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Phan mot

THUY LUC HOC

Chuong 1
MG PAU

1.1, POI TUONG, PHUGNG PHAP NGHIEN CUU MON HOC, UNG DUNG

1.1.1. Poi tuong

Béi weng nghién citu ciia mén thiy lyc hoc 14 chét léng. Chét long & diy hiéu theo
nghia rong, bao gom chit long & thé nude — chit léng khong nén duuvc (khéi luong riéng
p = const) va chil iﬁng & thé khi — chét léng nén duoe (khéi luong rigng p # const ). Trong
pham vi gido trinh nay chi y€u nghién citu chét léng & thé nuwde, nhung mé rong cdc két qua
nghién ctiu chit long & thé nuéc cho chat 16ng & thé khi khong co gi khé khan.

Thuy lee hoc la mot mon khoa hoc co s& nghién citu cde quy ludt cin bing v chuyén
dong cua chit long déng thi van dung nhitng quy luat 4y dé gidi quyét cdc van dé k§ thuat
trong thuc tién san xudt va doi song. Chinh vi thé ma né c6 vi tri 14 nhip cdu néi gifta nhitng
mon khoa hoc co ban véi nhitng mén k§ thudt chuyén nganh.

1.1.2. Phuong phép nghién citu

Trong thiy luc hoc thuémg ding 3 phuong phdp nghién citu phd bign sau day.

Phuong phap 1y thuyét : Sir dung cong cu todn hoc, chil yéu I3 todn gidi tich, phuong
trinh vi phin vdi cdc todn tlr vi phin quen thudc nhu : gradient, divergnt, rotor, todn tir
Laplas, dao ham toan phén... Sir dung cdc dinh 1y t6ng quét ctia cd hoc nhu dinh 1§ bao toan
khoi luong, nang lugng, dinh 1y bién thién dong lirgng, mo men déng luong...

Phuong phap thuc nghiém : ding trong mot s6 trudmg hop ma khong thé giai bing 1y
thuyét (nhu xdc dinh hé s8 can cuc bd, he s6 A ...).

Phuong phéap ban thuc nghiém : Két hop giita 1§ thuyét va thue nghiém.

old.vn www.vncold.vn www.vncold.vn www.vncold.vn www.vncold.vn www.vncold.v



old.vn www.vncold.vn www.vncold.vn www.vncold.vn www.vncold.vn www.vncold.v

1.1.3. Ung dung

Pham vi (g dung cia thity luc hoc khd rong rdi : cé thé néi khong mot nganh nio
trong cdc linh vuc khoa hoc, k¥ thuat cong nghé va doi song cé lien quan d&n chél long va
chat khi nhu giao thong van tai, hang khong, co khi, cong nghé héa chit, xay dung, nong
nghiép, thuy loi... ma lai khéng dng dung it nhiéu nhitng dinh luat co ban cta thiy lue hoc.

1.2. SO LUGC LICH SUPHAT TRIEN MON HOC

Ngay tir thai xa xua, 16 tién loai nguii da biét lgi dung sitc nude phue vu cho sinh hoat
dai séng, 1am nong nghiép, thay loi, kénh ddp, thuyén bé...

Nha bic hoc Acsimet (287-212, trudc cong nguyén) dd phat minh ra luc ddy Acsimet
tac dung lén vt nhing chim trong long chit long.

Nha danh hoa Y — Lééna Pavanhxi (1452—1519) dwa ra khai niém vé lue can cia chit
long 1én vat chuyén dong trong né. Ong mudn biél tai sao chim lai bay dugc, Nhung phai
hon 400 nam sau, Jucopxki vi Kutta mai giai thich dugc : d6 14 luc ndng.

1687 — Nha bac hoc thién tai ngudi Anh L.Newton da dua ra gia thuyét vé luc ma st
trong giita cic 1dp chét long chuyén dong ma mii hon mot thé ky sau nha biac hoc Nga —
Pétrop méi chimg minh gid thuyér dé bing bifu thite todn hoe, 1am co s& cho viée nghién
ciru chit long thue (chat 1ong nhdt) sau nay.

Hai éng L.Ole (1707-1783) va D.Becnuli (1700-1782) la nhing nguai di dat co so ly
thuyé&t cho thiy khi dong luc, tich nd khoi co hoc 1Y thuyé&t dé thanh ldp mat nganh riéng.

Tén tudi cia Navie va Stoc gin lién vdi nghién ciu chil long thuec. Hai ong da tim ra
phuong trinh vi phan chuyén dong cla chét long (1821-1845).

Nhi bic hoc Bitc — L.Prandtl da sang lap ra 19 thuyét Iap bién (1904), gép phin giai
guyét nhidu bai todn déng luc hoc.

Ngiy nay, nganh thiy khi déng luc hoc dang phdt trién v&i 16¢ do vl bdo, thu hit sy
tap trung nghién ciru cta nhiéu nha khoa hoc ndi tiéng trén thé gidi va trong nwdc; no can
thiep hiu hét 11 tdt i cdc linh vie déi song, kinh t&, quoc phong... nham ddp dng moi nhu
cdu cdp bdach cla nén khoa hoc cong nghé hién dai bude sang Thé ky 21.

1.3. MOT SO TINH CHAT CO LY CUA CHAT LONG

1.3.1. Mot so tinh chit dé nhan biét

Tinh lién tuc : vit chit duge phan bé lién tuc trong khong gian.

Tinh dé di dong : do lyc lién két gita cdc phin tir chat long rdt yéu, img sudt tiép
(noi ma sdt) trong chit 1ong chi khdc 0 khi ¢6 chuyén dong tuong doi gilta cic 1dp chdt long.

Tinh chiong kéo va cit rit kém do luc lién két va luc ma sdt giita cdc phan tir chét
long rét yéu.

Tinh dinh wdt theo thanh binh chira chét long.

5
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1.3.2. Khdi lugng riéng va trong ligng riéng

Khoi lwgng riéng : 1a khéi luong ciia mot don vi thé tich chit long, k¥ hiéu Ia p :
M

e (kg/m")

trong d6 : M — kh6i lugng chat léng (kg ;
W — thé tich chit 1dng cé khéi luong M (m”) .

Trong lugng riéng : 1a trong luong ciia mot don vi thé tich chat long, ky hiéu lay :

3 3
= — N/m™ :kG/m™)
! W { g
Quan h¢ gitta p vy : y = pg ; g=981 m/s*
Bang 1-1
Trong lugng riéng cia mot sa chit long
Tén chail long Trong luong riéng, W.-'m3 Nhiét do
Mirdc it 9810
Nudc bifn L0000 - 10100 4
Du hed . 7750 — BO40 15
Xang miy bay 6380 15
Xing thutmg GR70 — 7380 15
Dy nhim £730 - 9030 15
Enezel B730 =09220 15
Thily nghn 132890 20
Cén nguyen chi 7750 = 7850 15

Liw ¥ - Khéi lugng cia chit long 1a mot dai lwong khong thay déi con trong lugng ciia
chiing thi phu thuée vio vi tri ciia né.

1.3.3. Tinh nén ép va tinh gian né vi nhiét

Tinh nén €p : biéu thi bing hé s6 nén ép (Pp). He s6 nén €p la s6 gidm the tich twong
d&i cua chat 16ng khi 4p sudt ting lén mot don vi :

I dW 2
= ———— = J'IN
Pe W dp {m~/N)
trong dé : W — thé tich ban dédu cia chit long (m) ;

dW — 56 gidm thé tich khi 4p suft tang lén (m’) ;

dp — lugng dp sudit ting 1én (N/m>).
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Vi du hé s6 Bp cla nude & nhigt d6 0°C dén 20°C c6 tri s6 trung binh la

m? /N ; & nhiet do 100°C, 4p sudt 500 at 12 2/N.

———m
250000000
Tinh gidn nd vi nhiét : Biéu thi bing hé s6 gidn nd vi nhiét f,, 14 s6 thé tich wong d6i
cua chit long tang 1&n khi nhiét d6 tang [&n 1 d&:
1 dw
vy

l
210000000

(1/do)

Vi du: Trong nhitng diéu kién théng thudng: Diu héa ¢6 B, = 0,000600 — 0,00800 ;
Thuy ngin cé B, = 0,000138.

Licw ¥ : Hé s6 gidn nod vi nhiét Idn hon nhiéu so véi hé s6 nén ép, song ching déu 1a

nhitng tri 58 r4t nho ma trong mo6t 8 tinh todn thong thudmg ¢é thé bo qua.

1.3.4. Tinh nhot

Trong qud trinh chuyén dong, cic 16p chét 1ong truot 1én nhau, phdt sinh ra luc ma sét
trong, gy ra tén thit nang lugng va chit long nhu theé goi 1a chét léng c6 tinh nhoért.

Nam 1687 [.Newton dua trén thi nghiém : ¢é hai tdm phing T — chuyén doéng véi vin
toc v nhd luc kéo F cé dién tich S va t4m phing Il — ding yén (H. 1-1). Giita hai tdim cé
mot 16p chét 1ong h. Ong da dua ra gia thit vé luc ma sdt trong giita nhitng 16p chét long
lan can chuyén dong b ty 1& thudn véi t6c d6 va dién tich bé mit ti€p xie, phu thudc vio
loai chét long va khong phu thuéc vao dp sudt.

Sau dé Pétrop (1836-1920) da bidu thi gid thuyét dé trong trudmg hop chuyén déng
thing bing biéu thitc todn hoc :

dv
F=psS — (N) (1-1)
dy
trong dé : F — luc ma sdt trong ; ¢ — hé 56 nhét dong lue, dac trung tinh nhét ctua chat long
S — dién tich tiép xic gira hai Iép chdt léng ; :—v — gradien van t6c theo
¥

phurong v vubng goc vai dong chay.

I-f: v /
%

dy

TP AT FTFTIT i ivivize

Hinh 1-1
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Luc ma sdt trong sinh ra tng sudt tiép t :
F dv 3
T=—=|1— MN/m~ 1-2
S de ( ) (1-2)
Tir (1-2) rit ra cong thitc xdc dinh hé 6 nhét dong luc p

i (NS/m?) (1-3)

e
dy
Ngodi p , cdon diung hé¢ s6 nhét dong (v) trong cic bidu thic cé lién quan dén
chuyén dong:

wia

(m%/s)  hoac (Stoc: 1st= 10~ m? /¢) (1-4)

cac hé s6 u va v thay d6i theo nhiét do vi dp sudt. Nhin chung i vi v cua chét long giam
khi nhiét d¢ ting va ting khi 4p sudt ting.

Vi du : hé s6 nhét dong luc cia nuée & nhiét do 0°9€, W=0,0179 con & 100°C,

u=0,0028 ; ddu nhom & nhigt d¢ 0°C, p = 6,40 ; & 60°C, p= 0,22 va hé s6 nhét dong clia
ddu nhon s€ ting gip doi khi 4p sudt tang tir 1 dén 300 at

Pé do do nhét ciia chit 16ng, ngudi ta diing cdc loai dung
cu khdc nhau, Duéi day gi6i thieu mot'loai dung cu do do
nhét Engole thudng ding & Viet Nami((H. 1-2) dé do dé nhét
l6n hon d6 nhét clia nude. Mdy gém cd binh hinh tru kim loai
I, ¢6 ddy hinh cdu, hian vao diy mot éng hinh tru bing déng
thau 3. 6;15 hinh tru dat trong binh chita nuéc 2. Trong 16 cia
6ng hinh tru 3, dat mot Sng Each kim hinh nén 4 dé xi chat
léng ra khoi binh 169 L& cia 6ng 4 duge déng bing mot
thanh dic biét ¢6 dudng kinh 3 mm. Mu6n xdc dinh dé nhat

clia mét chét long o nhiét d6 nio dé, ta rét 200em” chit long
cin do vio binh Twa giir ding nhiét do cfn thiét. Do thai gian

chiy t; &l&200cm® chat long do qua 16 ddy. San dé do thai
gian chilyty ciia 200 em’ nuée ciit & nhiét do 20°C (khodng Lt
50 giay),

Ty s6 1y /15 goi 1a d6 nhét Engole (ky hiéu “E)

°p =L (1-5)
L.
Ngoai cdc don vi Stoc va do nhét Engole, thudng gip cic don vi do d6 nhét khéc nhau,-
quan hé giita ching véi don vi Stoc duge trinh bay trén bing 1-2.

8
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Bang 1-2
Ten don v Ky hiéu Tri 56 tinh bing Stac
0,0631
D& Engole Op 0,07319E - o
G4y Sebon g 0,00220"8 — i,_ig)
Gidy Redit "R 0,00260"R — %
I 48,5
Béd Bache B B B

1.3.5. Chat long thue, chit long 1y tuong

Trong thuc t€, chit long 6 ddy du tinh chdt co 1y nhr da tfinh biy & trén goi la chit
long thue.

Nhung d€ thuan tién cho céng viéc nghién citu, ngudi ta.diara khdi niém chét long 1y
twong (hay con goi 1a chédt long khong nhét).

Chét 1ong 1§ tuéng 12 chdt 1ong ¢6 tinh di dong tuyét doi, hoan toan khong chéng duoc
lire cit va luc kéo, hoan toan khong nén ép, khong gidn néwd khong ¢6 tinh nhét.

Chit long & trang théi tinh trong nhl]ng_diéu kién thay d6i dp sudt va nhiét dé binh
thuimg, thi thé tich va khéi luong xem nhu khong déi vi khong cé chuyén dong nén khéng
¢6 luc ma sdt trong (khong cé tinh nhét). Nhu vay, chét long thuc & trang thdi tinh rdt gin
vdi chit long 1y twémg. Do d6, c6.thé nghién eiru cic quy ludt cta chit 1ong thuc & trang
théi tinh trén chét 1ong 1y tudng thi ket qua thu duge hoin toan phit hop vdi thue té.

Trong trudmg hop chdt 16ng thue @ trang thdi chuyén déng vi ¢é tinh nhdt nén cé luc ma
sdt trong, c6 tiéu hao ning ltgmg: Do dé, néu ding khdi niém chét 1ong 17 tudng dé nghién
ctiu thi két qua sé khéngiding v6i thuc t€. Ngudi ta phai ding thuc nghiém, ti€n hanh cic
thi nghiém chat long thyc. So sdnh két qud nghién citu 1§ thuyét va thyc nghiém dé rit ra
cdc hé s6 hiéu chinh dira viio cic cong thirc 1y thuyét cho phu hop vdi thuc t&.

9
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Chuong 2
TINH HOC CHAT LONG

Tinh hoc chit 16ng nghién citu nhimg quy luit can bing cla chét léng @ trang thai tinh
va ing dung nhimg quy ludt dy dé€ gidi quyét cdc van dé trong thue tién k¥ thudt, san xuit
vi déi séng.

MNgudi ta phan ra 2 trang thdi tinh :

Tinh tuyét doi : Chat 1ong khéng chuyén déng so véi héltoa do ed dinh (gin lién vai
trai dat). 1

Tinh tuong d6i : Chit 1éng chuyén déng so véi hétea da'es dinh, nhung gifra ching
khong c6 chuyén dong twong déi.

2.1. LUC TAC DUNG LEN CHAT LONG - AP SUAT THUY TINH

2.1.1. Luc tac dung lén chit long

O trang thdi tinh, chét 16ng chiu tdc.dung cia hai loai ngoai luc

Luc khoi lvgng (hay luc thé tich) t4¢ dung 1én chit 1ong ti 1& véi khéi lugng (nhw trong
luc, lwe quédn tinh...).

Luc bé mat la luc tic dung lén bé mat ciia khoi chat long (nhw dp lue khi quyén tdc
dung lén bé mat tr dogclianchét 16ng...).

