng goc véi nhau qua diém dé:

|
p= _g(pxx + Pyy + pzz) 4.2)
C6 dau trir vi chon chiéu duong 12 chiéu kéo gidn phén tir chat 16ng.

- Ung sudt phap: luc nhét da 1am xuét hién cac tng suat phip bé sung o:
. ou 2 ..
Puix =— P+ Oy VOl Oy = Zu&—gudlvm
Pyy=—P+ Oy voi Oyy = ZH% ——%udivﬁ; “4.3)
. ow 2 . _
P,=—pP+0,;Véio, = Zu—a—z——gudlvu

- Ung suit tiép:
Theo Newton: tng suat ti€p gy ra boi luc nhét ti 1€ véi cdc van téc bién dang tuong

ing. Trong mat phang tacé (1.1): 1= p%
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Trong khong gian: 1, =p ﬂ+QE;
ox Oy
ou Ow
=p| —+— 4.4
e % axj | @5
_ [ov ow
Tyz—}l a-i-‘a?

Thay cic biéu thic (4.2) — (4.4) vao (4.1) va sau mot s6 phép bién déi phic tap, ta
dugc phuong trinh Navie — Stoc:

d—uz —l@+vAu+lvidivﬁ
dt p OX Ox
CUNIEVIR 0 IS NI T 4.3)
dt p Oy oy
dw = Z—l@+ vAw+lv—a—divﬁ '
dt p oz oz
Hay viét duéi dang vécto:
du_g_ 1 gradp + VAQl +— grad(divii) (4.6)
dt ) 3 :

Trong d6: A - toan tir Laplas: v = p/p do nhét dong hoc.
Mot so nhan xét:
Doi1 véi chit 16ng khong nén duge: p = const — divi=0 nén phuong trinh (4.6) mat

di s6 hang cudi cung:

W _E_Lradp+vai @.7)
dt p

Nhu vay 3 phuong trinh (4.7) va phuong trinh lién tuc divi= 0 di dé x4c dinh 4 4n: u,
v, w va p, c6 nghia moé hinh todn la kin.

- Khi v = 0, nghia la chat long 1i tudng, ta dugc:

g Loradp (4.8)
dt p
- Chat 16ng khong chuyén dong (& trang thai finh): i = 0, hay chuyén dong thang déu:

du =0, nén (4.8) c6 dang: F —-l—gradp =0.

dt p
D6 chinh 1a phuong trinh Ole tinh (2.4).

§4.2. PHUGNG TRINH VI PHAN CHUYEN PONG CUA CHAT LONG Li TUGNG
1. Dang Ole
D6 chinh 1a phuong trinh (4.8), hay con goi la phuong trinh Ole dong:
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= 1 du
F- —p—gradp = " 4.8)
2. Dang Lambo - Groméca
Phuong trinh Ole dong (4.8) biéu dién chuyén dong téng quat clia chat 16ng.
D€ thdy 16 hon nhitng dang chuyén dong riéng biét nhu chuyén dong tinh tién, quay,
bién dang, Lambo - Groméca da bién déi vé dang sau day. Nhac lai:
2Q = rotii
Ta xét phuong trinh hinh chiéu xudng truc ox ctia (4.8):

lépau(au ov aw) du v (8u6w)
X———=—+|t—+V—4+W— |+ V| ——— —_———
pox Ot OX Ox ox oy O0OX oz 0Ox
2
x_1o% _ou, 0ju ~2Q,v+2wQ,
pox ot oOx\ 2
hay la:
2
x-1P2_ BN r0w-Q)
pox ot ox\| 2 y
tuong tu:
: 2
Y—l-@~@-—3[ij=z(gzu-gxw)
pdy ot oy 2
2
poz ot ozl 2 y
hay viét dudi dang vecto:
2 -
- " o —
F-grad(P+—)—=2Q A1 4.9
grad ( 2) a (4.9)
D6 1a phuong trinh Lambo - Groméca
p ox pOx oy pdy oz poz
Néu luc khéi 1a ham ¢6 thé, ta dua vao ham thé U:
xo Wy N, W
Ox oy 0z
Khi d6 phuong trinh (4.9) duoc vi€t dudi dang:
2 1 —
—grad(U+P+-“2—)—%t“-=2QAﬁ : (4.10)
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§4.3. TICH PHAN PHUONG TRINH VI PHAN CHUYEN PONG CUA CHAT
LONG Li TUONG

1. Tich phan Cosi - Lagrangio
Xét chuyén dong thé (Q = 0) va khong dimg (-g—t # 0). Khi d6 t6n tai ham thé van t6c
¢: gradp = u.

Do d6 phuong trinh (4.10) c6 dang:

2
u® oo

rad(U+P+—+—)=0

grad 2 6t)

Suy ra biéu thitc trong ddu ngodc khong phu thudc vao toa do ma chi phu thudc vao
thoi gian:
2
U+P+2 42 _cq @.11)
2 o

D6 1a tich phan Cosi — Lagrangio.

Néu luc khdi chi 1a trong luc, truc oz hudng 1én:
X=Y=0;Z=-g;-U=~-gz

Khi d6 (4.11) ¢6 dang:

2
% C(t)

gz+P+ LI
2 o
Nhu vay ¢6 hai 4n: P, ¢ nén thém phuong trinh lién tuc divi =0 — A = 0.
2. Tich phan Bécnuli
Xét chuyén dong dimg: % = 0. Khi d6 phuong trinh (4.10) viét duéi dang hinh chiéu

c6 dang:
0 u?
-——U+P+—)=2(Q,w-Q,v);
o ) =2Qw-0,)

% Up+ S s 2@ u-0,wy; 4.12)
ay 2 z X

——a—(U+P+—u—2—)—2(Q v-Q u);
oz 2 § e

Nhan phuong trinh (4.12) 1an luot véi dx, dy, dz roi cong lai, ta duoc:

) dx dy dz
d(U+P+u7)=2 u v ow (4.13)
Q Q Q
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Phuong trinh (4.13) dé dang tich phéan khi v€& phai = 0, nghia la:

d
a) & d_y dz : phuong trinh (4.13) tlch phan doc theo dudng dong, dong nguyén to.
u v
b) dx = gy = E- : tich phan doc theo sgi xody.
Qx y Qz
u 4 w . ;
¢) — =— =——:nghia la chuyén dong xoan dinh vit.
) 0O o 9 g y ong

d) Q, =Q, =Q,=0: chuyén dong th&

2
Do dé: U+P+u7=const

Néu luc khéi chi la trong luc: Z = —% =—g, ta dugc:

2
gz+ [ L2 const=C (4.14)
p 2
Do la tich phan Bécnuli.

3. Cic dang phuong trinh Bécnuli viét cho dong nguyén t6 clia chat long 1i tudng,
khong nén dugc, luc khéi 12 trong luc (truc oz huéng 1én).

a) Trong chuyén dong dimg: §= 0

Tt (4.14) ta dugc:

2

gz+£+u— =const =C
p 2
. 2 2
hay la: PR L P .- R (4.15)
Y 2g Y 2g

- Y nghia cha phuong trinh Becnuli (4.15)
Biéu dién hinh hoc (hinh 4.2)

z - d6 cao hinh hoc;

P do cao do 4p;

Y

oo

— - d6 cao van toc. .
2g

- Y nghia nang luong:
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Buong nang

2+ P th€ nang don vi -

Y
duong do ap;
u?
— - dong nang don vi
2g
p u
z+—+—=H,- cot ap
Y 28
dong - dudng nang.
2
2+ 2+ —e—const -
Y 28

nang luong don vi.

Nghia la, nang lugng don
vi tai cdc mat cat doc theo
dong nguyén t4 cla chit 16ng
li twong khong nén dugc
trong chuyén dong dimg 1a khong déi.

C6 thé thanh lap phuong trinh (4.15) mot cach khéc.

Viét phuong trinh Ole dong (4.8) duéi dang hinh chiu t(u,v,w):

Hinh 4.2

du_y 10p
dt p Ox
d_y 1o
dt p Oy
dw_, 1o
dt p Oz

Nhan cdc phuong trinh trén 1an lugt véi dx, dy, dz va slt dung cdc di€u kién da néu réi
cong lai, ta dugc:

d
dug—)i+ dv= 4 dwE =-—gdz —ldp
dt dt dt p
Bién déi v€ trai vdi luu ¥: gx _ =u; dy dz
- dt dt dt

vaul=ul+vi + w2, ta duoc:

2
gdz+Lldp+d® =0
p 2

N 1 u?
hay la: dz+—-dp+d—=0
Y 28
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Tich phan 1én vé6i luu y y = const, ta duge (4.15):
2
z+2+% —const=C
Y 28

b) Trong chuyén dong khong dimg (—gt— # O)

Tir phuong trinh (4.10) véi Q =0, suy ra:

2 41
z+£+u—+—1— @dl = const
Yy 28 g;o
I - khoang cdch doc theo dudng dong tir mat cét dau.

!
1 J'%dl =h,, - cotap quén tinh
go

Cho dong nguyén to:
2 2
zl+£‘—+u—‘=zz+p—2+u—2+hq[ (4.16)
9 Y 28 Y 28
¢) Trong chuyén dong tuong doi: cé dang giong (4.16):
2 2
z, Py B z, +E—2—+—u—2-’—+hqt
Y 28 Y 28

Nhung u,— van tdc tuong doi.
Con hy, dugc tinh nhu sau:

- 6ng chdt 16ng chuyén dong véi gia t6c khong ddi
a (hinh 4.3a). '

a
| hqt = gla
: - Ranh mang chat 10ng.quay véi van téc géc
Hinh 4.3a Q = const (hinh 4.3b):
§ 2 2
h, =—2‘g_(rl -5)
§4.4. PHUONG TRINH BECNULI POI VOI CHAT ‘ )
LONG THUC %‘

1. Viét cho dong nguyén to
b6i véi chat 1ong 1i tudng, trong nhitng diéu kién ‘

nhat dinh, ta ¢6 phuong trinh Bécnuli viét cho hai mat

cit clia dong nguyén 5 (4.15): Hinh 4.3b
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u2
zZ,+ P W =z, + + P2y
Y 2g Y 2g
Nhung d6i véi chat 16ng thuc, do tinh nhét nén khi chat 1ong chuyén dong, né gay ra
nhitng luc ma sat trong 1am can tr& chuyén dong. Mot phan nang lugng cla chat 16ng bi
tiéu hao dé khéc phuc nhitng lyc ma sat d6, nghia 1a c6 su tdn that nang lugng h!, , cla

dong chay doc theo dong chay, nén:

p u
Z+—+—#const,
Y 28
2 2
suy ra: zl+&+———z T < N Y h,,_ 4.17)
Y 28 Y 28

b6 1a phuong trinh Bécnuli viét cho dong nguyén t6 cta chit 1ong thuc.
Ta ¢6 thé nhan dugc phuong trinh (4.17) mot cich chat ché c6 nghia 1a tich phan tir
phuong trinh Navie-Stoc (4.7) véi cac di€u kién:

p = const; %r-O; X=Y=0,; Z=-g _

Ki hiéu: ~Rums = VAl - Ham luc ma sat, dac trung cho luc nhét. Goi L 1a cong ma sat
gy ra do mot don vi khéi lugng chat 16ng chuyén dong:

U TR .
o0x oy oz
V6i nhitng diéu kién trén, phuong trinh (4.7) viét du6i dang hinh chiéu:

du_ 10p oL
dt p Ox Ox
dv__1op oL (4.18)
dt poy 0y
dw__,_1op oL
dt g p oz oz

Nhan lan lugt cdc phuong trinh (4.18) véi dx, dy, dz réi cong lai theo cot ta duoc:

udu+vdv+wdw——gdz—— 6pdx+8pdy+6p - —d aLdy aLd
p\ Ox oy dz O0x Oy oz
2

4% - _pdz—Lap—dL
2 p

, )
-sz+B+u—]+in=0—>z+R+u—+£=C
Y 28) & Y 28 8
2 u2
hay la; AT TR I - P T 4.17)
Y 28 Y 28
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Véi h),,, = L 12 tén that nang luong clia mot don vi trong luong chat 16ng di chuyén
g
tir mat cét 1-1 dén mat cit 2-2 (c6 thi nguyén do dai).

2. Y nghia cia phuong trinh Bécnuli (4.17)

Biéu dién trén hinh 4.4.

Duong nang luon luon doc
xuéng vi ¢ tén that nang lugng.
Dé xiac dinh do doc cha duong
nang, ta dua vao khéi niém do doc
thuy lyc J: 1a ti s6 gilta tén that
nang luong don vi trén don vi dai:
_ dh, _h,

dL L

3. Phuong trinh Bécnuli cho
toan dong 2 &E

Ta phai tinh nang lugng toan
dong chay tai cdc mat cat 1-1; 2-2;
Cich lam nhu sau: viét phuong
trinh Bécnuli (4.17) cho dG trong
luong, sau do tich phan trén toan Hinh 4.4
mat cit, nghia 12 nhan phuong trinh
(4.17) v6i dG = ydQ, rdi tich phan:

J

—>Jy

2 2
u u ,
[z +2)9dQ+ [2LydQ= [(z,+22)ydQ+ [224dQ+ [}, ,7dQ
o, Y ®, 2g Wy Y ®; 2g ®,

Nhu vay ta lan luot xét ba loai tich phan.
- Tai céc mat ct, dp suat phan bo theo quy luat thuy tinh (2.6) vi coi chét 1ong tai d6

chuyén dong gan nhu déu: z+ P _ const, nen:
Y

[ @+2ydQ=+B)yQ
Y Y

- Bong ning trung binh: T, = %mv2 = —2—1—’YQV2
g

2
- Dong nang tinh toan: T, = I ;—gde =aT,

T,

2
u“dQ
o 1a hé s6 hiéu chinh dong nang: o == f

Ty V2Q

gid tri ctia né phu thuoc vao ché do chay, nhu:
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o =2 : chay ting
o = 1: chay réi
Vay phuong trinh Bécnuli cho toan dong:

2 2
oV oA,V
_I_)I_.;_#:Zz +&_+#+h

Y 28 Y 28
Trong do: vl, Vv, - van toc trung binh tai mat cat: v=Q/o

wlZ_

§4.5. AP DUNG PHUONG TRINH BECNULI

1. Xac dinh do cao dat-bom

C6 mot bom li tam (hinh 4.5). Cho biét luu luong
Q, Py, dudng kinh d. Tinh h,.

Tuéng tuong c6 dong chay nhu hinh v&. Chon mat cit
1-1 (trir 6ng) va 2-2, mat chudn tring v6i mat thodng. Viét
phuong trinh Bécnuli (4.15):

zl+&+ u} =z, +p2+ﬁ
Y 2g Y 2g
0+P2 0= h, + 22 TP Py “Pek
¥ Y 2g
Py U
Y 28
Q_4

Vél u, =—=
. 2
o nd®

—h, =

s

j h!,, ,dQ - tén that nang luong trung binh doc theo dong chay.

o
2

*+*§€$
A

—_
o

NI

,
B

Hinh 4.5

Trong trudng hop c6 ton that h,, , do cao dit bom s& thap hon:

h, =Pk _ L
Y 28
2. Dong chay qua voi
Cho H, d - duong kinh ctia voi. Tinh u, Q.
Xét voi nho, binh 16n (hinh 4.6).

Chon c4dc mat cit nhu hinh veé. Ap dung phuong trinh (4.15) ta duoc:

2

H+O+O=O+O+;—2—)u2 =u=.2gH
g

D6 chinh la cong thitc Torixeli

Luu lugng Q=uo ; 0=—

52



Trong thuc t€, khi dong chiy qua vdi ¢6 tén that do
hinh dang cta voi, nén u=¢\/2gH véi ¢ <1, goi la h¢
sO van téc. Con luu luong qua voi, ti€t dién bi thu hep
(hinh 4.6): ®, =ew:€<1 -hé s6 co hep. Nén:

Q = ua)c = (0_8,([) 2gH = P..(D. 2gH

gp=p <1 -hé so luu lugng. c
Céc hé s6 ¢,¢, p duogc 1ap thanh bang va dugc nghién ’
P » N » X s Hinh 4.6
ctru ki trong thuy Iuc - chuong dong chay qua 16, voi.
3. Dung cu do van toc, ong Pit6 - Prandtl

IH Do van t6c clia mot diém trong dong chdy. Cam
Al . . N cen 1N ~, N N 2
ong do 4p va ong Pit6 hinh chit L vao dong chay nhu

hinh 4.7. Ong do 4p cho (z+2) con do cheénh
Y

2
AH=%—. Suy ra u=.2gAH .
g .

Két hop hai 6ng nay duoc 6ng Pito-Prandt] (hinh 4.7a).

Hinh 4.7

234

1
=% 0 s 7 —
S
7,
//////\\\\\\ NN l. PNNSANNNY \I\(:\\\\\\\\\\\\\\\\\\\

0,3d

'////// 22
N0 //////

a3

V11772271775

Hinh 4.7a
4, Luu luong ké Venturi
Cho D, d, AH. Tinh Q (hinh 4.8).
2
Tir (4.15): z, + P4 2=z 4 P2
Y 28 Y 28
p p u2 _ u2
Suy ra: AH—(Z1 +3 - Z, + ):2_4_
Y Y 2g
4Q 4Q X
Uy =— U, =—; Hinh 4.8
'Tap? Tt ad?
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co ee 4 14 . 2.2 » u S LA xR X, R
Dai vdi chit long thuc s€ c6 ton that h,, , = CEI_ , € 1a hé s6 ton that cuc bd.
: g

Khi dé:

2
Q=K,JAH véi K, == I g
4,00y o G
Voo
Tém lai, cdc budc dp dung phuong trinh Bécnuli nhu sau:

1. Chon cédc mat cat thi tu 1-2 doc theo dong chay (mat cat L 4 ). Tai cdc mat cat chat
16ng chuyén dong déu. S6 4n tai mat cat nho hon 2, néu bang 2 phai viét thém phuong
trinh luu lugng: Q = wv. ‘

2. Luu lugng qua cdc mat cit khong doi: Q =ov = const.

3. Mat chuén chon tuy ¥, nhung tién cho tinh ton.

4. Ap suat c6 thé 1a tuyét d6i, du, nhung phéi théng nhat cho 2 vé€. Néu 14y dp suat du
thi tai mat cit nio d6 ¢ dp suat chan khong phai déi dau.

§4.6. CAC PINH Li OLE

Mot s6 bai toan khong thé giai duge biang phuong trinh Bécnuli thudng phai ding dén
dinh 1i Ole.

1. Pinh li Ole 1. Hay la phuong trinh dong luong

Ung dung dinh 1i bién thién dong luong cta co Ii thuyét vio chat 16ng: %(mﬁ) = ZIEC ;

15e 12 ngoai luc, nhu vay khong phai xét dén noi luc cla chat 1ong (luc nhdét).
Xét dong nguyén t6 (hinh 4.9). Luc tic dung 1én khdi chat 1ong: goi Rm 1a téng luc
khoi. R, 1a téng luc mat.
Theo dinh 1i bién thién dong luong:
9 (mil) =R, +Ram
dt
Ta tinh: m = poudt
d(mu) = (mi), — (mi), = po,u,u,dt—pou,u,dt=pQ(u, —u,)dt

Vi u0; =u,0, =Q
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Hinh 4.9

Vay: Rs +Rom +pQi, +(—pQii,) = 0 (4.20)

D6 1a noi dung dinh 1i Ole 1.

Ung dung phuong trinh dong luong:

Phuong trinh dong lugng ing dung rong rai trong thuy khi dong luc va 1i thuyét may
thuy khi, ching han:

- Tinh luc ddy clia dong co phan luc hodc chia mot tén lira.

- Tinh luc tac dung lén cdc canh tuabin, canh quat, bom v.v...

- Nghién citu hién tuong va dap thuy luc trong dudng 6ng dén c6 4p.

Duéi day ching ta dan ra mot trudng hop van dung phuong trinh dong lugng vao viéc
xdc dinh tdc dung dong luc clia mot ludng chat 10ng 1én vat chén.

Gia thiét c6 mot ludng chat 16ng phun vao vét chan ¢6 dinh (hinh 4.10).

-
MU,

Hinh 4.10
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Khi gap vat chan thi luéng phan thanh hai nhédnh trugt doc theo vat chin. Ludng téc
dung 1én vat chéin mot luc P . Theo nguyén i tic dung va phan tic dung, ludng chiu mot
phan luc R cla vat chan. V& gia tri hai luc d6 bang nhau va cé chiéu ngugc nhau. Dé
tim luc P ta ap dung phuong trinh dong lugng cho khéi chat 1ong giita cdc mat cat 0-0,
1-1 va 2-2, chi€u né 1én phuong x ta c6:

m,u; cosa, +m,u, cosa, —m.u, =Rcosf
trong dé: m,, m;, m, - khoi luong chét long di qua céc ti€t dién 0-0, 1-1 va 2-2, tuong
ing trong mot don vi thoi gian.

Tu phuong trinh trén ta rit ra:

_ My, COSQ,; +Mm,U, COST, —M U,

R =
cosf
Hay la:
R < PQuU; cosa, +pQ,u, cosa, ~pQu, 4.21)
cosf

trong d6: Q =Q, + Q,.
Ta ti€én hanh xét cu thé cho moét s6 trudng hop:
a) Vit chdn la mét mdt phdng ddt vuong géc vai luong (hinh 4.11).
Trudng hop nay ta c6:

Qua thuc nghiém thdy rang tri s6 luc P
nhd hon tri s6 tinh theo cong thic H
thuyét, cu thé la:
P=kpQu, (4.23)
trong dé: k = 0,92 + 0,95
b) Vdt chdn Ié mot mdt cong déi ximg (hinh 4.12)

a, =a, =90° Mty
B =180° , T
1

Q] = Q2 = —Z—Q jr_1

ul = u2 0
Thay céc gid tri trén vao biéu thie — — —. o S— R X

(4.21) ta cé: [\
: 6: P B -
R =P=pQu, 4.22) 2 |—2

-
Matiy

Hinh 4.11

Trong trudng hgp nay:
o, =0, =Q

B =180°
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-
myu,

1
Q1 = Qz =—-Q
2
U =u =14,
Sau khi thay céc gi4 tri trén vao biéu .

thic (4.21) ta co:

P=pQu (coso—1) (424 /

c) Vat chdn la mot mdt phdng ddt
vuong géc voi luong nhimg chuyén dong 0
theo chiéu dong luong véi vdn toc v
(hinh 4.13).

Trong trudng hop nay cé su chuyén
dong tuong doi cua ludng doi véi vat
chén véi van téc tuong dai 1a:

Myl

Hinh 4.12
w=u,-V

Ta véan c6 thé 4p dung cong thic (4.22) dé tinh luc tic dung ca ludng lén vat chan
nhung phai thay van tdc tuyét d6i u, bang vén toc twong d6i w.

Ta cé: P=pQ(u, -v) 4.25)
Cong sudt cha luéng cung cap cho vat chan di dong s la:
N =Pv=pQ(u, —-v)v (4.26)
m,l-l: 1 "‘1[’:
0
v 0
_________ R - ,
o \ - _._.__T_» ....... z _ e
m,{u, —W 0 X
l B ma(a:)-w
ma,
mza;
Hinh 4.13 Hinh 4.14

Cong suat cuc dai ma ludng cé thé cung cdp cho vat chin di dong s& c6 khi:

N o pQa, -2v)=0
dv

} u
Rut ra: v=-—24

Do dé: N =pQle yQ% 4.27)
g
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Cong sudt von ¢6 cua ban than ludng la:

ul
N, =yQ-2 (4.28)
2g

So sdnh (4.27) va (4.28) ta nhan thdy ring khi vat chan 12 mot mat phang dat thing
géc v6i luéng va di dong theo chiéu dong ludng, ta chi 1gi dung dugc nhiéu nhat 1a nira
cong sudt von ¢ cia ban than ludng.

d) Truong hop vdt chdn la mot mdt cong doi ximg di dong theo chiéu dong ludng voi
van toc v (hinh 4.14)

Ciing giong nhu trudng hop ¢) & trén, ludng chuyén dong tuong déi so vdi vat chin
véi van toc tuong doi w = u, — V. Ap dung cong thiic (4.24) dé tinh luc tic dung cla
ludng lén vat chan, nhung cédn chd ¥ thay van toc tuyét d6i u, bang van téc tuong doi
w=u,— V.

Khi dé ta cé:
P=pQ(u, —v) (cosa—1) (4.29)
truong hop dac biét khi a = 180°, lic dé ta cé:
P=2pQ(u, -v) (4.30)

Cong sudt cta luéng cung cdp cho vat chan:
N =Pv=2pQ(u, —v)v

Cong suat d6 s€ 16n nhat khi:

ili =2pQ(u, -2v)=0
dv
Ruit ra: V= Yo
: 2
u? u?
Do d6: N =2pQ—+=7Q-2 “4.31)
4 2g

So sanh (4.31) va (4.28) ta it ra két luan:

Khi vat chan 12 mot mat cong déi ximg di dong theo chiéu dong luéng thi cong suat
cla ludng c6 thé duoc sir dung toan bo. Hinh dang cla canh tuabin xung kich "kiéu gao"
ngay nay chinh la xuat phat tir két luan dé.

2. Dinh li Ole 2. Hay 1a phuong trinh mé men dong lugng
dl—:o T
= Mo
dt )2
Xét khéi chat 16ng chuyén dong trong ranh banh cong tic (cla tuabin chéng han)
(hinh 4.15). "

Goi M, - momen ngoai luc.
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- M, la mé men tic dung cia
dong chay lén thanh ranh - mémen
lam quay bdnh cong tac cla tuabin.

dL = (miir), — (miir),
dL, = po,u,dt.u,.r, cosa, —
—pw,u,dt.u,.rf, cosa,
= pQ(u,r, cosa, —u,r, cosa, )dt

Vay mo6 men lam quay banh cong
tic cla tuabin, gay ra do tic dung
cta dong chat 1ong ¢ luu lugng Q:
M, =pQ(4u,r, cosa, —u;r, cosa,)

(4.32)

Tua bin quay véi van téc géc Q

Hinh 4.15

thi cong sudt ciia né la: N =M _Q
Trong thuc t&: N = nM_Q
n < 1 - hiéu suat chung cta tuabin.
Vay: N =npQQ(u,r, cosa,; —u,r, cosa,)

Véi luu y: rQQ = v, vén t6c theo.
R

§4.7. THI DU :
Bai 4.1. Mdy do nhét Engler bao gom moét binh tru tron

ban kinh R = 5,3cm va mét 6ng nhé giot & duéi ddy véi ban

kinh r = 0,145cm, chiéu dai / = 2cm. D¢ sau chit 16ng trong

binh ldc Gng nhd giot bt ddu chy 13 h, = 5,2cm. tl h,
1. Tim m6i quan hé giita thdi gian thdo chat 16ng t véi do l

NG

nhét dong hoc v cla né. Bd qua ma sat va gia t6c ctia chat

long khi may lam viéc. Hinh bai 4.1

2. Cho chat 16ng 13 nudc, v = 0,01cm?/s. Tim thdi gian

1 ¥ 1 thdo nudc tir 4 sau h, xuéng do sau h, =2,93cm.
) Bai gidi:
h "o 1.a) Thanh lap phuong trinh:
sl lh1 ' Phuo’ng tr‘ml} catm béng ca dong chay trong hé thong
J * binh va 6ng nho giot 1a:
Hinh bai 4.1 nR"dh = —nr’vdt (M
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Sau thdoi gian t muc chat 16ng trong binh & do sau h. Vi€t phuong trinh Bécnuli cho 2
mat cit 1-1 va 2-2, ta co:

2 2
h=2Y th, =2 A Q)
2g 2g d2g
Dong chay trong dng nhé giot 1a dong chay tang, nén:
p=584_32
Re v
Gia thiét 1ay o = 1 phuong trinh (2) c6 dang:
v2+16 Ly- 2gh=0 (3)

Giai (3) s& tim duoc biéu thic:

v=8—V—l(J1+kh—1) @)

2

r
4
. gr
véi: =—=
32v201°
Thay (4) vao (1) ta c6 phuong trinh:
k*  dh

5
" 8vl \/1+ 1 ®)

1.b) Tim quan hé t ~
Giai phuong trinh (5) véi diéu kién: khi t = 0, h = hy, r = R s€ tim dugc quan hé gitta
t va v nhu sau:

8le2{/1+kh \/l+kh+ln[ \/___“llikh IH 6)

2. Thoi gian thdo nudc tir h, dén h, 1a:
2 1+kh, -1
T= 8”}} J1+kh, —/1+kh; +Inj Y—2 —
gr 1+kh, -1
v6i nuéc, v = 0,01cm?/s, T = 37,30s.
Bai 4.2.

Mot vdi phun nuéc theo phuong thing ditng xuéng san nim ngang va nuéc dugc toé
ra khi gap mat phang nim ngang nhu hinh bai 4.2.

Gia thiét cho biét trong lugng riéng y clia nudc, chi s6 4p sudt p, trong dp k€, cic kich
thuée H, h, D va d, bd qua tén that.

1. Yéu cau lap céc biéu thiic xdc dinh:

a- Van t6c va luu lugng ra khoi miéng voi (v}, Q).

b- Tri s6 va chiéu cla lyc giif vdi phun theo phuong thang ding F (khi khong ké trong
lugng ban than).
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c- Xung luc clia voi phun 1én san (R).

2. Tinh céc dai luong v, Q, F, R theo cic s6 li¢u sau: —O=

%

A
o

H=2m, h=0,Im, D = 4cm, d = Icm, p, = 2at (1 at
bing 10 mét cot nudc), y = 1000kG/m>, g ~ 10m/s>.

Bai gidi:

1. Ldp biéu thirc xdc dinh cdc dai luong:

a) Van téc va luu lugng ra khoi miéng voi

Dung phuong trinh Becnuli cho hai mat cat O-O va 1-1
va mat chudn di qua 1-1, ta dugc:

+ D61 véi van toc ra:

Hinh bai 4.2

+ Da6i véi luu lugng:

nd? \Z
=—V, ;V,=—
4 16
b) Tri s6 va chiéu clia luc F giit voi phun phun theo chiéu thing dimng:
nD?
F = lQ(vl _vo)_Gn _po T
g 4

trong d6: G, - trong lugng khoi nude trong doan voi tir O-O dén 1-1.

¢) Xéc dinh xung luc R cta voi 1én san:

5 ,
R =1Qv2 = ln—d—v, ) /(vl2 +2gH)
8 g 4

2. Tinh bdng 56"

v = (2100120 _ o8 ~20,64m/s 5 v, = 1,29m/s;

|_(o.01Y
0,04
nd®>  3,14(0,01)

Q="v, +20,64 =0,00162m’/s;
4 4

2
F= —1(1)80 0,00162(20,64-1,29) — 20000.3, 144'(0’ 04)

(xem G, = 0)

=-22kG



R= 1—(1)%9-0,00162\/426+2.10.2 =3,5kG

Hinh bdi 4.2a

Bai 4.3.

Hai bé chita nuéc 16n A va B duge néi v6i nhau bang mot dudng 6ng dai c6 dudng
kinh d = S0mm (modun luu luong K = 8,313 J/s) va chi€u dai I = 50m. Tai giita doan AB
c6 mét 16 thao nudc. Luu lugng thdo qua 16 tinh theo cong thitc.

" Q, = Mvh (M =0,0015m"?/s )

va h 12 cot nudce dp suat tai 16.
1- Khi déng 16, tinh luu luong chay trong dudng 6ng AB.
2- Khi mé 16, nuéc trong doan 6ng CB chay theo chiéu nao?
3- Tinh luu lugng chay qua 16 va cot nude h ciia nudce trong trudng hop thir 2.

Cho biét cot nuéc & A 1a H, = 10m, & B 1a Hy = 8m.

A ________
.
Q
A C
Hinh bai 4.3
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Bai giai:

Hinh badi 4.3a

1. Tinh heu lugng chay trong duong 6ng AB
Khi déng 16 C nudc chay tir bé A sang bé B véi luu lugng:

Q=K+T= 8,313J% =1,66//s
2. Xdc dinh chiéu chdy trong CB khi md 16
Gia st cot nudc tai Cla h = Hg = 8m. Luu lugng qua 16:
Q,; =Mvh =0,0015+/8 = 4,241/

Lai gia thiét rang luu lugng trong doan BC 1a Qg = 0, do d6 luu lugng chay trong
doan AC la:

Qac =Kﬁ=8,313,/% =2.35l/s

Nhu vay Qs > Qac, do dé nudc s€ chay tir B dén C.

3. Tinh luu luong qua 16 va cot nude cho trieomg hop (2).
Vi nudc chay tir bé A va bé B dén C nén:

Q5= Qac + Qpc (1)
10-h 8—h
hay: Mvh =K +K
v vh \/ 25 \/25
EKM\/H=\/IO—h+\/8—h | @)
1
M 0.1845m2
K

Giai phuong trinh (2) ta dugc:
H=7,34m
Quc =2,7UIs 5 Qg =1,351/s va Q, =4,06//s
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Bai 4.4. M6t van an toan c¢é dudng kinh d = 25mm -
cho thdo luu lugng dau Q = 10//s duéi ap suat du —_E—'/ ﬁ "
p = 32at, khi d6 d¢ md cia van s = Smm (hinh bai LT 7R R VLY.V,
4.4). B qua t6n that cot nuée & khe van. Yéu ciu: ——‘L‘\\

1. Xéac dinh phuong chay ra cla dong tia sau khe
van (géc o). Cho biét dp sudt lic ban ddu dé md van Hinh bai 4.4
la p, = 25at, do cing cta 16 xo ¢ = 20 N/mm, khoi
luong riéng clia ddu p = 920 kg/m’.

2. Khi thay ddu bang nudc ¢6 p = 1000 kg/m® thi tia ctia dong phun léch bao nhiéu do
so v6i phuong nam ngang.

Bai gidi:
1.* Khi chua m& nép van an toan, luc cang cta 10 xo la:

nd?
2 = Po T

Sau khi md& van an toan, luc cang cta 1o xo s€ la:

2
Hinh bai 4.4a P,=p, ™ s
° 4

Ap luc ctia ddu & mat cét 1-1, cira ra ctia dong tia 1a:

nd?
P =p 4
* Viét phuong trinh dong lugng cho khéi chit 16ng giita hai mat cat 1-1 va 2-2 va
chiéu lén phuong ndm ngang, ta cé: :
P, =P, = p(Qv, cosa—Qv,) (D)
Theo dau bai, luc tic dung 1én khdi chat 16ng chiéu lén phuong nam ngang chi con lai
cacluc P, va P,.
p, =32 at = P, = 1540,995 N ; P, = 1303,87N.
* Viét phuong trinh Becnuli cho doan dong tia gita hai mat cat 1-1 va 2-2, 1ay mat
0-0 di qua tam 6ng 1am chudn, ta cé:

2 2
Po Vi _V2
| Yy 28 2g
do d6, van toc v, s€ la:
v,= 2042 of
Y

Vay van toc:

v, = 4—Qz =20,37m/s
nd
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v, = 85,08m/s
Thay (2) vao (1) s€ tim dugc:
P -P 2

pQv, v,

cosa =

Thay s6 vao, ta dugc:
cosa =0,5423= o =57°09'
v, = 81,8m/s;

2. Thay ddu bang nudc: cosa =0,5388= o =57°23'30"

Bai 4.5. Trén thanh bén cla 1 thung chita nuéc hinh lang

y

tru dat thang ding c6 1 16 16n hinh luc gidc déu canh a = 1m.
Cot nuéc trong thung tir mat thodng (& d6 ap suat bang &p
suat khi troi) dén tam 16 12 H = const (hinh bai 4.5). 7 \

T

Xac dinh luu luong chdy qua 16 v6i H bat ki va khi a
H =+/3m, hé s6 luu lugng p = 0,60. Hinh bai 4.5

3

Luu ¥ rang 16 ¢6 2 canh dat song song véi ddy thing.
Bai gidi:

* Pay 1a dong chay qua mot 16 16n c6 kich thudc thay déi.
Lay mot vi phan dién tich do c6 tri s6 bang: do = x.dh. Coi

Q0 dong chay qua dién tich vi phan d6 1a dong chay qua 16 nho
¥ =\ dh v6i luu lugng:
(e dQ = pdoy/2gh )

Luu lugng qua 16 16n bing téng cdc luu lugng qua 16 nho.