2.1.2. Ap sudtithily tinh
a) Binh nghia

Ap sudt thity tinh 14 nhitng dng suft gy ra bai cdc lire
khoi va Twe bé mat. Ta hay xét mot thé tich chit léng gidi
han baoi dién tich  (H. 2-1). Tuéng tuong cit khéi chét
long bang mat phang AB, chat léng phin I tic dung lén
phin II qua dién tich mit cit ©. B6 I ma van giit I & trang
thdi céin bang thi phai thay tdc dung I lén IT bing lirc P goi
la dp lue thay tinh tic dung l1én mat w.

Ap sudt trung binh : Pip = E
L = — ety
Ap sudt tai diém M PM ﬂgﬂuﬁm ik

10
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Don vi dp sudt:  N/m? = F, (pascal)
lat = 9,8.10* N/m? = 10* kG/m? = 1 kG/em?.
b) Hai tinh chdt cia dap suét thay tinh

Tink chdt I : Ap sufit thiy tfinh lu6n luén tic dung thing gée va huéng vio mat tiép xiic
(H. 2-2) c6 thé wr ching minh bing phin ching.

Tinh chdt 2 : Ap sudt thiy tinh tai mdi diém theo moi phuong biing nhau.
Biéu thifc: Px =Py =Pz = Pa (2%])

Cé thé chitng minh bing cich xét khai chat long ur dién ¢6 cdescanh dy,dy.d;, vo
ciing bé. Ching minh biéu thicc (2-1) khi d,, dy,d; — 0 (tham kbdo thém [17).

Ta cling nhan thdy dp sudt thiy tinh tai mét diém chi phu thitéc vao vitri clia né:

p=f(x,y,2) (2-2)

Fx

(a5

Hinh 2-2 Hinh 2-3

2.2, PHUONG TRINH VI PHAN CUA CHAT LONG CAN BANG
(PHUGNG TRINH OLE TINH)

Phuong.trinh biéu dién méi quan hé gia ngoai lue téc dung vao mét phin tr chét long
v&i ndi lue sinh ra trong dé (ufe 1a dp suft thuy tinh p).

Xét mot phdn tir chét long hinh hop can bing cé cdc canh dx, dy, dz dat trong hé truc
toa do Oxvz (H. 2-4).

Ngoai luc tic dung lén phdn tir chét 1éng x€t bao gém :
Luc khéi : F~m = p dxdydz

X, Y, Z - hinh chiéu lyc khdi don vi 1én cdc truc x, y, z.

Il
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Luc mat tic dung lén phédn tir chit long 13 cde dp

lue thiy tinh tdc dung trén cdc mat hinh hop chit long. /
Diéu kién can bing cua phdn tir chat |6ng hinh

hop 14 téng hinh chiéu cia tdt ci cdc ngoai lue trén

bt k¥ truc toa d6 nio cing bing khong. Px
Hinh chiéu cic ngoai luc 1én truc x : ! i/
By =B —P, +Fi=0 (2-3) A i
e o
trong doé : F, = Xpdxdydz ‘4B dx
* PE/ dy
Py = p+ dx 5p dydz >
? 2 &k 3
—[p-dxép -
By S (p 7 B ]d!r'df : Hinh 24
Thay vae (2-3) tacé:
- g dxdydz + Xpdxdydz =0
hay :
1 ép
X===— =0 —4:
T B | (2—4a)
Tuong tie déi vai truc y va z;
1 dp
POy
1 &p
=550 0 9
% (2~4c)

Céc phuong trinh((2=4a b.c) la nhimg phuong trinh Ole tinh viét dudi dang hinh chiéu
(do Ole lap ra name1755).

Ta c6 thé ¢i& phwong trinh Ole tinh duéi dang véc to :

F —gradp = 0 (2-5)
trong dé.: ﬁ:I{X+-_|_Y+L_:Z
gradp = 1% - j‘% - E%

Mit khdc néu nhan lin luot (2-4a), (2-4b), (2-4c) véi dx, dy, dz r6éi cong nhitng
phuong trinh nay lai, bién déi ta ¢6 :

dp = p(Xdx + Ydy + Zdz) (2-6)
Vi dp Ia mét vi phan toan phin cua dp sult p,p = const, do dé v&€ phai cia (2-6) ciing
phéi 12 vi phan toan phin. Nhu viy dt phai tén tai mot ham s6 :

old.vn 12
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cu ou ou
—=X ; —= Fi—
ax By Ym

Ham s8 nhu vy goi 14 ham s6 lue va lue duge biéu thi bing him s6 trén goi 12 luc ¢6 the.
Do dé, chit long ¢6 the & trang théi can bing chi khi luc khdi tdc dung 18n né 1a luc c6 thé.

Z

2.3. PHUONG TRINH CO BAN CUA THUY TINH HOC
2.3.1. Tich phan phuong trinh Ole tinh

Dé gidi quyet mot s6 vén dé thuc 1€ ta viét phuong trinh Ole tinh dudi dang :

du au au
=p|l Edax+Lay+ L -
dp p[:’:‘x +ay}r+a£d?] (2=7)
hay : dp = pdU.
Tich phén (2-7) ta duoc :
p= pu+C (2-8)

Pé xdc dinh hing s6 tich phan C cdn phai c6 diéu kien bien, gia sif bi€t 4p sufit p, cia |
diém nio dé trong chat 1éng va c6 tri s6 ham s6 lyc U, tuweng g, thay vio (2-8) tacé:

C=po -pUo (2-9)

Thay (2-9) vao (2-8) :
P =Po +p(U=l,) (2-10)
Nhu vy, ding phuong trinh (2-10) €6 thé xéc dinh duge ép suft thiy tinh tai bat ky
diém nio trong chit 16ng, néu bi€t duge tri s6 ella ham U va diéu kién bién u, ; pe.

2.3.2. Mat dang dp

Mit déng 4p 14 mot mat trén d6 tai moi diém, 4p sudt déu bing nhau, tir (2-6) ta cé
phirong trinh mat ding dp.;

Xdx + Ydy + Zdz = 0

trong dé X-—-%;Y=%;Z=%- m

Mat tir dovld mat ding 4p, dp sudt tdc dung trén nd
¢ tri sO bing dp sudt khi quyén.

o

2.3.3. Phuong trinh co ban cia thuy
tinh hoc

Xét tredmg hop chdt long cAn bing dudi tdc dung
ciia lvc kh6i 1a trong lwe. Gid sir khéi chdt 16ng dung 0

trong binh kin, dat trong hé truc toa d6 Oxyz (H. 2-5).
Ap suft tic dung 1&n bé mat chdt léng 13 p,. Hinh
chi€u lyc khéi léncictrucx ,y ,Z: Hinh 2-5

13
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Phuong trinh (2-6) trong trudmg hgp khio sdt & day 6 dang :

X 0

Y 0

Z

dp = — pgdz = — ydz
p=-1Z+C 2-11)
DE xdc dinh C v6i diéu kign bién 1a trén bé mat chat léng (Zo, py) ta cé s
C=po +7Z,
Thay C vao (2-11) ; P=ps +YZy - F) (2—12)

Nhur vay, véi mot diém A bat ky trong chit 1ong ¢6 toadd Zova Gdo shuh= 7, -7 ; ta
cé thd viét duge phuong trinh co ban ciia thity tinh hoc ;

P=Po +th (2-13)

Nghia 1a dp sudl tai bat ky mot di€m ndo ciia chitlong & trang théi tinh bang dp suft &
mat tir do cong véi trong lugng cit chét 16ng (ddy.1a mot don vi dien tich, chiéu cao 13 do sau
cua diém da6).

2.3.4. Y nghia clia phuong trinh ¢g ban ctia thiy tinh hoc
a) Y nghia hinh hoc hay thity lyc
7 — d6 cao hinh hoc ;

%—d@caudoﬁp;
Z% % = H - cOt 4p thily finh.

Tir phuong trinh €g ban cha thily tinh hoc ta d& dang nhan th&y ring cot dp thiy tinh ai
moi diém trong mot moi trdmg chét 1ong can bing 12 mot hing s6.

b) Y nghia nang luong
Z - vi niang dom vi ;

%—ép ning domn vi ;
Z + % = H = const - th& nang don vi.

Vay (h€ niang don vi cia moi diém trong mot moi trudmg chdt 16ng can bang déu bing
nhau va bing cot dp thiy tinh.

14
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2.3.5. Phan biét cac loai ap suat

f\p sudt thiy tinh duge tinh theo (2-13) 1a dp sudt tuyét d6i (p,).

Lay dp suflt khi quyén (p,)d€ so sdnh :

Néu dp sudl tuydt doi 1dn hon dp sudt khi quyén ta ¢6 dp sudl du (py) :

Pd =PL ~ Pa
NEu dp suflt tuyét d6i nhd hon dp sudt khi quyén ta ¢6 dp sudt chan khoéng (pay) :
Pck =Pa — Pt

2.3.6. Biéu do phan bé ap suit thay tinh

La bidu hién su phan bd dp sudt theo chifu sau trong chét 16ng.

Tir phuong trinh co ban cia thuy tinh hoc p; =p, +vh 14 dang phuong trinh bac nhdt
y=ax + b, ta cd b twong tng v&i dp sufl trén mat thodng cia chat léng (py ), con he sd géc a
lwong ing trong lugng riéng clia chdt 1ong va (yh) thay d6i theo d6 sau'trong chit 1éng.

Tir d6 ta c6 thé d& dang v& duge biéu dd dp sudt thiy inhiuyét d6i va dp suft du tdc dung
lén mat phing AB chim trong chdt 1dng c6 do sau h (H. 2=6). Biéu dién ABC vd AA'B'B.

Néu triremg hop mat chiu 4p sudt thiy (inh 12 mot mat cong thi cach v& ciing turong i, chi
¢ diéu vée tor bidu thi dp sudt tai cdc diém khong§6ng song véi nhau nén phii v& timg diém
réi noi lai. V& cing nhiéu diém thi biéu d6 cang ¢hinh x@c. Hinh 2-7 v& biéu db 4p sudt du tdc
dung l&n mat thiing hinh tru trdn ndm ngang elita chit long & do sau h.

Hinh 27

2.4. TINHTUONG POI

Chdt 1éng chuyén dong so vdi hé toa do cd dinh. He toa do theo duge gén lién vai khai
chdt long chuyén dong. Luc khdi trong trudng hop nay gém trong lue va luc quén tinh cia
chuyén dong theo. Ta xét hai dang tinh twong d6i dic tnmg dudi day.

2.4.1. Binh chia chit 1ong chuyén dong thing thay déi déu (gia toc
a = const)

Chon hé truc toa d§ nhu hinh vé (H.2-8).

15
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Xuft phat tir phwong trinh (2-6) :
dp = p(Xdx + Ydy + Zdz)
Luc khéi : trong luc G =mg

Luc quén tinh ?qt = -ma

in.q‘i

Chi€u lyc khoi don vi lén cdc hé truc toa do :
X=0; Y=—a; Z=-g.
—— iy e T .-:w;.,,f.-l.:”.u”” -
P= —pay —pgz + ¢
Taiy=0,z=0thip=c= p, — fp suflt tai mat
thodng,
Vay, phan bd dp sudt tai moi diém trong chat 1ong :
P = po - play + gz)
Phuong trinh mat déng &p : p = const, dp = 0

Hinh 28

ady +gdz=0 — ay+ge=0C
Vay mat diing 4p 12 mat phing nghiéng mot goc @

ltga| = 2
B
—%{D — a>0 : chuyén ddng nhanh ddn déu

- g >0 - a<0: chuyén dong cham din déu.

Luw 3 : Ung dung trudng hop trén dé xdc dinh duge
muc nudc dang lén cao bao.nhiéu khi xe chira chét léng
chuyén dong nhanh, chim ddn déu. Tim nhitng bien phép
cin thigt dé dim bdo viée ung cdp nhien liéu duge diéu z
hba & bg ché hoa khi clia.0t6, miy bay v.v...

~ 2.4.2. Binh chira chat long quay déu véi van
toc géc o =‘const

=¥

Chom'hé truc toa do nhu hinh vé (H. 2-9) e

Luyekhti : G = mg — trong luc ;
th = me?r - luc quén tinh ly tAm.
Hinh chi€u luc khéi don vi :
X=m2x:'r'=m2y;2=—g ¥

do d6 : dp = p(eZxdx + o?ydy - gdz) Fal
X

2
- o3 2 2 o7,
P,_, p.—.—._{x = ]— +C
2 y P Hinh 2-9

16
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TaiQ : x=y=z=0thi p=c¢=p,

0.'!2 2 .
P=p1°—YL+p,

2
Phucng trinh mat dang 4p:  po? % ~yZ=C

Bé 14 phuong trinh mit paraboloit trdn xoay quay quanh truc Oz.

Fhuong trinh mét thodng (mat tw do) : p=p,

2.2
p%‘*ﬂ:ﬂ
W
do d6 Ah=7=p2 L =0T
2 2g

L v : Dura trén hién tugng nay ngudi ta che tao cdc mdy do ydngguaygedc h¢ thong
trom & truc, edc h¢ théng ling 1i tam, dic cdc bdnh xe, cdc Ong gang, thépw.v...

2.5, TINH AP LUC THUY TINH

2.5.1. Xac dinh ap lue thay
tinh lén hinh phang

Tinh 4p Iuc P 1én dién tich S (H.
2-10). Phai xdc dinh 3 y&u td : phuong
chiéu, tri s& va diém dit cha P,

Céch tinh : tinh dP tic ddng trén
dS, sau dé tich phan trénglodn S <&

duoe P,

~ Phuong, chiéu: Pl S5 VA hudng
vito mal tic dung.

Hinh 210

Tri s6.: WP= _]'ap= [ pds = [(po+h)dS = [podS + [1hdS = poS + sine [ yds
s 5 3 3 5 s

P=p,S+ysina.y S=S(p,+vh.)=pS (2-14)
trong d6 : he — d0 sau cia trong tdm hinh phing ; p. — dp sudt tai trong tam ;

Ide = y.S — m6 men tinh ciia hinh phdng xét dai véi Ox.
5

Néu p, = pa—» dp luc thiy tinh dir:

Py = yhcS (2-15)

7= THUY LUGVA.

www.vncold.v

boi

17
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— Diém dat : xét trudng hop hinh phing cé truc d6i xing.
Goi D 1a diém dat cha P.
Ap dung dinh 1§ Varinhong : Mo men ciia hop lye (P) d6i véi mot truc bing téng céc
mo men cla cdc luc thanh phin (dP) d6i v&i truc dé.
Ldy mo men d6i vdi truc x : Bivp :Iyde
S
Fayp = vheSyp = yyc sinaSyp

J-}’dPH = J‘y}rhdS = j}rwsin odS = ysin r.r.j)rzds = ysinot,
5 5 5 s

vi Jg= Jyzds =J, + y28 — mo men quén tinh cia S d6i vdi truc x.
5

I, — mo men quén tinh trung tam.

Thay cdc gié tri J, vio bi€u thitc trén, ta rit ra diém ditena B.:

Jo

¥ =y(_-+ycq (2—-16)

2.5.2. Xac dinh ap lye thay tinh lén hinh cnﬁg

O day ta xét mot s6 trumg hop thinh cong 14 hinh cdu, hinh tru. Céc lyc phan 6 khong
song song nhau.

Cdch tinh @ Xéc dinh nhimg thanh phin
clia d4p luc thiy tinh c6 phuong khdc nhau
khong cling ndm trong mot mit phidg sau dé
cong hinh hoc nhimg luc thinh phdn, k& qui
s€ cho ta tri s6 cha @p lue thuy tinh 1&n mat
cong vé tri s6 cing nhu phitong chiéu. Diém
dart cia ching thi didle 2dc dinh theo phuong Sy
phdp dé giai. '

P[Px L] P}? t] PZ J
y/

i
I
\
Xét tritdng hop thanh cong S cha binh i
chita ¢ mdr mat ti€p xdc vai chdt 1ong, con 3
mat kia tiép xic v&i khong khi. |

b

Hé true tpa do chon nhu hinh vé (H. 2-11).

L4y moOt vi phan dién tich dS (coi nhu
phing), vi phan 4p lue thiy inh dP tic dung
1én dS & do sau h duge xéc dinh :

dP = yhdS ; dP L dS Hinh 2-11

18
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By = [ dB, = [ yhdSy =7hexSx

S, S,
B, = [dBy = [ yhdS, =yheysS,
5, Sy

P, = [ dP, = [ yhds, =4V
5y 5
trong d6 : Sy, Sy— hinh chi€u clia S 1&n mat phing L Ox, Oy ; he, hey — d0 siu cua trong tdm
SX,S}. - W — thé tich hinh tr e didy dudi 1a hinh cong 8, ddy trén 14 hinh ¢hidu S
1én mat thodng S, (V con goi 1 vat thé dp lue).

Wiy :

(2-17)

Phuong cta dp luc thiy tinh P lap vdi hé toa do Oxyz cdc géc xdedinh bdi cde cosin dinh
hirdng sau :

S | =L I-"‘x |
cos(k ,x}——P
Py
cos(P, y) =3 [ (2-18)
= _P=
cos(P, z) = 5

Diém dat 12 giao diém cia phuong luc Pyvuong géc v mil cong. Néu mit cong li mot
phin mat tru trdn  ndm ngang thi 4p lye thayptinh P 1én mit dé 14p thanh mot goc a vai

phirng ngang : tpo = Y
Py

Ap luc thity finh P di quétruc tam cfia mat tru trdn.
2.5.3. Phuong phapdd giai

Ngoii cdch xdc dinh dp luc thay tinh theo phuong phédp gidi tich da trinh bay & trén, trong
mot s0 trudmg hopdon gian ta c6 thé xde dinh nhanh bing phuong phép d6 gidi.

Vidu Wi inh dp luc thity tinh tdc dung [én tdm phdng thdng diimg hinh chit nhdt co chiéu
cao h, chiéu vongb(H. 2-12).

— Phuong phép gidi tich :
Theo cong thifc (2—15), ta tinh dp lyc thiy tinh du: P= vh 8

Do sau cia trong tdm thanh bé thang dimg h, =h/2 va S = bh.

2
Thay vio phurong trinh trén ta ¢6 : p =%- hibh = -,r%—b
Diém dat 4p luc P inh theo cong thic (2-16):  yp =Y +Filas_

19
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trong doé : ,‘.\"r=h‘ il !:’hqh . § =bh
v 2 L] (i ] ] 1 ] -
3
Thay vio ta cd : YD:E+__bh ZEh
2 bh -3
12h 5

— Phuong phip d6 gidi :
Ve bifu d6 dp sudt thiy tinh du téc dung 1¢n tdm phang ta duge tam gidc vuong ABC
(ddy 1a yh, cao li h). Theo cOng thite tinh dp luc thiy tinh 1én hinh phing (2-15) :

P=vh.8= ?%hb E ?h%b =0b

trong dé: €2 = }fh% — dién tich tam gidc biéu d6 phan b6 4p suft thiy finh,

Fs
b, ‘
5 1 f;"// o : - o w
R0 ot % F‘
/ = 9 2
P ¥ / . ¥ 2
. /
e /
B b e gt A"l {D \MRI— @
iH : FA7TTTRe 7P 7 iiee Pedidiiiiiivivd

Hinh 2-12 Hinh 2-13

Viy dp luc thiy tinh 6 1ri 86 bing trong lugng khai chét 16ng hinh tru ¢6 dédy 1a bidu dé
ip sudt [yh 3 J vit chiétgao I b&8'tong cla cénh cilra (b).

biém dat ciia P'di qua trong tam bidu d6 dp sudt va vudng géc vai mar tic dung (P di qua
trong tdm A AB@clich A mot khodng 2/3 h).

Vidw2,: Tinh dp lic lén tru tron cé bdn kink R, chiéu dai b

Chomubi@ truc toa dO nhu hinh vé (H. 2-13). P & tnrdmg hop nay chi bao gbm PBova B
Py =Py — Pyx duge xédc dinh theo biéu d6 dp suf :

Py = y2RRb - yR(R/2)b = (3/2)yR?b
P, =F, +F), = VY =

'rRz ::R? 3

= 5 E}rﬂ:th
vay : P= -~.|||:"j‘2 + P?_z
20
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Phirong cia P di qua truc tdm va nghiéng 1 géc o so véi mat phing ndm ngang. Goc a
xde dinh boi ¢ cosa =% hay sino = %

Diém dit cia P 14 giao diém cia phuong P vuong gic vii mit cong.

2.6. MOT SO UNG DUNG CUA THUY TINH HOC
2.6.1. Dung cu do ap suét
i) ﬁng tlo ap : 14 mOt 6ng thiy tinh dudmg kinh khong nhd hen 10mm. Pdu dudbndi vai

noi cin do dp sudt, ddu trén hir thong vai khi quyén (d€ do dp suft du) hodc kinddirge hiibhét
khong khi trong Ong ra (d€ do dp sudt tuyt d6i) (H. 2-14).

Khi ndi dng do dp viio noi cdn do, chal long s& dang 1én trong Gng v mit o cao nhilt
dinh ta s& xédc dinh duge 4p suflt tai difm dé: By =vhva B =vh'.

Diing 6ng do dp dé do cdc dp suft nhd cin ¢6 do chinthxic gao, dghdé ngudi ta thudmg
ditng 6ng do dp trong cdc phong thi nghiém.

[|r=0 R !
= o =
2 ™ L <
{ IE% - 1
A
1 ;:,_J 8 o
B
Hinh 2—14 A Hinh 2-15

b) Ap ké thiiy ngan : 18'mot 6ng thiy tinh hinh chit U dung thiy ngan (H. 2-15), &
nhdnh trdi cia Ong noimdi vdi chd cin do dp sudt ¢6 mot bdu 16n, muc dich dé khi do, thiy
ngan di chuyéndirong @ng thi mie thily ngan & biu hdu nhr khong thay déi.

Ap sudtdi 13k A duge xdc dinh: Py = Yugh — va

¢) Chan khong ké thiy ngan :

Cdu tao (H. 2-16). Tinh dp suft chan khong tai A ta ¢6:

FCKA = ?th +ya

d) Ap ké do chénh : D do do chénh lech vé ép suflt tai hai diém. N6 12 mot ap k& hinh
chir U (H. 2-17) :

Pa —Pg = (yup —v)h

Liuw ¥ : Ngodi thuy ngn ra cdn ¢6 thé ding cdc chét 16ng khéc trong cde 4p k&, chin
khong k& nhir c6n, nuée v.v...

2
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JP.J
=
[13]
=
Hinh 216 Hinh2-I17

Nhimg loai dp k€ ding chat 1ong néi trén thudmg duge ding dé do trong che phong thi
nghiém vé&i dd chinh xdc cao.

Hinh 2-18

Trong thuc t& k¥ thudtthudng ding céc loai dp k€ bing kim loai nhu dp k&€ 1& xo
(H. 2-18), dp k& ming (H, 2-19). CGéc dp k€ nay cho ta ngay tri s6 doc duoc trén déng hé do
(1 dp sudt dur d6i dp k€ va dp'sulll chan khong d6i chan khong k).

2.6.2. Dinh luat Pascal va img dung thire té

a) Pinh'ludt Pascal : “Trong mot binh kin chita chdt 16ng & trang thdi tinh, 4p sudt do
ngoai lye tic dung 18n mit thodng duge truyén nguyén ven t6i moi difm cta chit 1ong”

Xét mot binh dung chét long day kin bing mot Pitténg c6 ép sud
trén mat thodng 14 p, (H. 2-20). Tai hai diém bat ki 1 va 2 & do sau
h; vt hy dp sudt bing :

P1=Po +¥h i
P2 = Po + Yha S Rl nda
Né&u ta nén Pittong dé 1am tang 4p sufl trén mat thodng 1&n mot = E
lugng Ap thi dp sudt trén mat thodng trd thanh : z
Po =Po + 4p Hinh 2-20

22
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vi dp sudl tai cdc diém 1 v 2 lic nay béng :
P =Po + ¥ =py +4p
P2 =Po +Yh2 =p2 +4p
R& ring lugng ting dp suft Ap di duoc truyén nguyén ven dén diém 1 va 2. Vi hai diém

niy duce chon bat ki nén két ludn trén diy cling diing cho moi diém khéc trong chét 1éng.

b) Ung dung ciia dinh luit Pascal rét rong rai trong k¥ thuat, dira trén nguyén tic co
ban 14 truyén dp sudll bén trong chat 16ng, ngudi ta da ch€ tao mot s6 loai may thiy lwc : may
ép thiy luc, mdy tich ning, mdy tang 4p, kich, co, cdn truyén lue va truyéd domg bing
thiy Iue...

O day ta chi xét mot tng dung cy thé : mdy ép thuy luc.

Sor do lam vite cta mdy ép thuy luc (H. 2-21) gdm hai bo phdn.chinh : mot xi lanh B v
pit tong 1én T c6 ti€t dién @5, moOt xi lanh A va pittong nhé Ty c6 118 dién ©,. Hai xi lanh
thong nhau va dung chit 16ng, mot cdnh tay don quay quanh truc OyH.2-22).

A
&

R Rl ;

3 _ | [F’;_- 2::4 o
(1 =
0 K==l

Hinh 2-21 Hinh 222

Khi tdc dung vao ednh tay don luc Q, gay 1én luc P & pittdbng nhd, dp sudt & xi lanh
nha la :
.8
P1= P

Theép, dinh Tudt Pascal, 4p sufit do pittong nhd tic dung vdo cht 1dng p; duge truyén
nguyén ven d€n xi lanh 16n ciing 1a p,.

Ap luc tdc dung 16n mat pitténg ldn 14 : Py = wapy

thay p; tit biéu thirc trén ta duge :

P1 [13]]
P =—un ha ety Tl
e @) % y P

Néu coi By, @ khong déi thi mudn tang P, ta phdi tang dién tich mat pittong 16n s .

23
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2.6.3. Dinh luat Acsimet — co sd 1y luan vé vat néi

a) Binh luat Acsimet : "Mot vat ngdp trong chét 1dng chiv mot luc ddy cia chat long
thing dumg tir dudi 1en trén bing trong lrong ciia thé tich chit Idng bi vat chodn chd va goi 1a
luc ddy Acsimet”.

Dé chimg minh, ta xét mét hinh tru ngap trong chét 1ong (H. 2-23), vat ndy chiu téc dung
cia nhimg luc sau :

— Ap lue Py tdc dung lén mat hinh try :

L L
Fi = '}'hlﬂ} g )
- F P .l"-':i-
— Ap luc P, tdc dung lén diy hinh tru : 1
o e,
Py = yhao 1
, P ey
— Ap luc 1&n mat xung quanh hinh try :
C6 phuong nguge nhau va c6 1o s6 bdng nhau nén bl W4
triét tiéu 1in nhau, e
Téng hop lai viit chiu tde dung mot lyc ddy Py:
g ¥

Fi=F - P =vhye - yhye = yoh

Hinh 223
hay: Py=vV i

vV 1 trong lugng cuia thé tich chit 16ng bi vabchodn chd.
Diém dat cia luc ddy Py 1a trong tAm cha thé tich chdt 1ong bi chodn chd goi Ia tam ddy.

Thong thudmg thi tam. ddy khongitriing v6i trong tAm cia vat, chi c6 trong tdm cia mot
vit rin déng chit mdi triing véi,tAm ddy.

b) Piéu kién ndi ciamat vat @ Cin eif vio
tuong quan gitta e ddy Acsimet By va trong lugng
cua vat G, tagd Jutrudmg hop sau (H. 2-24) :

Neéu Gz By — vat chim xufng diy ;

NeuwGy= P; — vat 1o limg trong chit 1éng;

Néu G < Py — vit bi ddy néi 1én khoi mat chét
16ng dén khi nao trong lugng phén thé tich vat ngdp
trong chét long (luc ddy P;) bing trong luong vt
G thi thod.

¢) Tinh on dinh clia vat : La khd nang khoi
phuc lai vi tri cin bing cta vat khi lam thay déi vi
tri ciia vat. Hinh 2-24
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Ta thiy ring mot vit néi trong chil 1ong mudn cin bang thi ngodi diéu kién luc ddy bing
trong lugng ciia vat cdn phdi eé didu kién trong tdm C va tdm ddy D & trén cling mot
dutmg thing.

b) ) ip,
Fa /
(]
G G
Hinh 2-25

Thue & ¢d thé ¢ nhitng ngoai lue tde dung vao vat ndi 1am e trang, thai can bing, vilt
bi nghiéng di. Nghién ciru tinh én dinh cia vt ta thay:

— Né&u trong tam C thap hon tam ddy D (H. 2-25a) thiy V&] Girang théi cin bing bén. Khi
viit bi ngoai luc 1am nghiéng di thi vat c6 khé ndng khoi phuc teang thai cin bing nhur cil.

— Néu trong tdm C cao hon tim diy D (H. 2525b) thiswllt & trang thdi can biang khong
bén. Néu vat bi diy ra khoi trang théi can bang thi khong thé khoi phue lai trang théi cin bing
cil durge mi cang nghiéng di. '

— Né&u trong tdm C va tdm ddy D tring mhau (H. 2-25c¢), ta c6 vat & trang thai cin bing
phigm dinh. Khi d6 bit k¥ & vi tri ndo vat eing ¥in duoe cin bang.

Cor s¢r 1§ ludn v& vat ndi ndi trén duoeaimg dung rong rii trong viéc thiél ké v vin chuyén
ciia tau thuyén va nhimg vat ndi khdc (tham khdo thém [17, [7]).
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Chuong 3

PONG LUC HOC CHAT LONG

3.1. KHAI NIEM CHUNG

Thuy déng luc hoe (hay 14 dong luc hoc clia chat Iong) nghién ciu cAéguy luat dac trung
chuyén déng cla chilt 1éng va img dung cdc quy luat dy vao thyc 1ién sdn xudt.

Nhi¢m vu chi y€u clia thuy dong lire hoc 1a xdc 14p lien he: gm& nhimg tri s0 cdf bin dic
trung cho chuyén dong nhu van tdc dong chiy U, do siu h va &p sufil thily dong p sinh ra
trong chit 1ng chuyén dong. Cdn chi ring dp suft thi¥dong c6 hudng khéc nhau tiy theo
chiit Iong 1a nghién ciu 14 chit 16ng thue hay chat 16ng 19 trdng. Trong chit long Iy twémg 4p
sudt thuy dong huéng theo phdp tuyén ciia mat ¢hin tdéwdung ; con trong chdt 1ong thue dp
sudl thiy dong vin hudng vio mat tde dung, nhung khong hudng theo phip tuyén, vi né 13
16ng hop ciia thanh phén @mg suft php tuf€n'va thash phan Gng suat tifp tuyén do luc nhdt
Edy ra.

Khi nghién ciru chuyén déng.cia chit 16ng, c6 thé ding phuong phdp Lagrangic hodc
phuong phap Ole.