Hinh bai 4.5a Chia 16 thanh hai phan: nita trén va nita duéi c6 luu lugng
tuong tng la Q, va Q,. Luu lugng qua 16 la:
Q=Q,+Q,
O nira trén cha 16:
2

3
dQ, =2T§\/2_g(h—H+a\/§)\/H.dh 3)

x =2(h—h,)1g30° =——(h-H+a3) @)

L4y tich phan (2) tr H +§ dén H sé duoc:

- 3
_2h (—4H+10a~/§)H5—(4H—7a\/§)(H+E~2—3—j2 @)

Ql—mu
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* (3 nira dusi cha 16:
do =(H-h+a+3)dh

Thay do vao biéu thitc (1) va lay tich phan tr H dén H + 1\2[3— , s€ dugc:

3
szﬁp (4H +10av/3)H? — (4H + 7a/3) H+3£ (5)
15V3
Liru lugng Q qua 16 bang:

h ?\/_” 2°a‘/§H2+(4H+7af>[H-i] —(4H+7af)[ a\/_] 6)

*Véia=Im H= 3 ;

Q =0,0646.1.\2g =171,7l/s
Bai 4.6. Dé 1am tang luu luong cha voi (tiét

dién s, hé s6 co hep € = 1), ngudi ta nodi thém ] ¥,
s N o 1in  gss \V4
vao mot doan ong hinh tru ti€t dién ns du dai TE========
dé dong chdy c6 thé md rong choin ddy ong
trude khi ra ngoai (hinh bai 4.6). \ls_:f. v —dwy

Vi gia thiét 1a tén that cot nudc chi 1a do 2 ' ( o
noi dong chay md rong dot ngét, hay tinh tri
sO n sao cho luu lugng 1a 16n nhat.

Bai gidi:
Goi v 1a van t6c & miéng ra cua voi va V la
van téc 6 miéng ra cua 6ng ndi thém, ta co:

Hinh bai 4.6

Tir phuong trinh lién tuc
vs = V.ns
Tir d6:
V=

= | <

Tén that cot nude toéng cong: h, = H gbém:

+ Tén nhat do m& rong dot ngot & chd vao 6ng ndi thém, theo cong thitc Bodeda:
_(v-V)?

wyp 2g

+ Tén that ché ra khdi miéng 6ng, véi €, =1;

h
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Wo 2g

w2 2 2 2
H=(v V) +Y__=X_ (1__1_] +_]2_
2g 2g 2g n n
Véi H = const cho trudc, mudn v 16n nhat (tdc 1a Q 16n nhat) thi dai lugng trong
ngoac vudng & v€ phai clia phuong trinh trén phai bé nhat.

h

Do d6:

Nhu vay, néu goi lugng nay 1a k, ta phai cé:
& _y
dn

Tir d6 tim duge n = 2 va tuong Ung:

k=1

[\

Vay ong phai c6 tiét dién bang 2 Idn tiét dién vdi va khi d6 tén that cot nudc tdng
cong s€ la:

V2

g
Néu khong lap thém 6ng n6i, van toc ra & voi s€ 1a v' va:
) V|2

H=—
2g

H=

N | =

Nhu vay, vé6i cung c6t nuée H ta c6:
v=12v'

diéu d6 c6 nghia 1a khi 1ap thém ong c6 dién tich bang 2 14n ti€t dién voi thi luu lugng
tang lén +/2 14n so véi khi khong lap them éng.

Bai 4.7. Mot mdy tudi tu dong (kiu quay) quay xung 050m
quanh truc thing ding. May c6 hai vdi phun dudng kinh e

d = 6mm dat cach nhau 50cm va huéng chéch 1én mot N )K
g6c o = 30° so véi dudng ndm ngang (hinh bai 4.7). % o §300

B6 qua ma sét va stic can cua khong khi, tinh toc do
quay ctua may. Cho biét luu lugng nudc qua méi voi 1a
Q=2,5m’h.

Bai gidi:

Hinh bai 4.7

1. Tinh cong suat cta ludng nude phun ra:

Cong suat clia ludng nudc phun ra tir hai voi (do dong nang):
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(Vcosa)?

N, =2pQ =pQ(Vcosoc)2

trong d6: V - t6¢ do ludng nudc phun ra & voi;
p - khdi lugng riéng cta nuéc.
* Cong sudt ma mdy tudi nhan duge do tdc dong tir cac ludng nudc phun:
N, =2M.0
trong d6: M = F.r - mémen d6i véi truc quay cla thanh phan ndm ngang clia lyc ma
luéng nuée phun tac dung 1én voi (F);
o - toc do géc quay clia may (tinh bang rad/s).
ViN, =N, nén: ‘
o= pQ(Vcos o)’

(D
2Fr
2. Xéc dinh luc F:
Viét phuong trinh dong luong cho doan ludng chay cua voi
ta co:

R+ G =pQ(V —7) véi (o, = 1)

2

trong doé: G - trong lugng nude chita trong doan 1-2; - Ll
R - phan Iuc tir voi tic dung 1én ludng chay. ¥
Chiéu phuong trinh 1én truc x nAm ngang va vuéng géc véi Hinh bai 4.7a
cénh tay don R, ta cé: .
R, =pQ(Vcosa—-0)=pQVcosa

Do dé: F=-R,=-pQVcosa 2)

Va lt_rcIE c6 chiéu nhu trén hinh bai 4.7a (am cho mdy tuéi quay ngugc chiéu kim
dong ho).

Thay d6 16n cua F theo (2) vao cong thiic (1) tinh ®, can bang véi o dugc tinh theo

O = 26_7:)2 = —13% , trong d6 n - t6c do quay tinh bang vong/phtit, ta dugc cong thiic:
n=15Vcosoc 3) i
sy
3. Tinh gia tri n:
6
Tinh: V= 9 A = 4.2,5.10 =24,5T7m/s

S nd®  3.14.62.3600
Thay s6 vao (3):
_1524,57.0,866

— 407vg/ph
3.14.0,25 g
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Bai 4.8. Mot thdp nu6e c6 tiét dién di 16n dé c6 thé Vi
xem h, = const dat trén xe tu hanh (hinh bai 4.8). Cho =
h,, h, d vA bd qua moi tén that ké cd ma sit & banh xe. | =

Yéu ciu: Ll

1. Tra 101 cau hoi: xe c6 chay khong? tai sao? h it

2. Néu xe chay thi hdly xdc dinh gia t6c a va phén tich i
chuyén dong dé. T J/ i

Cho biét: h, = 2m; h = 4m; d = 2em; ¥ = 1000kG/m’;  — & D nc
g = 10m/s%; trong lugng nuéc: P, = 2000kG; téng trong
luong xe va thiét bi: P, = 100kG.

Hinh bai 4.8
Bai gidi:
1. Tra 16i: xe chay
2. Tinh gia t6c a:
Luc tac dung ctia dong nuéc: F =R = pQv.
2 2
v=2g(h+h); Q=v, %= 2eh. %
42
B pnT\/Zgho J28(h+h,) .
F=ma=a= =1.03.10“m/s
(P, +P)
g

3. Phan tich chuyén dong:

Chuyén dong 1a nhanh ddn déu vi a = const. ]

Bai 4.9. Voi phun c6 dudng kinh ddu vao D = 80mm; dau ra d = 30mm. Khi dau ra
clia vdi md, luu lugng thodt ra 1a Q = 100//s. B4 qua tén that (hinh 4.9).

1. Tinh c6t nudc cha voi.

2. Tinh luc giit voi phun khi voi phun m& va khi voi phun dong.

3. Cho voi nuéc dap thang vao canh cong nhdn cé géc 0. Canh cong c6 chuyén dong véi
van toc u trén thi€t bi huéng dong. Hay xdc dinh: a) Luc dong tic dung l1én cinh P, cong
suat N va hiéu suat n cia dong phun.

b) Quan hé v/u tng v6i 1, o
¢) Dang hinh hoc don gian clia canh dé "‘___\‘Ld

¢6 1M« cho truong hop canh don va ddy —»-------——————-

cinh. _,__/—(
Bai gidi: |

1. Tinh cOt nudc cha voi.

Viét phuong trinh Bécnuli cho 2 mat Hinh bai 4.9

cat1-1va2-2. Laya =1.
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2 2

Rl__'_v_l:.},l (1)
Y 2g 2g
V2 D
Cot nuéc ciia voi:  H =2 véi : |
28 \—L
-3 . 2 2 v
V2: 4Q2 ::4.100102 ::141’5m A = .<R_ _____ I .
nd®  3,14.0,03 T |
2
2
p - 1413 =1021,5m cot nudc. 1 T
2.9,81
2. Tinh luc giit voi phun khi mé va khi déng Hinh bai 4.9a

a) Khi voi phun mé:
Ap dung phuong trinh dong lugng cho doan dong dang xét véi o, = 1.

nD?
—pQv, +pQv, =p, -—4——R
nD?
R=pQ(vl—-v2)+pl-—4— (2)

_4Q _ 4.100.107°

= > = > =19,9m/s
nD 3,14.0,08

Vi

22 2 10 o2
Tu(l)ycs:  p, =y Y2V0 |=oggof 1AL 219971 6813190 Njm?
1 2g

.2.9,81
Tu (2) co6:
R =1000.100.103 (19,9 - 141,5) + 9813120 ~3’414-O,082
R =3714IN
b) Khi voi phun déng:
142
R'=p,- ™ v6i PL_t (do v, =0)
4 Y
2 2
R'=yHlt]:—:9810.1021,5-3—’1§'40’£=50345N
3. a) Truong hop 1 canh
- Luc tdc dung: P= pQ*(v2 —u)(1+cos0)
* Ttdz
=—(v,—u
Q p (v, —w)

2
P= p%(v2 —u)*(1+cosH)
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- Cong suat:

7'Cd2 2
N=Pu= pT(v2 —u) .u.(l+cosB)

- Hiéu suat:
n= N _2v, ~u)?.u(l+cosO)
1 md® s v
2" 4

b) bé ¢6 n,,,, thi
fiﬂ _2(1+cosbH)

- . [—2(v2 —u)u+(v, - u)2] =0

~2v,u+2u? +v; —2v,.u+u’ =0

2 2 _
3u”-4vou+ vy =0

A
3
- Dang hinh hoc dé n=1_,, khicoi 8 = 1 tic 1a 8 = 0; d6 1a nira cau.
* Néu la day canh thi:
nd?

P= pT‘v2 (v, —u)(1+cos0)

nd? ‘ :
N=Pu= PT-Vz(Vz —u).u.(1+cos9)

Tl_‘”—”'—N ;
“1_ Tlfd2 V3 ’
20“4 2

N= Ny Khi v_uf%

Bai 4.10. M4t tua bin Pelton 1érh viec dudi cot nude H = 750m. O cudi Ong dan cao ap
¢6 voi phun vé6i dudng kinh d = 180mm (hinh bai 4.10). Bd qua tén that cot nuée, tinh:

1. Luc ddy ctia dong tia 1én gau Pelton. Biét téc do cha gau 1a u.

2. Céng suat hap thu bai gau Pelton. So sanh véi cong suidt dugc tao ra bdi cot nudc.

Bai gidi:

1. Tinh luru luong va cong suat

+ Van tc cla ludng nude ra khoi voi duge xédc dinh tir phuong trinh Becnuli viét cho
hai mat cat 0-0 va 1-1 (hinh bai 4.10):
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H = 750mm

_[_-_kb_/_\:f_‘f_,l

Khoa 1 [d=180mm

Tuabin Pelton

Hinh bai 4.10

2
Vv A"
z+&+—cq+&+4v

2
vy 2 y 2g
v2
H+0+0=0+0+ —L;
2g
v =v, =+2gH =4/2.9,81.750 =121,3 m/s.

+ Luu luong nudc ra khoi voi:

2 2
Q=vm=v%—=121,3§%8—=3,09m3/s

+ Cong suit tao bdi cot nuée: N =yQH =9810.3,09.750 =22,7kW

2. Xét chuyén dong clia dong tia d6i voi hé toa do tuwong d6i gin lién gau: gau ding
yén, luéng dén gau véi van téc v = v —u.

Viét phuong trinh dong luong cho chuyén dong twong dsi, én dinh chia khéi nudc
dugc gidi han bdi cdc mit cét kiém tra: 1-1, 2-2, 3-3 (hinh bai 4.10a).

Céc lyc tac dung lén khéi nuéc gom:

+ Trong luc G theo phuong z.

+ Ap luc bing khong cic mat bén déu tiép xiic véi
khong khi.

+ Phan luc F cta gau 1én luéng nudc.

Phuong trinh dong luong:
G+F = p(Q,¥, +Q;¥; - Q,¥,)
F,=0
E =p(-Q,v, Qv -Qv))
Bd qua tén that cot nude, nén:

V=V, =V3=V—u Hinh bai 4.10a
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A~ _Q _(v-wo
Q=Q=" 2
F, =-2pQ,(v—u)=-2pn(v- u)?
F, mang ddu am nén ngugc chiéu véi truc x. Vay gdu bi ddy bdi luc R c6 phuong
chiéu nhu hinh bai 4.10a.

R =2pw(v- u)?

1 , 1 n0,18?

Véi V=2, R =~ pov? = —1000 121,3% = 187kN
2’2 2

3. Cong sudt tiéu thu bdi gau Pelton.
Ga4u chiu luc ddy R, chuyén dong véi van t6c u.

Cong sudtcta gdula N=Ru= 187.1%21’—3 =11,3kW

Vay cong suit tao nén bdi cot nudc 16n gap hai 1an cong sudt hdp thu.

Bai 4.11. Mot dudng 6ng c6 ap véi duong kinh khong déi d = 0,5m, c6 mot ché gay
g6c 1am v6i truc nam ngang mot géc nghiéng o = 60°. D¢ cao z, = Im, luu luong trong
dudng 6ng Q = 400 //s. Téng he s6 tdn that trong doan gdy géc 1a ¥ = 0,30. Ap suat do
dugc & mat cat 1-1 trude chd gdy géc 1a p, = 20at (hinh bai 4.11). Tinh luc clia dong
chady tic dung lén thanh 6ng & chd gy géc. Bé qua trong luong 6ng va nudc. Cho khéi
luong riéng ctia nuéc 14 p = 1000 kg/m’.

Hinh bai 4.11
Bai giai:
Phuong trinh bién thién dong lugng c6 dang:

véi: R 1a luc tic dung clia dong chay, P, P, 1a dp luc tai 1-1 va 2-2:

V=V, =V= g=2,04m/s
© ’

m; =m, = pQ.
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Tir (1) ta cé:
R =(m,¥, + P2)—(m¥, + P1)

R=R:+Ri 2)
R, = m,V, + P>
Ri =(mV, +P1)
Gid trj cha R, :
R, = pQV +p,o = 386,056 kN. 1
Ap sudt tai mat cat 2-2 theo phuong trinh Hinh bai 4.11a

Becnuli bang:
2
v

P, =P, —PgZ, -0,332—

p, = 1951,57 kN/m?
Gia tri cta vécto Ra2:

R, =pQv +p,m =383,19 kN
Gia tri cta luc R tinh theo cong thdc tam gidc thudng bang:

R?=R? +R} -2R,R, cosa

‘R =384,63kN
Tinh géc B :
Ta cé: | —Ii— = R‘
sina  sinf3
Do dé:

sinf = (%)sin a =0,8692

B=60°22'

Bai 4.12. Mot bé hinh tru thing ding tiét dién ngang S = 20m? duogc cip thuong
xuyén mot luu luong nude khong déi Q, = 30//s. Ngudi ta 1y nudc ra khodi bé biang mot
ong xi phong c6 tiét dién miéng ra s = 7,85.10”m?% Mat phang nam ngang di qua tim
miéng ra cia xi phong duoc 18y lam goc tinh cac cao do z. Cho cic cao do nhu sau:

- Day bé z = z,; dinh xi phong z =z, = + 3m; :

- Miéng hiit cia xi phong z = d. Bd qua ton that cot nude trong xi phong; tai miéng ra
cua xi phong khong c6 co hep bén.

1. Véi cao do ban ddu clia nu6c trong bé 12 z; va xi phong lam viéc (thdo nudc ra
ngoai), hiy x4c dinh vé mat dinh tinh sy thay ddi ciia muc nuéc trong bé (z) theo thoi
gian (t). Su thay déi nay c6 phu thudc d hay khong? Tinh tri s6 phan gidi cta d.
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2. V6i cao do muc nuéc ban déu trong bé 1a z; va xi phong lam viéc; véi d = 2m va
z,= O,Sm.

a) Hay thanh 14ap phuong trinh vi phan ctia z d6i véi t cho 2 qua trinh:

- Qua trinh nudc ha xudng;

- Qua trinh nuéc dang 1én.

b) V& dinh tinh dudng biéu dién z = z (t) cho 2 qua trinh trén.

<
=
A
Xiphdng —— — _S - 2 —
— |- — _———z,—  —
— = —  — | — e —
3
z
‘ z,
\
0| \Fr\ A B | 0
Hinh bai 4.12

Bai gidi:

1) Luu luong thdo ra khi z =z, = 3m;

Q=s2gz, =0,06m" /s =601/

Xi phong van lién tuc lam viéc thi nudc trong bé s& ha. thap din (do dé luu luong thio
ra Q ciing s& giam theo) cho dén Q = Q, thi ngimg lai & muc nuéc z = z*. Tinh z*: Pat
Q,=Q=s 2gz* , ta co:

z = i[%)z =0,744m

C6 2 kha nang:

a) d < z*: myc nuéc ha tir z, xudng z* réi dimg lai, n dinh.

b) d > z*: muc nudc ha tir z, dén z = d thi xi phong ngimg lam viéc do miéng hut cta
n6 bi hd ra. Chi ¢6 Q, bé sung nén nude dang 1én cho éé’n z, thi xi phong trd lai lam viéc
va su dao dong clia muc nudc lai bat ddu mot chu ki méi. Trong trudng hop nay muc
nudc ludn thay doi theo thoi gian, véid <z < z,.

R& rang, tri s0 phan gidi cia d la d, = z* = 0,744m.

2)zy=+3m;d =2m > z* nén ta thuong c6 trudng hop b.

a) Phuong trinh vi phan
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- Nudc ha xuéng: muc nuéc trong bé thay déi mot luong dz trong thoi gian dt. Ta ¢6

phuong trinh can béng thé tich nuéc:
Sdz = Q dt — Qdt = Q,dt — s/2gz dt.

Tu dé:
E — 9.2. — §_ “Zg \/; hOéC
de S S )

ﬂ=0,0015—0,00174\/2

v6i z tinh bang m, t tinh bang s.
- Nude dang 1én: Q = 0 nén phuong trinh tr& thanh:

Sdz = Q,dt, hay cudi cung: % =0,0015m/s

Quan hé gitta z va t 1a tuyén tinh.

b) V& dudng biéu dién z = z (t).
L Nudf dang z=z(l)

Nudc ha

Hinh bai 4.12a

Bai 4.13. Ludng nuéc phéng vao méi trudng khi quyén duéi cot nuéc H = 45m tir mot
ong dudng kinh D = 20cm c6é doan nén cut ngan & cudi 6ng vSi dudng kinh miéng ra

d = 10cm (hinh bai 4.13).

i
11k
N
]

h,
hs

Hinh bai 4.13

Yéu cau:
1. Tinh luu lugng nudc phéng ra va ép suat tai diu doan nén cut.
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2. 6ng nghiéng 45° va luu luong néi trén dugc cdp cho mot méang c6 mat cat ngang
hinh chit nhat rong b = 10cm, ddy mdng nadm ngang. Ddng chay déu hinh thanh trong
méng c6 do sau h, trén toian bo chiéu rong chia nd, dugc két thic bang tdm chén phéng,
va dong thodt qua 16 hinh chit nhat & dudi tdm nay c6 d sau h; = 30cm.

Hay tinh cdc d¢ sau nudc h; va h, & bén trdi va bén phai ving xdo dong.

3. Tinh t8n thét cot nudc trong viing xdo dong. Cho p = 1000 kg/m>; g = 10m/s*.

Bai gidi:

1. Tinh lIuu lugng va ap suat:

2

H=%°—, v, =+[2gH =30m/s
g

2
Q=v, “—j— =0,236m%/s = 236 I/s

Ap dung phuong trinh Becnuli cho 2 mat cét 1-1 va
2-2 véi céac d}éu kién: Hinh bai 4.13a
- Bo qua ton that c¢ot nude (nho vi la doan thu hep);

-Bé quadochénhz,—z,~0

2 2
pl Vo _V]

Ta dlI(_)’C: —_— = —_(p2 = O’ V2 = Vo)
Y 2g

4\
Véi v, =v0(—) =0,25v,
D

Tinh ra dugc: BL =42 2m cn., p, =4,22.10°(Pa).
Y

2. Tinh do sdu h, va h,
Ap dung phuong trinh dong luogng cho khéi nudc xdo
dong nhu hinh bai 4.13b, ta c6:

§+T+a+l_’1 +l3z =pQ(Vv, —V,)

Chiéu phuong trinh nay lén truc X ndm ngang, bd qua

luc ma sat T va coi 4p suat phan bd trén cdc mat cat 1-1 Hinh bai 4.13b
va 2-2 theo quy luat phan bg dp suét thay tinh, ta dugc:

b o
P -P, =%(h,2 ~h3)=pQ(v, =V, cos 45°) (1)
trong doé: v, =£—
2

Phuong trinh (1) chifa 2 an, cdn thém 1 phuong trinh nita; phuong trinh Becnuli viét
cho cdc mit cit truéc va sau tAm chan:
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h, +=2 =h, +-* @)

(bd qua tdn that cot nudc).

Véi: vy =—g= 7,87Tm/s =

2 Vo = Q L/L
T (2) ta co: h,+-2=34 - =5 3
U (2) ta cd 2+2g m b he (3)

Giai (3) bang gan ding lién ti€p ta dugc: h, = 3,38 m (v, = 0,70m/s). Thé h, = 3,38m
vao (1) ta duoc: h; = 1,32m.

3. Tinh tén that cot nudc

Ap dung phuong trinh Becnuli cho 2 diém: diém 1 thuéc luéng nuéc cé ciing cao trinh
v6i diém 2 & mat tu do thudc mat cit 2-2, ta ¢6:

Ve _ V)
-0 _—_Z 4 w
2g 2g -2
Tir do:
2 2 2 2
-2 2g 2g 2g 2.10

h

w. . =45m cot nudc.
1-2
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Chuong 5
CHUYEN PONG MOT CHIEU

CUA CHAT LONG KHONG NEN DUGC

Trong chuong 4 ta da thanh lap dugc hé phuong trinh vi phan chuyén dong clia chat
long. Chuong nay xét cu thé mot s6 dang chuyén dong mot chiéu cha chat 16ng khong
nén duoc nhu nudc chay trong ong, du trong cic khe hep v.v... Tir d6 nit ra nhiing tng
dung vao ki thuat.

§.5.1. TON THAT NANG LUQONG TRONG DONG CHAY

1. Hai trang thai chay

O.Reynolds 1am thi nghiém vao nam 1883 va nhan thay c6 hai trang thdi chay khac
biét nhau ré rét. Thi nghiém gém mot binh nudc 16n A va mot bau nhé nuéc mau C -
mau dé. Mot ong thlly tinh trong su6t dé trong thay nudc chdy (hinh 5.1). Diéu chinh
khod dé nu6c mau do chay thanh mot sgi chi do cang xuyén suét 6ng thuy tinh, nghia 1a
cédc 16p chdt 16ng khong tron 1an vao nhau, chay thanh tang 16p. D6 1a trang thdi chay
tang (hinh 5.1a). Tang van téc dong chay, ddu tién so¢i chi do bi dit doan (hinh 5.1b) goi
1a chay qud do, sau d6 chay hén loan hoa vao nudce (hinh 5.1c) goi 12 chay réi.

| dng do ap

[B ——
J) \__Luti én dong ity

Hinh 5.1
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Hinh 5.1 (tiép)

Nhu vay trang thai dong chay phu thudc vao van toc v, d6 nhét dong hoc v va dudng
kinh 6ng d. Reynolds di tim ra t6 hgp 3 dai lugng &y 1a mot sG khong thi nguyén mang
tén 6ng: SO0 Ray-non: Re = vd va tim dugc tri s6 trung binh ctla s6 Re téi han tuong tng

v
véi trang thai chay qud do: Re_ = 2320.
Vay: Re < 2320: chay tang
Re > 2320: chay r6i

2. Quy luat tén that nang luong trong dong chay

Nguyén nhan clia tén thit nang lugng c6 nhiéu: tinh nhét cha chat léong (v), doan
dudng di dai hay ngan /, tiét dién dong chay (o), trang thdi chay v.v...

Dé tién tinh todn, ngudi ta quy udc chia thanh hai dang tén thét: tdn that doc dudng:
h, va ton thét cuc bo: h.: h, = Xhy + >h,

a) Tén thdt doc duong

Déc xi nhan thdy: O chay tang: hy=k,v,

O chay 16i hy = kv,
va ong dua ra cong thic chung vao nam 1856, goi 1a cong thitc Darcy:
I v?

hy=A— —
47 7d 2g

trong do:
I - chiéu dai; d - dudng kinh 6ng; v - van tc trung binh. |
A - hé s6 ti 1€, goi 12 hé s0 ma sit. N6 phu thudc vao s6 Re va do nham thanh
ong n:
A(Re, n)
Viéc tinh A kh& phic tap. C6 nhiéu cong thic bén thuc nghiém dé tinh. Nguoi ta
thudng hay diing do thi Nicurétze (hinh 5.2). ‘
C6 5 khu vuc:

I. Chay tang A = i
Re
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I1. Chay qud do tir tang sang r6i: chua ¢4 quy luat nao.

II1. Chay roi thanh tron: A = f(Re).

IV. Chay qud do6 tir thanh tron sang thanh nhdm: A = f(Re, n).

V. Chay r6i thanh nham: A = f(n).

Trong titg khu vuc c6 cong thic tinh A tuong ing (tham khéo S6 tay Thuy luc).

AN
09 \
A_1
o8l ! fo_, 15
07t g \\ = il ] 3:)_6
- N / @ I
0.6 P ol 1 v
i NG|V 0
05 1
| "} 126
04 1
D
03 e 507 [
0,2 - 1 :I
26 28 30 32 34 36 38 40 42 44 45 48 50 52 54 56 58 60
% v MHinh 524 N
b) Ton thdt cuc bo
Thudng dung cong thiic Vaizobéc:
2 2
h, _g— 1 e
22 :%_. v,
€ - he s6 ti 1¢, goi 1a h¢ s6 tén thdt cuc bo, thuong ~=——"" [~
dugc xé4c dinh bang thuc nghiém. N6 phu thuoc vao s6 10)\»
Re va dac trung hinh hoc vat can. Vi du xét hai trudng 92
hop (hinh 5.3a va 5.3b).
Dot mé (hinh 5.3a): Hinh 5.3a
v2 oY 2
=C1—'—;C1=(1—5) ; z-z“’_—’C?/___
2 v : — v *_
h, _gl G = (—-1) T
2 T
Dot thu (hinh 5.3b): S
2 1
—r 2. e
h. =G, 2’ G2 =0.50 Q) Hinh 5.3b
V2
Q
he =G, 3k 8, =05 (9—1)
2g ®
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§5.2. DONG CHAY ROI TRONG ONG

1. Cau tric dong chay réi trong ong

Thuc nghiém chimg té6 dong chdy réi trong 6ng gém hai phan chinh (hinh 5.4a): 16i
161 va 13p chay tdng st thanh c6 chiéu day.

5, = 30d
ReA

Trong 161 roi, véln t6c diém thay déi vé tri s6 va ca hudng theo thoi gian. Néu xét trong
mot khoang thoi gian tuong déi dai T, thi thay u dao dong xung quanh mot tri s6 khong
doi u (hinh 5.4b) goi 1a van tdc trung binh thoi gian:

Lép chay tang sat thanh

Ldp qua do

Loi r6i

Hinh 5.4a

Hinh 5.4b
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1 T
u=— _[udt
T o
Lic d6 van toc tirc thoi u = T+u',u’' goi 1a van téc mach dong. Tuong tu co:
P=P+pip=p+p’
2. Phan bo van téc trong ong

2 N d 2 ,e 2 o e ~
O trang thai chay tang, theo Newton 1 = paﬂ . O trang thai chay r6i, ngudi ta dua vao
y

hé s6 nhdt 161 b sung t, = (e+ p)%li.
y

dii
Nhung € >> p, nén 7, =r=g "
dy

Gia thuyét vé € c6 nhi€u, nhung theo Prandtl:

Trong d6 I = ky 1a chiéu dai xdo tron, dac trung cho su chuyén dong theo phuong
ngang cla cic phan tir chat 1ong; k = 0,4;

3—“ - gradient van t&c trung binh thdi gian.
y .
Do dé:
_ _\2
T= ad—u = pl2 du
dy dy
du tl | T o e oan
— = [— —=U. — V6i u, = [— vén t6c dong luc
dy Yp! [ p
di=Sdy=2 dy
l k y
ﬁ:E‘—lny+C TaitrucOng:y=r: =1,
->C=u_,, ~Znr
Vay: T=1,,, -— In<nghia la van t6 ¢ bién thién theo luat logarit con:
y

v=Q/o=08251T,,,
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§5.3. DONG CHAY TANG TRONG ONG — DONG HAGEN - POADOI

1. Phuong trinh vi phan chuyén déng

Hinh 5.5
Xét chuyén dong mot chiéu (u # 0) trong 6ng ndm ngang do do chénh 4p (p, > p,) cla
chat 16ng khong nén dugc (p = const) chuyén doéng dimg (gt—=0), bo qua luc khoéi

(F=0) (hinh 5.5). Vé6i nhiing diéu kién d6, xuat phat tir phuong trinh lién tuc: div i =0
va phuong trinh Navie-Stoc:

-

—lgradp +vAU =d_u
p ©odt

2 2
Suy ra: _12134_\, (—3—121+g—l2l =0
p dx oy- oz
2 2
_)a_lzi_;_a_l;:_l_.quconstzc 5.1
oy® oz° pdx

O day cho hai v€ bang const, vi v& trai phu thudc vao y, z, cdon vé phai khong phu
thudc vao chung.

dp __Ap __vh,
w1 62
Trong d6: J - do doc thuy luc.
Pé dé tich phan phuong trinh (5.1), ta viét dudi dang toa dé tru voi gia thiét dong chay
déi ximg truc:

1A |
1d rd_“j=___P (53)
rdr{ dr pol
voi diéu kién 1 =0: u hitu han
r=R,:u=0
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2. Phan b6 van toc

Tich phan phuong trinh (5.3) vdi cic diéu kién bién ta s& tim dugc phan bd van téc ¢6
dang parabon.

u= ﬂ)-(R(z, ~1%)
4ul

’ . . A
Vin toc max tai truc dng: u_,, = =P g2

dul °
RO R() n
Tatinh duge lvu lugng: Q= [dQ= | 2nrdr = 5R2u
0o [+

0 max

Van téc trung binh: v= Q_ U
® 2
. 8ulv  8ulQ
D6 chénh ap: Ap = = 5.4)
P R 7R’
Pé 14 dinh luat Hagen-Poadoi, dugc iing dung dé tinh do nhét (xem [4]).
Hé s6 hiéu chinh dong nang:
j'u3d0)
a=2 T =2
v'Q
Phan bé ting suat ti€p trong dong chay:
du Apr r
T= “ —_—— = ‘[0 —
dy [ 2 R
voi 1,(r=R)= % % =vJR, R - ban kinh thuy luc.
3. Ton thit doc duong cia ong
h, =h; = 4 (theo (5.2))
Y
. l
Thay Ap bing (5.4): hy = —3271uv = 138—”43 (5.5)
vd myd

Tu (5.5) ta c6 hai nhan xét sau day:
- Tha nhat, h, ~ v, nghia 12 nhu da néu & §5.1: trong chay tang: hy = k,v;
- Thit hai, véi Q = const, d = const, khi p gidm (do nhiét do tang) thi h, gidm, nghia la

mu6n tén that hy it thi ham néng chat 1ong (ham néng c6 miic do).

Ti€p tuc bién ddi (5.5) bing cdch thay y = pg va nhan véi —EX ta dugc:
v

85



Chinh 14 cong thitc Darcy da néu vé6i hé s6 ma st trong chdy tang:
A= Ei; Re= vdp
Re n
§5.4. DONG CHAY TANG CO AP TRONG CAC KHE HEP
Trong ki thuat, giifta cdc chi ti€t mdy c6 nhitng khe hd nén c6 su ro ri ciia chat 1ong
(xdng, ddu...) do chat 16ng lam viéc dudi 4p sudt cao. Nén cdn tinh toan do khit can thiéi
cua nhitng khe h& d6, han ché luu lugng ro i, v.v...

1. Dong chay giita hai tim phing song song

Véi nhitng diéu kién nhu dong chay ting trong 6ng (§5.3) va do khe hep nén u = u(y):
(hinh 5.6).
Phuong trinh vi phan chuyén dong c6 dang:

Pu_1ap
dy’ p dx
Vi diéu kién bién: y =0; h: u=0.
Sau khi tich phan ta s& dugc phan bs van téc c6 |
dang parabon: h e
1 d
i i‘Y(h -y) -
Hinh 5.6
. : 1 dp >
Van téc max (taiy=h/2) u_,, =— —h
8u dx
h
Luu lugng Q= jbudy:——b— 93113 =—1——A£h3b (5.6
N 12p dx 12p 1

Vén t6c trung binh v = % = %um“

3 day: b - bé rong tim phéng;

[ - chiéu dai cta khe.

2. Dong chay doc truc giira hai tru tron

a) Mdt tru dong tam

Ta dung cdc ki hiéu sau day (hinh 5.7a).