- Phuteng phdap Lagrangio khio sét chuyén dong timg phdn tir chdt 16ng rigng bigt. Gia sir
& thtvi diém ban ddu ty, phin tieehat 1ong c6 vi tri Ag(a. b, ¢); & thdi diém t, n6 chuyén sang
lpa do A(x,y,z). Goi rla véc'te ban kinh chuyén dong cia mdi phin tr & this didm ¢ -
(a, b, e, 1) (3-1)
hay 1a hinh chifu 18n edc truc 1oa do (H. 3-1) :

X =x%{a, b, 1))

y=yila, b,c,t) (3-2)
z=z(a, b,ct)

NEu bi€t xy, y1,2; ta s& biét chuyén dong ciia phén tir chat 1dng va qu¥ dao clia né va tir
) 5=

dé suy ra vén (8¢ 1}=$, gia t0c ALk

5 b, ¢, t — goi 14 bién s6 Lagrangio.
dt

= Phuwong phdp Ole nghién cifu van tdc cla cdc phdn tir chét 16ng tai nhifu diém trong
dong chiy & nhimg thdi diém khic nhau.
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’ )
U
Aolto) .&.{M M
r // P
LI -"_I’_"
C
y y
b |.~a W L
_'l' %

e
A x

Hinh 3-1 Hinh 3-2

Vi du ta xét mot di€m M c8 dinh trong khong gian xdg”®inh bdidvéc to ban kinh
r(x, y,2) . Tai thdi diém T ta xéc dinh duge vée 10 van t6¢ @la phdn tirehdt 1ong di qua diém
dé (H. 3-2%
U= u(x,y,z0) (3-3)
Khio st chuyén dong ciia nhiéu phin tlr chiidng tdi cae diém c6 dinh trong ddng chay.
Ej'ng v thii diém t xde dinh, ta ¢6 cdc véc 1o van t6c phiin b tai cde diém trong khong gian,
nghia [a ta c6 trudng vin tdc. :

Hinh chiu eta ulén céc truc toa di:

uy = u(x, ¥y, 790
uy, = Vix, v,2,1) (3—4)
uy & W, y, 41

—=%du 80U Gudx Audy Odudz

Gia téc Werrmese— —— +—— + —
e dESO ox dt | By dt oz dt
A1 fu_ du_ du
o T Ty e (3-5)

X,¥,2,1 \goida bign s6 Ole.

So sanh hai phuong phdp : Phuong phép Lagrangic nghién ciu chuyén dong bing cich
giin chat vio mot phén tir chét 16ng, do dé tim duge quy dao cla né (nhr chuyén dong song).
Con phuong phap Ole x4dc dinh duge tnrdmg vén t8c va sé tim duge dong cua cdc phéin tir chét
1ong. C6 thé chuyén tir bién s& Lagrangio sang bifn s& Ole v nguoc lai.

3.2. CAC PAC TRUNG PONG HOC CUA CHAT LONG

3.2.1. Phan loai chuyén dong

Cén cif vio tinh chét chiy, ngudi ta phan ra chuyén dong dimg va khong dimg.
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Chuyén dong dimg (chay On dinh) : céc yéu 16 chuyén dong khong hién déi theo
thil gian :

u=u(xy.z); p=pxyzl; h=hxyz..
Chuyén dong khéng dimg (chdy khong 6n dinh) : cde yéu 16 chuyén dong bién déi theo
thé gian ¢

u=u(x.y.zl); P =pX,y.2,0) ; h = h(x,y,z,0)...

Trong chuyén dong dil‘ng duge chia ra chay déu (sr phan ba vin t8c trén moi mat cit doc
theo dong chdy khong déi - "x Y _ const va chay khong déu : a #const ),
; %

e

Theo diéu kién vi nguyén nhan chdy ngudi ta phan ra chdy c6 ap (chay khong ¢6 mat
thodng) va chay khong ¢6 4p (chdy ¢b mit thodng).

3.2.2. Duong dong, dong nguyén to

a) Trong mot trudmg véc to van tdc, ta cé thé tim duge -m(_ht.'-dui‘mgf’ﬁz'nng sao cho nd tiép
tuyEn vai cdc véc 1o vin t6e qua cde diém cia né. Dudmg cong ﬂﬁ.gtﬁ'lﬁ dutmg dong (H. 3-3).

NEu goi dr 1a mot phan (8 cia ditmg dong vi u 18 véc 1 wﬂn tdc tifp tuyén vdi phan 18
di, ta ¢6 phurong trinh dudmg dong : gadid

ufdr =sun dr=0 % E:%zz
u

(3=6)

£ |R"

Hink'3-3. Hinh 3 4

Ciui i, Tai méi diém trong khong gian, & mdi thtfi diém chi di qua mot dudmg dong,
nghia 14 cdc dudng dong khong cit nhau.

— Cin phan biét quy dao vdi dudmg dong : Quy dao dac tnmg cho sit bién thien vi tri clia
phin tir chét 16ng theo thii gian, con dudng dong biéu dién phuong vin t6c cha cdc phin tir
chét 1ong tai thii diém.

Trong chuyén déng dimg thi chiing trilng nhau.

b) Cic duding dong tira 1én mot vong kin vo ciing nho ta duge mét 6ng dong (H. 3-4).
Chdt long khong the xuyén qua ong dong.
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¢} Dong chdt long chidy ddy trong 6ng dong goi 1a dong nguyén 6. Dong nguyén 8 ¢
nhiing dac tinh sau :

— Dang cua dong nguyén t6 khong thay déi theo thii gian vi dang ciia duding dong tao
thanh dong nguyén t6 trong chuyén dong dimg.

— Bé miit clia nhitng dong nguyén & do nhitng dutmg dong tao thinh 1a khong xuyén qua
duge. Nhimg chat didm cla chat 16ng trong cdc dong 1an cin treor theo bé mat cdc dong chir
khOng xuyén vao trong dong duge.

- Vi mat cit clia dong nguyén 16 vo ciing nhd nén van e cia cde diém trong mat cit déu
bing nhau.

3.2.3. Céc yéu to thuy luc cua dong chay
Mat cdf udt (@) la mat cit vudng gée véi véc to van tic cha dong chaf

Chu vi ud () 1a phan chu vi clia mat cit udt 1i€p xie véi thinh'rén gidi han dong chiy (vi
du cung ABC, hinh 3-6). g
Bén kinh thuy luc (R) la ty s@ giita dign tich mat cil uét vivchuyi wit.

i}

R=i f I {3,?}
X
Luru lugng (Q) 12 lugng chit 16ng chiy qua mat cdt udt ¥éng mot don vi thid gian:
Q= [udnsm, miss) (3-8)

AL

Hinh 3—5 Hinhi-6

Nhur ta d& Bidt, cfic vin t6c diém trén mat cit wét cha dong chay khong biing nhau. Bé
thuan tién ehdwyiéc nghién ciru va gidi quy€t nhimg vén dé k¥ thuat, ta dua vio khéi niém vin
i6¢ trungtbinh mat cét v, tie 12 coi moi diém trén mat cit uét cé van 10c bing nhau. Luu luong
tinh theo vin't6c trung binh mat ¢t v ciing bang luu lugng tinh theo su phan bd van toc thue
cia dbng chay (H. 3-6).

Q= Iudm = !vdm = vf&m = v (3-9)
it} (1] (i1}

Suy ra vin t8c trung binh :

e (3-10)
it}

Nhur vy vin tdc trung binh clia dong chdy bing liwu lugng chia cho mat cit wét,
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3.3. PHUONG TRINH LIEN TUC CUA DONG CHAY
bay la mot dang cia dinh luat bio todn khéi lugng : Khdi luong m cta hé c6 14p khong
thay d6i trong sudt qua trinh chuyén dong :

dm.
dt ¥

0

3.3.1. Phuong trinh lién tuc cua dong nguyén to

Xél mot dong nguyén t6 chuyén dong dimg (H. 3-7) xét doan gidi han giita hai mat cé
1-1 va 2-2.

Tai mat cit 1-1, ¢6 mit cit ust dop, vin t6c u;.
Tai mat cdt 2-2, ¢6 mat cit wét doy, van t6c uz. Trong
thii gian dt, thé tich chét léng chdy vio qua 1-1 13
uydwydt , dong thei thé tich chat 1dng chdy qua 2-2 1a
todasdt,

Hinh 3-7

Theo tinh chét cia ddng nguyén t6 trong chuyén dgng dimg i hinh dang cia doan ddng
nguyén (¢ khong thay déi theo thii gian, bé mat ciia chit léng khong xuyén qua duge va chit
long khong ép duge nén trong thai gian dt, thé tigh chat 1dng chiy qua mat cit 1-1 phai bing
thé tich chit 16ng chdy cing théi gian &y qua mat ¢it 2-2.

Vay ta co : updamdt = ugdwmodt
ukdml =I.l?_dl'.i}2 {1"—1 L)
hay : dQ) =dQ; (3-12)

3.3.2. Phuong trinh. lién tuc cua toan dong chay

Muon 14p phuong trinh lién tuc cla todn ddng chay trong khodng xdc dinh tmg véi mat
il © ta m& rong phwong trinh lién tuc cla ddng nguyén 16 cho toan dong bing céch tich phan
phirong trinh dé (rén odn mat cat o.

Il.l1dl1!1 = j I.lgdﬂ]g

L ]
Rit ras Q=0Q: (3-13)
hay : V@] = Va2 (3-14)

Dé 14 phuong trinh 1ién tue cia dong chdy 6n dinh ¢é kich thude xdc dinh.

Chi ¥ mat cdt 2-2 ta chon tily ¥ trong ddng nguyén 1§ va trong toan ddng, do dé cd thé
két luldn ring :

Trong ddng chiy On dinh, liru lugng qua moi mit cit wst déu bing nhau, vi van 1c trung
binh (v) ty 18 nghich v&i dign tich mat cit udt (o).
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3.3.3. Phuong trinh vi phan lién tuc cia dong chay (dang Ole)

Trong moi trudmg chdt léng chuyén dong ta trémg turong tdch ra mot phan (6 hinh hop co
thé tich AV = dxdydz (H. 3-8).

Theo dinh ludt bao toan

khai luong : ¥
d| pAY
(PAV)
dt
; C G
p = p(X, ¥, z, 1) ~ khdi lugng =
e i chalt 12 B ! F2 +E't£'ﬂ
fjcﬂg ClE chdl 1{1“2, i j U r-:ll' O,
Lay dao ham theo t: 1 R | —_H
ldp 1 dAV _ 0 A E

-+ —
P dt AV di ]

Y
1AY ;
Ldl — vin tdc bién dang /

twong d6i cia thé tich phan t6 -
chat long. Hinh 3<8

Xét theo phuong X © viin t8c tai mat ABCD : ug

-

. vin t8e tai mit EFGH™ Uy + C;:‘» dx

Sau thisi gian dt : mat ABCD di chufn sang phéi : u,dt

-

mit EFGH : e+ it dx]ch

Thé tich clia phan t6 ch@®iong thay déi theo huéng truc x mot lugng tuyét doi bing

u o
[ux +—Exj"-dx]dyd?dt—uxdyd:r:d[ = &i‘ dxdydzdt

Tuong tr yiécha ha phuong y,z, t6ng hop lai ta c6

NPT -, | O SO
da.\r:[‘f’fl et 2y dedydzdl
ox Oy

1 dAV _duy  Quy  ou,

hay : — = = =
AV dt éx &y .oz

- Elu -
Vay : id_p+r}u5+ y g

pdt & &
D6 chinh 12 phuong trinh lién tuc dang tng quat, ¢6 thé vigt gon hon :

1P, et :
St +diVu=0 (3-15)
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Trong chuyén dong dimg (ddng chiy 6n dinh) % =0 nén di\’(pﬁ} =0
D6 vifi chdt 10ng khong nén duge (p = const) ta duge :
divu=0

3.4. PHUONG TRINH VI PHAN P01 VOI CHUYEN BONG CUA CHAT LONG THUC
(PHUONG TRINH NAVIE-STOKES)

Ta xét mot khdi hinh hop chét 1ong thue duge tdch ra tit mot thé tich chét 1ong chuyén
dong cd céc canh 12 dx, dy va dz song song vdi cdc truc toa do x, v, z (H. 3-9), chuyén dong
v vn the u v gla tée do/dt.

Cdc luc tdc dung lén hinh

& i 5T
hop bao gém : ] Tox _{:qzthz
— Luc khdéi Fg v&i cdc hinh
i = _ 3Tyx i———-;
chiéu Ién cdc truc x, y, z 1dn By !
Turrt Ja T ey N ! ip
Pl TN o+ 25
Fix = pXdxdydz Txx B cat T
Foy =pYdxdydz|  (3-16) X, U i U AT
Ry, = pZdxdyde T R
y
trong dé @ X, Y, 7 13 hinh chifu \ : x
ciia Iue khéi trén mot don vi khéi
lrgng chat long, Hinh 3-9

- Lyc bé mat Fy duge xédc dinh dita theo cde dai luong &p sufit va 9 thinh phén tng suft
ciia lue nhét 14p thanh tenxo g sudt :

(=P #ixe) Tyx Tax
Tay (=p + Tyy) Tay
Tix Tyz (=P + Tpz}

trong do, 4p sudl duge ky hiéu 1a p v cde (mg sudt nhdt 1a Tj; vai ij trong 15 chi T4 Ting
thinh phiin g sudt tic dung theo phuong j tai tigt dién vubng géc véi phirong i.

Phamtich hinh chi€u clia cdc lire mit 1én céc truc toa do, ching han nhu hinh chiu céc
lue mit 1én true x ¢6 dang :

[{pﬂ )dym(_p_ A+ Txx &m dx]dydz}
’ 5 5

¥ [—t}m +Tyx + a;“ dy}dxd?_ +|:—TH T = d?}dxd}*— (3=17a)
6-1} F": '?1:} ¢ X

=| -=£ dxd

[ Ex+ 5y = ydz
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Tién hanh twong tr véi cdc truc v va z ta 6

_Bp Oy Oty  Ory
me —[ Eﬁ. I + 3y "E 5 dxdydz (3-17b)
: : g ;
Fmz =[_%?p?+05;2+ 6;z +a;f]dzdydz (3-17c¢)

. d .
- Lue quédn tinh MT:I » trong dé M = pdxdydz 14 khéi lugng chat 16ng.

Theo nguyén 1§ bio toan dong lrgng, luc quén tinh phéi can bing véi cdc lfc tdeh dung
nén ta co :

pdu

o =Fk +Fm (3-18)

Néu chia ca hai v€ cho pdxdydz ta cé phuong trinh dong luc dang (ng sudt :

du_= . 1=

E = F + Efm (3—19}
i ﬁI-: Fo_ F'm
" pdxdydz vh Im= dxdydz

trong dé

hay dudi dang hinh chi€u 1én cdc truc toa do x, y, 2, hé phuong trinh vi phan ddi vai chuyén
dong ciia chat 1ong thuc dang ting suft s& 1a:

duy _1dp L[ Oty Otyx | Bty
3 Py P[ A + By 3 {3-20a)
duy 0 1dp, 1ty Oty Oy
T ~ 533}’+E . e 3 {3—20b)
du, 2 _l@ L| Oty at!"'-’- Oty
% S5 p( Bx 2 3, (3-20c)

Theo gia thi€t ela Newton thi cdc thanh phén ing sult Tyy,Tyy,T 12 him $6 cla van
t6c bién dang.dai cla chit long :

Tix =2p%~%pdi‘fﬁ
u Al
Tye =y — 2y dive (3-21
¥y a}, 3 )
rﬂ =zp%§—§pdivﬁ

Ciing theo gid thi€t cia Newton (iing suflt nhot ti€p ti 1& vdi bién dang géc) mé rong cho
trudng hop chuyén dong khong gian :
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J (3-22)

Thay cdc bigu thitc (3-21 va 3-22) vao heé phuong trinh (3-20a.c) va thuc hién mot s6
phép bién doi ta duge hé ba phuong trinh vi phan sau : 1

duy _, 18p [8%u, %, du | vafau, &y a 1 '
—=X Ly R 7 K A P A W, S P :
dt p &x V[aﬁ*a},z*azz Ix|\x oy e (TN
d 2 2 2z
i:"{_l@_ﬂ; Ef:rl+ﬂ+a_“i +E£_ %4_@"};_% J (3-23b)
dt p oy o ST Y 30y Ox oY oz ) g
du, 1ap , [8%u,  %u, %u, | vofoup, By &
R i e e IR e, ey e (3-23c)
p &z &xc & & 3oz Qy oz
hay dudi dang veecto ¢
dl_l_j_l oy 05 .
T =F pgmdp . vﬁu—l—;gmﬂ(d{‘v’u) (3-24)
5.'2 2
trong dé : ﬂ:a—2+a—2+~§% ~ tadn tir Laplace
oxc oy- &

H¢ phuong trinh (3-23a,c) chinh 1 phuong trinh Navies—Stockes (1822). Py la
phuong trinh déng luc dudi dang téng quit nhil d6i véi chat long thue.

. Trong trudmg hop chiit long khong nén duge (p = const) ta c6 diVu = 0 va phuong trinh
vi phan chuyén dong etia chat 16ng thue khong nén duge c6 dang :
du_= 1 -
EHF-Egr&dp+v&u (3-25)
Trudng hop ehdt 16ng khong nhét (v = 0), ta ¢6 phuong trinh vi phin chuyén dong Ole
cla chdtdéng 1y tuong :
du = 1
Truong hop chdt long khéng chuyén dong (u = 0) hay chuyén dong thing déu
(du/dt = 0) ta s& dugc phuong trinh Ole tinh (2-5) :

= ]
F——pgradp=0
PEI P
Liw y : Do tinh chét phi tuy€n clia phuong trinh Navies — Stockes nén tich phén ciia né

hi¢n chi cé thé thue hién duge trong mot s6 it trudng hop, vi du nhu bai todn vé dong chay
giita hai ban phang song song. Trong s& 16n céc trudng hop khic, ngudi ta thuc hién tuyén
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tinh héa phuong trinh bing céch don gidn bt cdc diéu kien bai todn, bd bat mot vai s hang
cd dnh hudng khong ddng ké so véi céc s6 hang cdn lai...

3.5. PHUONG TRINH BECNULI VIET CHO DONG NGUYEIN TO CHAT LONG LY
TUONG - ¥ NGHIA CUA PHUONG TRINH BECNULI

Nam 1738, Becnuli dé tim ra phuong trinh ndi ti€ng vé quan he giita van t6c va déng dp
lye cua ddng chdy bang cdch tng dung dinh luat dong ning viio chuyén dong clia chat 1ong.
Phuong trinh Becnuli con duge goi 13 phuong trinh ning lugng vi nd 1a mot dang cha dinh luar
bio Loan nang lugng.

3.5.1. Phuong trinh Becnuli viét cho dong nguyén té chat long Iy fiwéng

Xét mot doan dong nguyén
18 chdt léng 1¥ twéng chuyén
dong On dinh giGi han béi mat
cét T-T va II-11 (H. 3-10).

Tai trong tdm ciia I-1 va
II-11 ta ¢ ;

B)6 cao hinh hoc 7 va Z4.

Ap sudt thity dong P| va P

Vian t8c vy va vg.

Dién tich mat ¢it do; v dw,.

Ta thiy rang doan chét long
AB sau thdi gian dt dd chuyén © o
dén vi tri méi A'B'. Khi d6 nhimg Hinh 3-10
chat diém cha chét 1éng tir mat

cdt I-I chuyén dong véi van t6cay di dich chuyén dige mot doan dS; dén mat cédt I'-I". Codn
nhilng chat diém trong mat €dt II=IT chuyén dong v6i van t6c uy da dich chuyén duge mot
doan dS; dén mat cit <R,

Taco: dSy = uydt vl dS; =uadt.
Theo phuong trnh lién tuc clia ddng nguyén t6 ta viét duoc :
dojuy =dmgus =dQ

Theondinh ludt bao todn dong nang : "Su thay d6i dong nang cia khéi lugng mot vat
chuyén dong treng mot khodng théi gian ndo d6 bing tng s6 cong ciia il ¢i nhimg luc téc
dung lén vil 8y ciing trong khoang thii gian d6".

Ung dung dinh luat bdo toan dong nang vao chuyén dong cia doan chat 16ng AB. Trén
hinh 3-10 ta thdy khi doan chét 1ong chuyén dong tir AB dén A'B', ta xem nhu phdn doan A’B
O tai chd, con thé tich chét long AA' dich chuyén dén vi trf méi BB'. Do d6 sy thay déi dong
nang cua tdt cd doan AB s& bing hitu s6 dong nang cia thé tich BB vt AA'.

2 2
muy pdmdsu;

Taco: Epan = > 5
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mu% pdngdsy u%
FKBp' = S =

Thay p= é, dsy = wydt, dss =u,dt tacd :

_ yfudeydt  yuldQdt
B 2g 2g

" }fu%uzdmgm - "ru%det
- 2g =
Do d6 sir thay d8i dong niing sau thii gian dt ctia doan AB s& bing :

Exsr

w2 u?
AEg =Eggp —Egaa =7dQ ﬁ-ﬁ dt (3-27)

Cong cia céc lyc tdc dung 1én khéi chit 1ong AB gm cong'efia.dong dp luc va cong ciia
trong lwc.

Cong cua dong dp lue 14 : AE, = pidmyds; — padoadsy

=(p1 = p2)dQadt (3-28)

Con cong cua trong lyc, theo céch phén tich hién tirgng da néi trén, bing cong cila trong
lugng chit 16ng ydQdt trong doan AA' dén BB' theo phuomg thing dimg tir Z; dén Z, :

AE, =¥dQ(Z; ~ T )t (3-29)
Cong cia céc lue khic vuong géc v6i true chuyén dong clia 6ng dong bing 0. Vay:
AEx "=AE} + AE, (3-30)

dQ v’ uf dt =(py — p2)dQdt +ydQ(Z; —Z, )dt
? Zg QE. = Pi Pﬂ T { 1 2

riit gon va sdp x€p lai:

2 2
P Y P2 Y
Ly 4=t — =7 +54—=

Ty T2 Ty T2

V1 cde mat cit I-1 va [I-11 ta chon ty ¥ nén c¢6 thé viét -
2

Z+$+;—g=cunsl (3-31)

Phuong trinh (3-31) 12 phuong trinh Becnuli cho dong nguyén t6 chét 1ong 1§ twémg, chiy
6n dinh, xdc dinh m6i lién he giita van ¢, dp sudt thiy dong va do cao hinh hoc cia chilt
diém trong dong nguyén t6 chat 16ng 1§ trimg.

3.5.2. Y nghia hinh hoc va nang lugng ciia phuong trinh Becnuli

a) Y nghia thiy lyc hay hinh hoc : B¢ hiéu 15 § nghia nhimg thanh phén cila phuong
trinh Becnuli ta quan sdt hinh 3-11 v& dbng nguyén (6 chdt 16ng chuyén dong. Tai trong tam
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mit cit 1-1 va 2-2 & dd cao Z; vd Z,
trén mat chudn 0-0, ta dat cdc Gng Pito

kép dé xdc dinh do cao do 4p va do cao O a

vin tdc ; T : :

by |

Tucd:Z—dQcaukﬂ:ﬂrhgc;%—d@mu B

|

dod _u? — d0 cao van toc : Z, P uzdé Rp =il i

p'l' EE. O ¥ L T'l zg u FH_T :

¢6 thif nguyen 1a do dai. r

S 'y

Z+5=H1 _ﬂ(}tﬁpﬁm: - -..h

. P u2 Z4 b |
Z+E4+—=Hy - [ :

+ g t3g = Ha —ctdp thly dong |

Trong dong nguyén t6 chdt long 1y ©
urémg chdy 6n dinh, cot dp thiy dong la
mot hing s4 :

2
U, . T
Hy =Z+-+—=const
g % 8

b) Y nghia ning im;mg : Trong thiy tinh hge ta d3 xét ¥ nghia ning lugng cia hai 6
hang Z vi %

Z —1a vi nang cia moOt donevi trong Iugng chat 16ng so véi mat chudn, goi tit 13 vi nang
don vi hay ty vi nang ; % — 1 dp nang cia mot don vi trong lirgng chit 1ong goi tit 12 p nang

P

dctnuiha}rtj*ﬁpnﬂng;zji-?

I th€ nang clia mot don vi trong lugng chét 16ng goi tit 13 the
v

niang don vi hag t¥th& nang ; 78

12 dong ning clia mot don vi trong lugng chit long goi tit 13

u?
2g

trong lugng chit 1dng goi tit 13 1y ning todn phdn.

dong niang don vi hay ty dong ning ; 7 + $+ 12 nang lugng toan phén cia mot don vi

Puomg biu dién th€ nang don vi (Z + %)cﬁa dong chay goi 12 dutmg do dp (dudng ab

trong hinh 3-11).
; ; p 92 3 :
budmng bifu dién nang lugng don vi | Z +:f+2_g clia ddng chay tifc 12 ciing biéu dién cot
dp thiy dong Hy goi 12 dudmg ning (dudng a;b; hinh 3-11).
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3.6. PHUONG TRINH BECNULI PO1 V31 DONG CHAT LONG THUC

3.6.1. Phuong trinh Becnuli doi v6i dong nguyén to chat long thuc

Ta bi€t ring chdt 16ng thue 6 tinh nhét do d6 gy ra sifc cin trong khi chuyén dong vi do
dé c6 t6n thit mot phdn nang lugng ciia ddng nguyén 16, vi vdy ndng luong cia mot don vi
trong lugng cua chét 1dng thyc gidm dén theo chiéu dai ddng chiy, nghia 13 E; > E,.

P1 “? P2 u%
Hay : Zf+ 4t 2+ 2 (3-32)
yE T Ty g
Gioi h:,”l.: 12 t6n thit ning lwong clia mot don vi trong lugng chdt 16ng &hi chit long di
chuyén tir 1-1 dén 2-2 thi : '

P u% B2 u%
Zi+BL L7 W B2, g 3-33
1 y  2g 2 v 20 Wi ( )

Phuong trinh (3-33) 12 phuong trinh Becnuli vigt ¢ho déng ngyén t6 chét 1dng thuc
chuyén dong én dinh.

Dé dac tnmg cho diéu kién chdy cia chét 1ong thife ta dua ta nhimg khéi niem vé do ddc
hinh hoc i, dé dfc do dp I va do ddc thiy lye J.

D¢ ddc hinh hoc 12 d0 ha thép ddy ddng chdy trén mOt don vi chiéu dii nghia 1a :

dz £1 Ly =da
= 3-34
a 715 sinct ( )

i=
trong d6 : @ — géc nghiéng ciia dong chdy so vdi mat phing ndm ngang.
Do ddc do dp 12 do ha thip ciia dwémg do ép trén mot don vi chidu dai clia dong chiy:

d[Z +_-E1 (Zl +ﬂ)—[22 +ﬂ]

dl L

(3-35)

B¢ déc thiy duc 18 do ha thip cta dudng nang trén mot don vi chiéu dai, hay néi cach
khéc 12 ton thit nfing ltgng trén mot don vi chidu dai dong chiy

" 2 2
[ZI+P_1+U_|]_[ZE+P_2+“_2]
- 2 i
V= dhy = Y8 L 5 B B,

dL Li-2 Li-2

(3-36)

Nhén xét : DO doc do ép 6 thé cb tri s6 am hay tri s6 duong tity theo su thay d6i dp sudt
trong ddng chdy. Con do déc thity luc bao gidy cling ¢6 tri s6 duong vi 16n that ning lwong hi,
ludn ting doc dodng chay.

B0 d6c do ép trong dong chiy chilt 16ng thuc khic 49 d6c do dp trong ddng chdy chét
long 1y tudmg.

Trong trudmg hgp chuyén dong déu, dudng do 4p va dudng nang song song do d6 =1,
Trudmg hop dong chidy déu trong kénh hd:i=T=1.
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3.6.2. Phuong trinh Becnuli déi véi toan dong chét long thue

M rong phurong trinh Becnuli d6i véi dong nguyén t6 chét 1ong thue ra todn dong chit
Iong bing cdch cong ning lugng clia cdc ddng nguyén t6 tao thinh ddng chay va cOng t6n thal
cla nhimg dong dy.

Néu bifu thi trong lugng chdt 1ong clia ddng nguyen t6 chdy trong mot don vi thei gian
ydQ vi nhan v&i cd hai v€ clia (3-33) ta c6 bidu thic nang lugng cia dong nguyén 16 trong
mat cit 1-1 va 2-2;

2
P ! )
[?1 +2= : ]‘r'dQ [ 5 b 2g]1«:1Q+!'l,,,,,]_z-:,rcll.:.‘g (3-37)

Tich phén bifu thifc trén theo mat cét toan dong chay :

j[zwl;l ]de j'[z +—+——~]de+th, ,¥dQ (3-38)

L

Ta bi€t rang dp sudt thity dong trong dong chiy déuwit dong bién déi cham phén bd theo

quy ludt thuy tinh Z + % = const trén mot mit cat udt.

V& didu kién han ch€ trén ta viét duge :

I [Zl +%)}"d{l = ';’(Zj "ETLJ j- dQ= TQ(ZI +Pr,-lj
oy X

(3-39)
j(Zﬁ }fdQ T{ZZ""F.?)_[E‘QTJ'Q(ZZ +%]
firh] My

Cdc tich phan nay biéu thi the ning cia luu lugng yQ.

Tich phan J-h;ﬁ_zyd{} biéu thi tdng sd céc t6n thdt nang lugng don vi cla 14t ci cic
2 QY
dong nguyén t§ trong toan ddng chdy tir mat cit 1-1 d¢n mat cit 2-2. N€u goi hy, , 14 tén
thdt nang Twgng don vi trung binh trén doan ddng chiy d6, ta c6

[ by, 79Q = 1Qhy,, (3-40)

Wz
u? -
Céc tich phan ¢6 dang J'E?d{] biéu thi téng s6 cdc dong niang cla cdc ddng nguyén 14,
o
k¢ higu 13 EJ, :

2
S L Y g o
EM—IEETGQ ngu dQ (3-41)
L] ik
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Viée tinh tich phan nay phirc tap vi chura biét quy ludt phan b6 van t6c u trong mat cét
toin ddng chay. D& don gian ta thay vin 18c u ciia cde dong nguyén (8 bing vin tdc trung
binh v ciia toan dong chiy. Ta c6 :

El" T 'Zd VI
i =35 | Q=105 (3-42)

i}

Vi sut phan b6 ciia u khéc sy phin b6 cta v nén Ej #E} .

2 2
Dé thay j;—gde béng I;—g?dq ta dua vio he s6 @ 1 he s6 d€ hieu chinh sir phan b& van
L] L4}

t6c khong déu trong tinh todn dong ndng (hé s¢ hiéu chinh dong nang - hé sd Coriolis)
EY '
o= % E‘J’_‘;a]
Edn
a= 1,01+ 2 tdy theo ch€ do chay (tdng, r6i) va hinh dang kich thude dong chay.

Thay (3—43) vio (3—-42) tacd :
j 52 ‘r’dQ‘ﬂ—' (3-44)

Thay céc tri 50 tinh duge & (3-39),.(3=40) va (3-44) vio (3-38) tacH :

2
agV
o) Sl 2
Hay don gidn cho yQ :

R 2
Z;-+£Tl+ % 5%y +1’TﬁJf"’;—;hhwi_2 (3-45)

Phuong trinh (3—45) la phuong trinh Becnuli cho toan dong chéit 1ong thue. N6 duge diing
rong rii dé gidl edc bai todn trong thiy luc va thiy khi dong luc hoc.

Lieu § o Vigc md rong phuong trinh Becnuli khong phii ddi v loai dong chdy nao ciing
lam dwge. O trén ta da tién hinh mé& rong duoe trong diéu kién dong chdy déu va bién
ddi cham.

Trong trudng hop chuyén dong twong ddi hodc chuyén dong khong dimg (chdy khong 6n
dinh) thi trudmg hop t6ng qudt phuong trinh Becnuli viét cho todn dong chat 16ng thuc, ngodi
cfic s6 hang clia phuong trinh di néu trén con phédi ké thém thianh phdn tén thdt cot 4p
guédn tinh.