D, - dudng kinh ngoai; D, - dudng kinh trong;
D, +D,

D=

- duong kinh trung binh.

d=—2 ;D‘ - chiéu day ctia khe.
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Xét & << D/2, I - chiéu dai chia doan dong chay cin xét. Ap dung cong thiic (5.6) tinh
luu lugng thay b = nD; h =, ¢6:
nD3’ Ap
2p 1

Q=Q,=

b) Mdt tru léch tam

Goi & - chiéu day cta khe ho khi mat tru
doéng tam;

e - do Iéch tam (hinh 5.7b).

@ - géc cua 1 ban kinh véc to véi dudng qua
tam cia hai mat tru (toa do cuc 0 la tam).

a(@) - khe hé theo ban kinh véc to tng voi @.

Xét a << D nén

a—D“ —&+ecos —8(1+Ecosq>)
2 2 A G
Ap dung (5.6) cho phan 3 hinh thang vuong:
' D
b=—-d¢;a=h Hinh 5.7b
Ap D 3 € 3 |

dQ=—"——08"(1+—=cos@)'d
Q 120 2 ( 5 @) do
Q=0Q —ZfdQ———“DApy(nii);Q (1+§ i)
ST 12u 28 'U2 8

Vay Q, > Q, va Q,= 2,5Q, khi do léch tam 16n nhét (e = 5).

O day c6 thé xét them bai toan loc déu, tic 1a dong chay tang theo phuong ban kinh
trong khe hep phang (xem [1] trang 181 - 184).

§5.5. DONG CHAY TRONG KHE HEP DO MA SAT - CO SO CUA LI THUYET
BOI TRON THUY PONG

Ta gap rat nhiéu chuyén dong do ma sét trong khe hep nhu chat 16ng chuyén dong
giifa pittong va xi lanh, gilta con trugt va ban trugt, gilta truc va 6 truc v.v... Cin phai
tinh luc ma sat va mo men can.

1. Dong chay giira hai mat phing song song - bai toan Cu-ét

Dong chay do ma sat (do tdm phang trén chuyén dong vdi van téc U,- hinh 5.8) va do
chénh 4p dp/dx # 0. Liic d6 phuong trinh vi phan chuyén dong giong nhu §5.4.1 nhung
diéu kién bién khac khi y ='h: u = U}, nén:
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_Y 1 dp
—— P yn- 5.7 "t
b —ty 20 dx y(h-y) (5.7)
Uh 1 dp | U,
va: udy = —h 5.8 -
Q= I Y= " T ax (5.8)
Khi khong c¢6 do chénh 4p (dp/dx = 0). n
u-—UI—)—I- 77 -
h
r=u93=u—U—‘ Hinh 5.8
dy h

Luccan T=1S= “%S; S - dién tich t4m phéng.

2. Boi tron hinh ném

Khi mot tdm phang nghiéng di mot géc nhod a, ta ¢6 hinh ném (hinh 5.9). Lic nay,
ngoai luc can F cdn c6 luc nang P, nghia la can tim sy phan b6 dng suat ti€p va phan bo
ap suat.

Tuong tu nhu bai todn Cu-ét (§5.5.1) ta tinh dugc luu lugng qua mat cat chiéu cao h.

1 d
y Q _Ub_ 1 dpys (5.8)
@, 2 12p dx
" . véih=h(x)=(a-xtga~(@—-x)a (59)
i, =T Gia st tvong ng véi mat cit chiu cao
h. c6 ap suit cuc dai, nghia la:
d_,
dx
U h,
a - —
Q= 2
Hinh 5.9 p

thay vao (5.8), ta tinh dugc %—
X

Uh. _Uh_ 1 dp .
2 2 12pdx

Ldp_6wUihoh) o (1 2Q
dx h’ h* U

Khix=0vax=/l:p=p,

Thay h bang (5.9) va lay [dx, ta duoc:

[¢]
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p=p.+ 6uU, x [1_ Q 2a—x}

a’a(a—x) aU, a(a—-x)
Suy ra 4p luc tac dung lén ban phang:
! ' U,
P=[(p-p,)dx=C, "~

o 2

b
h2

(-1

[lgn—Zﬂi:l - hé s6 nang, n=
n+l

bé tinh luc can F, ta phai tinh tng suat ti€p 1:=ug—7, u lay tr phan bo van téc
y »

chuyén dong Cu-ét (5.7). Tir d6 thay y = h(x), ta c6t =, . Luc can tinh theo 1 don vi bé
rong doi véi ban phang chuyén dong la:

1
F= [r,dx=C, L
o h,
Cr=—g— 21gn-31=1 | _he 55 cin
n-1 n+1
Hésc‘)'masét:f:E:-g-Ez-
P C, |

3. Boi tron 6 truc

Tinh luc ma sdt va moé men clia né giita truc va 16p dau boi tron theo Pétorép (hinh
5.10). Goi r - ban kinh truc; [ - chiéu dai truc; 16p ddu day 8. Khi truc quay vdéi van téc
u = rQ thi chat diém ddu bam trén mat truc ciing chuyén dong véi van téc d6, con trén &

truc bang 0.
g VI S du
Ung suat ti€p cta 16p ddu: 1= pd—
T
Dién tich ti€p xiic giita 16p dau va mat truc: S = 2nr/

Lucmasat: T= t.S= 21trlpill = 27trlp—ll
r

2.3
Momen luc ma sit:M=Tr= 2Ttrlpn—nr _prrol

b

308 158 Hinh 5.10
in .
viu=1Q), Q= m
30
Do léch tam khi quay truc, nén phai nhan cac két qua trén véi hé s6 hiéu chinh:
20+2C) - _e

= ;
Q2+ CHJ1-C? 5

(C6 thé tham khao 10i gidi chinh x4c clia bi toan boi tron 6 truc & [1], trang 191-196).
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Chuong 6
CHUYEN PONG MOT CHIEU CUA CHAT KHIi

Nghién citu chuyén dong mot chiéu clia chat 1éng nén dugc - chat khi, nghia 1a
p # const, né thay déi theo 4p sudt p va nhiét do T. Khi dé céc phuong trinh c6 thay déi.

§6.1. CAC PHUGNG TRINH CO BAN CUA CHAT KHi
1. Phuong trinh trang thai

Cho ta méi quan hé giita trong luong riéng y = pg, dp sudt va nhiét do. D6i véi chat
khi hoan hao, ta cé:
P_RrT " ©.1)
Y
Trong d6: R - hang s6 chét khi, véi khong khi: R = 29,27mol/do.
Biéu thiic (6.1) van con phic tap dé 4p dung vao ki thuat, nén ngudi ta can tim nhitng
quan hé don gian hon, phu thudc vao qua trinh chuyén dong.
Qua trinh dang nhiét (T = const): p = cy.
Quad trinh doan nhiét: p = cyk : (6.2)
C Nhiét dung dang 4p

C, Nhiét dung déng tich v6i khong khi k = 1,4

Qua trinh nay dugc ap dung trong ki thuat.

Ta cé: G, —C =AR, A - duong lugng nhiét cha cong.

1 1
Tir (6.1) va (6.2) suy ra: . [—p—]k = (I—Jk_l (6.3)1
Y P T,

Mot céch téng quat, ta ¢6 qua trinh da bién:

p=cy

Trong d6: n - chi s6 clia qua trinh.
2. Phuong trinh hru luong
Ta c6 dang éiﬁ'ng nhu d6i véi chat long:
G =vyQ =const; y,v,0, =Y,V,0,

hay la: d—y+—(1\i+£12=0

Yy vV o
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3. Phuong trinh Bécnuli déi v6i dong nguyén té ciia chat khi Ii tuéng, chuyén

dong dirng (4.14)
2
Z+ I grl+-u——:const
Y 2g
Xét qué trinh doan nhiet: p=cy; [=_K_P
y k-ly
Vay phuong trinh Bécnuli c6 dang:
2 2
+LB+U—=C—->Z1 +—k b M
k-1ly 2g k-1y, 2g

Déi v6i qua trinh dang nhiét:
p u’
z+~"Inp+—=const
Yo 2g

4. Phuong trinh entanpi

Thanh lap cho dong nguyén t6 cia ‘
chat khi 1i tudng, chuyén dong dimg.
Khao sat su bién thién nang lugng trong
khéi khi tir 1-1 dén 2-2 sau khoang thoi
gian dt trong hé toa do c6 dinh (hinh
6.1). Dua vao dinh luat bao toan nang
luong: nang luong thu vao hay sinh ra
bang bién thién nang luong cia thé tich
chat khi, pghia la:

Nhieuﬁ%’ﬁ’ thu + Cong ctia dp luc = Thé
nang + Pong nang + No6i nang + Cong

kP
P k-1y,

+

u2

2

2g

6.4)

\is

co hoc + Cong ma sat. 0
Viét cho mét don vi trong lugng Hinh 6.1
chat khi: :
22 _
1y 9_+&_p_2=(zz_zl)+u2 % +Uz Y, +L+L,,
ptar Ay, 1, 2g

Nhiét lugng Q = Q,, (toa nhiét ra ngoai) + Q, (ndi nhiét do ma sat).

Q, = AL, Tié€p tuc bién d6i phuong trinh trén dua vao céc biéu thiic sau day:
’ .

CT
t P _RT;C,T-CT=ART -5
Y A
CPT =£+CVT

A vy A

=RT=2

Y

i=C_T - entanpi 4 Ao rnﬁd %W eans
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i U
a2
U =C,T - ndi nang.
Néu xét qua trinh doan nhiét (Q, = 0) va bd qua cong co hoc (L = 0), ta s€ dugc
phuong trinh entanpi.
2 2

i+ A )+ A (6.5)
2g 2g
nghia 12 t6ng entanpi va dong nang 12 mot dai luong khong ddi.

§6.2. CAC THONG SO DONG KHI

1. Van téc am

Theo dinh nghia: a = dp = gdp
dp dy

Xétp=cy*, a= /kgB = JkeRT
Y

Nhu vay a ~ JT van toc &m phu thudc vao nhiét do tuyét doi.
Chang han: t=15°C: T=273+15=288%K, k= 1,4 > a =341 m/s.

Dé so sénh van téc dong chay v véi van t6c am a 6ng Mic (ngudi Ao) dua vao s6
Mic: M = v/a.
S6 Mic 1a tiéu chudn quan trong dé dinh gid mitc d6 anh huéng cia tinh nén dugc
dén chuyén dong, né 1a tieu chuén quan trong ctia hai dong khi tuong tu.
M < 1: dong dudi am
M = 1: dong qua do.
M > 1: dong trén am (siéu am)
Trong dong khi trén am (M > 1) thudng xay ra hién tugng séng va (séng va thing va
séng va xién). D6 1a mot van dé rat thd vi, duoc nghién citu trong cic gido trmh nhiéu
gid hay chuyén dé [1].

2. Dong ham, dong t6i han

Khi chat khi & trang thdi tinh v = 0, ngudi ta n6i chat khi & trang thdi ham, con p,, T,,
P,--- g0l la cic thong s6 dong ham.

Tim méi lién hé giita cic thong s6 dong ham véi céc thong s6 dong khi. Tir phuong
trinh entanpi (6.5) viét cho dong ham.

2

u
C,T, =CT+A—

2g
T, A W 1 u’?
= =1+— =1+
T 2gC.T —2—9’— kgRT
kRA
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vi: C,—C,=AR,  a’=kgRT, nén 0 1
'Tn - 1 2 _ k—l 2 P
?—1+—‘2——M —1+TM .?g k/ o

k-1 v,=0 /—"v
X T
k-1
Bién déi theo (6.3) s& duoc: By (1 klez) 6.6) 15 :
p
k-1 k_'__l Hinh 6.2
B"—=(l+——_—M2)
p 2

Ta c6 thé tinh dugc van tdc cuc dai chia dong khi tir binh chia ra (hinh 6.2).
Theo phuong trinh Becnuli (6.4) ta c6:

Tir biéu thic dé, ta thdy p gidm thi u ting va p = O thi:

2gk p, _ / /
k-1, k- 1
Dai v6i khong khi: u ,, ~ 44,8
Véi T, = 300° K; up,y = 776m/s
Khi van t6c dong khi bing van tc 4m: u = a, ta c6 trang thai t6i han. Liic d6 c6 céc
thong s0 clia dong téi han: u. = a, p«, P, Te,...
Tim méi lién hé giita cdc thong s6 dong hdm va dong t6i han bang céch tir cdc biéu
thic (6.6) choM = 1.

L: 1+£—_—1=—1(L1 Gfax 0528
T. 2 2 T
L 08 L—
hay la: T.=—2T ( )k 6.7) 08—
y . * k 1 o ? p* k 1 po’ ‘ / \
0|4 ,
()
l\ - u
k+1 02 04 06 08 10>

Tinh luu luong trong luong tir binh chifa ra ngoai (hinh 6.3). s
G = yuo Hinh 6.3

2 k+1

k pY (p)*
G=0,2g—- - —

Bz 1”‘[(%) (pu) }
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Gmax =G.u.o
Trén hinh 6.3 cho ta méi quan hé gitta G/G,,,, va p/p,,.

R, . N S A A A e u ‘o . o dia 1A
Ngoai s6 Mac, ngudi ta con dua vao hé s6 van toc A = —, gilta chiing ¢6 mai lién hé:

a,

. M(k+D)

= 6.8
M*(k-1)+2 (©8)

§6.3. CHUYEN PONG CUA CHAT KHI TRONG ONG PHUN

Xét chuyén dong mot chiéu cta chat khi trong céc loai 6ng phun khidc nhau. 6ng
phun 12 loai 6ng ma chat khi trong d6 c6 thé thay ddi ch€ do chuyén dong dudi Am sang
trén &m hay ngugc lai.

1. Cac phuong trinh thong so cia ong phun

Viét cac phuong trinh co ban dudi dang vi phan:

- Phuong trinh trang thai dp = d(yRT)

- Phuong trinh luu lugng trong luong: dG = d(yve) = 0.

Phuong trinh Bécnuli khi ké dén cong co hoc va cong ma sét:

2
d—p+9——+dL+dLms =0
Y 28
- Phuong trinh néng lugng: 99—=d P +dv au +dL+dL__
A Y 2g A

Trong 4 phuong trinh c6 5 thoéng so: p, p, v, U, T va-5 yé&u t6 tdc dung lén dong chay
0,G,Q,L, L.

Vi vay tir 4 phuong trinh trén cung vé6i cong thic tinh ndi nang U = C,T, ta khir 4
thong s6 dé thanh lap phuong trinh lién hé giita thong s& con lai, chang han nhu vén t6c
v, v6i 5 yéu t6. Két qua cudi cung ta dugc:

dv d(o dG g k-1 kg kg
M 1) . S 2 A —dQ - dL " dL__ (6.9)

O day ta chi xét chi y&u sy tang van toc clia dong chay trong &ng phun (tir dong duéi
am sang dong trén am), nén ta xét phuong trinh (6.9) tuong ng véi cac trudng hop
riéng, nghia 12 xem nhu trong dong chay chi ¢6 moét yéu t6 anh hudng, con céc yéu t6
khdc c¢6 thé bé qua.

2. 6ng phun hinh hoc (6ng Lavan, nam 1883)

Chi ¢4 tiét dién thay ddi (do # 0), con cdc yé&u t6 khic bd qua (dG=dQ =dL =dL,_, = 0).
Tu phuong trinh (6.9) suy ra:
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Xét truong hop tang toc dv > 0.

Néuv<a, M<1thido <O0: dién tich thu hep.
v=a,M=1,dw =0: dién tich khong déi goi 1a mat cét 6i han ©.
v>a,M>1,do >0: dién tich m& rong. .

Nhu vay 6ng phun hinh hoc hay mang tén nha thi€t k&€ Lavan c6 dang hinh 6.4.

C6 2 chi y quan trong:

c

“M 1

a) Su thay déi tiét dién ¢ gan mat cat t6i
han c-c anh hudng rat 16n dén van téc v.
Chang han nhu tiét dién © thay do6i 1% thi
$6 Mac M thay déi tix 0,9 dén 1.

b) Dong chat khi chuyén tir dudi 4m sang

Ta nhan xét thém rang & dong khi trén

l
[
|
|
|
|
|
trén am chi c6 thé xay ra véi diéu kién 1a /\
v = a tai mat cat nho nhét c-c (hinh 6.4). } -
' !
i T
am, khi ti€t dién tang, van toc ciing ting. i !
| |
J [

D6 Ia khdc biet néi bat khi so sinh dong \‘\/ |

nuéc va dong khi chuyén dong trong Ong
thing tiét dién bién déi.

|

3. 6ng phun luu luong Hinh 6.4
Chi 1am thay déi luu lugng dG = 0, nén phuong trinh (6.9) c6 dang:
(M? - l)d_v = _E
v G

Xét truong hop tang téc dv > 0.
; c A/
- Khi M < 1; dG > 0: hiit khi vao dé G tang: S el

- Khl M = 1, dG = 0 ;_/;_/nnn l”"\-i\_i\\-\\-i\—i""
v .o c

- Khi M > 1; dG < 0; thai khi ra d& G giam Cung cap khi Thai khi

Vay, 6ng phun luu lugng ¢6 dang hinh 6.5.

4. Ong phun nhiét (hinh 6.6) Hinh 6.5

Trong trudng hgp nay dQ # 0 con de = dG = dL = dL; = 0. Phuong trinh cta ong
phun nhiét c6 dang: ‘ :

dv g k-1
M -1)—=-=—-d
( ) V a2 A Q . l“\‘im\lkilclll“lll/lll/llyﬁ/lﬂlll“llll

Xet dv > 0: | : LLLL/ 4llfll 4| Il;l|n|\ l> I.l\l } |||||-||||”

M < 1 néu dQ > 0 (cung cap nhiét). 7 C NN

. Cung cdp nhiét Théi nhiét
M=1néudQ=0.
M > 1 néu dQ < O (1ay nhiét ra). Hinh 6.6
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Nhu vay, vé nguyén i lam viéc cla hai loai 6ng phun luu lugng va 6ng phun nhiét
giong nhau, boi vi viéc cung cap nhiét vao va lay nhiét ra ciing c6 tdc dung giéng nhu
viéc cung cap va thai khi trong 6ng hinh tru.

S. 6ng phun co hoc
Chic6dL#0,condo =dG=dQ=dL_,=0.

Phuong trinh 6ng phun co hoc ¢6 dang:

(Mz—l)g=—l—(§dL
\'

2
a

Xétdv>0:

M < 1 néu dL > 0 (dong khi sinh cong).

M=1néudL=0

M > 1 néu dL < 0 (dong khi nhan cong).

Nhu vay trong trudng hop tang tdc véi M < 1 khi dL > 0, nghia 1a dong khi trong 6ng
hinh tru sinh cong nhu lam quay tuabin. V6i M > 1 khi dL. < 0, nghia 1a céng co hoc
truyén cho dong khi nhd mdy nén hay quat chiang han.

6. 6ng phun ma sat

dL_ #0, do=dG=dQ=dL =0 p

Trong truong hop nay phuong e
trinh c6 dang: v 1. X
(M* —1)9!=-k—2gdLms qm
v a
 Néu dong chay c6 ma sit thi dong Hinh 6.7

khi trong ong s& sinh cong dé thing
luc ma sat, nén cong chia luc ma sat luén ludén duong: dL . > 0, do d6 v€& phai cia
phuong trinh trén luén luén am.

KhiM<1thidv>0

M>1thidv<O

Nghia la khi dong dudi 4m thi luc ma sat lam tang van t6c con khi dong trén am, thi
luc ma sét lam giam van t6c.

Két luan: Trir 6ng phun ma sit, trong nhitng 6ng phun con lai muén tang van téc
dong chay phai c6 tic dung nguge (nhu 6ng phun hinh hoc dau tién dién tich thu hep,
sau d6 m& rong). D6 1a nguyén li "tdc dung nguge”.

Ngoai ra con c6 céc loai 6ng phun hén hgp nhu hinh hoc - luu lugng, hinh hoc - ¢
hoc, Iuu lugng - nhiét v.v... (hinh 6.7).
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§6.4. TINH TOAN DONG KHi BANG CAC HAM KHi PONG VA BIEU PO

Ham khi dong 1a ham c6 dang f(k,...A) hay f (k, M). V&i gia tri k nhat dinh va cac gia
tri hé s6 van t6c A va M, ngudi ta tinh gid tri cdc ham d6 va lap thanh bang, hay vé céc
biéu dé. Nho cdc bang ham khi dong (bang 3, phan phu luc) va biéu dé dé6, c6 thé tinh
cac thong s6 dong khi mot cach thuan tién.

C6 thé néu ra nhitng wu diém cda phuong phép nay:

- Rit ngan cédc qua trinh tinh todn.

- Pon gian rit nhiéu cdc phép bién ddi khi ciing giai nhiéu phuong trinh, nghia 12 tim
dugc 161 giai chung ctia nhitng bai todn phifc tap.

- Biét mot cach dinh tinh co ban nhilng quy luat ctia chuyén dong va mdi lién quan
gilra cic thong s6 cua dong khi.

1. Tinh cac thong sé dong khi

Tu (6.6) va (6.8) ta tim dugc cac ham khi dong sau day:

T k-1 2)
S I Bt
(L) T ( A

R k+1
X
n(k):iz(l—k—'—lxz)“
o k+1
1
s(x)=—p—=(1-ﬁx2)“
P, k+1

Vi dy 1: Trong mat cit 1-1 & phan duéi am clia 6ng Lavan i tuéng cho p, = 16kG/cm?;
To; = 400°K, A, = 0,6. Tinh A, v p2 32-2. Biét T, = 273K
Gidi: Trong 6ng phun Lavan li tuong: T, = T,

Po2 = Po1 (T = const, p, = const)

Tim A, : t(l2)=L=Lzzzz
T, T, 400

Tra bang 3 tim dugc A, = 1,38. Vay tiét dién 2-2 & phan 6ng trén am.

=0,6825

p P |
Tim p,: mAD)=—>———=—~—
P * p, wA) n@,)

_on(d,)  w(1,38) ~16. 0,2628

= = =5,23kG/cm’
P =P o) TP 0,6) 0,8053 /

2. Tinh Iuvu luvong
G = yov

Tir cdc biéu thic y=1(p,, k, &) v v = L.a., ta cé:
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G =022 Bq))

N

[

Trongd6:  B= g(—z—)“ =0,4 véik=14
, R \k+1

1= (pv) =t

-q - luu lugng dan suat, ham khi dong Iuu lugng.

Tinh luu lugng qua 4p sudt tinh p:
P

Po=—=

T(A)

P_p
(D\/,ITO y(h)

(7&)— q(A)

) mot ham kh1 dong nita

G=

Vidy2:

Tinh A,, p, & miéng ra chia 6ng giim tdc, néu biét & miéng vao Sng giam téc:
R 0) ~ ~ Py ~, ~ N

Po1=3 kG/cm?; A, =0,85;—2=2,5va hé s6 dp suit toan phan

®,

s=Pw2 _( 94
Po

Gidi: Tl cong thic tinh luu lugng:

o _Po;q(xl)z ®, —E‘&q(lz)

1
V TOl V T02
B0 qua su trao déi nhiét gua thanh 6ng giam tdc, ta c6 Ty, = Ty, suy ra:

Q(M) =‘£ &q(;"l)
(o))

2

Tra bang 3: q(X,)=q(0,85)=0,9729
Nén q(A,)=0,413=> 1, =0,27 va n(},)=0,9581
P, = Py(A,) = &p,, (A, ) = 0,94.3.0,9581 = 2,7kG/fem®

3. Tinh xung luc

I=-(—}—v+pm~——( +-—)—-li-1——(i a.Z(\)
g pv. 2k g
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Véi zm:m%

Vay bi€t A (bing s hay biéu thitc) hay f(A, k) tra bang hay dé thi s& tim duogc f(A, k)
hay A khéc.

4. Két luan

Dé két luan phin ndy ta diém lai cdc ham khi déng va cac biéu thic lién hé giita
ching véi nhau.

a) Cdc ham don gidn biéu thi moi lién hé giita cdc thong sé ham:

k
k-1 k-1, !
o124 (1)
M= k+1 = k+1

1

k-1
A ——7»2)
#= (1 k+1

va: n(A) = T(A)e(r)
b) Cac ham biéu dién luu luong khi qua dp sudt toan phdn:
q(A) =cie())
hay la qua 4p suat tinh:
aw_
n(A)  T(A)
Nho cdc ham d6 ta ¢6 duge hai biéu thic tinh huu luqng khi:

A
\/T—oy( )

yA) =

G =Bo-Po q(1) = Bo—L=

N

¢) Nho ham:
1
zA)=A+—
A) x
ta c6 thé bi€u dién xung luc dong khi du6i dang tich giita nhiét d6 him va luu luong khi:
=9v+po3 _k+l Ea. (k)
g 2k g

d) Xung luc dong khi biéu dién qua dp sudt toan phdn va dp sudt tinh nho cdc ham
fiA)var(A):
1

1 . —
f(A) = ;q(X)ZO»), r(A) = c—-———y o2

bang céc biéu thiic sau:

p,of (1) = - (k)

99



Hang s6 c trong cac cong thiic trén:

1 (k+1)
8(1) 2
bang 1,577 d6i v6i k = 1,4 va 1,588 déi véi k = 1,33.

e) Cic ham q(A, a), y(A, o) va z(A, o) cho phép dp dung phuong phép tinh todn va cic
cong thifc trén cho trudng hop chuyén dong cla chat khi cé thanh phdn van téc huéng
kinh hay ti€p tuyén.

g) Khi gidi moét s6 bai todn ciing ding dao ham clia cdc ham khi dong. Bang céach vi
phén va qua mot s6 phép bién déi ta c6 thé nhan dugc biéu thiic ctia ching qua cdc ham
co ban.

k

. dn(A) ( 2 )P3
Vi du: - kx| =" qcr
s PR Sy B

k
dq) _ ( 2 )F3 }
) qr ){ 1 y(A) [v.v...

Y nghia ctia cdc phuong trinh co ban biéu dién qua ham khi dong.

Tir cdc vi du & trén ta thdy ring uu viét co ban cha cdc bi€u thitc ham khi dong la &
ché nd chita cac thong s6 clia dong chdy ma su thay déi cha ching cé thé dé dang thiét
lap tir nhitng diéu kién ctia bai todn. Vi du nhu sy khong doi ctia nhiét do ham T, trong
chuyén dong doan nhiét va viéc tang T, khi cung cdp nhiét; viéc bdo toan 4p suat toan
phan p, trong chuyén dong dang entrdpi va sy gidm p, khi c6 tdn that v.v... Bing cich
chon céc biéu thifc thich hop cho luu lugng hay xung luc cé thé dan tGi cong thitc chita it
nhat nhiing thong s6 chua biét va thudng tim dugc 4n s6 truc ti€p tir cac phuong trinh co
ban ma khong cdn nhitng bién déi phiic tap.

Ta néu ra mot s6 quy tic chung gidp ich cho viéc gidi cidc phuong trinh duéi dang
t6ng qudt nhd cac ham khi dong.

Trong tat ca cdc trudng hop khi nhan dugc biéu thic téng quat hay biéu thic bang s6
ctia hé s6 van t6c A hodc clia mot ham khi dong bat ki nao ta déu c6 thé coi 1a tat ca cac
ham khi dong va hé s van toc da biét (tir bang hay dé thi). D6 1a diéu kién co ban dé
don gian viéc tinh todn, bdi vi né loai trir sy can thiét phai viét dusi dang cu thé su phu
thuoc gilta A va cdc ham clia né. Trong khi tinh bang s6 can chd ¥ rang cdc ham t(A),
n(A), €(A) trong mién van t6c nho va cac ham q(A), z(X), f(A) trong mién van toc gan
am thay déi rat it kbi A thay déi. Béi vay trong cdc mién dé chi can sai s6 nhd clia ham
cting dan dén sai 50 16n clia hé s6 van t6¢c A. Do dé trong cdc trudng hop d6 nén c6 ging
dung cac phuong trinh chita cic ham y(XL), r(X), con néu khong duogc nhu vay phai tinh
toan rat chinh xdc. T4t nhién trong cdc mién d6 khong nén tinh A theo céc ham trén
bing dé thi. Dac biét dsi véi ham z(A) chi thay déi ¢6 10% trong khoang A 16n (tir 0,65
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dén 1,55). Vi vay dé tim A theo gid tri ham z(A) trong mién chuyén dong gin am c6 thé
tinh truc ti€p tir phuong trinh:

| K+%=z(7\.)
tir dé: L HMENEM -4 2
| 2 2T 22 (V) -4

Pé tranh sai s6 do khi trir hai gid tri gin bing nhau ta tim nghiém trén 4m theo biéu
thitc ddu tién, con nghiém dudi am theo biéu thic thi hai. '

Qua cic vi du da khao sét ta thdy phuong phap tinh todn nhd cac ham khi dong rét c6
hiéu luc dé gidi cdc bai todn tuong d6i phic tap va c6 ¥ nghia thyc t€ ki thuat.

D6 thi cac ham khi dong c6 dang sau day (hinh 6.8):

n(A); (A)

g(A); r(A) y(A), 172z(A)
o | JAT AR 40
] { )

ta.r q(A) /
0'9 " rA £
/ A
<] :
08 -\ NN
\ ) | N
1 30
0.7 » \\\
NI N
AR \ AT %” N
" EEH N T T TS
05 X [ \ \\/ / ‘f\\
s ‘v P 20
£\ ’
< \‘}v\\ 11[22(1)
\\ | \} .i \ 7 ]
03 7NN
="
) — 1,0
0, v
N ’i\ {5’ \\
0.1 L NN Y N
~
0 \ AN 0

0.2 04 0.6 0.8 10 12 14 1,6 1.8 20 22 24 26

Hinh 6.8 .

101



Chuong 7
TINH TOAN THUY LUC PUONG ONG

Dudng éng dung dé van chuyén chat 10ng tit noi nay dén noi khac hay la phuong tién
truyén co nang cta chdt long. Van tai dudng 6ng cdn 1a mot nganh khd phét trién.
Nghién citu chuong nay dé thiét k€, kiém tra hoac diéu chinh hé théng dudng ong sin c6
cho phu hgp véi yéu cdu vé cot dp va luu lugng, it gay tén that nang luong.

§7.1. CO SG LI THUYET PE TINH TOAN PUONG ONG
1. Phan loai

Dua vao t6n that niang luong h,,, chia dudng 6ng thanh hai loai :

v2

- Ong dai: hy 1a chii yéu, bd qua h, va cot &p van t6c ~->h. <10%b,, thudng 1 >>d
. . .

(hang 1000 Idn).
Ong ngan: h, > 10% h,,

Dua vao luu Iugng Q ngudi ta chia thanh: dudng 6ng don gian 14 dudng 6ng c6é dudng
kinh d va Q khong déi doc theo chiéu dai va dudng 6ng phiic tap: d hay Q thay ddi,
nghia 12 gém nhiéu dudng 6ng don gian ghép ndi lai, nén viéc tinh todn 6ng don gidn s&
12 co s& cho viéc tinh todn 6ng phiic tap.

2. Cong thitc tinh

- Phuong trinh Bécnuli déi vé6i chat 16ng thuc (h,, - t8n that cot 4p = tén thit nang
luong don vi): -

2 2
2+ 2L 2V g P2 D% L
Y 28 Y 28
hay'la: H,=H, +h,
Ky hiéu:
i 2
‘ ,H1=ZI+BL+9—21-YI— - ¢Ot ap dau 6ng
Y g
2
H2=22+22‘+9%ﬁ - cOt ap cudi ong
Y g

- Phuong trinh Ivu lugng: Q = vo
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v2
- Cong thuc tinh h,: hd—k—l—v— h, —Q—
d 2g

2g
Dua vao cic phuong trinh trén suy ra cong thic chung: f(H;, H,,d, Q, ) = 0.

3. Bon bai toan co ban vé dudng ong don gian
Goi / - chiéu dai duong 6ng, n = 3 do nham tuong doi.

a)Tinh H, khi biét H,, Q, 1, d, n -
Tur phuong trinh Bécnuli:

H=H,-H, =h, (zz; A )8Q (7.1)

4 gd4

Suy ra:

(ZQ *a )Sgd +H

b)Tinh Q biétH,,H,,1,d, n
Giai bang 2 phuong phap:

- Phuong phap cot ap t6i han (H.) khi khong c6 can cuc bo. Ta cé:

2
. H - 32\1q I Re
K : gd
Néu H= H, — H, < H_: chit 16ng chay tdng: A = 64/Re
. _128vi ngd*
T (7.1) cé: H
D : ngd* #QQ= 128vi

Néu H > H_: chay r6i, nén tinh A bang phuong phdp thir dén.
- Phuong phdp biéu d6 (cho ca 3¢ # 0).

Cho céc tri s6 Q, vé& H(Q) theo cong thitc (7.1). T biéu dé dé, khi cho H s& c6 Q
tuong ung.

c)Tinhd, biétl, H,H,, Q,n

Tir cong thirc (7.1) suy ra d* = 28H (ZQ+X§)Q2
= d4;
Tim d béang thir dan:

Y2

s (zen o

ngH
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Giao di€m 2 dudng cong d6 chi€u xuéng hoanh do 1a d cin tim.
d)Tinhd, H,, biétH,, Q,1, n
Tinh truée d theo vy, (v, = 1m/s) hay v,,. Sau tinh H, nhu bai toan 1.

§7.2. TINH TOAN THUY LUC PUONG ONG NGAN PHUC TAP
Dua trén co s& tinh todn duong 6ng don gian o

1. Puong ong néi tiép, tim quan hé giira H va Q

Q, Q, Q;
—_—

Q, Q, Q,

b) o(,l lqz
Hinh 7.1
Dic diém thuy lyc (hinh 7.1 Q=Q,=Q,=...=Q,
H=H,+H,+..+H,
Chon nguén H thich hgp:
“Tix (7.1):
H, = ‘ZC'”H‘II— _28—‘Qf ESle2
d jn dfg
H, =S,Q;
suy ra: H=@S;+S,+...+8S) Q*= ZSiQ2

Béang phuong phédp d6 giai: xay dung duong quan hé H - Q.

2. Puong 6ng néi song song

Pac diém thuy luc (hinh 7.2)

1
Q=Q,+Q,+...+Q, 6!1
S |,

a
(2 b l .
A+ I .
H=H,=H,=...=H, v

=5Q:=5,Q}=..=5,Q
Hinh 7.2
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Suy ra: Q,= ‘fs—l Q
S,
S

Tuong tu, c6 thé giai bing dé giai.
3. Puong ong phan nhianh hé
Gia sir ta ¢6 so d6 nhu hinh 7.3.

q 0, gl &
A, B, C, D: vi tri cta céc diém i ' ¢
chat 16ng phan phoi dén. q
D
a -
Ciac budc tinh toén. AR ls 2 D
- . 5
Buoc 1: . a8,
Chon dudng 6ng co ban: la Hink 7.3

dudong ong van tai nang luong
cla chat 1ong 16n nhat; thuong chon Q hay / dai nhat.

Budc 2: Tinh toén thuy luc cho dudng 6ng da chon.

Bude 3: Kiém tra trén dudng 6ng nhdnh, xem véi nang lugng da tinh cé da tai cho
mot 6ng nhanh khong? Khong du, phai chon lai, tinh lai.