3.7.MOT SO UNG DUNG CUA PHUONG TRINH BECNULI

Phuong trinh Becnuli duge img dung it rOng rai trong nhiéu nganh k¥ thuat dé gidi quyét
nhidu vin dé trong thuc tién. Mot s6 chuong tiép theo cla gido trinh ¢6 thé coi 1a nhitng (ing
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dung cta phuong trinh Becnuli nhu : dong chdy qua 18, voi, ddp tran, trong Ong, trong kénh ;
trong hé thdng cung clp nude, miy bom...

Dudi day chi néu mot s6 (g dung cu thé cia phuong trinh Becnuli.

3.7.1. Dung cu do van toc, ong Pito—Prandtl

Dé do van t6c clia mot diém trong dong chdy ta cim 6ng do dp va dng Pito hinh chit L
vao déng chay nhur hinh vE (H. 3-12).

- 2
Ong do 4p cho gié tri [?:+-f-;»] cdn do chénh AH :'—2‘E

suy ra: u=./2gAH

K&t hop hai 6ng nay duge 6ng Pito—Prandtl (hay con goi 1a 6ng Pito kép).

7 [= 2
=1 [ u
A =l ash=——
__B 1 2g
=1 =k =
Ll B g
¥ = =
zz ffz.g TIIAN I I I
HL B -
MM
TS VT T T TETTFTrrrrri
[ il
12 |
Hinhk 3-12 Hinh 3-13

3.7.2. Luu lugng ké Venturi

La mot dung cu ding'dé do luu luong dong chdy trong Ong, gdm mot doan Gng hinh con
thu hep vi mot doan 6ng hinh cén mé rong ghép v&i nhau biing mot doan dng ngén hinh try.
bit hai 6ng dodp, mot & ddu Gng hinh con (mat cdt 1-1) vi mot & doan Gng hinh tru (mat
cit 2-2) (H. 3=13).

Viét pHi_ng trinh Becnuli cho mat cét 1-1 va 2-2, mét chufin tring v6i truc 6ng, bd qua
hy tachd:

2 2
Vv v
p1 ;e i .

Yy 2 y 28
& day heé s6 dong nang oy =y = 1.

Theo phuong trinh lién tuc cia dong chdy, c6 thé viét :
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Thay vao phuong trinh trén :

Pl Pz _Ap_ Z[DJ’ J

?EE.

hay = || 3

p'_;rmzﬂ.h Ia dd chénh cia hai d§ cao do 4p, luu lugng chat léng di qua lwu luong

k& bang :

72

Q= vtmlz“—'?l ng =K+/Ah (3-46)

Dya vao cong thife (3—46) mudn xéc dinh liru lugng chdy qua lwu luong K& chi cdn do do
chénh Ah la tinh ra lru luong.

2
DI vdi chat long thye cd 6n thit hy, = EL £ 1a he s6't6n that cuc bo, khi d6 :

Q=KJ/Ah

0 day K, =

D2 | 29d*
4 ‘ql @D —ad® +6d*

3.7.3. Ong x4 ciia tua bin thiy lye (H. 3-14)
Trong céc nhi mdy thiy dién,"Bén dudi tua bin thiy luc c6 mot bufng x4 nhim tdc dung

nang cao hiéu sudt cla tua bin. Mat cit 1-1 12 mat cdt ra cla tua bin, dat cao hon mat nude
cia kénh thio mot doan Zy (d€ tranh‘lut ching han). Vin
tdc nude ra khoi tua bimla v . NEu ta dé mat cit ra ciia
lua bin thoéng v&i khong khi thi dp suft tai 1-1 14 4p sudt
khi quyén p, .ta s& khéng t4n dung dugc hét dong nang

2
% va théning 7, cua dong chéy.

Neu tai'mat cit ra ciia tua bin ¢ ldp mot 6ng hiit loe
dén, trong d6 van téc duge gidm din dén khong tai ma
céit 2-2. Viét phuong trinh Becnuli cho hai mit cit (1-1)
va (2-2) , mat chufn (0-0) ta c6 :

Gday: v = 0, hy, , =0, a; =1 Hinh 3-14
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P1_ P2 vi
Riit ra § 2 L R el
A 2g
Mart khdc P2 =Pa +1Z2
vz
Do d6 : PL_Pa_r Sk
S 2g

R& rang p; bé hon dp suflt khi quyén p,, vi vdy trong &ng xd xudt hién 4p sudt chan
khong c6 tdc dung hit nudc trong tua bin ra. Nhu vay, nhiy 6ng xd, 4p suft tai mat cit ra cla

2
tua bin gidm bdét mot lugng tuong duong 7, +;—; so v&i khi chua l&p Ong. COt nude trén
v2 .
tua bin ddng 1€ mat mot phéin nang luong | Z; + ﬁ , nhung nhér 6ng xa nén thu lai drge ning

lurgng d6 dé cung cdp thém cho tua bin.

Tdm lai, cdc bude dp dung phicong trinh Becnuli nhie sau :

— Chon mat cit cho phit hop diéu kién 14p phuong trinh néi trénva tao diéu kién dé dé
dang gidi bai todn, nhu qua nhig mat cit, qua nhimg di€m tai d6.c6 mot s6 y&u 18 cdn thict
hoac cén tim.

— Chon diém viét phuong trinh sao cho viét phuongadrinh duge don gidn gidm bét cdc dn
56 khong cén thift.

— Chon mat chudn ciling chii § lam don gian phirong trinh, nén trinh nhimg tri 56 4m cho
céc do6 cao hinh hoc Z va cho Z + %-.
— Luu lugng qua cdc mét cit khong d8i Q = wv = const.

— Ap sudt cé thé 12 tuyat a6, dv, nhumg phai thong nhat cho 2 vé& , néu 1dy 4p sudt dir thi
tai mit cit nio d6 c6 4p suftichan khong phai ddi ddu.
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Chuong 6

DONG CHAY QUA LO - VOI - PAP TRAN

Trong thuc t€ thudmg gap nhimg trudng hgp chiy qua 16, voi nhu théo nudeé, nhisn lieu tir
bé, thiing chita... nudc hode chat Idng khéc chdy qua dap trin dé diéu hda mifc. nudc hoidc do
luwu hrong...

Mue dich chinh cua tinh todn thiy lyc dong chay qua 18, vdi, dap tran Biaéc dinh van t6c
v luu lugng. VE thue chdt bai todn ndy chi 12 su 4p dung linh hoat phuong trinh Becnuli,
phuong trinh lién tuc va cdch tinh tén thit nang lugng trong nhime diéu Kien anh huimg dén
tinh chit dong chay.

6.1. CAC YEU TO ANH HUGNG PEN DONG CHAY QUA LO

6.1.1. Anh huéng clia moi truimg bas'quanh ; Chay tir do, chay ngap

Tiy theo ddng chdy 1ong sau khi qua khdi 16 chdy vio moi trudmg khi hodc vio moi
trudmg chit 1ong ta goi 1a chiy tr do (H. 6~1)hay ehdy ngap (H, 6-2). Néu chiy ngip, dong
ning cua dong chay qua 15 bi tiéu _hae vio viéc tao nén nhiing xody trong moi trudmg
chit long.

E
1
[l _— g — =X = [
— i g Y R T
T | ———=—= S/
s W = e
:_—_:_——_—_::'_53\\ IS i
AT [ B )]
Hinh 6-1 Hinh 6-2

6.1.2. Anh hudng cua kich thude so sanh giiva 16 va cot ap H trén 16 : Lo
nho, 16 to

Goi d 1i kich thude dac trung cho 18, ta cé:

LOnhd khi d<O,1H

L6lon khi d=0,1 H

D6i véi 16 nhd, cot 4p H trén moi diém ctia 18 6 thé coi nhir bing nhau,

Tréi lai, d6i vdi 16 to, cOt dp tai cdc diém phia trén vi phia dudi khéc nhau 15 rét.
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6.1.3. Anh huéng bé day thanh 16 : L6 thanh moéng, 16 thanh day. Hién
tugng co hep dong chay

Tiy theo quan hé kich thude so sanh gilta bé day thinh 16 8 va dudmg kinh d ta phén ra:

Lé thanh mang : 6 < (3 + 4) d. Dong chdy sau khi qua khoi canh 16 khong tiép xiic vdi
thanh clia 16 ma tiép tye thu nhd mit cdt, tao nén hién tugng co hep dong chay (H. 6-3). Vi du
ding chay khdi 16 tam gidc cé dang hinh sao 3 canh, chiy khdi 16 trdn 6 dang hinh elip.

Dé ddnh gid mite d6 co hep dong chiy, trong thiy luc diing khéi niém hé s6 co hep dong
chay (g) 1a ty s0 giira dién tich mit cit co hep (@) va mat cit 18 (o) :

g=2c (6-19
]

Ld thanh day @ & = (3 + 4) d. Dong chiy qua 18 thanh day ciing ¢ bi'@e hep, nhung sau
dd md rOng ra v bam vao thanh cia 18, chay diy 16.

6.1.4. Anh hudéng vi tri 16 trén thanh bé chita : Co hep hoan chinh va
khong hoan chinh '

1 — i = Eag e
iy I—— 8= TT=L_ L=>3a
e et = - [b|D
— e i i L 0
= -
B2 i
== (|| FEEST | =) ess li=3a
-~ " HFC?J
c = =
@|= )
\
Hinh 6-3 Hinh 6—4

Tiy theo vi tri ciiad8xa hay pin cdc thinh khdc cia bé chifa (thanh bén hay ddy) su co
hep ciia dong chiy sé hoan chinh hay khong hodn chinh.

Néu canh bén va déw&canh 16 16n hon 3 1dn kich thude cia 18, dong chdy qua khoi 16 sé
bi co hep mitc @0 16n va dong déu vé moi phia : Ta goi sir co hep nay 14 hoan chinh (H. 6-4 -
L& 1.

Neuge 1ai, 18 eang gdn cdc thinh diy bé chira thi mite do co hep cing gidm va su co hep
ciing khong d8ng déu theo moi phia. Trutmg hop nay 13 co hep khong hoan chinh (H. 6-4 -
L& 1T ; III).

6.1.5. Anh huédng ciia cot 4p trén 16 va s Reynolds (Re)

Vi cot 4p nho, van tdc qua 16 nho, s6 Re nho, dnh hudng cia lue nhdt 1dn nhiéu so vdi
luc quén tinh. PEn mitc do nio d6 sé khong cd hién tegng thu hep. Néu cft dp giam din, ddng
chdy s& khong On dinh.

S8 Re anh hudmg d&n dong chay qua 18 thong qua cdc hé s6 vin tdc ¢, he s8 lvu lugng p,
hé 56 tén thdt cta 16 £ ma sau nay ta xéL.
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6.2. TINH TOAN THUY LUC DONG CHAY QUA LO NHO THANH MONG KHI COT
AP KHONG D01

6.2.1. Tinh toéan thuy lyc dong chay ti do

Quan sit dong chdy qua 16 nhé thanh méng (H. 6-3).

Vi€t phuong trinh Becnuli cho mat cdt 1-1 va mat cit co hep dodng chay ¢—c. Mat chudn
di qua tdm mat cét co hep.

2 2 3
P, oV B. o.v v
a+11:a+cc+§c

H
YT Ty T T

trong d6 : v; — van téc trén mat cit 1-1 ;
Ve — van tdc trén mit cit co hep.
0’.]\*% " . p i
bat H, =H,; + 14 cOt nudce todn phin hay ty ning toin phin trén trong tdm 16.

28

Ta tinh duge v, theo biéu thic sau:

1
Vo= .fuc v J2gH, = \J2gH, (6-2)

¢ — h& sO van t6c, c6 thé xdc dinh tryc tiép bing thire nghiem.

Liru Iugng ddng chiy qua 16 :

p — 1a he s6 luiu lugng cia 16, Tubn < 1 (18 co hep hoan chinh p = 0,60 + 0,62).

Luu y : Céc heé s6 €, ¢, B phu thude trude tién vao loai 16, s6 Re tiéu chufin co ban twong
tur thity dong lue.

Trudmg hop dpsudit trén mat iy do cla chdt 1dng khéc dp sudt khi quyén (P, >P,) thi
cong thic (6 — 2) va (6 — 3) ¢6 dang:

vczthZg(Hn+P°;P“] (6—4)

Q:um\/:zg[ﬂc+P°;Pﬂ] (6 -5)
Bé tinh luu lwgng chiy qua 16 16n, thudng diing cong thic :

_2 32 32
Q_EH%(H% PHD! )

Nhing & day, he s6 luu lugng cha 18 16n (p) dao dong trong mot khodng rOng do nhiéu
yEu t6 dnh hudng dén tri sd clia né : kich thude va dang 16, cbt dp trén miéng 15, diéu kién
chdy, co hep dong chédy, didc diém gia cong canh sic... (c6 thé st dung bang tinh w cia
Pavolopski d€ chon, tinh todn 18).
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6.2.2. Tinh toan thuy luc dong chay ngap

Dong chiy qua khoi 16 thinh méng ngap dudi mit nude, hinh thanh mat ¢it co hep c—c tai
16 ra. Ap dung phuong trinh Becnuli vi€t cho mat cdt 1-1 va c—c, ldy mat chudn qua trong

tam 16 (H. 6-5):
2 2 2
Pa Y] g Po SeVe ¥
mi Pe _Pa g,
A
Do d6 ta cd:
Pa V[ | Pa o b va
2% Hy =S4 H, +—27C prte
¥y 28 ’ AT ag glg
2
El.'.l\"l
bar Ho =Hj + 2 Hinh 65
ve
Ta ¢h: Hy —Hz =(a, +IC;]':1—g

Van téc tai mit ciit co hep c—c biing:

Ve =,/ﬁ¢2gmn “Hy) = 28, - ) (6-6)

ip— hé s8 vin téc.

Lwu hrgng dong chiy qua 16 :

Q=0cve =s0ve =6¢ay2(H, —Ha) = poy28(H, - Hy) (6-7)
i — hé s6 luu lugng (xdedinh nhu trudmg hop ddng chay tr do).

Liw v : DGi v&i dong.chdy ngdp cot dp toan phdn tdc dung 1én 16 bing hiéu s6 cot d4p &
thuong luu va ha luw, vi vay Khéng cdn phan biét 18 to hay 16 nho.

6.3. TINH TOANEHUY LUC DONG CHAY QUA LO NHO THANH MONG
KHI €OT AP THAY BOI

Trongrudng hop cot ap tdc dung 1én 18 thay di viéc tinh todn thay luc phire tap hon vi
dong chiy ra khoi 16 khong 6n dinh.

Xét mot thiing chira chét 16ng cé mat ct khéng dbi qua 18 (hoic voi) cé mit cit o, nude
chiy vao khi quyén (H. 6-6). Van dé cn gidi quy&t 14 khi bift trude cot 4p Hy, mat cit thing
€2, phéi xdc dinh thii gian t dé thdo nude mot phin hay ca thing néu cho trude mat cit 16 ©
hodc nguge lai cho trude thi gian t, phdi xdc dinh ©. Ching han cdn phai xédc dinh thii gian t
dé thdo nude tir H; xudng H; . N€u muc nudc thay déi tir H thi trong khodng théi gian vo

cling nhd dt, nude trong binh s& ha xubng mot khodng céch 1a dH. Cot nudc H dé tinh luu
lugng xem nhu khong déi.
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Ung dung cong thitc tinh Iuu lugng chiy qua 18 khi cot 4p khong d6i :

Q=pw2gH,

Vi phén thé tich nudc chiy ra khdi thiing dw sau thdi gian di s& bing

dw = pw./2gH .dt

dw=—-QdH, dodétacé QdH= pw.2gHd

Mat khic :
riit ra; di T
wea2gH

Tich phan phuong trinh trén tir H; dén Hy ta duoe :
Hx -QdH _ 20(H; —/Hp) (6 - 8)

1= ==
'[HI uey2gH no\2g

AT
Hinh 66
Néu thdo hét nude ra khoithing Ho= 0 thi ta c6 :
(6-9)

_290H; _ oqm, aw

{= el T
woy2g  po.2gH; Qi

trong d6: w= QHy — thé tich nuée cé ban ddu trong thiing ;
Q =uem,/2gH; — lwu lugng nude chdy ra khoi thing & c6t 4p ban ddu Hj.
Nhir vy, thoi gian thdo hét nude trong thing khi cot nudc gidm din bang 2 1dn thai gian
dé théo hét nhitng lugng nude &y nhung cot 4p khong ddi va béng H;.