Xét cu thé trén so d6 hinh 7.3.
Budc 1: Gia strtachon 1, 2, 3,4, D. o
Budc 2: Cic s6 liéu da cho 6 tai A, B, C, D nhu Q, H, /, n: Q,, Qp, Qg Hy, Hp, Hes

Khi thi€t k&: yéu cau phai tinh dugc d, H, Q.

Tinh todn tir cudi dudng Ong trd 1én ngudn.
Qp=Qsp=Q-Qxa~ Qs Q¢
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Q34=Q-Qa—Qp

Q2-3 =Q-Q,
Q,=Q.
Duodng kinh:
dyp=113 Qep
Vi
dy, =113 |2
Vit
d, ,=1,13 o
Vi
d,_, =113 Qs
Vi
Cot ap
H, p =8, pQip
Hi,=5,Q,
Buéc 3: Kiém tra
Poan 4-C: H,-H2S, Q2
Doan 3-B: H,-Hg 2S5, ,.Q%

Doan 2-A: H,-H,

>S, ,.Q%

Néu thod min cac biéu thifc trén thi két qua ding, n€u khéng thi phai giai lai.

4. Pudng 6ng phan phdi lién tuc

C6 so d6 nhu hinh 7.4.
Q¢ = q/ (q - luu luong trén 1 don vi dai).
QM Q _Q“ X = Q +Q“—9_t£.X

a a,
UL
Hinh 7.4

Tinh t6n thit nang lugng dh trén dx (coi luu luong khong déi trén dx) theo (7.1) voi

26 =0.
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8 Qtt

dh=—- (Q Q“ )
n’ g

Suy ra:
! 8 . I ( ) 1 ., )
h,=|dh=——A\— + -+ —Q%
d 6‘. ﬂ:zg d5 Qr Qert 3 th
Chinh 1a d6 chénh cot ap.
Ngoai ra, c6 thé tinh todn thuy luc dudng 6ng dai phiic tap dua trén co so tinh todn
dudng 6ng ngan phiic tap bd qua Yh, (xem S6 tay Thuy luc).

§7.3. PHUONG PHAP DUNG HE sO PAC TRUNG LUU LUGNG K
1. Néi dung
Phuong phap nay dung dé tinh todn cho cdc 6ng dai, chay roi va chéy déu.
Do ng dainen H=h, =h, =J.] L) = = M
Trong dé: J - 6 déc thuy Iuc, I - chiéu dai cha ong. lv‘ ”' ’4 -

&\rs

w
N

Van téc clia dong chdy déu dugc xdc dinh theo cong thitc Sed1 V= C\/

y ’ -
Trong dé: R - béan kinh thuy luc, C - hé s6 Sédi ,C = i(%) C=- 7%%
n A

Trong dé: n - dd nham tuong déi, y - hé s6 phu thuéc R va n.

2
Do d6 luu lugng qua ong la: W = @
= wCVRT L
Pat: oCVR =K > Q=KVJ R= 3

Cho J =1 thi Q =K (m?/s), c6 nghia K 12 luu luong ciia dong chdy qua mat cat uét khi
do doc thuy luc bang 1 don vi va duge goi 1a hé s dic trung luu lugng K = K (d, n).

hy . Q’
Thay J = i vao Q,tacé: H=h, = Ez—l (7.2)

Cic tri s6 chia K va 1/K? dugc tinh sin cho cdc loai duong ong c6 d va n khdc nhau va
lap thanh bang cho v > 1,2m/s - ing véi chay r6i hay 1a khu vuc siic can binh phuong
(xem bang 4, phu luc).

Ung véi chiy tdng: v < 1,2m/s phai nhan (7.2) v6i hé s6 hiéu chinh tdn that a:

Q2

hd =aE2— .
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v‘O,2|0,4lO,5|0,6’0,7l0,8'0,9\1‘1,1'1,2

a ’ 1,41 l 12 ’ 1,15 ’1,115 \ 1,085’ 1,06 l 1,04 ) 1,03 ’1,015’ 1
2. Ung dung @¢é giai 4 bai toan co ban

QZ
) H,=? H=H,-H, =h, =51

2
suy ra: H, =%I+H2

b) Q=7 Tu (7.2): Q=K\/g

K tra bang theo tri s6 d va n di cho.
¢) d = ? dung bang
Theo dau bai ta tinh dugc K = Q/ \/g . Tir K d6 va n da cho, tra ngugce lai tim d trong

bang tri s6 K.

d)d, H, = ? chon truéc d theo v,,. Sau dua vao d d6 va n tra bang tim K twong tung. Tl
K, Q, I tim duoc H va H;.

3. Ung dung dé tinh dudng 6ng phirc tap
a) Puong éng noi tiép: Q bang nhau. H = 2 H,

b) Puong ong song song: H bang nhau; Q = XQ,

Q] =K]\/:;...Qm :Km —
ll lm

Suy ra: Q= ZQ = —\I/S_—

W MB

c¢) Duong ong phdn phoi lién tuc
I 2 1 l 2
H=—(Q; +Q,Q4 +=Qf)=—(Q, +0,55Q
e ‘(Q Q,Qy 3 Qf) e Q Q)
D¢ tinh todn mang lu6i dudng 6ng ding phuong phap Cross tuong déi phd bién.
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§7.4. HIEN TUONG VA PAP THUY LUC TRONG DUONG ONG

Ta nghién citu mot hién tuong dac biét trong dudng 6ng do thay ddi 4p sudt dot ngot
trong do.

1. Hién tuong

Va dap thuy luc (hay con goi la nudc va) trong dudng ong 12 hién tuong thay déi dot
ngot ap suat trong d6 do su thay déi van téc chuyén dong cla chat 16ng trong ong mot
cach dot ngot.

Va dap thuy luc xdy ra khi ta déng khéa nhanh, khi dimg tuabin, dimg bom dot ngot
v.v... Trong trudng hop nay dp suat sé tang rat nhanh do viéc giam nhanh van t6c trong
ong. D6 12 hién tuong va dap thuy luc duong. Ap sudt c6 thé tang gap nhiéu 1an so véi 4p
suat binh thudng trong 6ng, do d6 c6 thé 1am vd 6ng nhat 1a trong céc dudng ong dai.

Va dap thuy luc cling c6 thé x4y ra khi mg khod nhanh. Trong trudng hop ndy dp suat
s€ giam nhanh do tang dot ngot van toc. D6 1a hién tugng va dap thuy luc am. Viéc ap
suat giam c6 thé tao ra trong dudng 6ng chan khong c6 hai.

Nguyén nhan cta viéc tang hay giam 4p sudt trong va dap thuy luc l1a do quan tinh clia
khai chat 16ng chuyén dong trong 6ng. Bat ki mot su thay déi nao cha van téc trong ng
déu 1am cho chat 16ng chuyén dong nhanh lén hay cham di. Do d6 trong chat 1éng
chuyén dong s& xuat hién luc quan tinh va chinh céc lyc nay sé gay nén su tang hay
giam ap sudt.

Lan diu tién nha bic hoc Nga Giucopxki da nghién ciu hién tugng va dap thuy luc va
nam 1898 6ng di sang lap nén li thuyét va dap thuy luc.

Ta khao sit chat 16ng chuyén dong tir binh chita ra v6i van téc v trong 6ng dan cé
chi€u dai / va duong kinh D = 2r. Cu6i 6ng c6 khod K (hinh 7.5a).

Gia st tai thoi diém nao ddy do déng khoa dién tich ® ca 6ng giam di mot dai luong
Ao. Khi dé van t6c s& giam mot dai lugng Av. Van t3c giam s€ khong xay ra ngay cho
toan 6ng. Liic ddu vén toc cla 1dp chét 10ng ngay sit khod s& thay déi. Sau dé van toc
giam sé& truyén tudn tu tir 16p ndy dén 16p khéc theo huéng tir khod cho dén bé chita
(nguoc dong chay) va sau mot khoang thoi gian s€ truyén hét toan 6ng. Van téc giam s&
1am cho dp suat tang, do dé lam chat 16ng bi nén va thanh 6ng bi no ra.

Gia sir dén thoi diém t su tang dp sudt (séng va) da truyeén dén tiét diéen AB (hinh
7.5b). Dén thoi diém t + At né di chuyén mot doan Ax dén tiét dien CD. Néu a la van téc
truyén séng va, thi:

Ax = aAt (a)
Thoi gian séng va truyén tir khod dén bé chifa va ngugc lai goi la pha va dap thuy luc.
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v
[y f o_ _ _ A
|1
2(r+ Ar) ]
vy =V +AY 2
H = const v . PR UR SN VUV SN P —
: g
r 2
T o mee b g
1 -+
\
a) 4\\ b)
Hinh 7.5
21

Ta ki hiéu t4 1a thoi gian déng khoa.

Néu t; < t,, thi va dap thuy luc goi la truc ti€p.

Trong trudng hop ndy séng va truyén tir binh chia vé dén khod khi khod di déng.
Trudng hop nay c6 thé x4y ra khi dudng 6ng twong d6i dai hay khi khod déng rat nhanh.
Néu t; > t,, thi va dap thuy luc goi 1a gidn ti€p. Song va truyén tir binh chia s&€ dén khod
truée khi khod déng. Hién twong nay thudng x4y ra dsi véi ong ngin hay khi khoa
déng cham.

2. Cong thirc tinh toan

Nhu ta vira trinh bay, diéu quan trong nhat trong va dap thay lyc 1a tinh sy tang 4p
suit Ap. ’

Khao sét 6ng din nhu trén hinh 7.5. Néu ta dot ngot déng khod nhung chua kin hoan
toan, thi phia trudc khod do van t6c chuyén dong clia chat 16ng giam dot ng6t nén trong
ong s€ xudt hién su tang ap sudt. Ta ki hiéu p va v - 4p suét va van t6c trong ong phia
trude khod truée khi c6 va dap thuy luc, nghia 1a khi khod md; con p,, v, - ap sudt va van
t6c phia trudc khoa khi xdy ra va dap thuy luc trong trudng hgp déng khod dot ngot
nhung chua kin hoan toan. :

Trong trudng hgp nay, dua vao dinh 1i bi€n thién dong lugng ap dung cho khéi chat
l6ng chita trong CBAD (hinh 7.5b) ta c6:

FAt = mAv
Trong d6: luc F = Apw; khoi lugng m = pwAx. Thay cédc gid tri d6 vao phuong trinh

trén, ta duoc:
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Ax
Ap=p—(vV-V
p pAt( )

hay 1a theo biéu thic (a):
Ap=p, —p=pa(v-v) (b)
D6 1a cong thitc Giucopxki.
Tix cong thitc (b) suy ra su tang 4p suat cuc dai trong va dap thuy luc x4y ra khi van
toc giam dén khong (v, = 0), nghia 1a khi déng khod dot ngét va kin hoan toan. Khi dé:
Ap = pav (c)
Cong thic (c) tng véi va dap thuy luc duong, truc tiép; con va dap thuy luc duong,
gidn ti€p c6 thé dung cong thic:

Ap = pav (d)

Tir (d) thdy ngay khi t; = oo, nghia la khi dong khoa rdt cham, Ap = 0 va s& khong xay
ra va dap thuy luc. _
Trong trudng hgp va dap thuy luc am, truc ti€p dung cong thitc (b). Con va dap thuy
luc am, gi4n ti€p c6 thé dung cong thic:
A
Ap_ 20 o
y 1+0
Lv

Trong d6: 6 =——;
gHt;

Y - trong lugng riéng cua chat long;
g - gia toc trong truong.

Nhu vay, dé x4c dinh do ting 4p sudt trong va dap thuy luc cin phai biét véan toc
truyén séng va a. Theo GiucopxKki, van t6c dé phu thudc vao loai chat long, vat liéu 1am
ong, dudng kinh va chi€u day thanh 6ng va dugc xdc dinh theo cong thic:

1

ooTU I?W

elie

Trong d6: K - modun dan héi clia chét 10ng;
D - duong kinh trong clia 6ng;
d - chiéu day cua thanh 6ng;

E - moédun dan héi cta vat liéu 1am dng.
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Chéng han, van toc truyén séng va trong nudc chuyén dong trong ong kim loai:
a ~ 1000m/s
Biét duoc van t6c a, ta sé hoan toan tim dugc do tang 4p suat Ap.

Nhu vay, dé chdng va dap thuy luc ngudi ta ding nhiéu bién phdp nhu déng, mo khod,
van tir tir, ding 6ng 16n, dung vat li¢u 1am 6ng c6 modun dan hoi bé, hay 1a dung cac
thiét bi tu dong thao chat 1ong & dudng ong ra khi 4p suat vuot gid tri quy dinh.

Mat khdc, hién tuong va dap thuy lyc dugc Ung dung dé ché tao cdc bom nudc va.

Hinh 7.5¢: M6 hinh bom nudc va

Van A mé& cho nudc chdy, sau dong dot ngot, 4p sudt trong Ong tang lam van B md
nén nudc chiy vao binh C, khong khi bi nén. Sau d6 khong khi gian nd 1am nudce tiép tuc
dugc ddy lén 6ng D. Khi nudc vao bom, 4p sudt trong Ong giam, van B dong lai, van A
tw dong m& va hién tugng duoc lap lai.

§7.5. CHUYEN PONG CUA CHAT KHi TRONG ONG DAN
1. Phuong trinh chuyén dong

Nhu ta da biét, chat khi khac chét 16ng & chd 12 chét khi nén dugc (p # const). Trong
nhiéu trudng hop nhu khi chat khi chuyén dong véi van téc trén am (M > 1), rat cdn thiét
phéi ké dén tinh nén dugc. D61 voi chuyén dong dimg, dudi am (M < 1) cta chat khi
thuc trong ong dan ta c6 phuong trinh lién tuc (phuong trinh luu lugng).

G = yve = const (7.3)

va phuong trinh Bécnuli viét dudi dang vi phan c6 ké dén tdn that nang luong.

2
dz+ 3P dY +dh=0 (7.4)
’Y zg -
Tén that nang lugng dh trén mot doan 6ng dx cling tuan theo cong thirc Décxi:
2

dh=A—— 7.5
D 2g (7.5)
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Ngoai ra, ta cé phuong trinh trang thai:

P_Rrr
Y
Thay (7.5) vao (7.4) ta duoc:
2 2
dz+ 9P g Y XY g (7.6)

Y 2g D .2g

Phuong trinh (7.6) tich phan dugc, néu ta biét qué trinh thay doi trang thdi cta chat
khi trong 6ng va su thay ddi clia hé s6 ma sat A. D6i véi chuyén dong déng nhiét
(T = const) A khong thay déi doc theo &ng dan. Trong trudng hgp chuyén dong dudi am
(M <<1), cling gidng nhu d6i véi chat 1ong, A phu thudc vao s6 Raynon va do nhdm
tuong d6i n cua 6ng. Nhung s6 Raynoén Re = @thay déi theo nhiét do vi hé s6 nhét p

T
phu thudc vao nhiét do T. D6i véi chat khi p giam khi T giam. Néu doc theo 6ng nhiét
do gidm thi cu6i 6ng s6 Re tang, do d6 hé s6 ma sét A thay déi.

V6i quan diém tinh todn thuy luc dudng 6ng dén khi ngudi ta phan biét hai trudng hop
chuyén dong clia chat khi: 1 - C6 thé bd qua tinh nén dugc cha chat khi khi dong khi
chuyén dong véi do chénh ap tuong doi bé; 2 - Phai ké dén tinh nén duoc khi dong khi
chuyén déng véi do chénh 4p tuong doi 16n.

Do chénh dp tuong d6i & day 1a ti s6 giita hiéu 4p suat tai mat cat dau va mat cit cudi
Ong vdi dp sudt tai mat cat dau ong.

2. Chuyén dong cua chat khi trong 6ng hinh tru

Khéo sdt chuyén dong ctia chat khi trong ong tru nam ngarig cé ti€t dién khong déi.
Phuong trinh chuyén dong (7.6) va phuong trinh lién tuc (7.3) s& c¢6 dang:
2 2
PLgY &Y (1.7
y 28 D 2g
Yv = const (7.8)
Dai véi trudng hop thit nhat clia chuyén dong chat khi (khi bd qua tinh nén dugc), thi
trong lugng riéng chia chat khi va suy ra van toc trung binh theo mit cit s& khong ddi
doc theo chi€u dai cta 6ng khi gilt nguyén luu lugng Q. Do dé tich phan phuong trinh
(7.7) s& duoc:
Iy
—p, =h—. 1
P =P D 2g
chi s6 1 va 2 ding v6i mat cat ddu va cudi ong, / - chiéu dai cla 6ng. Nhu vay trong
trudng hop nay tinh todn thuy luc dudng 6ng dan khi khong khdc viéc tinh todn thuy luc
ong dan nudc.
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Trong trudng hop thit hai, chuyén dong clia chét khi ¢6 kém theo su gidm trong luong

riéng va tdng vén t6c trung binh clia mat cat doc theo 6ng véi luu luong Q cho trude.
2

e .o 4V \ , v

Nhung gid tri van téc ciia dong khi dE— thuong nho hon rat nhiéu so véi cic gid tri
g

khdc cha cdc s6 hang trong phuong trinh (7.7) nén c6 thé bd qua. Do dé phuong trinh
Bécnuli ¢6 dang:

dp _ _,dx v
Y D 2g
. G . dp G* dx
Vi v=—nén ——= IR
) ¥ 2y°gn” D
G?* dx
—vdp = A =
ydp 20> D

Xét qua trinh da bién:

1
—Bn—=p—r11 hay la y= v, (LJ
LA P

Do dé:

Py 280)2 D

Gia sur A = const doc 6ng dan, tich phan phuong trinh trén ¢6 dang:

1
n G* dx

1+n || Pa

n EX G* I
- "11P 2 =M 2 N
n+l P, 2g0° D

Py

l+n

n p, | " 1 G?
—1p| 1~ -2 =A—- 2
n+l P D 2go

2
Thay v, = B , 0= Lo , ta dugc biéu thic tinh luu lugng:
' RT,

G- n’gD’ n  p 1_p_2T
8\ n+l RT,| |p,
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Cong thifc trén ddng vdi diéu kién 1a A khong déi doc theo 6ng: N6 1a cong thic co
ban dé xéac dinh luu lugng trong lugng khi cho biét dudng kinh 6ng va do chénh 4p suat
hoac tinh duong kinh néu bié€t luu lugng va do chénh dp suat.

Dai véi qua trinh dang nhiét (n = 1) va chay tang A = —g— ta co:
e

2
G- D' Bl 1_(p_2]
256p! RT, P,

hay la:

TCD4 1 2 2
G= 2

256 RT, Py —P2)

Truong hop dang nhiét va chay réi:
2.1S
D
Ggt-_T8&Y 2 2
16nRT, P TP

C6 thé khao sat chuyén dong cia chat khi trong 6ng hinh try nhd phuong trinh chuyén

dong viét dudi dang hé s6 van téc A = . Thuc vay, két hop giai cic phuong trinh (7.7),
a

phuong trinh lién tuc (7.3) viét dudi dang vi phan:

dy d
Al (7.9)
Y v _
va phuong trinh nang lugng vi€t cho van t6c am a:
2 2 2
o2 _kela (7.10)
2 k-1 k-12

trong do: a. - van toc am téi han;

¥
k - chi s6 doan nhiét, ta s&€ nhan dugc phuong trinh vi phan cta sy phan bé van t6c doc
theo 6ng c6 ké dén tén that nang lugng:

1
[_2_1 [LTAN S (7.11)
A A k-1
X
trong d6: X = —
& D
Tur phuong trinh (7.11) c6 thé két luan 1a van t6¢ t6i han cla chuyén dong chi cé thé
xuat hién tai miéng ra ctia 6ng hinh tru. Thuc vay, theo phuong trinh (7.11) khi A < 1
vadA > 0 dong chay trong 6ng s€ dugc tang t6c, con khi A > 1 vadA < 0 dong chay

s€ cham dén; trudng hgp A = 1 tai mat cat bat ki trong 6ng s€ trdi v6i phuong trinh
(7.11) va khong phu hop v6i y nghia vat 1.

Gia sir hé s6 ma st A khong ddi, khi d6 tich phan clia phuong trinh (7.11) c6 dang:
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2 ,
7\%——/\1—2~ln%12—=%7& (7.12)
trong d6: A, - hé s6 van téc § im'_xt cdt vao cia ong;
A - hé s6 van toc & mat cit nao d6 cich mat cét vio mét doan x.
Dé tién viéc tinh todn ta dung toa d6 khong thit nguyén.
Xy = f:kl— AX
x, dugc goi la chiéu dai dan suat clia 6ng.
Khi d6 phuong trinh (7.12) c6 thé viét:
1 1 A
ANA A
Su phu thudc gilta A va x, khi gid tri A, khong ddi dugc biéu dién trén hinh (7.6). Dai

(7.13)

luong x, c6 cuc dai tai A=A, =1. Gia tri cuc dai cua x, duge xac dinh theo cong thic:

X =X12——l+lnA% (7.14)

s max
1

cac duong cong x,(A) gém hai nhédnh:
moét nhidnh Ung véi dong dudi am
(A <1) con nhénh kia ¢ng v6i dong trén

am (A >1).
Nhitng duong cong d6 ciing cho ta

A
c
B
thdy 1a trong ong hinh tru khéng cé thé f//
chuyén van téc tr dudi am sang trén am.

Nhu di néu & trén, trong ong nay véi gia

tri van téc xac dinh & miéng vao A,va ‘ WX

do dai tuong tng, van toc téi han s€ dat
duoc tai miéng ra(A, =1). Hinh 7.6
Dong dudi Am tai miéng vao ong (A, <1) ung v6i doan AB (hinh 7.6), con dong trén

am (A, > 1) ing véi doan CB. Diém B xéc dinh gid tri cyc dai ham x, cia A, cho trude.

Tir cong thire (7.14) suy ra X, =0 khi A, =1

smax
Nhu vay, phuong trinh (7.14) cho thdy rang d6i v6i 6ng hinh tru c6 kich thuée /, D
cho truGc v6i van t6c & miéng ra A, =1, gid tri k va- A xéc dinh, thi hé s6 van toc &

miéng vao A, va luu lugng din xudt cla chat khi q; c6 mot gid tri hoan toan x4c dinh.
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Véi chuyén dong dimg va van toc dudi 4m tai miéng vao, mot lugng khi cuc dai c6 thé
chuyén dong qua 6ng hinh tru dai /, c6 hé s6 ma sait A néu A, =1.

Luu luong tuyét déi cha chat khi qua dng c6 chiéu dai giGi han s€ bang:
Gmax = gm(plvl )max = 80q) maxP+13% =

1
k+1 k-1 k-1 k-1
=8gw (_2_) A%max (1 - k_+IA12max) P+1d+

2 )H_ 2k RT,,
k+1 k+1

1
_ (__2_)k—_f 2k Po;
k+1 (k+1Rg 1/Tm

Véi chi y: Ps18x = Py (

ta s€ duoc:
1

G —o | 28K A (1—1‘———1/\2 )k—"—pm— (7.15)
max g (k+l)R 1 max k+1 1max Tm

Nhu vay, d€ tang luu lugng tuyét doi chia chat khi qua éng hinh tru c6 kich thuéc xac

dinh can thiét phai tang 4p suat toan phan tai miéng vao p,; hay la khi py; c6 dinh thi
phai giam nhiét d6 ham Tj,. Trong khi d6, tai miéng ra van toc s€ dat gia tri t6i han va
gia tri tuyét doi ctia né s& giam khi T, giam. Nhung luu lugng s€ tang do khoi luong
riéng tang.

Thuc nghiém cho thay ring vé6i van t6c trén am tai miéng vao s€ xudt hién moét s6 tinh
chat méi cua dong chay ma phuong trinh (7.13) khong mo ta dugc. C6 mot diéu nhan
xét 1a theo phuong trinh (7.13), khi A; > 1 van t6c trong Ong phai giam lién tuc cho dén
miéng ra theo dudng cong CB trén hinh (7.6), con 4p suat s€ tang lién tuc.

Nhung trong thuc t€ su thay déi van t6c va 4p suat trong dng & nhiéu trudng hop x4y
ra mot cach khong lién tuc (cé budc nhay).

3. Tinh toan duong ong

a) Tinh todn duong éng dan khi ciing tuong ty nhu viéc tinh todn dudng dng dén chat
long.

Tén thét 4p sudt toan bo trong dudng 6ng don gidn dugc x4c dinh bing téng tén that
ap sudt trong tat ca cdc doan:

{4 1 Y .2
-3ty )———v
p-3(rg+Ee)L
Trong dé: x - s6 doan clia 6ng dan.
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Con d6i véi dudng 6ng phiic tap, tén that 4p sudt toan bo duoc xdc dinh bing t6n that
ap suit cta nhitng doan duong 6ng dugc chon lam dudng 6ng co ban:

L [ Y 2
=) | A+ )— v
p-3(r5r2e)L

Trong d6: y - s6 doan ctia dudng 6ng co ban.

b) Thuong cé nhiing bai todn co ban sau:

1. Cho biét Iuu lugng, tinh dudng kinh ong dén, van toc va tén that p suat.

2. Cho biét luu lugng va ap sudt, tinh duong kinh va van t6c hay nguoc lai.

3. Cho biét dudng kinh va ap suat, tinh luu lugng va van téc. .

Trudng hop thit nhit thudng dic trung cho viéc tinh todn dudng 6ng khi c¢6 ngudn lam
viéce (quat, mdy nén v.v....). Trong khi tinh todn nén luu ¥ 1a lun lugng, van to¢ va dién
tich mat cit 6ng dugc lién hé bang phuong trinh luu luong:

Q=vo

c) Phuong phdp tinh todn

Dai v6i ting doan 6ng cho biét chiéu dai /, tdng cdc hé s6 tdn that cuc bo Y€ va luu
lugng q, dong thai tinh dugc van téc v, ta s€ xac dinh duge dudng kinh 6ng:

1

D:1,13(ﬂ)2
A\

[ ) Y .2
=\ A—+ —V
p ( 5 pye 2
Trong d6, néi chung hé s6 ma st A phu thudc trang thdi chay va tinh chat clia thanh 6ng.
Vidu:

C6 hé thong 6ng dan khéng khi nhu so d6 (hinh 7.7). Khi duogc hop lai tir ba nhanh
dan dén quat va sau d6 khi dugc phéan di hai noi. Nhitng doan 6ng cta dudng chinh ki
hiéu bang cic chit a, b, c, d, e; con nhitng doan phan nhdnh bing céc sé 1, 2, 3. Chiéu

va tén that 4p suat:

dai / chia cdc doan 6ng, téng gid tri c4c hé s6 tén that cuc bo 2 va luu lugng q cho trong
bang 7.1. Hdy tinh tén that 4p sudt toan phan trong céc doan dng.
Giai:
Van t6c trung binh trong 6ng din dugc xac dinh theo cong thitc Kalinuskin ; goi Ia
van toc kinh t&;
2

v =20( abna )5 | (7.16)
nreQyp
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Hinh 7.7

trong d6: a - phan khiu hao hang nam;
b - gid tién 1m? bé mat 6ng din;
7N - hiéu suét cua quat;

X
o= qul ; X - 80 cdc doan 6ng; q - luu lugng trong moéi doan;
1

I - do dai méi doan;

n - thoi gian st dung quat.

r - gid tién 1kWh;

e - hé s0 ti 1é tiéu thu dién;

v - trong lugng riéng cta khi;

Q - téng luu luong.

v 1/2

= const

B= Z(l . +Zc)

déi véi khong khi i = 0,04.
Néu chon vén tc kinh t€ trong dudng 6ng dan khi v = 13m/s thi tir d6 suy ra dudng
kinh 6ng ctia doan a:

1 i

E by .
D=1,13(ﬂ) =1,13( 1000 )2=O,165mm:165mm
v 3600.13

ap suat dong:
Y 2 1,2

L yvi=—"_.132 =10,4kG /m?
2g 2.9,81
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Ton that 4p suat toan phan:

p =(}\,-I—+Z§)Lv2 =17,78kG/m”
D 2g
Tuong tu, tinh cho doan b duoc:

D =235mm, -Zy—v2 = 10kG /m?

, g
)« - A . . k] 2
5 tinh theo diéu kién tiéu chuan (t = 20°C, p = 760mmHg, d6 4m ¢ = 0,5;

y = 1,2kG/m?)

Cédc doan khdc ciing tinh nhu vay, két qua tinh dugc 14p thanh bang 7.1.

Ton that ap suét toan phan trong dudng ong chinh (a, b, ¢, d, €) bang 65,3kG/m?. Theo
ap suat dé va luu luong 3000m>/h ¢6 thé chon quat thich hop cho dudng 6ng trén.

Bang 7.1.
S6
cie. | 1|5 | g D v 2Lgv2 MD | A l%* P
doan | (m) (m’/h) | (mm) | (m/s) (Ym) | D (kG/m®)
6ng (kG/m®) Py
a 7 1,0 1000 165 13,0 10,4 0,102 | 0,71 1,71 17,8
b 5 - | 2000 | 235 | 128 | 100 | 0068 | 034 | 034 | 34
N 2,5 - | 3000 | 285 | 13,1.] 10,5 |0053| 0,13 | 0,13 1,4
d 2 | o1 | 3000 | 28 | 131 | 10,5 [ 0053 | 011 | 021 2,2
e 12 2.4 1500 195 14,0 12,0 0,084 1,0 3,40 40,5
1 6 1,0 | 1000 | 165 | 130 | 100 | 0102 | 061 | 1,61 | 16,7
2 7 1,0 1000 165 13,0 10,4 0,102 | 0,71 1,71 17,8
3 4 1,3 | 1500 | 195 | 140 | 12,0 | 0084 | 034 | 1,64 | 197
§7.6. THI DU

Bai 7.1. Ngudi ta chuyén nudc wr bé chia A sang B ¢6 kich thudc 16n theo mot he
thong dudng 6ng dat theo hai so do sau: (hinh bai 7.1).

1. So d6 1: 6ng don dit trude, hai 6ng song song nhau dat ti€p theo.

2. So d6 2: hai 6ng song song nhau dat trudc, 6ng don dat tiép theo.

Trén hinh v&: L va 2L - chiéu dai, d - dudng kinh trong ciia 6ng; A - hé s6 ma sat thuy
luc, &, va &, - hé s6 ton that cuc bo chd vao, ra d6i v6i mot 6ng.

Khéng tinh tdn that cuc bd chd néi 6ng. Céc ki hiéu chif giong nhau biéu thi cic tri s§
bang s6 giéng nhau. Yéu ciu:

1) X4c dinh so dé nao c6 lgi hon vé€ mat siic can thuy luc.
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2) So sdnh céc tri s6 luu lugng chuyén qua 6ng theo hai so d6 trén khi cot nuéc tic
dung H c6 cung tri 0.

3) Vé6i cung cét nude tic dung H, v€ chung 1én mot hinh duong nang ing v6i hai so
d6 nay. Trén so d6 ghi rd kich thudc (céc gia tri bang chif).

\Vi
—_— AH
v \V4
A ¢ —
/- & B
£, | ( 2L, d, A
1 LdA \ £, =28
\V
. H2 v
A c —
& B
! \ 2L,d, A
| LdA / 5o =2
Hinh bai 7.1.

Bai gidi:
1. So sdnh tén that cot nudc chia hai so dé.

Xét truong hop khi thdo cing mét luu lugng Q. Vi€t phuong trinh Bécnuli cho hai mat
thoang, dugc:

H= hw = hvz‘io + hra + hdl + hd2
O day: hy, - ton that do ma sat trong 6ng don;

h, - ton that do ma s4t chi cia mot trong hai 6ng n6i song song.

V2 2
L v2
vao ‘c;l 5 _2{:»1 g hd_}“ga—gj

Vay véi:

2
vasr g k)R 02 "

2g d

2 V2
+ S0 d6 2: —V—'(zglm—-) Z(EAMI&) @)
Trong dé: v, = _Q = i—— (doi véi ong don).

o nd
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\2 =g=ﬁ (doi véi ong nodi song song)
20 2 :
22 2
H,-H,=2_"" (g1+x£)+iv~'(gl+x£j>o
2g d/ 4 2g d

Vay H,>H,,dod6h,,>h,,.
Két luan: so do 1 ¢6 loi hon.

2. So sanh Q, va Q, khi H; = H, = H = const.

\ Qf L
Tu (1): H =—==1,5¢, +A—)
: 2g0)2 5 d
2
L
T (2): H, = Q22 2,25(E; + A=)
2gw d
Cho H, = H, ta duoc:
Q, \F 3
=L — |~ pa .
Q, 5 y Q, 2 Q,
3. V& dudng nang
hvaoz 2
Sadd 2
7 e ]
] t E, : Ez\‘ Jy c
By e T EC E? : H
- _ 1 \ 1 ;
T Al T ThRaf 1 " )

D

L L L

- o -

Hinh bai 7.1a
Bai 7.2. Mot hé théng dudng 6ng dan nude nhu hinh bai 7.2. Puong kinh cta ciac doan
ong la d = 150mm. Cot nudc & ddu va cudi hé théng H, = 22m, H, = 2,4m. Chiéu dai cic
doan dng 1a /; = 200m, /, = 100m, /5 = 50m va /, = 120m. Luu lugng phan phdi déu doc
dudng Qg = 15I/s dugc phan phoi theo quy luat bac nhat. Ong c¢6 d6 nham n = 0,0125.
Tim luu lugng thdo ra & nit 2, titc 1a Q, va luu lugng trén cic doan 6ng nhanh mac
song song Q,, Q,.

Qr=151Us
o_ &4 Qb MHHA44444
| — | Iy 2\0-
Hinh bai 7.2

122



Bai gidi:
1. Trén doan ong thit nhat:
Q=Q,+Qu=Qe+Q,=15+Q, (Us)
Luu luong tinh toan trén doan 6ng thit ba - phan phdéi déu la:
Qu~Q,, +0,55.Qr = Q —0,45Q; = Q - 6,75 (I/s)
Téng t6n that doc dudng trén hé thong tir nit 1 dén nut 2 1a:

sztl.% + Q%’z + Qzll
K2

H -H, =

Thay H, - H,, Q. va [, [,, ;5 vao, ta c6:

(Q-6,75)*50 + Q3100 +Q?200
K2

Vé6id=0,15m; n=0,0125 ta c6 K = ©.C.R' = 158.4 (I/s)

19,60 =

1)

2. Trén doan Ong thit hai - dng ndi song song:

Q, Qi, _Q /lz
X2y =4y 4o 122 12
K2? Kk** Q, Ly

Do dé: Q=Q,+Q,=1913Q, @)
Thay (2) vao (1) ta 1ap dugc phuong trinh véi 4n Q, (hodc Q).

Lap véi Q,, phuong trinh c6 dang:
Q5 -1,28Q, -482,3=0 3)
3. Xéc dinh cac gia tri luu luong:
Giai 3)taduge:  Q, =22,61(l/s)
Theo (2) ta c6: Q =43,25 (Ifs)
Luu lugng trong ong nhanh: Q, = Q — Q, = 20,64 (//s)
Luu lugng thdo ra o niit 2 1a: Q, = Q — Q, = 28,25 (I/s)
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Chuong 8 \
LUC TAC DUNG LEN VAT NGAP TRONG

CHAT LONG CHUYEN PONG

Trong chuong nay gidi thiéu tdng quét vé luc can va cong thifc tinh luc can cla chat
16ng chuyén dong tac dung lén vat ngap trong né.

§8.1. LUC CAN

1. Cong thire téng quat 0,

Ta c6 dong chat léng chuyén dong véi van b,
t6c Uy bao quanh vat rdn c6 dinh (hay coi gin
ding 12 vat rdn chuyén dong véi van toc U, N
trong chat long tinh). Gia sit U, khong ddi vé ————
tri s6 va huéng. Chat 16ng chuyén dong tic
dung Ién vat can, gay ra luc phap tuyén va ti€p
tuyén (hinh 8.1). Téng hgp cic luc d6 s& dugc
mot hop luc P va mot ngiu luc M. Hop luc P

g6m 2 thanh phan:
Hinh 8.1

P = Pn + P‘r
P» vuong géc véi phuong cia van téc & vo cung Uy, goi 1a luc nang; P:cung phuong
v6i Uy, nhung nguoc chiéu, goi 1a luc can.

Vé tri 6, cac luc do c6 biéu thic sau:

2
b —c, P
2

2
P, =C, PUs

trong d6: C, - hé s6 luc can, khong thit nguyén.
C, - hé s6 luc néng, khéng thit nguyén.
p - khoi lugng riéng cua chit 1ong.

S - tiét dién can chinh (hinh chiéu cta vat can 1én mat phing vuéng géc véi Uy).
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Trong luc can, thong thudng c6 hai thanh phan. Mot do ma sét trong 16p bién gay nén
P, ma ta s& xét trong phan sau; mot do phan bs cua dp suit trén bé mat vat can gay
nén P, trong dong phang ta c6:

P =Py + Py,

Khi vat ran nam trong dong chay né s& gay ra cic kich dong. Do d6 trong 16p bién cic
thong s6 clia dong chdy s& thay déi. Phan b6 dp sudt va luc ma sat trén bé mat vat phu
thudc vao hinh dang, vao vi tri clia n6 & trong dong chdy va vao van téc & vo cung (dong
chua bi kich dong).

Phan b6 4p suat va luc ma sdt trén bé mat vat duge dac trung bang cdc hé s6 luc can

dpsuat vamasiatC,, , C, ..

Xap?
Cx = Cxap + mes
Véi van t6c dong chay nho, khi d6 tinh nén dugc cia chat 16ng thuc t&€ khong cé tac
dung, thi anh hudng chinh dén hé s6 luc can la hinh dang vat can, géc t6i va s6 Raynon.
Cacluc P
hinh dang khi dong xdu nghia la vat khi dong bao quanh né c6 diém rdi, khong bao kin
(nhu hinh tru tron, thuyén thing v.v...) thi P, 16n hon P

tms V& P, 16n hay nhé chi yéu phu thudc vao hinh dédng clia vat cin. Vat c6

Véi céc vat nhu canh mdy bay, canh tua bin, tdim phéng v.v... luc can c6 thé tinh theo
cong thuc:
P, =P, (1+Kk)
Véik=0,1+025
Hé s6 luc can cua mot s6 vat thuong gap:

5 2 x e ds ’ Tiét dién
Hinh dang vat Ti s6 cac do dai S6 Re can chiah C,
a
d =

Uoo a/b =1 1,15

2 1,16

5 6.10° ab 1,20

10 1,22

3) 30 1,62

Tam phéng c6 chiéu dai
d = (0,01 +0,002)b

- ' - IID=0,5 1,00

/ 1,0 . 084

Lo 2,0 5.10° LIDI 0.76

\ 4,0 4 0,78

b) 50 0,80
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. . .. Tiét dién
Hinh dang vat Ti s6 cdc do dai SG Re can chinh C,
== /D=1 0,64
- , 2 0,68
0,9.10* DI 0,76
b 10 0,80
D 40 0,98
c)
” D ID=34 0,05
xD?
131 5 (5 +6).10° — 0,06
/ 4
6 0,075
d)
] ) - &0° 2
= =60 2,7.10° D o1
30° 4 0,33
e)
@ d
2
6.2.10° nD” 1,16
f) 4
Dia tron c6 chiéu day
d=0,01D
4.10° 1,44
5.10° 1,42
g)
' nD?
‘/ 4
\
h) \ 5.10° 0,34
Nira géo cdu 4.10° 0,36

2. Luc nang. Dinh li Giucopxki - Kutta

Khi nghién citu dong thé€ cua chat long li tudng bao quanh tru tron, nghia 1a dong bao
quanh tru trdn khong ¢6 luu s6 van t6c (I = 0) ngudi ta thay khong c6 bat ki mét luc nao tic
dung 1én né. Trong co hoc chat 16ng, két luan nay duoc goi 1a nghich 1i Ole - Palambe. Diéu
nay con ding ca doi véi nhitng vat c6 hinh dang bat ki.
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Con khi dong bao quanh tru tron cé luu s6 van toc thi véc to chinh cua dp luc chi ¢6
mot thanh phan hudng vudng géc véi van téc & vo ciing Uy, va c6 tri s6 pU, I'. Pay 1a
trudng hop riéng cia dinh 1i Giucdpxki vé luc nang.

Trong thuc té€, khi cdc vat hinh tru hay hinh tron quay trong chat 1éng thuc chuyén
dong ta c6 thé xem nhu dong bao quanh chiing ¢6 luu s6 vén t6c va do d6 xuat hién luc
ngang vuong goéc véi van toc cta chat 1ong tic dung 1én cac vat d6. Dy 1a noi dung cla
hiéu ¢ng mang tén Méc nidt. Dua vao hiéu ting nay ta c6 thé giai thich mot s& hién tuong
nhu viéc sinh ra cic "phéu" xody nudc khi thdo nudc tir bé chita ra, dan dao bi léch
ngang, chuyén dong bi uén cong, qua béng xody v.v...

Pinh li Giucopxki - Kutta

Noi dung cta dinh Ii néi vé luc nang ctia dong chat 1ong 1i tudng tic dung lén canh
don nhu cdnh mdy bay.

Dinh 1i: Néu dong chay c¢6 van téc ¢ vo cing Uy, bao quanh profin canh va luu s6 van
toc doc theo profin canh 1a I, thi hgp luc cia dp luc chat 10ng tac dung lén profin cdnh
s€ ¢6 tri s6 pUy, I, cOn phuong chiéu dugc xdc dinh bing cdch quay véc to U, mot géc
90° nguoc chiéu I

C6 thé ching minh dinh i bang cdch dp dung dinh 1i bién thién dong lugng cho khéi
chat 16ng ndm gifta vong tron khé 16n va profin canh, hay nhd 1i thuyét ham bién phiic
nhu Traplughin di lam (xem trang 97-100 tap 2[1]).

V& mat vat li: siic nang mot chiéc canh bat dong 1a do su chuyén dong tron (xody) cua
dong chat 1ong xung quanh cdnh d6 (luu s6 van toc). Do dnh hudng chuyén dong clia
dong chat long 4y, van toc trén lung canh 16n hon van t6¢ & dudi bung canh. Tir d6 sinh
ra su chénh léch vé 4p sudt, tao thanh mot luc day tir dudi lén.

§8.2. LGP BIEN

Nhu vira néu & trén, mudn tinh luc can phai biét phan bs luc ma sat (ing suat ti€p) doc
bé mit cha vat bi chat 1ong bao quanh, nghia 1a phai nghién cttu 16p chat 10ng sét vat -
16p bién.

1. Pinh nghia

Khi chat 16ng thuc bao quanh mot vat ding yén, do tinh nhét nén hinh nhu né dinh
vio bé mat vat. Vi vay, van téc cua dong chay trén mat vat bang khong. Khi ra xa vat
theo phuong phéap tuyén véi bé mat, van toc s€ tang dan va tai khoang cich nao dé ki
hi¢u 1a 3 n6 s€ gan bing van t6¢ cua dong bén ngoai Uy, ( = 0,99U,,). Lép chét 16ng ¢
chiéu day la & d6 goi 1a 16p bién. Trong 16p bién tap trung hiu hét anh hudng cia tinh
nh6t, ¢6 nghia chét 16ng 12 chat 16ng thuc. Mién con lai anh hudng cia tinh nhét khong
dang ké va c6 thé xem né nhu 1a mién chat 1ong 1i tudng.
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Dai lugng 8 phu thugc vao viéc chon & dau diém quy uéc chi rd bién gidi cta 16p bién.
Do dé trong khi tinh todn ngudi ta dua vao nhitng chiéu day dac trung khac cua 16p bién:

* %k

chiéu day bi ép 8, chiéu day tén that xung lyc 8 va chiéu day tén thit nang luong &

2. Chiéu day bi ép

D61 véi chat 1ong i tudng: cac dudng

dong gin tuong khong thay déi phuong B'thyc
nhu khi & xa twong. Con d6i véi chat 1ong
thuc: cac duong dong gan tuong s€ bi uén

Bl tuéng

cong vi u < Uy - tao thanh 16p bién. Nhu
vay, & day xét anh hudng dong hoc clia
tinh nhét 1én vi tri cua duong dong, nghia
1a tinh A bang bao nhiéu (hinh 8.2).

X4c dinh khodng cich dich chuyén A
cta duong dong do anh hudng cuia tinh

nhét dua trén tinh chit: duong dong la
dudng luu lugng bang nhau. Tinh luu lugng Q, chat 1ong thuc qua mat cét giita bé mat
vat va duong dong cach thanh mot khoang y.

y
= Judy

Puong dong tuong ting cia chat 1ong 1i tudng s€ gan bé mat vat hon mot doan A va
dugc tinh tir diéu kién can bang luu luong:

Y
Q,=u, (y-4A)=u, Idy—uwA
Yy
Q, =Q, > uA[(u, —u)dy

y u
hay A= [(1-—)dy
° u

]

3
Khiy -8, thi A=Ay, = 8" = [(1-—)dy

Hay viét dudi dang khong thit nguyén:

& —SJ'(I @)dn, véi (p——u— n=%
u,
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)
D6i véi chat 1ong nén dugc: 5" = [1-Lydy

o PUy
Nhu vay, 8" dac trung cho su dich chuyén dudng dong clia dong ngoai khéi phuong
ciia dudng dong trong chuyén dong clia chat 16ng 1i tudng. Luong chat 16ng di qua chiéu
day 8" bing luong chat 1ong di qua (5 - 8"). Su giam luu luong d6 gay ra do 16p bién
"ép" chat 16ng, nén &* mang tén chiéu day bi ép. D6i vé6i t4m phéng: & = 0,3755.

3. Chiéu day ton that xung luc
Xét anh hudng dong luc ctia tinh nhét 1én dong chay bao quanh vit.

Tinh luc can X theo dinh li bién thién dong lugng (Dinh 1i Ole 1 (4.20)) cho khdi chat
long chita trong ABA'B' (hinh 8.3).

bong lugng chat 1ong chay vao qua AB:

q, = 2phu?,
Vi lugng chat 16ng chay vao qua AB gin bang lugng chdy ra qua A'B' nén:
+h A
2phuoo = _[ pUdy i A / \ Al Yo
—h 7 / \
Suy ra: N \
+h U, — ]
q; =u,p [udy ] )
—h .
bong luong chat 16ng chay raqua A'B: |, P )
+h ) -
q, =p [u’dy \ /
—~h 8 \ / B
Theo dinh i bién thién dong luong: Hinh 8.3
+h +h
X=u,p judy—p juzdy+q'
-h -h

Trong d6 q' - dong lugng chat 16ng chay qua AA', BB'. Khi h — o thi ¢’ — 0 nén:

+00 u
X=u,p ju(l——)dy A
o0 uoo

Tim hé s6 luc can:
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+oo
Trong d6 6: = J' —E—(l —LJ dy - chiéu day t6n that xung luc
u u

T o

8

8
Trong 16p bién c6 dang: &~ = J'—u—(l ——l—l—] dy
ou_ u

1
Hay la vi€t duéi dang khong thit nguyén: 8% =5 _[(p(l —@)dn

Nhu vay, chiéu day tdn that xung luc 1a chiéu day ma trong d6 dong lugng clia chat

16ng li tudng (twong img v6i Uy) bang dong lugng tiéu hao trong 16p bién:

: 3
pr**uwuw = jpu(uw —u)dy
Tinh cho tam phéng: 8§ =0,146 &

. . L2 *¥ 8 pu u
D6i véi chat 1ong nén dugce: 6 = f ———-(1 ——'—) dy
0P U, u

o0

Trong mot s6 tinh toan, ngudi ta con ding ti s6 cac chiéu day:

sk

H=—.H =.‘6—2H**=§—
) )

4. Phuong phap l6p bién

a) Gidi chinh xdc: Vi 16p bién dugc hinh thanh chi khi s6 Raynon 16n, nén phuong
trinh chuyén dong trong 1p bién c6 thé nhan dugc tir phuong trinh Navie-Stoc viét dudi
dang tdng quat khong thi nguyén, sau d6. ddnh gid bac céc thanh phdn trong phuong
trinh &y dua trén diéu kién co ban: chiéu
day 16p bién nhé hon nhiéu so véi chiéu
dai cha vat (8 << /) nén suy ra gia tri
cac dai luvong theo phuong y nho hon
gid tri cdc dai lugng theo phuong x i _
(hinh 8.4). P }3

Béng cdch d6, nam 1904, L. Prandtl o g '
da tim ra hé phuong trinh vi phéan 16p {
bien cho trudng hop chuyén dong
phing, ding clia chat 1éng khong nén
dugc va bd qua luc khoi (xem trang
135-137 tap 2 [1]).

 — — —_—

Hinh 8.4
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u. v _, 8.1)
ox 0Oy

Véi cdc di€u kién: taiy=0: u=v=0.

Y =8; u = uw(x)

Giai truc ti€p hé phuong trinh (8.1) véi cic diéu kién bién twong tng ta s& tim dugc
nghiém u(x, y), v(x, y) trong toan 16p bién va do d6 c6 thé tinh dugc Ung sudt ti€p trén
bé mat vat. Loi gidi dién hinh 12 ctia Fokner va Skane tim ra tir nam 1930 khi cho phan
bo van téc ngoai 16p bién duéi dang ham s6 mi:

Ue(x) = C.x™

b) Gidi gan ditng: Hé thitc tich phan T. Karman

Dua trén viéc danh gid su bién thién dong luong trong 13p bién qua chiéu day bi ép 8
va chiéu day tdn that xung hrc 8" (hinh 8.5) Karman nhan dugc hé thifc tich phan:

o
*k * T

8 dp, 9 (26" +8") = —2 (8.2)

P dx dx u,dx PLUs

du_

S6 hang thi nhét trong V€ trdi clia phuong trinh (8.2) biéu dién ng suat ma st d6i voi
chuyén dong cha chét 16ng nén dugc. D6i véi chat 16ng khong nén duge (po, = const) ta
¢6 phuong trinh: ’

By 1 & o545y T 8.3)

dx u, dx Poolin

Khi u,, =const, s6 hang thi hai bang 0.

Phuong trinh (8.2), (8.3) goi 12 hé thuc tich phan Karman vi né chira cac tich phan 8*,
8"". Tir heé thifc tich phan d6 ta s& x4c dinh duwoc T, 8", 8 khi cho biét dang profin van
t6c trong 16p bién, chang han nhu Ponhauden cho profin van téc khong thit nguyén:

p=——=A,+A +A3n3;d;w *0
X

Béing phuong phép nay ngudi ta da gii cho 16p bién chdy tdng trén tim phang va tim
ra dugc hé s6 can toan bo: C, =1,444/+Re

He s6 can cuc bo:  C; = ITW - 0,;22
e

2
—pu X
2poo
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0,664
Re

- Trong khi d6 16 gidi chinh xédc cho: C; =

X

— p+dp

u Ty

VLR i /d// e f
c dx

e — -

Hinh 8.5

~ §8.3. MOT SO BAI TOAN LOP BIEN
Ta 4p dung hé thitc tich phan C4cman (8.3) d€ gidi mot s6 trudng hop cu thé.

1. L6p bién chay tang trén tim phing

' ’ ,. d d .
Trong truong hgp nay ap suit p, u, khong doi: EP— =0; —;—‘"i =0. Do d6 phuong trinh
X X
(8.3) s€ c6 dang rat don gian:
as” 1 '
=% (8.4)
dx pu’

Dé giai phuong trinh dé6 ta cho dang profin van téc:

_ ¢

u 2 n
=—=A +AN+AN +..+A Yy = =
® o ul ol oMl 4Z <

Cac he 86 A, A,,..., A, dugc xdc dinh tir cdc diéu kién bién: mbi hé s6 dng véi mot
diéu kién bién. Gia st c6 3 diéu kién bién:
n=0y=0); ¢=0u=0)
n=1y=0); ¢=1(u=uy)va

?2:0(_@:0)
on oy

©
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thi profin van t6c¢ c6 dang:
P=A,+Am+ A,n’
Tur cac diéu kién bién ta xac dinh dugc:
A,=0; A =2; A,=-1
Vay dang profin van toc s€ la:
¢=2n-1’

~ P (e pa 7 * *%
Thay ¢ vao cac bi€u thic cua d ,8 , 1,

I
5 =6j(1—2n+n2)dn=§-6
0

1
*k 2
8 =6I(2n—n2)(1—2n-n2)dn=—158
0

u
T, =2u—
w HS

Thay céc gia tri clia 8" va T,, vao phuong trinh (8.4) ta tim duoc:

5= [30%
uoo
hay la:
5 5,48

x JRe,
nghia 12 8 ti 1é v6i v/x : 8 ~ v . Biét & s& tinh duoc t,, va tir d6 tinh dugc hé s luc can.
He s6 luc can cuc bo:
0,722
Cf = 1‘Cw =
Epui \/Re"

He s6 luc can toan bo:

c__ X _lam
* %puis \/Re

Trong d6: S = 2bl - dién tich hai phia cia tim phéng;
b - chiéu rong;

I - chiéu dai.
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Luc ma st trén toan tdm phéng:
!
X=2bf1,dx= %— Juphtl

2. Lép bién chay réi trén tAm phing

Véi nhilng diéu kién nhét dinh, 16p bién chay tdng s& mat 6n dinh va chuyén sang
chay r6i. Tuong tu nhu viéc khao sat hai trang thai chay trong ong, tiéu chuin dé xéc
dinh gi6i han sy mat én dinh cla trang thai chdy ting 12 s6 Raynoén téi han. Déi véi tim
phéng, néu s6 Re > 3.10° ta s& c6 16p bién chay roi.

Nhur ta da bi€t, néu 16p bién chdy tdng trén tAm phang, thi chiéu day 16p bién ti 1& véi
Jx , x 1a khoang céch tir ddu mii tim phing. Qué do tir 16p bién chay ting sang chay
r6i duoc rat nhiéu ngudi nghién ciu va thay ring & mién gin mii tdm phéang 16p bién
luon ludn chay tang, nhung ti€p theo doc dong chay véi nhitng di€u kién nhat dinh, 16p
bién trd thanh roi.

Khi dong khong khi bao quanh t4m phéang c6é ddu mii nhon, 16p bién chuyén sang r6i
& khoang cach x dugc xé4c dinh t biéu thiic sau:

u_x
Re,, =—2-=3,5.10" +5.10°
\Y

Tt d6 suy ra, khi van téc ctia dong chay u,, tang thi diém qud do dich dan lén phia ddu
mili tAm phang.

Ngoai s6 Raynén t6i han Re,«, con c6 nhiing yéu t6 khdc anh hudng truc tiép dén
trang thai quéd do, nhu gradien dp sudt, do nhdm, do cong ctia bé mat vat v.v...

Khao sat 16p bién chay rdi trén tam phang.

Ta da biét trong chuyén dong réi, ngudi ta dua vao khdi niém gid tri trung binh thdi
gian va da xét gia thuyét Prandtl d6i véi ting suit ti€p:

\2
T, =pl? du
dy
Trong d6: [ - chiéu dai dudng r6i (chi€u dai x4o tron).
D6i v6i tdm phéng ta ciing ¢6 phuong trinh:

8™ 1,
O pu? GH

nhung véi chii  1a cdc gid tri 8, 87, 8, va 1,, s& khic trudc.
Co s& i thuyét ban thuc nghiém cta 1ép bién réi 1a su tuong tu giita chuyén dong réi
trong ong va trong 1dp bién. DGi véi 16p bién chdy tdng va chuyén dong trong 6ng ta di
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c6 su lién hé giira cac thong so sau day: ban kinh ctia Ong va van tdc trén truc ong tuong
g v&i chiéu day 16p bién & va van téc tai y = 8. Nhitng diéu ndy ciing c6 thé dp dung
cho chuyén dong réi. Khi d6 profin van tc trong 16p bién r6i c6 thé tim dudi dang ham
sO0 mii hay ham logarit.

Ta tim duéi dang ham s6 mii:
u n
——=(Z-) hayla o=n"
u, \0
Thay gié tri ¢ vao biéu thic clia 8", 8 ;

8" 61 n 5

J( ¢)dn=——
1 5
(n+D(2n+1)

Néu 1dy n = 1/7 - goi l1a profin van t6c 1/7 ta s& tinh dugc:

1
8" =8 [p(l-9@)dn=

7

5 =28:8" =5
8 72

Dé tinh (ng suat ti€p trén tAm phéng 1, ta 4p dung cong thitc clia chuyén dong réi
trong Ong:

-1/4
7, =0,0225pu? (—“ma*r")
A%

max
khi thay u_,, = us; r, =9, tacé:

-1/4
1, =0,0225pu’ (Ee'ﬁ)
A%

Thay t,, va 8™ vao phuong trinh (8.4) ta s& duoc:

" -1/5
&= 0,37x(i‘)
\%

hay la: 5. 0,37Re;'"?
X

suy ra, 35 ti 1& v6i x**: 8 ~ x*°, trong khi d6 8, ~ x'” nghia 1a 16p bién r6i tang
theo x nhanh hon 16p bién chay ting.

Biét 6 sé tim dugc T, va suy ra luc can

!
X =2b f1,,dx =0,072pu’b/Re ™"/
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Hé s0 luc can cuc bo:

C, = 1tw ~=0,0576Re;'"
2P |
Hé s6 luc can toan phan:
C = X _0,072Re™
B puzs

So sanh véi thuc nghiém, ngudi ta 14y 0,074.

3. L6p bién trén mat cong

Ta di khao sat xong hai bai todn 16p bién trén tdm phing twong déi don gidn. Nhung
trong cac may c6 canh (tuabin, may nén khi, quat v.v...) thudng gap nhimg vat c¢6 hinh
dang cong nhu céc diy cdnh. Khi dong chay bao quanh mat cong thudng xay ra mot
hién twong khd quan trong: xu4t hién diém rdi clia 16p bién. Ta s€ gidi thich hién tuong

nay dua trén diéu da ching minh trong phan hé phuong trinh 16p bién

Ta khao sit dong bao quanh mat cong AB (hinh 8.6).

Hinh 8.6

Gia sir 4p suat clia dong ngoai doc AB lic ddu giam, dat gid tri cuc tiéu & M va sau dé6

s€ tang. Mién dong ngoai ma tai d6 gradien dp suat am (
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din. Mién chuyén dong sau diém M c6 gradien 4p sudt duong (& > 0) goi 12 mién md&
rong dan. Tai mién thu hep din dong ngoai sé ting tc, con & mién ma rong dan dong sé
bi ham. Vi trong 16p bién % =0, nén c6 thé két luan 14 phan b6 4p suat cling s& tuong

tu nhu thé trong bat ki khoang cdch y < & trong 16p bién trén doan AB.

Trong pham vi 16p bién van téc trudc diém M s€ ting, con sau M s& giam. Dén mat
cit S nao ddy, cdc phdn tir chat 16ng & sat bé mat AB khong thé thing anh hudng him
cta dong ngoai va chiing bi dimg lai. Tai S s& c6:

().

Sau diém S, dudi tdc dung clia do chénh ap sudt nguge chiéu dong chay, céc phan ti
chat 16ng & sit bé mat AB s& bat ddu chuyén dong nguoc, goi 1a dong thit cap. Gip dong
chinh dong thit cap bi ddy ra khoi bé mat AB, din dén hién tuong tich roi 16p bién.
Piém S 13 diém rdi clia 16p bién.

Sau day ta xét cdch gidi cu thé bai todn 16p bién chdy tang trén mat cong dua vio
phuong trinh xung lugng (8.3) theo cich giai gan ding cla hai nha biac hoc Lién X6
Kéchin va Loixianxki.

Vi trong phuong trinh (8.3) ¢c6 3 4ns6 &, 8" VA T,, nén tit ca cic phuong phép giai
gin ding déu tim c4ch dua vé phuong trinh chita mét 4n bing cich chon mét ho céc
profin van t6c chi phu thuoc mot thong s6. Chon profin van t6c nhu the s& c6 thé biéu
dién 8", 8" va 1, qua mot thong s6 va nhu vay s& dugc phuong trinh vi phan thudng doi
vGi thong s6 da chon.

~ Kochin va Loixianxki da chon thong s6 d6 1a dai luong f - goi 1a thong s6 hinh dang:

6**2 ’
\Y
Khi d6 ho profin trong 16p bién chay ting s€ ¢ dang phu thudc sau day:

- (p( }*I* ’fj (P(Th, f)
u, §)

f=

8.5)

. o kok
Cond,d6 vart:

[( )dy & j[1 o(,, H)] dn, =8"H(f)

ou u pu,
— & = 9'(0,)
(ayj [an,]m O
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Néu ki hieu ¢'(0,f)={(f)= Tud

, thi phuong trinh (8.3) s€ c6 dang:

0

9 U s HE] == —Y ()
dx u u_o

2
o P, o

e

o
Nhan phuong trinh d6 véi —, ta s€ duoc:

v
**2 ’ **2
li(S )+“w5 [2+H(f)]=@
2 dx\ v u,v u,,
hay 1a, véi chi y:
u:os**z ——f——
u v u,

va ki hiéu:
2080 ~ (2 - D] = F(®).
phuong trinh xung lugng s€ c6 dang:

_d_(é_]i £ )_F®D
dx\ v dx\v | u

d( f 1 df _u"
dx{u, ) u, dx ul

nén phuong trinh trén c6 dang cudi cung:

L (8.6)
dx u u

Khi biét F(f) va cho u, (x) c¢6 thé gidi duoc phuong trinh d6 va s& tim dugc f(x), tir d6
suy ra & va Ty (X).

Tut céc 10i giai chinh xdc di dugc thuc nghiém chimg minh, ta c6 thé biéu dién F(f)
dudi dang ham tuyén tinh:

F{)=a - bf

Trén hinh (8.7) biéu dién cdc dudng cong H(f), &(f) va F(f) ing véi 10i giai chinh xdc
clia bai toan 16p bién chay tang khi van toc u, = cx" va a = 0,45, b = 5,35.

Sau khi thay gia tri ctia F(f) vao phuong trinh (8.6), ta s& dugc phuong trinh xung
luong duéi dang:
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df ' 1" ' : HAF ¢
L u°,° _pYe |f
D6 1a phuong trinh vi phan thudng tuyén tinh \ 8|06
bac nhat va nghiém ctia no sé la: F\5 05
au’ %y u,, 4Nos
f=2 o (Qdgrcte @) N W
o o U N 3jod\ | ]
Hing s tich phan C dugc xdc dinh tir céc diéu v
e . - . / N——
kién bién: x = 0; u = 0 va f hitu han, nén C = 0. /2 02 \
Biéu dién & qua thong s6 hinh dang f theo cong Ao
thitc (8.5) ta dugc: / .

-0,08 -0,04 0 004 0,08 f

*k fv va’ .
8" = == \/T fud(©dg  (8.8) Hinh 8.7

!
o0

Biét f(x) va 8", theo d6 thi trén hinh (8.7) c6 thé tim dugc H(f) va &(f), tir d6 suy ra
8§ =8"H.
u_(x)
1, (X)=p—=—C()
M3 = g
Toa do cha diém 101 duge xac dinh tir diéu kién 1, = 0. N6 ting véi {(f) = 0. T hinh

(8.7) ta thay &(f) = O khi f, = ~ 0,0681. Dau am chiing t6 diém rdi xay ra trong ving mé
rong dan. _

Céc két qua tinh todn trén hoan toan phit hgp véi két qua thuc nghiém khi f > 0, con
mién gan f = f, két qua hoi khic nhau.

§8.4. LOP BIEN NHIET PO

Trén co s& nhitng két qua vira thu dugc, ta khao sat mot loai 16p bién khac goi 1a 16p
bién nhiét do, ma thudng gip & trén cdc vat hay trong cdc mdy c6 canh chuyén dong véi
van toc 16n.

1. Pinh nghia

Tuong tu 16p bién da xét & trén - con goi 1a 16p bién dong hoc hay 16p bién van toc - ta
c6 16p bién nhiét do.

Néu nhiét do cta vat bi bao quanh va nhiét do ctia dong chay khac nhau, thi chiéu day
clia mién ma tai d6 xay ra su bién thién tir nhiét do ctia vat dén nhiét do cua dong chay

s€ phu thudc vao mot dai lugng khong thit nguyén. Dai lugng dé, tuong tu nhu s6
Raynon trong 16p bién dong hoc, goi 1a s6 Raynon nhiét do:
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a

trong d6: a= - hé s6 dan nhiét do;

PG,y
A - hé s6 dan nhiét;
C, - nhi¢t dung ding ép.
. cx s . N T - Nhigt do dong chay
Ki hiéu chiéu day dé 1a &, con chiéu
day khong thit nguyén:
= Op .
=

Khi Re; nho thi & >>1; con khi Reg

16n thi 8; <<1. Dinh nghia: 16p bién -
77777 77777777777 7777777777 77777
T, - Nhigt d tudng nong

nhiét do 1a 16p sat vat bi dong chay bao
quanh, ma tai d6 khi s6 Rey 16n thi nhiét
dd sé bién thién tir nhiét do cua vat dén
nhiét do cua dong chay (hinh 8.8).

Hinh 8.8

2. Phuong trinh I6p bién nhiét do. Hé thikc tich phan ctia 16p bién nhiét do

Xuat phét tir phuong trinh dn nhiét cho chuyén déng phing, dimg:

aT 4T (azT aZT)
U, —+u,—=a|l —+—
ox

trong d6: T - nhiét do.

Tién hanh tuong tu nhu do6i véi 16p bién dong hoc & phan §8.2, nghia la viét phuong
trinh trén dudi dang khong thir nguyén réi danh gid bac cdc s6 hang ta s€ c6 phuong
trinh 16p bién nhiét do.

Tir d6 ¢6 hé thie tich phan cia ldp bién nhiét do hay con goi la dong nhiét truyén qua
16p bién:

dé7 _ a ol
dx u,T, oy 4=
5T
trong doé: & = J'll;—"[l - %‘—-jdy
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hay bién déi,

To—T=(To~Ty) —(T-Ty)=06-0
Ta s& duge hé thiic tich phan cua 16p bién nhiét do:

9_6£ -2 ?ﬁ (8.9)
dx Ou, Oy y=0 .
Trong doé:
8T n
&p = Iu—x(l—gjdy
] ucD

3. L6p bién nhiét do trén tAm phang
Ta gidi cu thé mét bai todn 16p bién nhiét do: dong chat 16ng chdy tdng véi van toc
khong déi u, bao quanh t4m phéng c6 nhiét do c6 dinh Ty,. D& sit dung hé thic tich
phan (8-9) phai biét profin van toc va profin nhiét d6 trong 16p bién. Ta cho dang profin
nhiét do:
T(y) =b,+ b,y + by’ +... + b.y" (8.10)
S6 lugng céc s6 hang va gid tri cdc hé s6 b, by, b,... b, c6 thé xdc dinh theo cic diéu
kién bién cho trude. O day, ta c6 cac didu kién bien:
: . ea o ne o n o’T
Khiy =0 (& trén mat vat): T=Ty; —=0
ay2

y=6T:T=Tw;£=O
oy

Thay cdc diéu kién trén vao (8.10) ta s& dugc mot hé phuong trinh véi 4 4n: b, b;, b,, by:
Tw = b, ; T; = b, + b8 + b, 8% + b, 5
2b, =0; b + 2b,5; + 3b; 83 =0

Giai hé phuong trinh dé, s€ tim duoc:

by=T,; b = > te Tu
2 &
by=0; by = ——. 1 ZTW
2 &
3 1 }
Do dé: T=T, +=(T,-T,) L ——(T, - T,)| =
2 5. 2 5y
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= 3
hay la: 9 ——-—T T 3. l(yj

| = (8.11)
0 T,-T, 2 8¢ 2\8¢
Profin van toc ta ciing chon dudi dang:
u, =u=a, +a,y+a,y* +a5y°
Véi cac diéu kién bién:
2
y=0:u=0; g—y—lzl=0
y=0:u=u,; ﬂzo
oy
s€ tim duoc:
3u
a,=0;a ————°'i.a =0;
175 ®
1 u,
L=
Suy ra, profin van toc cé dang
\3
Lzé.z_i(z) | ®.12)
u, 28 2\3 ’

Thay céc gia tri (8.11), (8.12) vao phuong trinh (8.9) va véi gia thiét & < 8 sau vai
phép bién déi ta sé duoc phuong trinh:

3
b
"o
(5’1) N8 1 (8.13)
) 3 dx Pr
Trong dé:
v .
Pr = — - s6 Prandtl
a
Nghiém riéng cta phuong trinh do6 la:
o 1 .
S P’ hay la 87 = YE

Trong phén §8.3 da tinh dugc:

&= 4,64 fﬁ
uCO
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suy ra:

8 =4,64.# f:—x - (8.14)

Nhu vay, chiéu day 16p bién nhiét do trén tim phang ti 1& véi Jx cling giong nhu
chiéu day I6p bién van téc. ‘

Tuong tu nhu tinh hé s6 luc can trong 16p bién van téc, & day ta tinh hé s6 trao déi
nhiét cuc bd a(x). N6 dugc xac dinh nhu sau:

a(x)=q—“’=—l(£] DR
T, -T, 0 0

0
oy

y=0

Tu (8.11) ta co:

Ed
ay
Va v6i chi y (8.14) ta dugc:

a(x) = 0,3231. 3Pr, /“;*’
vX

C6 thé tinh hé s6 trao ddi nhiét trung binh:
17 -3 Uy,
o == fa(x)dx =0,64613/Pr -2 =2a
X, VX

Thong thudng trong trao déi nhiét ngudi ta ding tiéu chuédn twong tu Nuxen:

3.8
X

y=0

Nu = o
A
S6 Nuxen cuc bo sé la:
Nu, = “TX =0,323 ¥Pr/Re
S6 Nuxen toan phan:

Nu = %‘ff —0,646 3/PrRe

Luong nhiét truyén tir mot don vi chiéu rong cia mot mat tim phéng trong moét don vi
thoi gian:

Q=o(T, ~T).1= x%l(Tw ~T,)=MT, -T,)Nu
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Ta néi thém vé cach bi€n ddi dé c6 dugc phuong trinh (8.13).