6.4. TINH TOAN THUY LUC DONG CHAY QUA VOI

6.4.1. Phan loai va cong dung cia voi
Voi 1a nhitmg 6ng ngén gén vio trong thinh mong. Chiéu dai ciia ng 1> 3 + 4 14n dirimg

kinh d.
T2
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Ding chay qua vodi noi chung cling bi co hep sau mit cit vio mot it (khodng 0,5d), nhimg
qua khii mat cét co hep, dong chiy md rong ra va bdm véo thanh vdi. Quanh mat ¢it co hep
¢ hién turgng chin khong.

Sau day gidGi thitu mot s6 loai voi thudmg gip va cong dung co ban cia ching (H. 6-7).

— Voi tru tron (gén trong hodc ngodi — H. 67 a,b). Loai nay thuimg ding dé thio chit
16ng trong bé chira.

|

Hinh 6-7

— Vi hinh nén cut md& rong (H. 67 ¢). leoai ¥di ndy vin cd hién tugng co hep va chan
khong. B chan khong ty 18 v d0 16n cla goc mé rong f, nhung néu 16n qud thi dong chiy
bi tdch ra khdi thanh va khong khi bén‘ngoai sr} lot vao phd hoai chin khong lam cho dong

chay gidng ddng chdy qua 18 (thue nghiém cho tha’y B = 57 +7°1a t6t nhdt). Loai vdi nay théo
duge luu lugng 16n, van 18c chay ra nhd 'nén né duge (mg dung & nhimg truémg hop cin c6 do
chén khong 16n (méy bom phun tia) va cdn ¢6 vén t6c nhd (mdy tudi phun mua).

— Voi hinh nén cut thu'hep (H. 6-7d). POng ning clia dong chay ra khdi voi khé 1én nén
nd thudng duge sir dungrong cde thiét bi chira chdy, trong tua bin xung kich, sing thiy luc

dao ddt, rira quang... Goe thu hep tot nhadt p = 13°24".
~ Vi luu wyén (H.'6=7¢). Hinh dang cla vdi gidng nhu hinh dang bé dudmg dong trong

viing 14n cin 18, kh6ng gay hién tugng co hep, it it cin trd dong chiy. Vi vay hé s6 luu lugng
cla voi ludtuyén 16n hon 14t cd cic voi khéc.

6.4.2:Tinh ton thily luc voi try tron gén ngoai, chay 6n dinh khong ngap

Tuong tir nhu dong chdy qua 18, ta diing cong thitc sau day dé tinh vin tdc va liru lirgng

chay qua voi :
1
v=uq,/2gH : Q= |———
L (o 8 +Z!;

2L —1at6ng s6 céc he s8 cin trong vdi gém cb he sd can do thu hep dét ngdt chdy vao
vdi vd hé s6 can do md rong dot ngot chd mat cit co hep. Vi chiu diti vdi nhd nén bd qua tén
that doc duimg.
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Céc h¢ s6 khéng ZC, he s6 co hep &, he s@ vin tc ¢ vi hé s6 luu lugmg p cho &

bing 61 (Tinh cho mat cét ra clia vdi).

Bang 6-1
Loal vii p{ £ L] H
Viu try trém gin ngodi 0,50 1.00 0,82 0.82
Vin tru trdn gin trong, 1,00 1,00 0,77 0,71
Vin non cut md rong o= 5 +7° 423 1,00 0,45 + 0,50 0,45 +0.50
Yoi ndn cut thy hgp o= 13724° 0,09 0,98 0,95 6,94
Wi hm tuyén 0,0 1,00 0,98 0,98

Xdc dinh do chin khong trong vdi : Viét phuong trinh Beenuli cho mat cit c—¢ va b-b

(H. 6-8). Taldy a. =ap=1

2 2
Y 28 v 2 “2g
2
M:f_é_v_h(1+§}
¥ 2g 2g
Vi s = B[

Theo nguyén ly lién tuc coa déng chiy
WeVe = ORpVy, 180 :

or ad
Ve ——Vh_':vhg.

We

Thay v, vio (64 10) ta.cé:

2 v)
Pa ¥ Yh Y% oo
h E —'-f__""{l'l' :|'=
* A\ %
2g g2
ma vy, =y/2gH; , thay vdo phuong trinh trén ta
dugc:
5 1
hog =1 Ha[—z—l—g] (6-11)
E

AR

(6-10)
e
ClY Bl
(=1 |
‘G"’i.t’-’ Vi

Hinh 6— 8§

Thay céic gi tri ¢, G, 4, & tir bing 6-1, d6i v6i vdi tru trdn gn ngodi ta tinh duoe:

hex =0,764H,
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Qua d6 ta nhan thdy ring d¢ chan khong trong va ngodi vdi ¢6 mot gid tri gidi han nhit
dinh. Ung v&i mot nhigt do nhit dinh ciia chdt 1ong, 4p sudt tai ving chan khong trong voi nhd
hon dp sudt bay hoi bao hoa thi s& xudt hién hién tvgng xam thue trong vdi 1dm dnh hudng
kha ning chdy va 40 bén vit liéu ché tao voi (ban chdl ciia hign tugng xam thuc ta s& nghién
eitu & chirong 9).

6.5. TINH TOAN THUY LUC DONG CHAY QUA PAP TRAN
6.5.1. Khai niém chung va phan loai

Nhimg cOng trinh nhdn tao ngin cdn dong chiy va lam cho dong chay phdi train.qua goi 13
dap tran.

Bap tran duge ¥ng dung rOng rai trong céc nganh thiy lgi, thiy dién, nong nghiép, cong
trinh cdng nghiép...

Dap tran duge phin 1am nhiu loai tiy theo dnh hudmg clia hinh dang va kich thudc cha
nguing tran d6i vdi dong chay qua dap tran.

a) Pap tran thanh mong (H. 6-9) : C6 bé diy dinh trén nhé, khong dnh hudng gi dén
dbdng chay qua dap. Thudng quy dinh & < 0,67 H. Trong dép tran thinh mong bao gém nhiéu
loai, tiy theo hinh dang 18 dap nhu ddp chir nhat, hinh thang, fam gidc... (H. 6-9).

Loai dap tran thanh mdng thudng duge ding tréng phong thi nghiém dé do Iwu lugng
dong chay.

EANGANY

Hinh 69

b) Pap tran mat cit thuc dung : C6 bé day dinh trin khd 16n, dnh hudmg dén dong chiy
gua dap. Thudng quy dinh dip trin c6 bé day 5 trong gich han 0,67H < & < 3H 14 déap trin
mat cat thye.dung.

Cé 2 loai dap tran thue dung: Bap tran thire dung hinh cong (H. 6-10b) va dap trin thuc
dung hinh da gidc (H. 6-10a).

béap tran thue dung 14 loai phd bién nhat trong thue 1€ X3y dung céc cong trinh thiy loi,
thiy dién, cung cp nudc... N6 c6 thé 1am bing moi vat liéu nhy gd, d4, bé tong... Tinh chit
¢iia né 6n dinh hon vé mat chiu luc.

¢) Pap tran dinh rong : Chiéu dii ngudng trin & kh4 16n, dnh hudng dén dong chiy
qua né. Dodng chiy qua ngudng trin 12 dong bign déi chim (cdc dudmg ddéng hdu nhir song
song voi nhau). Thudng quy dinh khi : 3H < & < 10H dap tran thudc loai d4p tran dinh rong,
(H. 6-11). '
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al b)
T TN
W\
5, ‘5‘%
Hinh 6-10 Hinh 611

6.5.2. Tinh toan thuy lirc dap tran

Muc dich chi y&u tinh todn thiy luc dap tran 13 nhim xdc dinh duge v lm:rng Q thodt
qua dép, xde dinh chiéu rdng b hodc 1a tinh cot ép H trén dinh dap trin.

Cong thic tinh téng quit cho moi loai dip tran ¢6 thé rit ra tir cong thite tinh todn cho 16
I6m, v6i quan diém xem ring su chiy qua dap trin twong tir nhy nha}r qua 18 16n, ma canh trén
cia 16 khong co, ta c6:

2
Ho, =0 va Ho, —H+“*2"; =H,

trong d6 : Hy - cot dp toan phdn cla dap tran ;

23

Eg};

H - cot dp trén dinh dap tran (khong k€ do eao van toc tién gn
Vo — van tdc tién gdn dap.

Thay céc gia tri trén vao cOng thite tinh liru [wong 16 to ta duoe :

=a—pb\|"_H”?' —mb,‘;'z__gﬂﬁi"2 (6-12)

m = 2/3p — hé s6 liu lugng eiia dap trin ; m 14 he s6 thuc nghiém phu thue vio loai dap, didu
kien chdy (ngap hay khong ngfip, co hep hay khong co hep) 6 thé tham khdo trén bing 6-2.

Bang 6-2
Loal hinh dap (ran m

By trandinh rong 0,33
Pap tranied mat cit thue dung khdng tron tra (Hinh thang, hinh chi nhit} 0,45
Délp triin thanh mong 0,42
BMlip triin &6 mat cat thue dung hinh cong khéng tron tru;

= Tri s thing thutmg 0.45
~ Tri 8 18n nhit 0,49

6.5.3. M{t s0 diém can chi y khi tinh todn thiy lye dap tran

Khi tinh toén dap tran cdn chi § d€n mot s6 y&u t6 sau day anh hudng dén lvu lwong chay
qua dip tran, 1am cho céc cong thic tinh todn tng v mdi trurdng hop ¢6 khic di mot it so véi
cong thite téng quét (6-12).
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a by —
—_— T
T R S
— N\ N\—e——= b )
= ]
e I -
— 0 _—
S :: . —
T T

Hinh 6-12
a) Anh hudng ctia mite nude sau dap tran (mire nude ha luu) : Mic nude saiidap trin
diéng cao 1én dén mot mifc dO ndo 46 s& lam can trd sy chiy cia dong nuée quadap. Truome
hop nity goi 1a dap tran chiay ngap (H. 6-12a).

Néu mifc nrée ha luu khong cén trir dong chay qua dap trin ta goi lA«dp tran chiy tur do
(H. 6-12b).

Trong truémg hop dap trin chay ngdp, hé s6 luu lugng dap tran birgidm so véi trudng hop
dap trin chiy tu do. Mitc do giam hé s6 luu luong duge ddnh id bing he.s6 nglp o, (o, <1)
nghialad : my =o,m
trong dé: m,, — hé sd luu lugng cua dap tran chay ngap 3

m — hé s6 luu lugng clia dip trin tng v&ilic ehdy wr do.
b) Anh hudng ciia sir co hep bén : Sut co hep bén Xéy ra khi chiéu rong dap trin b nhd

hon chiéu rong dong chdy noi x4y dip (H. 6=13a) hodcdi khi dap trin ¢6 chiéu dii tran khi
1on nguin ta phdi x4y nhi€u tru ddp dé chiasa nhidu khoang tran,

o)

\ E / o A
me__l-.-?ui-/___;mm ;

Hinh 6-13

Nhimg tru dap cdn trd ddng chay, thu hep dién train (H. 6—13b) cho nén hé s6 lvu luong
ciing bi giam, né duge xdc dinh nhir sau:

m, = &m
trong dd : m. — hé s6 luu lugng cla dap tran bi co hep bén ;
m — hé 56 luu luong clia dip trin (ng véi lic khong co hep va chiy tur do.

¢) Anh huéng ciia cich bé tri dip trin trén mat bang : Cich b& tri dap thang, xién,
cong... ¢6 dnh hudng dén liu lugng nude thodt qua dap tran.

Céc trudmg hop énh hudng trén, khi tinh toén cu thé xem "S6 tay tinh toén thiy luc" clia
P.G Kixeltp.
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Chuong 7
DONG CHAY PEU KHONG AP TRONG KENH

7.1. KHAI NIEM VA PHAN LOAI

Kénh Ia dong chay nhdn tao ¢é nhiéu hinh dang khéc nhau. Thong thudmeg thi nudc trong
kénh c6 mat thodng 1idp xiic véi khi quyén (4p suft du trén mat thodng bing 0).

Déng chidy déu khong dp trong kénh truGe hét phii dim bdo diéu kien cia ddong chiy déu
ndi chung : hru lugng, hinh dang va dién tich mat cit uét, biéu d6 phanibs trén mat cit udt, do
dfc dédy, 40 nham 1dng kénh khong déi doc theo ddng chay v theo théi gian. Nhumg vi dong
chiy déu khong dp ¢6 mat thodng nén phdi thém mot diéu kiéninira 13 do sau h cla dong chay
khong d6i va do dé viée tinh todn thity luc cho dong chifly déwkhéng p phic tap them.

Kénh duge ing dung nhiéu trong cdc nganhrkinh 1€ qu6c dan khdc nhau. Trong nong
nghiép kénh diing trong céc hé thdng thiy néng dé wdi, tiéu nude cho cdy tréng ; kénh din
thodt nude trong nha mdy thiy dién ; trong giao théng ¥4n tai kénh diing dé cho tau, thuyén di
lai ; kénh cip thodt nude trong cOng nghiép, sinkbhoat...

Tiy theo nhiém vu, kich thude cia kénh va dac tinh cla d4t, vat liéu xay dung kénh ma
mat cit cia kénh c6 nhiéu hinh dang khéc nhau : hinh Parabol, tam gidc, chi nhat, hinh
thang... (H. 7-1).

Hinh 7-1
Vin t6c cho phép cia kénh phéi didm bdo cdc yéu cdu sau :
= Vin t6c chiy trong kénh khong duge gy ra 18 x6i sudn kénh va 1dng kénh, nghia 1a

khong duge vugt quéd van tc gidi han 1& x6i. Tri s6 cia né phu thudc vao tinh chat cia dat
hodc vt lidu 1am kénh.

* Vin t6c trong kénh khong duge gdy ra béi ling 1dng kénh bing phil sa, nghia Ia khong
duge nhd hon van tde giGi han bbi, phu thude vao s6 lugng va do 16n clia phil sa va ca dang
clia mit cit kénh.
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Vian t8c trong kénh cling khong cho phép vin t6c lam ling dong cd dai hodc rong réu
trong kénh.

Tri 80 vén 18c gidi han cho phép thudmg duge tinh toén sin trong céc s8 tay tinh todn vé
thuy luc.

7.2. NHUNG CONG THUC CO BAN TRONG TINH TOAN THUY LUC V& KENH
HINH THANG — MAT CAT LOI NHAT V£ MAT THUY LUC

7.2.1. Nhimng cong thitc co ban trong tinh todn thuy luc vé kénh
hinh thang

Dong chay trong kénh 1a dong chdy déu khong dp nén cdc do ddc hinh hoc, do dac do dp,
d dic thay luc bang nhau :

i=1 = j
vit phin 16n 14 trudmg hep chidy r6i nén ta ing dung duge cong thife Sedi dé tinh van toc trung

binh v :
= CJRJ
vit tinh lvu luong Q -
Q = wv =CovRI = K1 (7-1)
Hay : ) i=J= i = QF QZ

C?Rr :alCiR K2

O kénh hinh thang (H. 7-2) diéauich.o cla
mat cit kénh duge tinh nhir sau 2

h+B

= ———h =bh+mh?® =h(h=+mh) (7-2)

trong d6 : b — chiéu rOng diy kénh ; B — chiéu - R | iy
rOng mit kénh ; h — dd s8u ngdp nudc cha kénh ; ==l e
m = a/h = colgep — h&'s@ méi sudm kénh. Tt

Chu vi 16t eua kénh : a b a

1 =b+2hy1+m? (7-3)

Bén kinh thiy luc ctia kénh :

Hinh 7-2

@ __ h{b+mh)
L b+2hy1+m?
Néu dat b/h =P thi (7-2), (7-3), (7-4) ¢6 dang sau :

R=

(F=)

@ =(B +m)h? (7-5)
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1 =(B+2v1+m?)h (7-6)

(B+m)h

— (7-7)
B+2V1+m?