Sau khi biét profin nhiét do (8.11) va profin van téc (8.12), ta ¢6 thé viét hé thiic tich
phan (8.9) duéi dang:

3T 2 2
43y 1y x[i .Z.l(l) }@:3. 2 8.15)
dx 25, 2|58, 2 5205 2 b,

Dé dang tinh dugc tich phan trén néu gia thiét 31 < 3. Trong trudng hop nay, tich phan
trong khoang (8 — 81) ludn ludn bing khong vi 0 =0, suy ra gia tri chia ham dudi dau
tich phan trong biéu thic ctia 57 trong khoang (8 — 8;) lu6n luon bing khong.

Néutadat h= % , nghia 12 81 = hd thi tich phan trong phuong trinh (8.15) s& bing:

éT n 4
-0y Zae -0 e L)
; 0/u, 20 280,/ 20 14
S6 hang thit hai nhé hon s6 hang thit nhat vi ta gia thiét 6; < § nghia 1a h < 1. B6 qua
s0 hang thit hai, cudi cuing ta s€ c6 phuong trinh vi phan:
3 d 5h? 3 a 3 a

20 dx - 2 u,0p T2 u,hd

hay Ia: h38%§+ 2h28? ‘;—h 102 (8.16)
X X u,

s dd o, ’
Thay céc gid tri Sd— va 82 tir 16p bién van toc:
X

590 _140 v 5 =464 2
dx 3 u, u,,
Phuong trinh (8.16) c6 dang:
-li-l(h3 +4xh? d—h) =1
13 a dx
coi: li::lvil Y—=Pr ta dugc:
13 a
4 dn’
LA § (8.17)
3 dx Pr
Vi du 1: Tinh chiéu day mat ting vot nén thang dua vao phuong trinh truyén nhiét
T A T
uw — T —— 0 ———
ox Cp ox2
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Trong dé6 c6 thé xem céc dai lugng C,, p, A la khong déi, (theo Ii thuyét dong hoc chét

khi ta ¢6 cong thitc gan diing A = pC,a; trong d6 [ - chiéu dai chay tu do trung binh cia
phan tlr, a - van t6c am).

Bai gidi:
Tu phuong trinh truyén nhiét:

oar _ &7
= -
ox C,pu, ox

véi cac diéu kién bién:
khix=—0:T=Tg,
khix=0:T=T,

T, — nhiét d6 sau mat tang vot nén. Suy ra:

T =Te + (Tye — To)exp (Cppu‘,O {—)

Chiéu day mat tang vot nén d dugc xic dinh dua vao gradien nhiét do tai x = O tir biéu
thirc sau:

d_T%O—Tw_ A
(gr_) Cpou, M
8x x=0

M=2 .56 Mic
a

Vi du 2: Dua vao dé thi trén hinh 8.9 hay tinh hé s6 luc can clia tim phéng trong 16p
bién chay tang khi s6 Re = 3.10° va s6 M = 2,13.

Bai gidi:
e  ya cRe ]
Trén do thi, n 1a s6 mi cua biéu thuc: 15 n=t
B _(L 0s
K T o8
Lo v e M
trong d6: p - hé s6 nhét; T - nhiét do. 0 5 10
C4 3 trudng hop tng véi s6 Pr=1. Hinh 8.9

Dua trén do thi, ta sé tim dugc hé sd luc can C,.

1,3

JRe

C, =

=0,0024

(d6i v6i khong khi, 1dy n = 0,8).
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Vi du 3. Hay so sinh nhiét d6 trén tdm phang T, bi dong chay bao quanh véi nhiét do
tai di€m t6i han phia truéc T, khi s6 M =1; 3 ; 5. Ddng bao ¢6 T = 220°K, Pr=0,7.

Bai gidi: v

Déi véi trudng hop chuyén dong dimg ta c6 cdc cong thifc sau:

T0=(1+5;—1M2)Tw

T =(3—1]\/ﬁ

T, T,

o0

T cdc biéu thic d6 ta tinh dugc céc gid tri sau day cta nhiét do:

M, T,-273° | T, - 273
1 -9 | -7
3 343° 282°
5 | 1037° 865°

Nhung tai diém téi han phia truéc ma tai d6 su trao d6i nhiét kha yéu do van téc nho,
trang thdi dimg dat dugc rat cham; vi vay nhitg vat ¢6 ddu t it nguy hiém so véi nhitng
vét ¢6 miii nhon.

Vi du 4. Dya vao do thi trén hinh 8.9, hdy tim hé s6 lyc can C, cta tim phéng bing
phuong phap Ponhauzen md rong chon=0,75van=1. ¢
Bai gidi:

Ta c6 hé thic tich phan Karman:

ou * duw d ‘L
[ (——) =8 Polly —=+—(P,usd )
1

oy dx dx
Trong d6: 8", 8" - chiéu day bi ép va chiéu day tén that xung luc.
**2
Gia st dat: C=u, 4 Poo Ll
dx Hy
~ Khi d6 v6i gid tri cha thong s6:
8**2 d
g=Pe0  To _g
By o dx

tir hé thic tich phan Karman trén ta dugc:
T, )"
C,/Re, =2,/C T
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Tir hinh 8.9 ta thay gi tri v€ phdi cha biéu thic trén s& gan bang 1,3. Pai lugng C
duoc xdc dinh nhd d6 thi cia phuong phap Ponhauzen mé rong (hinh 8.10), Két qua
cudi cung ta s& tinh duoc gia tri cac thong so sau day:

| T1 . Cx RCOO
M : C T—
. R n= n=0,75
0 ’ 0,44 1,0 ' 1,33 1,33
0,39 1,2 1,37 1,34 -
2. 0,30 1,8 1,47 1,36
A
C
1
M,=0
AN

b

-0,05 0 0,05 NUJ0.10

RN

Hinh 8.10
Vi du 5. Mot thiét bi do gi6 c6 bo phan béo van t6c gié 1a mot tim [am béng vat liéu
duyra dang chit nhat véi kich thuéc /bd (trong d6: I - chiéu dai; b - chiéu rong va
& - chiéu day cta tdm), quay khong ma sdt xung quanh truc nam ngang O. Truc O dugc
b6 tri nam trung vdi canh b ctia tAm (hinh 8.11).
Xac dinh cong thitc biéu dién mdi lién hé giita van téc gid ue, véi géc léch cla tdm o
$0 Vvéi vi tri thang ding.

Lay khoang cdch x tir taim cia mat phang hing gi6 (4p tam) dén truc quay cla tdm
theo cong thitc thuc nghiém:

x =1(0,2 + 0,3coso)
Trong lugng riéng ctia vat liéu lam tam bdo van toc gid 1a v,
Bai gidi:

Ap luc gi6 tic dung 1én tdm c6 dién tich /b bing:
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u2

P =Clbpy =~

Trong dé:
C - hé s can cua tam;
Pk - khoi lugng rieng ctia khong khi.

Trong lugng ctia tdm bdo t6c do gid
bang:

G =y,bl

Phuong trinh can bang luc tic dung
lén tdm:

Px =Glsina
2

Sau khi thay gia tri cua cic dai lugng
P, G va x vao cudi cung rit ra:

o = dy4 sina
°° Cp (0,2 +0,3cosa)

Hinh 8.11

Vi du 6. Mot dong khi chuyén dong dusi mot géc ¢ so véi phuong thang dimg chdy

bao quanh tdm phang nim ngang cé dién tich 13 ® va trong lugng G. Tam phing s& nim

yén lo limg. Bo qua ma sat, khi tinh todn gia thiét rang hé s6 luc can cha tdém C, chi phu

thudc vao géc o.

Xéc dinh van t6c dong khi u,, va cong suat dong khi N tiéu thu dé gilt tdm phéng d6

nam lo limg (hinh 8.12).

Bai gidi:

Ap luc P dong khi tic dung lén tim s&
hudéng thang géc véi tdm(vi bd qua ma sat),

bang:

2
u
P=C, oy, —=
[ Yk 2g
Trong dg: v, - trong lugng riéng ca khi.

Chd ¥ rdng anh hudng cua géc ¢ dén dp
luc khi tidc dung lén tdm dugc ké dén trong

hé s6 can C,,.
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Xét diéu kién can bang luc khi tim phiang nim lo limg ta cé:

G=P
Do dé:
2
u
G=C oy, —
(0] Yk 2g
rat ra:
| 2¢G
Cq,coyk
Cong suat dong khi:
N = muZ
2

Trong d6: m - khéi lugng gidy cua dong khi;

m = OPULCOSP

Tur d6 ta cé:
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Chuong 9
CO SO LI THUYET THU NGUYEN, TUONG TU

§9.1. MG DAU

Nhitng 16i giai chinh xac (bang phuong phép 1i thuyét) clia mot s6 bai toan thiy khi
dong luc 1a rat hiém. Trén thuc t€, ngudi ta sit dung nhiéu phuong phédp thuc nghiém.
Phuong phdp mé hinh ho4 tuong déi phé bién. N6 dua trén Ii thuyét thi nguyén va tuong
ty. Mo hinh hod 1a sy thay thé viéc nghién citu hién tugng cia moét doi tuong trén
nguyén mau bang viéc nghién citu hién tugng tuong tu trén mo hinh ¢6 kich thude bé
hon hay 16n hon.

Y nghia clia phuong phép:-dira vao nhiing két qua thi nghiém trén mo hinh c6 thé két
luan vé cdc hién tuong xay ra trén nguyén mau. Diéu kién sir dung dugc nhitng két qua
trén mo hinh 1a khi tién hanh thi nghiém phai tuan theo nhitng quy luat nhat dinh cia mé
hinh hod. Nhitng quy luat d6 1a nhitng tiéu chuan tuong tu.

Viéc xdc dinh cédc tiéu chudn tuong tu hay 13 cdc dai lugng khong thit nguyén (cac s6)
khi mé hinh hod céc hién tuong 1a mot van dé rat phic tap. Khi gidi bai toan nay c6 thé
chia c4c hién tugng nghién citu ra lam hai loai.

1. Nhitng hién tugng va cic qua trinh c6 thé dugc mo @ bang cdc phuong trinh (nhu
phuong trinh vi phan chuyén dong cla chét long trong 6ng, trong khe hep v.v...).

Khi d6 cdc tiéu chuédn twong tu dugc xdc dinh dé dang nhu 1a cdc hé s& clia phuong
trinh vi€t dudi dang khong thit nguyén.

2. Céc qua trinh va cdc hién tuong chua duge mé ta bing cac phuong trinh. Khi dé, 1i
thuyét duy nhat cho phép tim cic tiéu chuén twong tur I3 1f thuyét thi nguyén.

© §9.2. Lf THUYET THU NGUYEN

1. Céc dai luong c6 thit nguyén nhu do dai, dién tich, van toc, dp suat v.v... Cic dai
lugng khong thit nguyén nhu géc do bang radian (rad), s6 Raynon (Re), s6 Mic
M), v.v...

Dinh nghia: Dai lugng ¢6 thit nguyén 1a dai lugng ma céc gid tri bang s cia n6 phu
thudc vao hé don vi do luong do ta chon.

Dai lugng khong thit nguyén 1a dai lugng ma cac gia tri bang s6 cua n6 khong phu
thudc vao hé don vi do luong do ta chon.
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Cic dinh nghia néu trén chi c6 tinh chét twong d6i.

2. Thir nguyén -

- Pon vi co ban va don vi dan suat.

Cic dai lugng vat 1i duge lién hé v6i nhau bing nhitng biéu thic nhat dinh. Trong co
hoc thudng chon 3 dai lugng co ban: d6 dai L; thoi gian T; khdi lugng M va thiét 1ap cho
ching mot don vi do luong nao dé goi 1a don vi co ban, nhu h¢ don vi SI (m, s, kg), hé
don vi CGS (cm, gam, s)...

Don vi dan sudt 1a don vi biéu dién qua don vi co ban nhu cm/s; kg/m® v.v...

Thit nguyén 1a biéu thirc biéu dién don vi din xudt qua don vi co ban va dugc ki hiéu
bang dau [ . Vi du thif nguyén ctia van téc [L/T], cha gia t6c [L/T*] v.v...

3. Cong thirc tong quat cia thit nguyén

Li thuyét thit nguyén dua trén hai dinh I{ sau day:

a) Ti s6 giita hai gid tri bang s6 ca mot dai luong dan xu4t bat ki nao ddy khong phu
thudc vao viéc chon cic kich thudc clia hé don vi co ban. Chang han nhu ti s6 gii¥a hai
dién tich khéng phu thudc vao viéc 1a ching dugce do trong hé don vi nao.

Tu dinh 1i ndy c6 thé suy ra cong thic thit nguyén tong quat cla cac dai lugng vat li:

a=L'T'M" 9.1)

Chang han nhu cong thitc thif nguyén cha van toc [L/TIs€col=1;t =~1;m=0; cha
giatée [L/T?): I=1,t=-2,m=0.

b) Biéu thic bat ki giita cdc dai lugng c6 thd nguyén cé thé biéu dién nhu biéu thiic
gitta cic dai lugng khong thit nguyén. Day chinh 14 no6i dung cua dinh li Pi (%) -
Buckingham.

Biéu thic todn hoc cta dinh 1i ndy c6 thé biéu dién dudi dang sau: néu dai lugng cé
thit nguyén a la ham cta cic dai lugng doc 1ap véi nhau cé thit nguyén a,, a,,... a... a,,
nghia la:

a=1(a;, ay,..... 3,841, ) 9.2)

Néu k < n 12 s6 céc dai luong c6 thitr nguyén co ban thi (n + 1 — k) t6 hop khong thi

nguyén p; clia cc dai lugng c6 tht nguyén & trén ¢6 thé biéu dién duéi dang: (theo (9.1)):

71_———————3 s
T .ml_m2 mk °’
a; a, .. ay
a
Tcl = pl p2k+1 pk;
a; a, ... ay
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n =t
n-k ’
a“lag2 al

Nghia 1a s6 16 hop bang hiéu gilfa s6 dai lugng c6 thit nguyén va s6 thit nguyén co ban.
Nhu vay, trong hé don vi méi biéu thitc (9.2) c6 thé viét dusi dang:
n=1(1,1,..1, ), my..., W)

MB&i t6 hop khong thit nguyén 13 mét tieu chudn twong tu. C6 nghia la néu dai lugng
khéng thit nguyén (vi du h¢ s6 luc can C,) phu thudc n dai lugng, ma s thit nguyén co
ban clia chiing bing k, thi s6 tiéu chudn twong tw 1a = = n - k. Trong thiy khi dong luc
k = 3, vay nén biéu dién dai lugng nao d6 qua bon thong sé.

Vi du 1. Hiy xé4c dinh su phu thudc hé s6 luc can C, clia canh vao cic thong s6 dong chay.

Bai gidi: :

Gia st C, phu thudc vao cic dai luong c6 thit nguyén sau day: khoi luong riéng p, do
nhét dong luc hoc p, van téc v va chiéu dai cta cdnh L. Khi d6:

C,=f(p,n,v,L)
Ding cong thifc thit nguyén c6 thé tim dugc mat t6 hgp khong thit nguyén cia céc dai
luong vat Ii trén: ' '

[Cd = [p1° W]’ VIILT" = 1
Pé tim céc s6 mil b, d, ¢, n ta thay vdo cong thic trén th nguyén cla cédc dai lugng
vat li:
[p]= ML );[p} = [IMLT); [vl = [LT); [L] = [L]
Thay cic gi4 tri d6 vao biéu thiic C,:
ML ML T LT '[L)" =1
tir d6 ta ¢6-3 phuong trinh d6i véi 3 thit nguyén co ban:

M:b+d=0
L:-3d-d+c+n=0
T.-d-c=0

Xem ring mot trong 4 s6 mi, chiang han n da biét, giai hé phuong trinh trén, ta dugc:
b = ¢ = n; d = -n. Nhu vay ta tim dugc dang phu thudc cta C, vao dai luong khong

C, _f[(”p” f(Re")
T

thit nguyén:
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nghia 13 C, phu thudc vao s6 Raynon. S6 mii n ¢6 thé tim bang thuc nghiém hodc tir cic
diéu kién phu vé sifc can cta canh.
Vi du 2. Ap dung dinh Ii Pi dé 1ap biéu thitc tinh cong sudt N cda bom.
Biét N phu thudc luu luong Q, cot 4p H va trong lugng riéng vy.
Bai gidi:
Quan hé giita cdc dai luong trén c6 thé biéu dién qua phuong trinh (9.2):
f(y,Q,H)=N
C6 4 dai lugng c6 thit nguyén va chi ¢6 3 thit nguyén ctia don vi co ban, dodéc64 -3 =1
s6 hang m. Chon v, Q, H 1am 3 dai luong c6 thit nguyén co bén, ta c6 thé 1ap s6 hang n:
N
n=
Q*y'H*

Vi€t dudi dang thit nguyén:
FLT' = [L’T'[FLPIL]*
Tudosuyra:x=y=z=1.

Do dé: n=——hayla N =kyQH

YQH
Qua hai vi du trén, cé thé suy ra mot s6 budc co ban dé giai mot bai toan nhu sau:

1. Lap biéu thitc phu thudc (n + 1) dai lugng a (9.2). Ghi thif nguyén cha chiing.
2. Chon k dai lugng co ban (thong thuong k = 3). Viét cc*)n'g thic thit nguyén cla cac
dai lugng vat li. Nhu vay ta cé (n + 1 - k) s6 hang 7.

3. S6 hang n ddu tién c6 thé 1a tich cla k dai luong c6 s6 mii chua biét v6i mot dai
lugng khéc c6 s6 mii di biét (thong thudng cho s6 mi d6 bang 1).

4. Lay nhitng dai lugng da chon & muc 2 1am bién s6 (k dai lugng) va chon mét trong
nhing bién s6 con lai dé 1ap s6 hang = ti€p theo. Lap lai tuong ty lién ti€p cho céc s6 = sau.

5. Nho phan tich thit nguyén ta s€ cé hé k phuong trinh dai s6 va tir d6 xac dinh dugc
s0 mi cia moi s hang 7.

§9.3. CAC TIEU CHUAN TUONG TU

Pinh nghia: Hai hién tugng goi 1a tuong tu (hay déng dang) néu dua vao cdc dac trung
clia hién tuong nay c6 thé suy ra cdc dic trung cla hién tugng kia bing mot phép bién
déi don gian.

Diéu kién tuong tu co ban cha hai hién tugng 1a cdc tiéu chudn twong tu phai bang nhau
(idem). Néu ki hiéu n cho nguyén mau; m cho mo hinh, thi Re; =Re,, M, =M v.v...
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1. Tuong tu hinh hoc
Hai hé thong thuy khi dong luc tuong tu hinh hoc 1a khi cac kich thudce tuong iing cua
chiing ti 1& v6i nhau.

L
L

Sn
n=k ; S—:k{;...

m m

Trong dé: k; - ti 1€ twong tu hinh hoc.

2. Tuong tu dong hoc

Hai hé thong thiy khi dong luc tuong tu dong hoc phai tuong tu hinh hoc va cé thoi
gian di chuyén ctia mét phén tir chat 16ng tir diém nay sang diém khéc trén cic dudng
dong tuong ing ti 1&.

<. n__
Ta co: =kr

Trong dé: ky - ti 1& trong tu thoi gian.
L , ’ v, LT
Tir d6 suy ra ti 1€ van toc: =

Tuong tu dong hoc dp dung trong cdc may thly khi 1a cdc tam gidc van tdc dong dang.

= kLk}l

3. Tuong tu dong luc hoc

Hai hé thong thuy khi dong luc tuong tu dong hoc va cé cac khdi lugng tuong Ung ti
1€ thi goi la tuong tu dong luc hoc.

k,= Po g 1é tuong tu dong luc
Pm
 PLLTY Kkl

w PnlnlnTy K

anZ V2
F L2

m

Ti 1& céc luc:

Hay téng quat: = Ne = const

Tiéu chudn tuong ty Newton hay s6 Nluton.

Nhu vay trong thuc t€, hai hé théng thuy khi dong luc tuong tu phai thod man céc diéu
kién sau day:

1. Chiing phéi twong ty hinh hoc.
2. Co tinh chat giong nhau va c6 cing phuong trinh vi phan.
3. Chi ¢6 thé so sdnh vdi nhau giita cic dai lugng déng nhat tai nhitng toa do khong

gian gidng nhau va thdi gian giéng nhau.
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4. Céc hang s6 tuong ty clia hai hién tugng ¢6 méi lién quan chit ch& vét nhau. Viéc
chon bat ki mot trong nhitng dai luong nao dé sé tao nén su phu thuoc xic dinh déi véi
nhitg dai luong hang s6 tuong tu con lai.

4. Tuong tu cia hai chuyén dong phing

Dé lam sdng té nhing diéu di néu & trén, ta hiy tim cic diéu kién cén thiét dé cho hai
chuyén dong phang tuong tu. Mudn vay, ta viét phuong trinh chuyén dong Navie - Stéc
(4.5) cho trudng hop chuyén dong phéng duéi dang khong thit nguyén bing cdch chon
cdc dai lugng dac trung (ti 1¢) sau day: chi€u dai / (nhu bai kinh 6ng, cung cia cénh...),
van téc v, (nhu van téc & trén truc ong, & vo cling...), 4p sudt P, khéi lugng riéng p,, 4o
nh6t dong hoc v, thoi gian t,, luc khéi viét cho mot don vi khéi luong g - gia toc trong
truong. Ki hiéu cic dai luong khong thit nguyén ciing bang nhiing chit nhu cdc dai lugng
c6 thit nguyén. Khi d6 ta s&€ c6 phuong trinh chuyén dong va phucmg trinh lién tuc viét
duéi dang khong thir nguyén:

v, t, ot 0 oy V2 p.V2 p v,/
._l..@.*_(u.@._{.vgv_):_géY___p.O_}_@_{. Y vA :
v t, ot ox 0Oy v PV, POY vl
2“.4.@:0

ox Oy

Tir hé phuong trinh trén suy ra n€u hai dong chay tuong tu, c6 nghia la ching dugc
mo ta bang nhing phuong trinh va cac diéu kién bién giong nhau, thi phai cé cung gid
tri cac dai lugng khong thit nguyén sau day:

I 8. po Yo

k] 2 b 3
VO t() VO pO o] v()l

Trong 1i thuyét tuong tu, nhimg dai lugng dé cé tén riéng va goi la nhitg s6 hay 1a
tieu chuén tuong tu:

” lt : = Sh - 56 Storuhan (Shtrouhal), dac trung cho qua trinh khong dimg.
gjl = Fr- s6 Frit (Froud), dic trung cho luc trong trudng.

i—l =Re - s0 Raynon (Reynolds) quen thudc, dic trung cho luc nhdét.

p—— =Eu - S6 Ole (L. Euler) dic trung cho 4p luc.
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biéu kién bang nhau cia cic s6 tuong tu dugc ki hiéu bang chit idem (12 mot), nghia
1a hai dong phéng ctia chat 16ng khong nén dugc sé tuong tu khi:

Sh = idem; Fr = idem; Re = idem; Eu = idem
S6 Ole d6i véi chat 16ng nén dugce c6 dang.

Eu = p°2 =
pOVO

A . ’
Trong d6 a= kP van toc am; k = E—p— - chi s6 doan nhiét, M = Y _ 56 Mic.
\} p a

v

Nhu vay, hai dong chat 16ng nén duge s€ twong tu khi Sh = idem; Fr = idem; Re =
idem; M= idem; k = idem.

Trong thuc t&€ con rat nhiéu nhitng tiéu chuédn tuong tu khdc nita. Mudn c6 nhimg tiéu
chuédn d6 chi cdn ldy phuong trinh vi phan mo ta cdc qud trinh da cho viét duéi dang
khong thi nguyén. Chang han nhu khao s4t phuong trinh nang lugng ta s€ c6 thém cdc
tiéu chuén tuong tu:

Pr= fop - 56 Prandtl, dac trung cho i s6 giia nhiét lugng dugc truyén bing dan
nhiét va do6i huu.
gBI’AT . ) e s )
Gr = =——- S6 Grashép, dac trung cho ti s6 giita luc Acsimét va lyc nhét.
v

Trong d6 A - hé s6 din nhiét; B - hé s6 nd thé tich; AT - d6 chénh nhiét do.

§9.4. MO HINH HOA TUNG PHAN

Khi khao sit bii toan phing & muc trén ta da gip 4 - 5 tiéu chudn tuong tu. Néu thod
man tit ca cac tiéu chuin dé thi bai toan rit khé va trong thuc t€ khong thé thuc hién
dugc. Ngoai ra, khong phai tat cd céc tiéu chudn cé tdm quan trong nhu nhau. Trong
nhimg diéu kién cu thé thudng c6 thé xdc dinh dugc miic do anh hudng cda timg tiéu
chudn tuong ty, va lic d6 c6 nhing tiéu chudn anh hudng rat Ién dén viéc thay ddi diéu
kién clia qua trinh vat Ii - goi 14 tiéu chuén quyét dinh, trong khi d6 c6 nhing tiéu chuin
hau nhu khong tham gia vao su bién d6i d6 - nhing tiéu chudn khong quyét dinh. Do d6
trong thuc t€ phai dung moé hinh hod timg phan, nghia 1a chi can tuan theo mot s6 tiéu
chuin quyét dinh.

Chang han nhu khi tim diéu kién mo hinh hoa clia chuyén dong tau ngam, ta thdy c6
thé bd qua tiéu chuin Frit, ma phai ké dén tiéu chuin Raynon, nghia 1a s6 Re dadi véi
nguyén mau va mo hinh phai nhu nhau. Thuc vay, d6i véi tau ngdm s6 Fr chi ¢6 ¥ nghia
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khi tau di xuéng va di lén mat nuéc, con khi chay, sé Fr cé thé bé qua. Luc can khi chay
phu thudc vao do nhét cia dong bao quanh khoéng c¢6 xam thuc. Nhung trong thi nghiém
mo hinh ca né chuyén dong véi van téc 16n, tiéu chudn Fr ¢6 anh hudng 16n, con cé thé
b6 qua luc nhét, nghia 1a khong thoa min tiéu chudn Re.

Diéu kién moé hinh hod ciia nhilng mdy méc chuyén dong trén am, trude tién 1a phai
thoa mén tiéu chudn Méic (M), cdn s6 Re tuy kha ning, s6 Fr bo qua. Pay khong phdi 1a
mo hinh ho4 toan bo ma chi 1a timg phan. Thinh thoang 1dm mdi thanh cong khi thoa
man c4 hai tiéu chuan Fr va Re.

Vi du 3. Muén c6 tuong tu dong luc hoc thi van téc chuyén dong ciia ddu tho trong dng
c6 dudng kinh 30mm phai bing bao nhiéu, khi van t6¢ cia nude trong 6ng ¢6 dudng kinh
Smm & nhiét do 20°C Ia 6m/s. Cho py;, = 84kGs*/m*; g, = 0.2P; p, e = 102kGs*/m*;
u, = 0,013P.

Bai gidi:

Diéu kién dé cho hai dong chat long chuyén déng trong 6ng tron tuong tu 12 s6
Rc=Xd—pv£1 s6 Ole Eu = p°2

B pv

clia nudc cho biét nén tiéu chudn twong tu chi 1a s& Raynon, con s6 Ole 1a ham cia s6

bang nhau. Nhung theo diéu kién cla bai todn, vi véan t6c

Re. Hay néi mét cach khac, vi dai lugng dac trung clia 4p suat p, khong cho trude nén

c6 thé chon p, bing gid tri bat ki. D& cho tién, ta chon p, = pv” tir diéu kién s6 Ole

Eu=—p°—2=1.
pv

Do d6 ta suy ra: Re; =Rey,;, = Re . =Re,

vidip; _ Vadyp,y
K H2
d
Suy ra: ' v =v, 222 949
1P1H2

Vay van téc cia dau v, = 24,2m/s.
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Chuong 10
'BOM LITAM

§10.1. MO PAU

1. Khai niém chung »

Bom 1a loai mdy thuy lyc bién déi co nang cta dong co thanh héng luong dé van
chuyén chit 16ng hoic tao nén dp sudt can thiét trong hé thong truyén dan thuy lyc.

Bom c6 vi tri quan'trong‘ trong moi linh vuc kinh t€. 7 |

Theo hguyén If 1am viéc va két cau ngudi ta chia bom thanh hai loai:

- Bom cédch dan nhu bom 1i tam, bom hudng truc,...

- Bom thé tich nhu bom pittong, bom roto,...

///// A

2. Khai niém vé bom li tam

Bom li tam thudc loai bom c¢6 cdnh dan, dugc dung phé bién nhit vi bom nhiéu loai
chat 16ng, hén hgp 16ng - ran; cé cot d4p H, luu lugng Q, cong suat N, s6 vong quay n
thay déi trong khoang réng (tir 1 dén hang nghin don vi); ¢6 hiéu sut tuong d6i cao; két
céu nho gon, chic chan, 1am viéc tin cay; chi tieu kinh 1€ t6t.

‘Phén loai: ; - ,

- Theo ¢cot dp clia bom: bom cdt dp thap (H < 20m ¢t nude); bom cot 4p trung binh
(H =20 + 60m); bom cot ap cao (H > 60m).

- Theo s6 lugng banh cong tic: bom don, bom nhiéu cép.

- Theo dang banh cong tic; bom 1,2 miéng hut v.v...

3. So do, nguyén li lam viéc
cua bom li tam

So d6 két cau cha bom (hinh
10.1) gém:

1- Banh cong tic; 2- Truc bom;
3- Bo phan din vao; 4- Buéng xoéan
oc (bo phan din ra) dé din chat

long tir bdnh cong tic ra 6ng ddy
dugc diéu hoa, 6n dinh va con cé
tic dung bi€n mot phan dong nang
cta dong chay thanh dp nang cén
thiét; 5- 6ng hit; 6- 6ng ddy. Hinh 10.1. So do cdu tao ciia bom i idm
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- Nguyén 1i lam viéc: Tru6c khi bom lam viéc, cin phai m6i bom: 1am cho than bom
(trong d6 c6 banh cong tac) va ong hit dugc dién day chit 10ng.

Qud trink ddy: khi bom lam viéc, banh cong tic quay, chat 16ng trong banh cong tac
dudi anh hudng ciia lyc Ii tam bi d6n tir trong ra ngoai, chuyén dong theo cdc mdng din
va di vao 6ng ddy véi dp suat cao hon (vi mit cit 4 thay déi - xody 6c).

Qud trinh hit: dong thoi & clra vao cua banh cong tic tao nén mot vtmg‘ c6 chan
khong dudi tic dung cha dp sudt trong bé chita 16n hon 4p sudt & clra vao clia bom, chat
16ng & bé dugc hiit lién tuc bi ddy vao bom theo 6ng hut. |

Hai qué trinh nay lién tuc, tao nén dong chay lién tuc qua bom. o

§10.2. CAC THONG SO CO BAN CUA BOM LI TAM

1. Phuong trinh co ban - cét ap li thuyét: H, .; cot ap thuc té: H

Hinh 10.2. Tam gidc vdn téc & 16i vao bdnh céng tdc bom li tam

Trong chuong 4: Dong luc hoc chat 16ng, tir phuong trinh bién thién mé men dong
luong di thanh lap duge dinh 1i Ole 2 (432) Déi v6i bom ta ¢6 biéu thitc m6 men quay
cua truc (hinh 10.2):

' M =pQ(C,R, cosa, ~C|R, cosa,)

Cong sudt trén truc cia banh cong tacN =Mao, o - van t6c géc.

Cong sudt thuy luc: N, = yQH,, H,, - cét ap h ihﬁyé’t. -

Khi b qua tdn that: 'N;, =N, nghia 13 pgQH, = Mo.

Suy ra: ‘ H, - CyR, cosa, —CiR, (‘EOSV(LI‘V‘D.

8

Vi: oR, =u, ; oR, =u, - van toc theo.

C,cosa, =C,,; C,cosa, =C,, - thanh phan van téc tuyét d6i chi€u xudng phuong

u, nén:
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C, —uC
HR=U2 2ugul lu

D6 1a phuong trinh co ban ctia bom li tam hay con goi 1a phuong trinh Ole clia bom.

Trong céc bom li tam hién dai: C) L U, > o, =90° > C,, =0 (dé cot 4p cha bom loi
nhat). Khi dé:

1

Phuong trinh trén duoc thanh 1ap véi gia thiét: cdnh dan mong va nhiéu vo clng, bd
qua t6n that (coi chat 16ng 1i tudng). Trong thuc 1€, canh c6 chiéu day va s6 canh hitu
han, nén:
u, Gy,

g
Trong dé: €, - hé s6 cot ap: k€ t6i anh hudng cla s6 canh dan c6 han dén H.

H=¢,ny - cOt ap thuc té€.

Ny - hiéu suat cot ap: hé s ké 16i ton that nang luong chia dong chat 1ong
chuyén dong qua banh cong tic. D6i véi bom c6 két cu va s6 vong quay thong thudng thi:
2
u u
eNuCoy *YW—2—>H=y-2 (10.2)
2 2g
- Céch tinh cét ap thyc t€. Bom bao gid cling lam viéc trong mot hé théng dudng ong.
Xét so d6 cua ching (hinh 10.3).

— — - -
i
kol
N
L Ong ddy
z ! K
2
DPong ca
c 0
B Vir i A
> K1 H
+—- o -
L v
1 ]
o Ong hul\1
p .
A ‘
At il 11
11 = ==K
v y _ BE hit
4 SN T
4 ) Sl 4
WPFITTITIIIIIIIY
Hinh 10.3
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H=e —e,

_ 22
= (Z,—Z‘,)+pr Py +V'2 Yy (bd qua tdn that trong bom).
Y g
Z,—Z, =Y
pr=pa+pd
pvzpa—_pck
2.2
Suyra: H=y+pd+p0k+vr Vy
Y 2g

cho &ng hiit biang 6ng ddy — v, =v,; ybd qua - H= %&i‘-

Khi khéng ¢6 céac s6 liéu do dugc clia bom dang 1am viéc (py, p,.-.) ma chi c6 cac so
liéu yéu cdu cha hé thong trong d6 bom sé lam viéc (p,, p,, h...), thi cé thé tinh H
nhu sau:

Viét phuong trinh Bécnuli cho 1-1 vav-v: e, =e, + h,, > ¢,=¢, — h,,.

chor—-rva2—-2:e,=e,+hy,

—>H=e¢ ~¢e,=¢,— ¢, +h,+h,,

2 2
AP M

H=h+22"P1
Y 2g

Nhu vay cot dp yéu cdu cla bom dé khic phuc: do dang cao h (d6 chénh 2 mat
thoang), do chénh ap suit trén 2 mat thoidng; do chénh dong nang giira 2 mat thoang va
ton that nang lugng trong 6ng hiit va 6ng ddy.

C6 thé viét: H=H, +H,.

Két cau canh dan c6 anh hudng quyét dinh dén H. (xem tap 2 [6]).

+h,, +h,4

2. Luu luong caa bom

Luu lugng ctia bom dugce tinh nhu sau (hinh 10.4):
Q, = GumD;b,
Trong d6: by, D, - chiéu rong va dudng kinh mang dan ra;
C,,, - chiéu C, Ién phuong kinh (L u,).
Luu lugng thuc qua 6ng ddy Q < Q, vi mét phan nhd AQ
chdy tré vé 16i vao banh cong tic hoic o ri ra ngoai. Dé
dédnh gid ton that lwu luong, ngudi ta dua vao hé s§ luu

fuong Mg =7, Hinh 104
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Mo < 1 va phu thudc vao chat lugng cha bo phan 16t kin (ng = 0,95 + 0,98).
3. Cong suat
La nang lugng chat 16ng trao d6i v6i bom trong mot don vi thai gian.

Cong suat thuy luc hay la cong suét c6 ich: N, = %(%%(kW)
v6i y(N/m?), Q(m*/s), H(mH,O).

Cong suat trén truc bom hay la cong suat 1am viéc: N

Nz_&:lQi(kW) (= YQ
n  1000n

Khi khong cé tén that: = 1; khi ¢6 tdn that n # 1 (n < 1). Nhu vay, véi bom N > N,
con dong co (nhu tua bin): N < N,

ma luc, véi y(g))
m>

N_N

d
4. Hiéu suat

Hiéu sudt n ddnh gi4 ton that nang luong trong qud trinh may trao ddi nang lugng véi
chat long:
Ny N
Mo N Nac N

t

C6 ba loai t6n that nén c6 ba loai hiéu suat: cot p, co khi va luu lugng: 1 = nynche-
Cong suét dong co dé kéo bom: Ny, > N. Bén théng sé clia bom vira néu cé lién quan
mat thi€t v6i nhau, va trong ki thuat méi lién quan dé dugc biéu dién bang dé thi, goi 1a
dudng dac tinh ma ta s€ xét & phan sau. : /

5. Do cao hit cho phép

Viét phuong trinh Bécnuli cho 1-1 va v-v (hinh 10.3):

2
141 h+pv V"+h

Y Y g
2
pl pv a’vvv
) scp [ s] y y 2g wh ‘ ( )

Pi_Pv_p, - cot p hiit ciia bom
Y Y

p
hs=hsmax ==L

Y

suy ra, néu p, = p, thi h,,,, = 10m cot nudc.
b) Khi khong biét h, thi tinh [h] theo di€u kién khong xay.ra xam thuc: (do bdc hot
cta chit long gay nén).
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Diéu kién tranh xam thuc:

2
Py + xyVy

>Poh | A
Y 28 Y
P:, - 4p sudt bdo hoa (la 4p sudt ma tai d6 chat 1ong s€ s6i & mot nhiét do nhét dinh);

Ah - cOt ap chéng xam thuc.
Mat khac, theo (10.3).

2
Py &% _Pa_p _p,

Yy 28 v
-—)[hs]sp—“—(pﬂ+Ah+hth
Y LY
4/3
Theo Rut nhép: Ah > 10(36@]

n (vong/ph); Q(m?/s); C = 800 + 1000.

§10.3. TUGNG TU TRONG BOM LI TAM

Ta phai diéu chinh céc két qua tinh todn bang céc s6 liéu thuc nghiém thu dugc qua
céc thi nghiém trén mdy thu nho - mé hinh. Cac két qua nay dem 4p dung vao may that -
nguyén mau phai cé diéu kién 1a cic mdy tuong tu.

1. Tuong tu cho cic bom ’
Hai bom tuong tu phai:
- Tuong tu hinh hoc: D—"‘=2—m=...=kL =const

F
- Tuong tu dong luc hoc: luc = F’“— =k, =const

n

Tu d6 suy ra quan hé giira:

- Luu luong: -Qﬂ:? Tacdé Q=C_nDb
Qn
C,, - hinh chi€u van téc tuyét doi C lén phuong L u,
i ., D mn
C_=opu=¢—Dn, -hésotile; u=—w; o=—
m=® (p60 ¢ -he : 7 30

b - chiéu rong mdng din Wng vSi dudng kinh D cia banh cong tic;
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b = le, kl - he 56 ti lé'
n’ n?
suy ra Q = KD’n trong d6 K = gak ¢ = const, vi _631(' =const khi twong tu hinh hoc,

¢ = const khi tuong tu dong hoc nén: —-?— = const.

D’n
3
Vay tuong tu luu lugng: Q _ (Pﬂ) D _ ki Zm. (10.4)
Qn Dn n, n, '
- Cot 4p Hy ?
Hn
1 w2 (D,, R,0C
Hy =—(uy¢y, —uycy) = -2 =Ll
g glu, Ryou,
2
=l(_"_) Cou RG22
g\ 6Q u, R,y
H H D 2 2 2
Suy ra: 2“2 —const— —m =| —m | | Im =k O (10.5)
D n HI] Dﬂ nl’l nn
- Cong suat: Ny _ (QH )y,
Nn (YQHlt)n
thay (10.4), (10.5) vao:
5 3 3
AL ER AN w06)
No YaDp/)\m) v, “\ng
- M6 men: —% = —&“— i F
Mn Nn nm
2
Thay (10.6) vao:  om = Ym 5 (-“ﬂ) (10.7)
. Mn Yn nn

2. So vong quay dac trung ng

Dé tién viéc sir dung, thiét k€, ché tao bom, ngudi ta tiéu chudn hod ching. Méi loai
bom san xu4t ra dugc chia thanh nhiéu nhém (hé théng). Trong cing mét nhém cdc bom
déu c6 dic tinh lam viéc va hiéu suat nhu nhau, nghia I3 ching tuong tu nhau. Dé dac
trung cho mot nhém, ngudi ta ding mot bom méu tugng trung (md hinh). DE tién tinh
todn, quy dinh bom m6 hinh c6 céc thong s6 nhu sau:

H, = I'm c0t chit long
Q,=75l/s N =0,736 kW = 1 ma luc) (10.8)
n, - s6 vong quay trong 1 phuit.

M, - hiéu suat c6 lgi nhat.
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Vi bat ki bom nao ch€ tao ra ciing phai tuong tu v6i bom mé hinh ciing nhém.

. 5 3 1 n’
Tir (10.4): %=kipi—>——0’07 —31/2n_3 % = 37 =
Q n Q n H'*n; n H'"n

3 nS
S

: 2
Tur (10.5): %:kii—;—i%:ki%—)h =hll/2_ ;1“:
Suy ra: n, =2 6; ’3‘8”2 (109)
thuong dung cho bom, hoac theo (10.6):
n, =1,167 “HN;/T (10.10)

thudng diing cho tuabin, n - vg/ph; Q - m%s; H - m; N - kW. Véi bom li tam n, < 300.
Muén bi€t mot bom nao d6 thudc nhém ctia bom moé hinh nao, ngudi ta ding s6 vong
quay n, tinh theo cong thitc (10.9) hay (10.10) dé phan biét, nén thudng goi n, 1a s6 vong
quay dac trung. Nhu vay n, cia mot bom khong phai 1a s6 vong quay thuc cta bom dé,
ma la s6 vong quay cia bom mo hinh twong tu c6 cic thong s6 da ghi & (10.8).
n, c6 y nghia rat 16n trong viéc tinh todn, thi€t k€ va sir dung bom vi trong cic tai liéu
ki thuat, cic thong s6 co ban déu cho theo n,.

3. Tuong tu trong mot bom

Khi s6 vong quay l1am viéc n thay ddi thi Q, H, N ciing thay déi. Thuc nghiém ching
t6 khi n thay déi duéi 50% so véi n dinh mic thi i) thay déi it (coi i = const).

Vic, w, u ti 1& véi n nén cic tam giic véan t6c s€ dong dang v6i nhau. Do dé cdc ché
do 1am viéc khac nhau ciia mot bom khi n thay déi it, xem nhu 13 cic trudng hop twong
tu. Vay ta c6 thé van dung cic quan hé tuong tu & trén dé tim quan hé giita H, Q, N theo
sO vong quay n:

n, ing v6i H,, Q,, N,.

n, ung véi H,, Q,, N,.

T

3
- _

;  Tu (10.6):

|

Tir (10.4); %‘:i; tir (10.5):

N, n
2 Iy 2 2

CRE

o}

Trong thuc t&€ sir dung bom li tdm ngoai n thay déi, cdn c6 thé gap y hay D thay ddi.
§10.4. PUONG PAC TINH

1. Cac théng s6 Q, H, N, ) thay ddi theo cdc ché do lam viéc cia bom v6i n thay

déi hoac khong déi
D6 thi biéu dién cdc méi quan hé H- Q, N - Q, 1 - Q goi 1a cdc duong dac tinh ma
trong thuc t€ ki thuat hay ding.
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- Budng dac tinh 1i thuyét duoc xay dung tir cic s6 liéu tinh todn (tir phuong trinh (10.1).

- Puong dac tinh thuc nghiém: duoc xay dung tir cac s6 liéu do qua thuc nghiém trén
c4c bom cu thé.

- Puong dic tinh lam viéc: dudng ting véi s6 vong quay kh(‘)ng déi n = const. Cich
xay dung dudng dic tinh 1am viéc 1i thuyét va thuc nghiém cé thé tham khao tap 2[6].

- Pudng dic tinh téng hop: dudng tng véi s6 vong quay thay déi n = var.

Puong H - Q goi 1a dudng cot ap - duong dac tinh co ban: dudng quan trong hon ca vi
n6 cho ta biét kha nang lam viéc ciia bom.

2. Cong dung: Qua cic dudng dac tinh

- Ta c6 thé biét dugc mot cach tdéng quat cac dac tinh lam viéc clia bom.
- Cho phép ta md rong pham vi lam viéc cua bom.

- St dung hop 1i cac ch€ do lam viée khac nhau cia bom.

§10.5. PIEM LAM VIEC, PIEU CHINH BOM
1. Piém lam viéc
Bom bao gio ciing lam viéc trong mot hé
thong cu thé nao déy (trong luéi 6ng).

Bom lam viéc dn dinh khi H,, (cot dp day)
= H,,; (cot dp can).

Giao diém A cua 2 dudng dic tinh biéu dién
trén dé thi hinh (10.5) 1a diém lam viéc ctia hé
théng bom.

2. Piéu chinh bom

Diéu chinh bom sang ché do lam viéc khdc ° % O
nghia 12 thay d8i diém lam viéc ctia bom theo
mot yéu cau nao d6. C6 nhiéu phuong phap
diéu chinh.

- Diéu chinh bing kho4 & éng ddy (d6ng hoic md) dé tao ra su thay déi dudng dac
tinh luéi (khong diéu chinh khod & 6ng hit vi c6 thé gay ra hién tugng xam thuc).

M kho4 hoan toan: diém lam viéc A: (H,, Q,) - hinh 10.5.

Déng b6t khod - gay tén that: Q, \v Qg A — B.

Phuong phap nay don gidn, thuan tién nhung khong kinh t€ vi gay thém t6n that &
khod, pham vi di€u chinh han ché.

Yo

Hinh 10.5. Diéu chinh bom bdng khod

- Piéu chinh bing s6 vong quay clia truc bom dé thay déi dudng dic tinh riéng cla
bom. Diém A (hinh 10.6): (H,, Q,) ing vdi s6 vong quay n,. Thay déi tang n: ny > n, :
A - B (H;, Qp).
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Phuong phdp nay ti€t kiém néang luong,

duing cho cdc bom c6 thiét bi thay déi s& vong T T~
. . n,
quay. ¢ RN
? HB > B
- Dung luat tuong tu de: Hy TN
A ~
+ V& dudng dic tinh méi khi s6 vong quay \

lam viéc thay déi.
+ V& dudng cung hiéu suét (diém 1am viéc
tuong tu). o o G

+ Xéc dinh sG vong quay lam viéc cia bom .
tng véi mot diém 1am viéc cho trudc. (Xem  Hinh 10.6: Diéu chinh bom bdng cach
tap 2 [6]). thay déi s6 vong quay

§10.6. GHEP BOM

Trong thuc t€ ¢4 khi yéu cdu vé cot dp hoac luu lugng 16n hon cot dp va luu lugng cia
mot bom trong hé thong. Lic d6 phai ghép nhi€éu bom. C6 hai céch:

1. Ghép song song

Dung trong trudng hop hé thdng c6 yéu cdu luu lwgng 16n hon luu luong cua
mot bom.

f —Q‘;Ny@

T 4
- Q'1 7y [o}
Q,
7 e Q<0 +Q; Q
. =

Hinh 10.7a: Ghép song song hai bom li tam
Diéu kién ghép: khi lam viéc cac bom ghép phai ¢6 cing mot cot ap: H = const.
So d6 ghép 2 bom: Hinh (10.7a).
Thudng ghép cac bom c6 H - Q gan giong nhau hoac nhu nhau; dudng H - Q thoai,
duong (H - Q) ludi khong ddéc 1am. Céch ghép nay diing trong cac hé thong bom cdn c6
H thay déi it khi Q thay ddi nhiéu.
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2. Ghép néi tiép

Dung trong truong hgp hé théng c¢6 yéu cdu cot dp 16n hon cot dp cia mot bom. Diéu
kién ghép: khi lam viéc cic bom ghép cé cing mét luu lugng. Thudng chon bom cé
dudng H - Q déc vi Q thay déi it da ting dugc cot 4p
theo yéu cau.

So d6 ghép hai bom: hinh 10.7b.

Viéc ghép ndi ti€p twong doi phitc tap vi bom 2
phai lam viéc v6i dp sudt cao hon bom 1 nén phai
chon trén dudng 6ng ddy bom 1 diém nao c6 4p suat
khéng gay nguy hiém cho bom 2.

N6i chung viéc ghép bom khong kinh t&, nén chon
mot bom ¢6 Q (hay H) dat yéu cau.

Hinh 10.7b
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Chuong 11
BOM PIT TONG

Ta xét bom pittong, mot dang dién hinh thudc loai bom thé tich, dung trong hé thuy
luc ¢ dp sudt cao trén 200at.

§11.1. SO PO CAU TAO, NGUYEN LI LAM VIEC, PHAN LOAI

1. So do cdu tao, nguyén li 1am viéc

Hinh 11.1

Loai bom c6 pitténg chuyén dong tinh tién trong xi lanh dé hdt va ddy chat léng qua
hai van 12 loai mdy thé tich don gian nhat (hinh 11.1). Néu-bom dugc kéo béi dong co,
thi chuyén dong quay cua truc dong co dugc bién ddi thanh chuyén dong tinh tién clia
pittéong 1 trong xi lanh 2 nhd hé thong thanh truyén tay quay 9, 10 vé6i hanh trinh S = 2R
(R - tay quay 9).

Hai diém B,, B, clia pitténg tuong tng véi hai vi tri C,, C, clia tay quay. Khi trong
budng lam viéc 5 chira ddy chat long, néu tay quay tir vi tri C, quay theo chiéu miii tén
thi pittong di chuyén tr B, vé phia trai. Thé tich budng 5 tang dan, 4p sudt p trong d6
giam di va nho hon 4p sudt mat thodng bé chia p, (p < p,) 8. Do d6 chat 16ng tir bé 8 qua
van hit 6 vao buéng 5, trong khi dé van ddy 4 déng. Khi pittong chuyén dong tir B, dén
B, bom thuc hién qua trinh hit. Qua trinh nay két thic khi tay quay dén vi tri C,.

Sau d6 tay quay tiép tuc quay tir C, dén C,, pittong déi chiéu chuyén dong tir B, dén
B,. Thé tich buéng 5 giam dan, 4p suat chat 16ng tang 1én, van hiit 6 bi déng, van day 4
md, chat 16ng chdy vao ong ddy. D6 1a qu4 trinh ddy.

Nhu vay, qud trinh hiit va ddy cta bom gidn doan va xen k& nhau. Mot qu4 trinh hit
va day k€ tiép nhau goi 1a chu ki lam viéc ciia bom. Bom pittong khong cin méi, ding &
nhitng pham vi can 4p suat cao hoac rat cao (tir 200 at tr& 1én) va luu luong tuong doi
nho (nhu trong cdc hé théng truyén dong, truyén luc bang thuy luc).
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2. Phan loai. Bom pittong thudng duoc phan loai theo:

- S0 1an tac dung trong mot chu ki lam viéc: bom téc dung don (hinh 11.1), bom tac
dung kép (hinh 11.2), bom téc dung 3 14n (hinh 11.3).
- Diac diém két c4u cla pittong: bom dia (hinh 11.1), bom tru (hinh 11.3).

Hinh 11.2 Hinh 11.3

- Theo 4p sudt: thip (< 10at), trung binh 10 + 20at; cao (> 20at).
- Theo luu lugng: nhd (< 15m’/h, trung binh (15 + 60m’/h); 16n (> 60m*/h).

§11.2. LUU LUQNG

Luu luong Ii thuyét (hay li thuyét trung binh) ctia bom pittong bang tdng thé tich lam
viéc cia bom trong mot don vi thdi gian. Con luu lugng tic thai phu thude vao van toc
chuyén dong clia pittong, ma vén téc nay lai thay déi theo thdi gian t, nén Q,(t).

1. Luu luong trung binh
a) Luu luong 1i thuyét trung binh Q, = %;

q - thé tich 1am viéc trong mot chu ki.
D?
Bom tic dung don: q=FS= F—4——S;
Bom tic dung kép: q=FS+ (F—)S=(Q2F—f) S =§(2D2 —d?)s.
b) Luu luong thuc t€ trung binh: Q < Q, vi bo phan 16t kin, van khong kin; van hiit van
ddy m& déng cham; khong khi lot vao bom...
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Q=1Q, ;g <1

2. Luu luong titc thoi
Bom tdc dung don tai mot thai di€ém bat ki (tdc thoi):
Q = Fv, v: van téc pittong.

Khéo sét su chuyén dong cua pittong (hinh 11.1) vi Q phu thudc vao né. Tit hinh 11.1

khi —ll{—s 0,10, thi:

x~CT=R -Rcose

dx

¢ = ot V= . =Rwsing - Q =Rowsing

RN

m \O . O

FoR w2 n o(rad)

- > L

Hinh 114

Vay Q dao dong theo hinh sin: Q_, khi ¢ :g : Q... =0khi @ = 0 (hinh 11.4).

Biéu d6 luu lugng tic thoi clia bom pittong tdc dung kép (hinh 11.5), bom tic dung 4
lan (hinh 11.6 ghép 2 bom kép) va bom téc dung 3 1an (hinh 11.7).
Dé danh gid mitc do khong déu cha luu lugng, ngudi ta dung hé s6 khong déu vé luu

luong = —Qg* :

Hinh 11.5

27n

Bom tac dung don: Q =FcoR=FR6—O——>\p=1t

max

Bom tac dung kép: y = g , tdc dung ba: y = —735 .
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Hinh 11.6 Hinh 11.7

3. Piéu chinh huu luong bang

- Thay déi s6 vong quay truc dong co.

- Diéu chinh khod dé thao chat 16ng tir budng ddy vé budng hit.

- Thay déi dién tich mat 1am viéc clia pittong béng cdc co cdu dic biét.
- Thay déi S (tay quay - thanh truyén).

- Duing binh khi diéu hoa.

§11.3. COT AP QUAN TINH, AP SUAT CUA BOM PITTONG

1. Cot ap quan tinh
Phuong trinh Bécnuli d6i véi dong khong dimg trong bom pittong (phuong trinh 4.16):
2 2

P1 Vi P2 V2
Z,+—+—=2,+—=+-—=<+h, _+h.;
172g272g wi-2 qt
hqt’_‘ljﬂdl;

g ot
%:%‘{-:Rmz cosq>—)hql =—IiR(o2 cos

Vi du nhu mét dng c6 chiéu dai L = 10m, R = 300mm lap vio mét bom pitténg cé
n = 200vg/ph, thi h, = 134m H,0 = 13,5at.

2. Ap suat trong qua trinh hut

Xét bom pittdong tic dung don lam viéc trong hé thdng
(hinh 11.8). Viét phuong trinh Bécnuli cho mat cat a-a va b-b.
p Py Vx
A=z +—L4 Xy Sh +h
y h y 2g Z Wh qth

Vy, - van toc pittong:

Py, - 4p suét & buong lam viéc trong qud trinh hit.

—xl Hinh 11.8
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n
Ly=2 Eli
i=1 ft
I, f, - chiéu dai va dién tich mat cét cic doan ong néi trén ong hiit;
F - dién tich mat pittong.
pxl pa Vil
suy ra: oy [z, + 22 +2 hyy +heyl

Ap suit & budng lam viéc trong qud trinh hat Py, (n€u hy,, > 0) s€ nho hon dp suat cla
mat thodng & bé hiit p,: p, < p.-

Cot 4p quan tinh 12 dai lugng déi dau trong qud trinh hiit va ddy cta bom. Khi pittong
bat dau hut chat long, v, tang dén thi h,, déng vai trd can (h,, > 0) 1am dnh hudng xau
dén kha nang hit cia bom. Khi v, giam (h,,, < 0) thi ct dp qudn tinh déng vai trd tich
cuc, tang thém cot dp, c6 anh hudng tot dén kha nang hit cia bom.

Diéu kién chéng xam thuc: (h) > Poh 4 AR (11.1)

Y Jx=0 Y
3. Ap suit trong qua trinh diy
Nghién cttu bién thién dp suat tai budng 1am viéc clia bom trong qua trinh day.

Viét phuong trinh Bécnulichob-bvac-c:

2 2
px, sz P. , V¢
ey oy Pey ey Sh, +h
y 2g d y 2g Z wd qtd
Px2 _ P v vi
suy ra : X2 =2 41 Y hy+h 4tz +—S|-—2

) g dt
Ap suit trong budng lam viéc Py, = (Py,)max khi pittong bat dau ddy (x = s) va cé tri

s6 nho nhat & cudi qua trinh ddy (x = 0): hy, = (— Dy

) .
(ij = p_c"{"[zd +Zhwd _hqld.max]
Y min Y

Px,

Lic d6 trong budng 1am viéc c6 thé xu4t hién chan khong (—2 <10,3mH,0) va xdy

) P . . .
ra hién tuong xam thuc [JZ—SBQ‘-J. Diéu kién khong xdy ra xam thuc:
Y Y

[B’&_J >Poh  Ap (11.2)
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Sx

by_"r

Hinh 11.9

4. So vong quay giéi han: n,,

Ta can phai han ch€ dp suit nho nhat & budng lam viéc cia bom trong qua trinh hiit va
ddy dé bao dam khong xay ra hién twgng xam thuc theo céc diéu kién (11.1), (11.2). S6
vong quay ctia bom anh hudng quan trong dén cac diéu kién d6. Do d6 cdn phai xic
dinh s6 vong quay gi6i han ctia bom n

max*

Thay o =% vao (11.1) ta dugc:

895 (p,—p
nmax.h:\/LhR( . y o Ahthwh_znj

895 ( p.-p .
nmax.dz\/LdR( < y oh Ah+hwd ;Zd)

S6 vong quay cho phép [n] ctia bom phai:
[n] < l'lmaxh, d

Vét bom nudce, thuong [n] = 100 + 200vg/ph.

§11.4. KHAC PHUC HIEN TUONG KHONG ON DPINH CUA CHUYEN PONG
CHAT LONG TRONG BOM

Hién tuong nay do luu luong va 4p suit thay déi gay ra da lam tang tén that thuy luc,
gy chén dong va néu bom 1am viéc trong hé théng dai, cé thé xudt hién va dap thuy luc
lam héng cdc bd phan clia bom va cia hé thong. Trong trudng hgp nhiéu bom cung lam
viéc trong mot hé thong, bién do dao dong cla ap suat trong hé théng cé thé tang lén rat
16n vi cOng hudng. Ngoai ra, dao dong cua dp sudt va luu lugng ctia bom con anh hudng
xau dén chat lugng 1am viéc cua hé thong thuy luc.

Do d6 can phai c6 bién phap dé han ché tinh chat khong 6n dinh clia dong chay trong
bom pittdong. N6i chung c6 3 bién phép sau day:
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1. Dung bom tic dung hai chiu (bom tic dung kép).

2. Ding bom ghép vi hé s6 khong déu vé luu lugng clia cdc bom pittong ghép nhd hon
bom tdc dung don rat nhiéu.

3. Ding binh khong khi dé diéu hoa lwu luong va 4p sudt goi tit 13 binh diéu hoa.

Hinh 11.10: Binh diéu hoa hut Hinh 11.11: Binh diéu hoa ddy

D6 chinh 12 nhitg binh chia kin dit trén 6ng hit hoic 6ng ddy ngay sit bom (hinh
11.10; 11.11). Chuyén dong khong 6n dinh ctia dong chay chi xudt hién trén mot doan
ngan tir binh di€u hoa dén bom (hoic tir bom dén binh diéu hoa) nén gidm duoc tén that
nang lugng trong 6ng hiit (gidm luc quén tinh trong 6ng ddy).

§11.5. PUONG PAC TINH CUA BOM
Bom pittong ciing c6 cac dudng dic tinh thé hién dac diém va kha nang lam viéc clia bom.
Trén hinh 11.12 la dudng dac tinh 1am viéc co ban cta bom pittong H = f(Q) vdi hai
s0 vong quay lam viéc khac nhau n, > n,. AB, CD - dudng li thuyét.
AG, CR - dudng thuc nghiém.

Khi n tang, duong li thuyét va thuc nghiém cang khac nhau.
Hy

B D
| |
L ‘ ! Q N4
¢ IR | e
| | n n = const
}n‘ } n>n, Q
I | N
| |
|
- 0 -
0 A ¢ a H
Hinh 11.12 Hinh 11.13
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Hinh 11.13 biéu dién cidc dudng dic tinh 1lam viéc Q = f(H); N = f(H); n = f(H) tmg
vGi s6 vong quay n = const. D6i v6i bom pittong c¢6 n = const, thudng biéu dién cic
thong s6 lam viéc theo H vi khi luu lugng Q khong ddi thi viéc diéu chinh ché do lam
viéc clia cdc bom thudng dugc thyuc hién bing cédch thay ddi 4p suat lam viéc. Khi dp
suat 1am viéc cha bom khong ddi (H = const), néu s6 vong quay n tang lén thi Q, N, n
ciing tang (hinh 11.14).

P Q, N
QA
/n__ Q ———ﬂnz - cond K,
Q =
/ Q n, = const K,
R/ \
0 r 0 }:
Hinh 11.14 Hinh 11.15

Hinh 11.15 thé hién céc dudng dac tinh xam thyc clha bom theo n, va n, (n, > n,). T
dudng dac tinh xam thuc cé thé xdc dinh chiéu cao hit cho phép clia bom.
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PHU LUC

Bang 1. Bang khi quyén tiéu chuin

He s6 nhét
Ap suat Khéi luong dong ciia Van t6c am
Chiéu cao H, AAp sudt Nhiét do Ty; | riéng tuong ong cua : N
khong khi py N khong khi trong khong
(m) °K) ddicoa 4 .
(mmHg) kh(‘)ng Khi VH.;O khi ay (m/s)
(m'/s)
(1) (2) (3) 4) (5) (6)
0 750,0 283,0 1,000 0,144 340,2
500 715,0 284,75 0,953 0,150 338,3
1000 674,1 281,5 0,907 0,155 336.,4
1500 634,2 273,25 0,864 0,161 3344
2000 596,2 275,0 0,822 0,168 3325
2500 560,1 271,75 0,781 0,175 330,5
3000 525.8 268,5 0,742 0,182 328,5
3500 4932 265,25 0,705 0,189 326,5
4000 462,2 262,0 0,669 0,197 3245
4500 4329 258,75 0,634 0,208 3225
5000 405,1 255,5 0,601 0214 320,5
5500 378,7 252,25 0,569 0,224 3184
6000 353,8 249,0 0,538 0,234 316,3
6500 330,2 245,75 0,509 0,244 3143
7000 307.8 242,5 0,481 0,255 3122
7500 286.,8 239,25 0,454 0,267 310,1
8000 266,9 236,0 0,429 0,280 308,0
8500 248,1 232,75 0,404 0,293 305,9
9000 230,5 229.5 0,381 0,307 303,7
9500 2138 226,25 0,358 0,323 301,6
10000 198,2 223,0 0,337 0,339 299,4
10500 183.4 219,75 0,316 0,355 2972
11000 169,6 216,5 0,297 0,375 295,0
12000 144,07 216,5 0,2536 0,439 295,0
13000 123,72 216,5 0,2166 0,514 2950
14000 105,67 216,5 0,1849 0,601 295,0
15000 90,24 216,5 0,1579 0,704 295,0
16000 77,07 216,5 0,1349 0,824 295,0
17000 65,8 216,5 0,1152 0,965 2950
18000 56,21 216,5 0,0983 1,13 2950
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(Tiép bdng 1)

(1 2) (3) 4 (5) (6)
19000 48,01 216,5 0,0840 1,32 295.,0
20000 41,00 216,5 0,0718 1,55 295,0
21000 35,02 216,5 0,0613 1,81 295,0
22000 29,90 216,5 0,0523 2,12 295,0
23000 25,54 2165 0,0447 2,49 295,0
24000 21,81 216,5 0,0382 2,91 295,0
25000 18,63 216,5 0,0326 3,41 295,0
26000 1591 216,5 0,0278 3,99 295,0
27000 13,59 216,5 0,0238 4,68 295,0
28000 11,60 216,5 0,0203 5,48 295,0
29000 9,91 216,5 0,0173 6,41 295,0
30000 8,46 216,5 0,0148 7,51 295,0

Bang 2. Bang cac thong s6 vat li cia khi quyén
Chiéu cao H, Nhiet do Ty Ap suit p,, Kh6i luong riéng py
(km) CK) (mmHg) (kg/m’)
0 288.,0 760 1,1

10 230.8 210 4,2.10"
20 212.8 42 9,3.107
30 2317 9.6 1,9.10?
40 262,5 2.4 4,2.10°
50 2708 7,6.10" 1,2.10°
60 2528 2,2.10" 3,5.10*
70 218,0 5,5.102 9,7.10°
80 205,0 1,1.102 2,1.10°
90 2170 2,0.10° 1,1.10°
100 240,0 6,0.10" 8,6.107
110 270,0 2,0.10% 2,0.107
120 330,0 6,0.10° 5,6.10"
130 390,0 20.10° 19.10*
140 447.0 7,0.10° 7,6.10°
150 503.0 3,7.10° 3,4.10°
- 160 5600 2,0.10° 1,6.10°
180 6769 7,0.107 4,8.10™"
200 792,5 3,0.107 1,7.107°
220 906,6 L4107 70.10™"
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Bang 3.

Bang cac ham khi dong

T 5 1 1
T—n—r_l—mk f—;q(k)(Mx)
k
£=TE=(1—E7»2)E q =che(r) rz; c=L
Po Kt YA+ 1) #0
A
Lzsz(l_k_lkz)i ___gi}_‘_)_
Po k+ n(\)
k=14
A T n € q y f r M

0,00 1,0000 | 1,0000 | 1,0000 | 0,0000 | 0,0000 | 1,0000 | 1,0000 | 0,0000
0,01 1,0000 | 0,9999 | 0,9991 | 0,0158 | 0,0158 | 1,0000 | 0,9999 | 0,0091
0,02 0,9999 | 0,9998 | 0,9998 | 0,0315 | 0,0315 | 1,0002 | 0,9996 | 0,0183
0,03 0,9999 | 0,9995 | 0,9997 | 0,0473 | 0,0473 | 1,0006 | 09999 | 0,0274
0,04 0,9997 | 09990 | 0,9993 | 0,0631 | 0,0631 | 1,0009 | 0,9981 | 0,0365
0,05 0,9996 | 09986 | 0,9990 | 0,0788 | 0,0788 1,0019 | 0,9971 | 0,0457
0,06 0,9994 | 0,9979 | 0,9985 | 0,0945 | 0,0945 | 1,0021 | 0,9958 | 0,0548
0,07 0,9992 | 09971 | 0,9979 | 0,1102 | 0,1102 | 1,0028 | 0,9943 | 0,0639
0,08 0,9989 | 0,9963 | 0,9974 | 0,1259 | 0,1259 | 1,0038 | 0,9925 | 0,0731
0,09 0,9987 | 09953 | 0,9967 | 0,1415 | 0,1415 | 1,0047 | 0,9906 | 0,0822
0,10 0,9983 | 0,9942 | 0,9959 | 0,1571 | 0,1571 | 1,0058 | 0,9868 | 0,0914
0,11 0,9980 | 0,9929 | 0,9949 | 0,1726 | 0,1726 | 1,0070 | 0,9860 | 0,1005
0,12 0,9976 | 0,9916 | 0,9940 | 0,1882 | 0,1882 | 1,0083 | 0,9834 | 0,1097
0,13 0,9972 | 0,9901 | 0,9929 | 0,2036 | 0,2036 | 1,0100 | 0,9806 | 0,1190
0,14 | 0,9967 | 09866 | 0,9918 | 0,2190 | 02190 | 1,0113 | 0,9776 | 0,1200
0,15 0,9963 | 0,9870 | 0,9907 | 0,2344 | 0,2344 | 1,0129 | 09744 | 0,1372
0,16 0,9957 | 0,9851 | 0,9893 | 0,2497 | 0,2497 | 1,0147 | 0,9709 | 0,1460
0,17 0,9952 | 0,9832 | 0,9880 | 0,2649 | 0,2649 | 1,0165 | 0,9673 | 0,1560
0,18 0,9946 | 09812 | 0,9866 | 0,2801 | 0,2801 | 1,0185 | 0,9634 | 0,1650
0,19 0,9940 | 0,9791 | 09850 | 0,2952 | 0,2952 | 1,0206 | 0,9594 | 0,1740
0,20 0,9933 | 09768 | 0,9834 | 0,3102 | 0,3102 | 1,0227 | 0,9551 | 0,1830
0,21 0,9927 | 0,9745 | 0,9815 | 0,5252 | 0,5252 | 1,0250 | 0,9507 | 0,1920
0,22 0,9919 | 0,9720 | 0,9799 | 0,3401 | 0,3401 | 1,0274 | 0,9461 | 0,2020
0,23 0,9912 | 0,9695 | 0,9781 | 0,3549 | 0,3549 | 1,0298 | 0,9414 | 0,2109
0,24 0,9904 | 0,9668 | 0,9762 | 0,3696 | 0,3696 | 1,0315 | 0,9373 | 0,2202
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Tiép bdng 3

k=14
L A 1 T € q y f r M
0,25 0,9896 | 0,9640 | 0,9742 | 0,3842 | 0,3842 | 1,0350 | 0,9314 | 0,2290
0,26 0,9887 | 09611 | 09721 | 0,3987 | 0,3987 | 1,0378 | 0,9261 | 0,2387
0,27 0,9879 | 0,9581 | 0,9699 | 0,4131 | 0,4134 | 1,0406 | 0,9207 | 0,2480
0,28 0,9869 t 0,9550 | 0,9677 | 0,4274 | 0,4274 | 1,0435 | 0,9152 | 0,2573
0,29 0,9860 | 0,9518 | 0,9653 {.0,4416 | 0,4416 | 1,0405 | 0,9095 | 0,2670
0,30 0,9950 | 0,9485 | 0,9630 | 0,4557 | 0,4804 | 1,0496 | 0,9037 | 0,2760
0,31 0,9840 | 0,9451 | 0,9605 | 0,4691 | 0,4790 | 1,0528 | 0,8977 | 0,2850
0,32 0,9829 | 0,9415 | 0,9519 | 0,4835 | 0,5135 | 1,0559 | 0,8917 | 0,2947
0,33 0,9819 | 0,9379 | 0,9952 | 0,4972 | 0,5382 | 1,0593 | 0,8854 | 0,3040
0,34 0,9807 | 0,9342 | 09525 | 0,5109 | 0,5469 | 1,0626 | 0,8791 | 0,3134
0,35 0,9796 | 0,9303 | 0,9497 | 0,5243 | 0,5636 | 1,0661 | 0,8727 | 0,3228
0,36 0,9784 | 0,9265 | 0,9469 | 0,5377 | 0,5804 | 1,0696 | 0,8662 | 0,3322
0,37 0,9772 | 0,9224 | 0,9439 | 0,5509 | 0,5973 | 1,0732 | 0,8595 | 0,3417
0,38 0,9759 | 09183 | 0,9409 | 0,5640 | 0,6142 | 1,0768 | 0,8528 | 0,3511
0,39 09747 | 09141 | 0,9378 | 0,5769 | 0,6312 | 1,0805 | 0,8460 | 0,3606
0,40 0,9733 | 0,9097 | 0,9346 | 0,5897 | 0,6482 | 1,0842 | 0,8391 | 0,3701
041 0,9720 | 0,9053 | 09314 | 0,6024 | 0,6654 | 1,0880 | 0,8321 | 0,3796
0,42 0,9706 | 06,9008 | 0,9281 | 0,6149 | 0,6826 | 1,0918 | 0,8251 | 0,3892
0,43 0,9692 | 0,8962 | 0,9247 | 0,6272 | 0,6998 | 1,0957 | 0,8179 | 0,3987
0,44 0,9677 | 0,8915 | 0,9212 | 0,6394 | 0,7172 | 1,0996 | 0,8108 0,4083
0,45 0,9663 | 0,8868 | 0,9178 | 0,6515 | 0,7346 | 1,1036 | 0,8035 | 0,4179
0,46 0,9647 | 0,8819 | 09142 | 0,6633 | 0,7521 | 1,1076 | 0,7963 | 0,4275
0,47 0,9632 | 0,8770 | 0,9105 | 0,5750 | 0,7697 | 1,1116 | 0,7889 | 0,4372
0,48 0,9616 | 0,8719 | 0,9067 | 0,6865 | 0,7874 | 1,1156 | 0,7816 | 0,4468
0,49 0,9600 | 0,8668 | 0,9029 | 0,6979 | 0,8052 | 1,1197 | 0,7741 | 6,4565
0,50 0,9583 | 0,8616 | 0,8991 | 0,7091 | 0,8230 | 1,1239 | 0,7666 | 0,4663
0,51 0,9567 | 0,8563 | 0,8991 | 0,7201 | 0,8409 | 1,1279 | 0,7592 | 0,4760
0;52 0,9549 | 0,8509 | 0,8911 | 0,7309 | 0,8590 | 1,1320 | 0,7517 | 0,4858
0,53 0,9532 | 0,8455 | 0,8871 | 0,7416 | 0,8771 1,1362 | 0,7442 | 0,4956
0,54 0,9514 | 0,8400 | 0,8829 | 0,7620 | 0,8953 | 1,1403 | 0,7366 | 0,5054
0,55 0,9496 | 0,8344 | 0,8787 | 0,7623 | 0,9136 | 1,1445 | 0,7290 | 0,5152
0,56 0,9477 | 0,8287 | 0,8744 | 0,7724 | 09321 1,1486 | 0,7215 | 0,5251
0,57 0,9459 | 0,8230 | 0,8701 | 0,7823 | 09506 | 1,1528 | 0,7139 | 0,5350
0,58 0,9439 | 08172 | 0,8657 | 0,7920 | 0,9692 | 1,1569 | 0,7064 | 0,5450
0,59 0,9420 | 0,3112 | 0,8642 0,9880 | 1,1610 | 0,6987 | 0,5549
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Tiép bdng 3

k=14
A T s 3 q y f | M
0,60 0,9400 | 0,8053 | 0,8567 | 0,8109 | 1,0069 | 1,1651 | 0,6912 | 0,5649
0,61 0,9380 | 0,7992 | 0,8561 | 0,8198 | 1,0258 | 1,1691 | 0,6836 | 0,5750
0,62 0,9359 | 0,7932 | 0,8475 | 0,8288 | 1,0449 | 1,1733 | 0,7660 | 0,5850
0,63 0,9339 | 0,7870 | 0,8428 | 0,8375 | 1,0641 | 1,1772 | 0,6685 | 0,5951
0,64 0,9317 | 0,7808 | 0,8380 | 0,8359 | 1,0842 | 1,1812 | 0,6610 | 0,6053
0,65 0,9296 | 0,7745 | 0,8332 | 0,8543 | 1,1030 | 1,1852 | 0,6535 | 0,6154
0,66 0,9274 | 0,7681 | 0,8283 | 0,8623 | 1,1226 | 1,1891 | 0,6460 | 0,6256
0,67 0,9252 | 0,7617 | 0,8233 | 0,8701 | 1,1423 | 1,1929 | 0,6380 | 0,6359
0,68 0,9229 | 0,7553 | 0,8183 | 0,8778 | 1,1622 | 1,1967 | 0,6311 | 0,6461
0,69 0,9207 | 0,7488 | 0,8133 | 0,8852 | 1,1822 | 1,2005 | 0,3237 | 0,6565
0,70 09183 | 0,7422 | 0,8002 | 08624 | 1,2024 | 1,2042 | 0,6163 | 0,6660
0,71 0,9160 | 0,7356 | 0,8030 | 0,8993 | 1,2227 | 1,2078 | 0,6090 | 0,6772
0,72 0,9136 | 0,7289 | 0,7978 | 09061 | 1,2431 | 1,2114 | 0,6017 | 0,6876
0,73 09112 | 0,7221 | 0,7925 | 09126 | 1,2637 | 1,2148 | 0,5944 | 0,6981
0,74 0,9087 | 0,7154 | 0,7872 | 09189 | 1,2845 | 1,2183 | 0,5872 | 0,7086
0,75 0,9063 | 0,7086 | 0,7819 | 09250 | 1,3054 | 1,2216 | 0,5800 | 0,7192
0,76 0,9037 | 0,7017 | 0,7164 | 09308 | 1,3265 | 1,2249 | 0,5729 | 0,7298
0,77 0,9012 | 0,6948 | 0,7710 | 0,9364 | 1,3478 | 1,2280 | 0,5658 | 0,7404
0,78 0,8986 | 0,6878 | 0,7655 | 09418 | 1,3692 | 1,2311 | 0,5587 | 0,7511
0,79 0,8960 | 0,6809 | 0,7599 | 09469 | 1,3908 | 1,2341 | 0,5517 | 0,7616
0,80 0,8233 | 0,6738 | 0,7543 | 09518 | 1,4126 | 1,2370 | 0,5447 | 0,7727
0,81 0,8907 | 0,6668 | 0,7486 | 09565 | 1,4346 | 1,2398 | 0,5378 | 0,7835
0,82 0,8879 | 0,6597 | 0,7429 | 09610 | 1,4567 | 1,2425 | 0,5309 | 0,7944
0,83 0,8652 | 0,6526 | 0,7372 | 09652 | 1,4790 | 1,2451 | 0,5241 | 0,8053
0,84 0,8824 | 0,6454 | 0,7314 | 09691 | 1,5016 | 1,2475 | 0,5174 | 0,8163
0,85 0,8796 | 0,6382 | 0,7256 | 09729 | 1,5243 | 1,2498 | 0,5107 | 0,8274
0,86 0,8767 | 0,6310 | 0,7191 | 09764 | 15473 | 1,2520 | 0,5040 | 0,8381
0,87 0,8739 | 0,6238 | 0,7138 | 09796 | 1,5704 | 1,2541 | 0,4974 | 0,8496
0,88 0,8709 | 0,6165 | 0,7079 | 09826 | 1,5938 | 1,2560 | 0,4908 | 0,8608
0,89 0,8680 | 0,6092 | 0,7019 | 09854 | 1,6174 | 1,2579 | 0,4843 | 0,8721
0,90 0,8650 | 0,6019 | 0,6959 | 09579 | 1,6412 | 1,2595 | 0,4779 | 0,8833
0,91 0,8620 | 0,5946 | 0,6898 | 09902 | 1,6652 | 1,2611 | 0,4715 | 0,8947
0,92 0,8589 | 0,5873 | 0,6838 | 09923 | 1,6895 | 1,2625 | 0,4652 | 0,9062
0,93 0,8559 | 0,5800 | 0,6776 | 0,9941 1,7140 | 1,2637 | 0,4589 | 09117
0,94 0,8527 | 0,5726 | 0,6715 | 09957 | 1,7388 | 1,2648 | 0,4527 | 0,9292
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Tiép bdang 3

k=14

LA 1 T € q y f r M

095 | 08496 | 0,5653 | 0,6653 | 0,9970 | 1,7638 | 12648 | 0,4466 | 0,9409
096 | 08464 | 0,5579 | 0,6591 | 0,9981 | 1,7890 | 12666 | 0,4405 | 0,9526
0,97 | 0,8432 | 0,5505 | 0,6528 | 0,9989 | 1,8146 | 12671 | 04344 | 09644
0,98 | 0,8399 | 0,5431 | 0,6466 | 0,9953 | 1,8404 | 12676 | 04285 | 0,9761
099 | 0,8367 | 0,5375 | 0,6403 | 0,9999 | 1,8665 | 1,2678 | 0,4225 | 0,9880
1,00 | 08333 | 0,5283 | 0,6340 | 1,0000 | 1,8929 | 1,2679 | 0,4167 | 1,0000
1.01 | 0,8300 | 0,5209 | 0,6276 | 09999 | 1,9195 | 1,2678 | 0,4109 | 1,0120
1,02 | 0,8266 | 0,5135 | 0,6212 | 09995 | 1,9464 | 1,2675 | 0,4051 | 1,0241
1,03 | 0,8232 | 0,5061 | 0,6148 | 0,9989 | 1,9737 | 1,2671 | 03994 | 1,0363
104 | 08197 | 0,4987 | 0,6084 | 0,9880 | 2,0013 | 12664 | 0,3938 | 1,0486
105 | 0,8163 | 0,4913 | 0,6019 | 09969 | 2,0291 | 1,2655 | 0,3882 | 1,0609
106 | 0,8127 | 0,4840 | 0,5955 | 0,9957 | 2,0573 | 12646 | 03827 | 1,0733
107 | 0,8092 | 0,4766 | 0,5890 | 0,9941 | 2,0858 | 12633 | 03773 | 1,0858
1,08 | 0,8056 | 0,4693 | 0,5826 | 0,9924 | 2,1147 | 12620 | 03719 | 1,0985
1,09 | 0,8020 | 04619 | 0,5760 | 0,9903 | 2,1439 | 1,2602 | 03665 | 1,111l
1,10 | 0,7983 | 0,4547 | 0,5694 | 0,9880 | 2,1734 | 12574 | 0,3613 | 1,1239
1,11 | 0,7947 | 0,4483 | 0,5629 | 0,9856 | 2,2034 | 1,2563 | 0,3560 | 1,1367
1,12 | 0,7909 | 0,4400 | 0,5564 | 0,9829 | 2,2337 | 1,2543 | 03508 | 1,1446
1,13 | 0,7872 | 0,4328 | 0,5498 | 0,9800" | 2,2643 | 1,2549 | 03457 | 1,1627
1,14 | 0,7834 | 0,4255 | 0,5432 | 0,9768 | 2,2954 | 12491 | 03407 | 1,1758
1,15 | 0,7796 | 0,4184 | 0,5366 | 0,9735 | 2,3269" | 12463 | 0,3357 | 1,1690
1,16 | 0,7757 | 0,4111 | 0,5300 | 0,9698 | 2,3588 | 12432 | 0,3307 | 1,2023 |
1,17 | 07719 | 0,4040 | 0,5234 | 0,9659 | 2,3911 | 12398 | 0,3258 | 1,2157 |
1,18 | 0,7679 | 0,3969 | 0,5168 | 0,9620 | 2,4238 | 1,2364 | 0,3210 | 1,2292
1,19 | 0,7640 | 0,3898 | 0,5102 | 0,9577 | 2,4570 | 12326 | 03162 | 1,2428
1,20 | 0,7600 | 0,3827 | 0,5035 | 0,9531 | 2,4906 | 12296 | 03115 | 1,2566
121 | 07560 | 03757 | 04969 | 09484 | 2,5247 | 1,2244 | 0,3068 | 12708
1,22 | 0,7519 | 03687 | 0,4903 | 0,9435 | 3,5593 | 1,2200 | 03022 | 1,2843 |
1,23 | 0,7478 | 03617 | 0,4837 | 0,9384 | 2,5944 | 12154 | 0,2976 | 1,2974
124 | 0,7437 | 03548 | 0,4770 | 0,9331 | 2,6300 | 12105 | 02931 | 13126 |

125 | 0,7396 | 03479 | 04704 | 09275 | 2,6660 | 1,2054 | 0,2886 | 13298
126 | 07354 | 03411 | 04638 | 09217 | 2,7026 | 1,2000 | 02842 | 1,3413
127 | 07312 | 0,3343 | 04572 | 09159 | 2,7398 | 1,1946 | 02798 | 1,3558 !
128 | 07269 | 03275 | 0,4505 | 09096 | 2,7775 | 1,1887 | 0,2755 | 1,3705
129 | 0,7227 | 03208 | 04439 | 0,9033 | 2,8158 | 1,1826 | 0,2713 | 1,3853 :
1,30 | 07183 | 03142 | 04374 | 08969 | 2,8547 | 1,1765 | 0,1670 | 14002 |
1,31 | 0,7180 | 03075 | 0,4307 | 0,8101 | 2,9841 | 1,1629 | 02629 | 1,4153 |
1,32 | 0,7096 | 03910 | 0,4244 | 0,8831 | 2,9343 | 1,1632 | 02547 | 1,4458 |
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Tiép bdng 3

k=14
A 1 n g q y f r M
1,33 0,7052 | 0,2945 | 0,4176 | 0,8761 2,9750 1,1562 | 0,2547 1,4458
1,34 0,7007 | 0,2830 | 0,4110 | 0,8688 | 3,0164 | 1,1490 | 0,2507 1,4613
1,35 0,6962 | 02816 | 0,4045 | 0,8614 | 3,0586 | 1,1417 | 0,2467 1,4769
1,36 0,6917 | 0,2753 | 0,3980 | 0,8538 | 3,1013 1,1341 | 0,2427 1,4927
1,37 0,6872 | 0,2690 | 0,3914 | 0,8459 | 3,1448 1,1261 | 0,2389 1,5087
1,38 0,6826 | 0,2628 | 0,3850 | 0,8380 | 3,1889 | 1,1180 | 0,2350 | 1,5248
1,39 0,6780 | 0,2566 | 0,3785 | 0,8299 | 3,2340 1,1098 | 0,2312 | 1,5410
1,40 0,6733 | 0,2505 | 0,3720 | 0,8216 | 3,2798 1,1012 | 0,2275 | 1,5575
1,41 0,6687 | 0,2445 | 0,3656 | 0,8131 3,3263 1,0924 | 0,2238 1,5241
1,42 0,6639 | 02385 | 0,3592 | 0,8046 | 3,3737 1,0835 | 0,2201 1,5909
143 0,6592 | 0,2326 | 0,3528 | 0,7958 | 3,4219 1,0742 | 0,2165 1,6078
1,44 0,6544 | 02267 | 0,3464 | 0,7869 | 3,4710 | 1,0648 | 0,2129 1,6250
1,45 0,6496 | 0,2209 | 0,3401 | 0,7778 | 3,5211 1,0551 | 0,2094 | 1,6423
1,46 0,6447 | 0,2152 | 0,3338 | 0,7687 | 3,5720 | 1,0453 | 0,2059 1,6598
1,47 0,6398 | 0,2095 | 0,3275 | 0,7593 3,6240 1,0354 | 0,2024 1,6776
1,48 0,6349 | 02040 | 0,3212 | 0,7499 | 3,6768 1,0249 | 0,1990 | 1,6955
1,49 0,6300 | 0,1985 | 0,3150 | 0,7404 | 3,7308 1,0144 | 0,1956 1,7137
1,50 0,6250 | 0,1930 | 0,3088 | 0,7307 | 3,7858 1,0037 | 0,1923 1,7321
1,51 0,6200 | 0,1876 | 0,3027 | 0,7209 | 3,8418 | 0,9927 | 0,1890 1,7500
1,52 0,6149 | 0,1824 | 0,2965 | 0,7110 | 3,8990 | 0,9316 | 0,1858 1,7694
1,53 0,6099 | 0,1771 | 0,2904 | 0,7009 { 3,9574 | 09703 | 0,1825 1,7885
1,54 0,6047 | 0,1720 | 0,2844 | 0,6909 | 4,0172 | 0,9590 | 0,1794 1,8078
1,55 0,5996 | 0,1669 | 0,2784 | 0,6807 | 4,0778 | 09472 | 0,1762 1,8273
1,56 0,5944 | 0,1619 | 0,2724 | 0,6703 | 4,1394 | 0,9353 | 0,1731 1,8273
1,57 0,5892 | 0,1570 | 0,2665 | 0,6599 | 4,2054 | 0,9233 | 0,1700 1,8672
1,58 0,5839 | 0,1522 | 0,2506 | 0,6494 | 42680 | 09111 | 0,1670 1,8875
1,59 0,5786 | 0,1474 | 0,2547 | 0,6389 | 4,3343 | 0,8988 | 0,1640 1,9081
1,60 0,5733 | 0,1427 | 0,2489 | 0,6282 | 4,4020 | 0,8861 | 0,1611 1,9290
1,61 0,5680 | 0,1381 | 0,2431 | 0,6175 | 4,4713 | 0,8734 | 0,1581 149501
1,62 0,5626 | 0,1336 | 0,2374 | 0,6067 | 4,5422 | 0,8604 | 0,1552 1,9716
1,63 0,5572 | 0,1291 | 0,2317 | 0,5958 | 4,6144 | 0,8474 | 0,1524 1,9934
1,64 0,5517 | 0,1248 | 0,2261 | 0,5850 | 4,6887 | 0,8343 | 0,1495 | 2,0155
1,65 0,5463 | 0,1205 | 0,2205 | 0,5740 | 4,7647 | 0,8210 | 0,1467 | 2,0380
1,66 0,5407 | 0,1163 | 0,2150 | 0,5630 | 4,8424 | 0,8075 | 0,1440 | 2,0607
1,67 0,5352 | 0,1121 | 0,2095 | 0,5520 | 4,9221 | 0,7939 | 0,1413 | 2,0839
1,68 0,5296 | 0,1081 | 0,2041 | 0,5409 | 5,0037 | 0,7802 | 0,1386 | 2,1073
1,69 0,5240 | 0,1041 | 0,1988 | 0,5298 | 5,0877 | 0,7664 | 0,1359 | 2,1313
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Tiép bdng 3

A T )3 € q y f T M

1,70 0,5183 | 0,1003 | 0,1934 | 0,5187 | 5,1735 | 0,7524 | 0,1333 | 2,1555
1,71 0,5126 | 0,0965 | 0,1881 | 0,5075 | 5,3167 | 0,7383 | 0,1306 | 2,1802
1,72 0,5069 |'0,0928 | 0,1830 | 0,4965 | 5,3520 | 0,7243 | 0,1281 | 2,2053
1,73 0,5012 | 0,0891 | 0,1778 | 0,4852 | 5,4449 | 0,7100 | 0,1255 | 2,2308
1,74 0,4954 | 0,0856 | 0,1727 | 0,4741 | 5,5403 | 0,6957 | 0,1230 | 2,2567

1,75 0,4896 | 0,0821 | 0,1677 | 0,4630 | 5,6383 | 0,6813 | 0,1205 | 2,283l
1,76 0,4837 | 0,0787 | 0,1628 | 0,4520 | 5,7390 | 0,6669 | 0,1181 | 2,3100
1,77 0,4779 | 0,0754 | 0,1578 | 0,4407 | 5,8427 | 0,6523 | 0,1156 | 2,3374
1,78 0,4719 | 0,0722 | 0,1530 | 0,4296 | 59495 | 0,6378 | 0,1132 | 2,3653
1,79 0,5660 | 0,0691 | 0,1482 | 0,4185 | 6,0593 | 0,6232 | 0,1108 | 2,3937

1,80 -| 0,4600 | 0,0660 | 0,1435 | 0,4075 | 6,1723 | 0,6085 | 0,1085 | 2,4227
1,81 0,4540 | 0,0630 | 0,1389 | 0,3965 | 6,2893 | 0,5938 | 0,1062 | 2,4523
1,82 0,4470 | 0,0602 | 0,1343 | 0,3855 | 6,4091 | 0,5791 | 0,1039 | 2,4824
1.83 0,4418 | 0,0573 | 0,1298 | 0,3746 | 6,5335 | 0,5644 | 0,1016 | 2,5132
1,84 0,4357 | 0,0546 | 0,1253 | 0,3638 | 6,6607 | 0,5497 | 0,0994 | 2,5449

1,85 0,4296 | 0,0520 | 0,1210 | 0,3530 | 6,7934 | 0,5349 | 0,0971 | 2,5766
1,86 0,4234 | 0,0494 | 0,1167 | 0,3423 | 6,9298 | 0,5202 | 0,0949 | 2,6094
1,87 0,4172 | 0,0469 | 0,1124 | 0,3316 | 7,0707 | 6,5055 | 0,0928 | 2,6429
1,88 0,4109 | 0,0445 | 0,1083 | 0,3211 | 7,2162 | 0,4909 | 0,0906 | 2,6772
1,89 0,4047 | 0,0422 | 0,1042 | 0,3105 | 7,3673 | 0,4762 | 0,0835 | 2,7123

1,90 0,3983 | 0,0399 | 0,1002 | 0,3002 | 7,5243 | 0,4472 | 0,0864 | 2,7481
1,91 0,3920 | 0,0370 | 0,0962 | 0,2898 | 7,6885 | 0,4327 | 0,0843 | 2,7849
1,92 0,3856 | 0,0356 | 0,0923 | 0,2797 | 7,8540 | 0,4183 | 0,0823 | 2,8225
1,93 0,3792 | 0,0336 | 0,0885 | 0,2695 | 8,0289 | 0,4041 | 0,0803 | 2,8612
1,94 0,3727 | 0,0316 | 0,0848 | 0,2596 | 8,2098 0,0782 | 2,9007

1,95 0,3662 | 0,0297 | 0,0812 | 0,2497 | 8,3985 | 0,3899 | 0,0763 | 2,9414
1,96 0,3597 | 0,0279 | 0,0776 | 0,2400 | 8,5943 | 0,3758 | 0,0743 | 2,9831
1,97 0,3532 | 0,0262 | 0,0741 | 0,2304 | 8,7984 | 0,2618 | 0,0724 | 3,030!1
1,98 0,3466 | 0,0245 | 0,0707 | 0,2209 | 9,0112 | 0,3480 | 0,0704 | 3,0701
1,99 0,3400 | 0,0229 | 0,0674 | 0,2116 | 9,2329 | 0,3343 | 0,0685 | 3,1155

2,00 0,3333 | 0,0214 | 0,0642 | 0,2024 | 9,464 | 0,3203 | 0,0668 | 3,1622
2,01 0,3267 | 0,0199 | 0,0610 | 0,1934 | 9,706 | 0,3074 | 0,0648 | 3,2104
2,02 0,3199 | 0,0185 | 0,0579 | 0,1845 | 9,961 | 0,2942 | 0,0630 | 3,2603
2,03 0,3132 | 0,0172 | 0,0549 | 0,1758 | 10,224 | 0,2811 | 0,0612 | 3,3113
2,04 0,3064 | 0,0159 | 0,0520 | 0,1672 | 10,502 | 0,2683 | 0,0594 | 3,3642

2,05 0,2995 | 0,0147 | 0,0491 | 0,1588 | 10,794 | 0,2556 | 0,0576 | 3,4190
2,06 0,2927 | 0,0136 | 0,0464 | 0,1507 | 11,102 | 0,2431 | 0,0558 | 3,4759
2,07 0,2859 | 0,0125 | 0,0437 | 0,1427 | 11,422 | 0,2309 | 0,0541 | 3,5343
2,08 0,2789 | 0,0115 | 0,0411 | 0,1348 | 11,762 | 0,2189 | 0,0524 | 3,5951
2,09 0,2720 | 0,0105 | 0,0386 | 0,1272 | 12,121 | 0,2070 | 0,0507 | 3,6583
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Tiép bang 3

k=14
A T n £ q y f I M
2,10 | 0,2650 | 0,0096 0,0361 | 0,1198 | 12,500 | 0,1956 | 0,0490 | 3,7240
2,11 |0,2580 | 0,0087 0,0338 | 0,1125 {12,901 | 0,1843 | 0,0473 | 3,7922
2,12 10,2509 | 0,0079 0,0315 | 0,1055 | 13,326 | 0,1733 | 0,0157 | 3,8633
2,13 10,2439 | 0,0072 0,0294 | 0,0986 | 13,778 | 0,1626 | 0,0440 | 3,9376
2,14 | 02367 | 0,0065 0,0273 | 0,0921 | 14259 | 0,1522 | 0,0424 | 4,0150
2,15 10,2296 | 0,0058 0,0253 | 0,0857 | 14,772 | 0,1420 | 0,0408 | 4,0961
2,16 |0,2224 | 0,0052 0,0233 | 0,0795 | 15319 | 0,1322 | 0,0393 | 4,1791
2,17 | 02152 | 0,0046 0,0215 | 0,0735 | 15906 | 0,1226 | 0,0377 | 42702
2,18 | 0,2079 | 0,0041 0,0197 | 0,0678 | 16,537 | 0,1134 | 0,0361 | 4,3642
2,19 | 0,2006 | 0,0036 0,0180 | 0,0323 | 17,218 | 0,1045 | 0,0346 | 4,4633
2,20 | 0,1933 | 0,0032 0,0164 | 0,0570 | 17,949 | 0,0960 | 0,0331 | 4,5674
2,21 | 0,1860 | 0,0028 0,0149 | 0,0520 | 18,742 | 0,0878 | 0,0316 | 4,6778
2,22 10,1786 | 0,0024 0,0135 | 0,0472 | 19,607 | 0,0799 | 0,0300 | 4,7954
2,23 | 0,1712 | 0,0021 0,0121 | 0,0427 | 20,548 | 0,0724 | 0,0287 | 4,9201
224 |0,1637 | 0,0018 0,0116 | 0,0408 {22983 | 0,0695 | 0,0273 | 5,0533
2,25 10,1563 | 0,00151 | 0,00966 | 0,0343 | 22,712 | 0,0585 | 0,0269 | 5,1958
2,26 | 0,1487 | 0,00127 | 0,00813 | 0,0290 | 23,968 | 0,0496 | 0,0256 | 35,3494
227 10,1412 | 0,00106 | 0,00479 | 0,0268 | 25,561 | 0,0461 | 0,0229 | 5,5147
2,28 | 0,1336 | 0,00087 | 0,00652 | 0,0234 | 26,893 | 0,0404 | 0,0216 | 5,6940
229 |0,1260 | 0,00071 | 0,00564 | 0,0204 | 28,669 | 0,0352 | 0,0202 | 5,8891
2,30 | 0,1183 | 0,00057 | 0,00482 | 0,0175 | 30,658 | 0,0302 | 0,0189 | 6,1033
2,31 | 0,1106 | 0,00045 | 0,00307 | 0,0118 | 32,937 | 0,0258 | 0,0175 | 6,3399
2,32 10,1029 | 0,00035 | 0,00400 | 0,0124 | 33,551 | 0,0217 | 0,0161 | 6,6008
2,33 | 0,0952 | 0,00027 | 0,00280 | 0,0103 | 38,606 | 0,0180 | 0,0148 | 6,8935
2,34 | 0,0874 | 0,00020 | 0,00226 | 0,0083 | 42,233 | 0,0146 | 0,0135 | 72254
2,35 | 0,0796 | 0,00014 | 0,00170 | 0,0063 | 46,593 | 0,0111 | 0,0122 | 7,6053
2,36 | 0,0717 { 0,242.10* | 0,00138 |.0,0051 | 51,914 | 0,0090 | 0,0109 | 8,0450
2,37 | 0,0638 | 0,242.10*| 0,00130 | 0,0038 | 58,569 | 0,0068 | 0,0096 | 8,5619
238 10,0559 | 0,413.10* | 0,00074 | 0,0029 | 67,144 | 0,0049 | 0,0084 | 9,1882
2,39 | 0,0980 | 0,242.10* | 0,00050 | 0,0019 | 78,613 | 0,0034 | 0,0071 | 99624
2,40 | 0,0400 | 0,242.10* | 0,00032 | 0,0012 | 94,703 | 0,0022 | 0,0059 | 10,957
241 10,0320 | 0,584.10° | 0,00918 | 0,0007 | 118,94 | 0,0012 | 0,0047 | 12,306
2,42 10,0239 | 0211.10° | 0,884.10*| 0,0003 | 159,65 | 0,0006 | 0,0035 | 14,287
243 10,0158 | 0,242.10° |0,315. 10*| 0,0001 | 242,16 | 0,0002 | 0,0025 | 17,631
| 2,44 | 0,0077 0,316.107 [0,310.10710,058.10*| 499,16 {0,285.10“| 0,0011 | 25,367
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Tiép bdng 3

k=133
A T T € q y f r M
0,00 1,0000 | 1,0000 | 1,0000 | 0,0000 { 0,0000 | 1,0000 | 1,0000 ; 0,0000
0,01 1,0000 | 0,9999 | 0,9999 | 0,0159 | 0,0159 | 1,0000 ; 1,0000 | 0,0093
0,02 0,9999 | 0,9998 | 0,9999 | 0,0318 | 0,0318 | 1,0003 | 0,9995 | 0,0185
0,03 0,9999 | 0,9995 | 0,9997 | 0,0476 | 0,0477 | 1,0006 | 0,9990 | 0,0278
0,04 0,9998 | 0,9991 | 0,9993 | 0,0635 | 0,0636 | 1,0009 | 0,9982 | 0,0371
0,05 0,9997 | 0,9986 | 0,9990 | 0,0793 | 0,0795 | 1,0015 | 0,9972 | 0,0463
0,06 0,9995 | 0,9980 | 0,9985 | 0,0952 | 0,0954 } 1,0021 | 0,9959 | 0,0556
0,07 0,9993 | 0,9972 | 0,9979 | 0,1110 | O,1113 | 1,0028 | 0,9944 | 0,0649
0,08 0,9991 | 0,9964 | 0,9973 | 0,1267 | 0,1272 | 1,0037 | 0,9928 | 0,0742
0,09 0,9989 | 0,9954 | 0,9968 | 0,1425 | 0,1431 1,0046 | 0,9908 | 0,0834
0,10 0,9986 | 0,9944 | 0,9958 | 0,1582 | 0,1591 1,0057 | 0,9887 | 0,0927
0,11 0,9983 | 0,9932 | 0,9949 | 0,1738 | 0,1750 | 1,0069 | 0,9864 | 0,1025
0,12 0,0980 | 09918 | 0,9938 | 0,1894 | 0,1910 | 1,0081 | 0,9838 | 0,1113
0,13 0,9976 | 0,9904 | 0,9928 | 0,2052 | 0,2072 | 1,0096 | 0,9810 | 0,1206
0,14 0,9972 | 0,9889 | 09917 | 0,2205 | 02220 | 1,0111 { 09781 { 0,1299
0,15 0,9968 | 09872 | 0,9903 | 0,2360 | 0,2390 | 1,0126 | 0,9749 | 0,1392
0,16 0,9964 | 0,9854 | 0,9890 | 0,2514 | 0,2551  1,0143 | 0,9715 | 0,1485
0,17 0,9959 | 09836 | 09877 | 0,2667 | 02712 | 1,0169 | 0,9679 | 0,1578
0,18 0,9954 | 0,9816 | 09862 | 0,2820 | 0,2873 | 1,0181 | 0,9642 | 0,1672
0,19 0,9949 | 0,9796 | 0,9846 | 0,2972 | 0,3034 | 1,0202 | 0,9602 | 0,1765
0,20 0,9943 | 0,9774 | 09830 | 0,3123 | 0,3195 | 1,0223 | 0,9561 | 0,1858
0,21 0,9938 | 0,9751 | 09812 | 03273 | 0,3357 | 1,0245 | 0,9518 | 0,1952
0,22 0,9932 | 09728 | 09795 | 0,3423 | 03519 | 1,0269 | 0,9473 | 0,2045
0,23 0,9925 | 0,9702 | 0,9775 | 0,3571 | 0,3681 1,0292 | 0,9427 | 0,2139
0,24 0,9918 | 0,9675 | 0,9755 | 0,3719 | 0,3844 | 1,0317 | 0,9378 | 0,2233
0,25 0,9912 | 0,9648 | 0,9734 | 0,3866 | 0,4007 | 1,0343 | 0,9329 | 0,2327
0,26 0,9904 | 09619 | 09712 | 04011 { 04170 | 1,0369 | 09277 | 0,2420
0,27 0,9897 | 0,9590 | 09690 | 0,4156 | 0,4334 | 1,0996 | 0,9224 | 0,2515
0,28 0,9889 | 0,9560 | 0,9667 | 0,4300 | 0,4498 | 1,0425 | 09170 | 0,2609
0,29 0,9881 | 0,9529 | 09644 | 0,4443 | 04662 | 1,0455 | 09114 | 0,2703
0,30 0,9873 | 0,9496 | 09619 | 0,4584 | 0,4827 | 1,0485 | 0,9057 | 0,2797
0,31 0,9864 | 0,9463 | 09594 | 0,4724 | 0,4992 | 1,0516 | 0,8999 | 0,2892
0,32 0,9855 | 0,9428 | 0,9567 | 0,4863 | 0,5158 | 1,0547 | 0,8940 | 0,2986
0,33 0,9846 | 0,9393 | 0,9540 | 0,5001 | 0,5324 | 1,0579 | 0,8879 | 0,3081
0,34 0,9836 | 0,9356 | 0,9510 | 0,5137 | 0,5491 1,0612 | 0,8817 | 0,3176
0,35 0,9827 | 0,9319 | 0,9484 | 0,5273 | 0,5658 | 1,0645 | 0,8754 | 0,3271
0,36 0,9817 | 0,9281 | 09455 | 0,5407 { 0,5826 | 1,0680 | 0,8690 | 0,3366
0,37 0,9806 | 09241 | 0,9424 | 0,5539 | 0,5994 | 1,0714 | 0,8625 | 0,3462
0,38 0,9796 | 0,9201 .| 0,9393 | 0,5670 | 0,6162 | 1,0750 | 0,8560 | 0,3557
0,39 0,9785 | 09151 | 09331 | 0,5799 | 0,6332 | 1,0785 | 0,8493 | 0,3653
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