7.2.2. Mt cat lgi nhat vé mat thiy lyce ctia kénh hinh thang

R=

Mat cit lgi nhdt vé mat thity luc ciia kénh hinh thang 12 mat ¢t véi mot dien tich cho
trdic, cing do ddc ddy va do nhdm 1ong kénh cho lwu lugng 16n nhat. Hay néi cich khéc 1a
mat cdt cd bén kinh thity luc 16n nhdt va chu vi u6t nhéd nhét. Khi thigt k& c6 gafg lam sao dé
mil cit kénh gdn ding v6i mat cit lgi nhat vé thiy luc,

Tir (7-2) ta xdc dinh duge chiéu rong ddy kénh b :

h:%—mh

Thay vio (7-3) taci :
xzil:l—mhuh 1+m?
; ; Ldy
Khi @ = const ta cé y = f(h), d¢ y = min khi Etﬂ

Vi ta xdc dinh duge B cho mat cited lgi nhdt vé mat thiy huee, ki hicu 1a By,

Bin = 284 m? - m) (7-8)

Trong bang (7-1) ghigid Wi P phu thude vio hé 6 méi m :

Bang 7-1
m ] L0 1.5 2.0 2,75 30
P ¢ 2,00 0,828 {1,606 0,472 0,385 0,325

Bén kinh thiy luc clia mat cit 1gi nhét :

2
R e D AEGEm). . (7-9)

Xin (B +2y1+m2)

[}

Ta thdy bdn kinh thdy luc clia mat cdt 1¢gi nhét bing mot nira do sau ngdp nude. Nhung
kénh hep qua thudmg khong tién cho vi¢e xay dung ciing nhu trong sir dung. Vi thé khi thiét
ké kenh phai di nguge lai tir mat cit Igi nhat vé thiy lyc va tinh dén chiéu rong 16n hon
ctia kénh.
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7.3. MOT SO BAI TOAN CO BAN THUONG GAP TRONG TiNH TOAN THUY LUC
VE KENH HINH THANG

Tir cong thire (7-1) trong nhitmg didu kién cu thé, tinh todn thiy luc vé kénh c6 thé chia ra
hai loai bii todn co ban sau.

7.3.1. Doi vai keénh da biét
Mhiém vu la phai xédc dinh mot trong 6 dai luong did néu trén khi da bigt 5 dai lugng.

a) Cho i, by h, m, n — xie¢ dinh Q : Tinh w, R theo (7-2), (7-4) vi C, thay vao (7-1),
tim Q.

b) Cho Q, b, h, m, n — xdc dinh i : Tinh ©, R, C nhu trén rdi thay vao (7-1), timi :

2
i= Q

"~ o2C2R2

7.3.2. Thiét ké kénh mdi

Trong trudmg hop ndy thong thutmg da bi€t tai ligu M€ dig hinh, vé vat lieu 1am kénh va
liru Irong cin din di trong kénh. Tir bin dé dia hinh ta tién hianh chon tuy&n kénh va do ddc
ddy i sao cho phil hgp nhét v&i nhitng yéu cdu vé thity luc wakinh €. Cin cif vio vat ligu 1am
kénh ta xdc dinh hé s8 mdi m vt he s8 nhidm n cla long Ké&nh. Nhiém vu 14 phéi x8c dinh kich
thude mit cit kénh dé din duge mot luu lugngeho trinde: y

Bai todn ndy theo (7-1) ta c6 mot phueng trink 2 dn s, vi vy mudn gidi dugc ta phai

chon trrdc 1 nghiém, tic 12 chon trude 1 kich thuée kénh hodc tim thém mét méi quan he
giita b vd h bdng 1 phuong trinh nita. Ta _ﬁﬁ__thé gép 3 bii todn co bin sau day :

a) Cho trude b, xdc dinh h : Lic ndy phuong trinh (7-1) chi cdn mét 4n h, nhung tryc
ti€p rit h tir (7—1) 13 mot vige o4t phirc tap nén ta 4p dung phuong phép thir ddn d€ gidi bai
todn ndy. Mot mat, tafichon tri sé h rdi tinh ra @, C, R, K tuong ng. Mat khéc ta cé

Q
Koy=—F-
Vi

Viay tri s6 h phai'tim 1a tri s6 c6 K twong tmg v&i n6 bang tri s6 K.

B¢ tinh todn nhanh chéng hon ta c6 thé gidi bai todn bing phuong phép d6 thi. Ty cho vai
tri s6 h r&itinh K dé vé ra dudng cong K = f(h) (H. 7-3).

Tir tri s6 K, di bi€t ta xdc dinh trén dudmg cong diém c6 tri 56 h, phai tim. Bai toin nay
ludn ludn c6 nghidém v& bdt e td s6 K, ndo.

Trudmg hop chon trirde h, Xdc dinh b tir (7-1), K 1A mOt him s6 cllab : K = f(h).

Ta ti€n hanh giai bai todn hoan toan twong tu nhu trrdmg hgp tim h & trén. Nhung chi ¥
ring dudmg cong K = f(b) trén toa do (K.,b) khong di qua goc toa do ma cit truc OK tai A
(H. 7-4). Poan OA tuong tng tri s6 K' ciia kénh ¢6 mit cit hinh tam gide (b = 0). Vay bai
todn chi co 120 gidl v6i cde tri s K, > K.

§ - THOW LUG WA |
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i |

b
A
4?'..&

h

= "D"'l
b, 4::.‘&
0

o KD K % "ﬂ" Kﬁ K

Hinh 7 -3 Hink 7— 4

b) Tu chon trude ﬁ:% = xac dinh b, h : Néu thay b = Bh vi m = a/h thi'(7-1) s& c6

mot phuong trinh mot dn 13 h hodc b. Bai todn trdf vé trudng hop.a) da xét & 'teén. C6 thé chon
p theo Py, va khi d6 phuong trinh thit hai 1a (7-8).

¢) Cho trude R hodc v — xdc dinh b, h : Gid sir cho'biét R, tir (7=1) ta c6 :

Q
CJRi

Mat khic : x:h+2hw.|'|+n12"

Viy ta cd hé phuong trinh v&i hai dn s6 biva hisan -

@ =

(b+mh)h=o
7-10
b+2hy/14 m? =% e

Giai he phuong trinh trén ta s& tim duoc b va h.
— Gid sir cho biftay:

Tir cong thite:Sedi v = C/Ri ta viét duge :
e v
C :_R}"‘H:Lﬁ _—
n N

Bier % vin déng thii xdc dinh duge y ta tim dugc R.

Vi
Tri 58 y ¢6 thé 16y theo cong thic clia Manning hoac Pavolopski dé tinh R (xem phu luc).
Sau khi cé R, bai todn trdy vé trudmg hop trén va gidi hé phuong trinh (7-10).

Ta bil ring trong mat cit c6 Igi nhdt vé thiy luc tri s6 Ry, va vy, 16n nhdt v @), nhd
nhit. Nhu vay bai todn chi e 181 gidi n€u nhu tri s6 cho trude R va v nhd hon Ry, va vy, cla
mat cit c6 lgi nhit vé thay lue.
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Chuong 8
DONG TIA

8.1. KHAI NIEM VE DONG TIA

8.1.1. Pinh nghia va phan loai

Dong chdt 16ng khi chdy ra khoi voi phun vi duge phun vio moi trudmg chét 1ong hay
chat khi thi goi 1a dong tia.

Dong tia chit 16ng chuyén dong trong moi trudng chat 1ong 13 dong tia ngdp (hay con goi
la ludng). Vi du dong tia nudc tir voi dat ngdm dudi mat aude song dé phd ddt, nao vét
long sGng.

Dong tia chit 1dng chuyén dong trong moéi trudmg khibla tia tr do, vi du : ddng tia nude
cua voi chita chdy, cia méy téi...
Trang thdi chdy trong dong tia c6 thé 1 chiy tdng hodc chidy r6i, nhung trong thuc 1€

thutmg gdp chiy r6i. Vi vily dudi day chiing ta chi nghién ctu mot s6 tinh chdt cla dong tia &
trang théi chay rffi.

8.1.2. Dong tia ngap

i
Uy — E :: UH‘__,...-"""H“
’. ' -
W;c;;;mm =: '"'JTI{/E/ Un
il B i
i\ R | Lépbién dnidt i jom @ o

T 1.7 1

TYYYY

1
1
|
|
|
|
|
I
1
]
1
|
1

|
|
|
l
]
Boan ban dau i Qua do

Hinh §—1
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La dong tia duge phun vio trong moi trudng cling loai hodc khéc loai. Khi dong tia
chuyén dong, do tinh nhét va sy mach dong van t6c clia ddng chéy r6i xufit hién céc xody Gc &
chb ti€p gidp cla ddng tia vA moi truimg xung quanh, ¢céc xody ndy lam cho mot phin chdt
1ong cia moi trudmg bi 16i kéo theo dong tia, déng thei lai gy tdc dung kim hdm chuyén
dong cua dong tia. Vi viy dong tia ngap loe rong dén r8i phin t4n vao moi trudmg chit Iong
bao quanh (H. 8-1).

a) Dura vio bi€u d6 phan bd van t6c trén cde mat cit ngang, ngudi ta chia ddng tia ra 1am
2 phén : 161 va 1dp bién chiy rdi.

Lai ;14 phin trong ciing, trong d6 van t6c u, trén cdc mit cit ngang dong tia khong ddi.

L5 bét ddu tir miéng vdi phun dén mat cét giéi han (qué do) trén déiehi c6 diém trén truc
dong tia li ¢o van 16c bang van t6c ban ddu tai miéng vdi. Dudng £i6i han 161 12 dutmg thing
(xac dinh theo thire nghiém).

Ldp bién chdy réi - 1a phin duge gidi han bdi 161 vi méitrdng bao quanh dong tia, trong
dé§ vin t6c bi€n ddi lien tue cho dén khi bing van t6c méivtrurding bén ngodi. Dudng gidi han
IGp bién chdy r6i véi moi trudng bao quanh 13 dudng gdn nhu thing (theo thuc nghiém
tinh todn). ‘

b) Theo chiéu dai dong tia ngép c6 thé.chia Iim 3 doan :

Boan ddu : ti mi¢ng vdi phun cho dénmit cit qud A6 tikc 12 mat cit ket thic 151 dong tia.
Trong doan déu ¢6 16i va mot phin cua 16p bién chidy rdi quanh 15i.

Dogn co bdn : tir mat 4L gidi han trérdi. Ddng tia chi gém 16p bién chdy r6i trong d6 vin
tc gidm din doc theo truc dong tia.

Giita doan ddu vitdean co bén c6 mot doan qué d0 rit ngdn.

8.1.3. Dong tia khong ngap

Quan sit mot dong tia
khong ngdp, wi du mot tia
nudc tiymet vol hinhtutdon +—ovo—w————— L = _ _ _ e

phun vao khong khf ta thly ¢6  |ZZ-ZZZZ2202f to 2 Lt D- 07 e S Tl
ba phdn r6 rét (H. 8-2). Phén t&p trung Phan roi e -;\.'h‘ ...* ]

) Phan tdp trung : dong tia 4k Nary v
van gilf nguyén hinh tru tron,

chdt long vin lién tuc.

Hinh 82

Phdn rei : dong tia m& rong hon, sir lién tuc ciia chat 1éng bi phd hoai.

Phdn tan ra : ddng tia tan rd thanh nhimg hat nhd, gidn doan.
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Dong tia tir do duge sir dung nhiéu trong ki thuét nhu sing thuy luc diing phd dat, khai
thac than, dong tia chita chdy..., nhifng loai nay cén ding phén tap trung cia dong tia. Nhung
khi ¢éin phun hat nuéc nhd dé twdi thi lai phai loi dung phdn tan ra.

8.2. CAC PAC TRUNG THUY KHI BPONG CO BAN CUA DONG TIA
8.2.1. Su phan bo céc thong so thiy khi dong theo tiét dién ngang clia
dong tia
Nhiéu nghién citu v& 1¥ thuy€t tinh todn ciing nhu nhimg k€t qua thue nghiém di rit ra
nhimg nhiin xét vé dong tia r6i te do nhu sau :

e Tai mdi diém trén tiét dién dong tia thinh phén vin 18c theo phuong ngang (y) rdt nho
so v&i thanh phin van t6c theo phuong doc (x). Do d6 trong tinh todn thue € cé thé bd qua
thanh phén van tc theo phuong ngang.

e Profin vin tdc bién dang lién tuc doc theo truc x va‘kéo theo su thay ddi lien tuc cdc
thong s6 thity khi dong khée. O nhimg tiét dién cing xa so v&i €l dign ban dfu coa dong tia
thi profin vin t6c déng dang v&i profin vén 16c & nhimg 1t didn trude né (theo Fetman,

Gavin, Naumov...).

e Profin gid tri du cia van t6c, nhiét 4o v ndag do tap chdt duge xay dung theo céc toa
d0 khong thif nguyén, c6 thé ding cdc ham giai tich gin ding viét dusi dang da thic c6 bic
cua cdc toa d6 ngang khong thit nguyén dé mo té; chdng han c6 thé ding him gidi tich gdn
diing cua Silichting f(n).

&1 véi doan co bin cla dbng tia tacé :

+ Ham biéu dién profin vin.t8c :

u-uy (q) ( 3;2) (8-1)

U — Uy

trong dé ; = Y

b

+ Ham bicu dién su phin b6 nhiét do :

T-Ty :(1_'“3,2)1’“ (8-2)

Tm =T

trong d6 : P, — tri s0 r8i Prandil, phu thudc viio ty s@ giira nhiét lugng tiéu phi do ma sdt 15i

v nhiét luong san sinh ra do su xdo tron.
Theo thue nghigm : P, = 0,8 d6i véi dong tia d6i xtng.
P, = 0,5 dGi v6i dong tia phing.
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+ Ham phan bé néng do tap chit trén tigt dién dong tia :

=¥y . T=TH 372\
= =|1-
Im_IH Trn ‘_TH ( e )

G,

trong d6: :G+é
te

- néng d¢ trong lugng tap chit ;

Gy — trong lemg tap chét ;

G + Gy - trong lugng toan hén hop.

8.2.2, Quy luat mo rong dong tia (doc theo truc x)

www.vncold.v

(8=3)

DE gidi quyét vdn d€ niy c6 thé tién hanh theo nhiéu phuong phép. Tuy nhién phuong
phap thong dung va don gidn hon cd 1a ding 1y thuyét twong tu két higp wéi cdc sd licu

thue nghiém.

Theo gia thuyét Prandtl d6i véi dong 16i ta cé :

trong dé : v' — thanh phdn mach dong vin t6c ngang ;
1 —chiéu dai dudng r6i ;
u — thanh phdn van tdc doc (theo truex).
Tir d6 xdc dinh duge quy ludt tang bé rong cia ddng tia biéu dién dudi dang :

lijh_ 11.1}-1.1::_|
Cdxo lug 1+lup |

trong dé : C — hé s6 xéc dinh bing thuc nghiém.

Trudmg hop CWp=<const, uy =const :

%:mn_ﬂ = h=Cx

[y —uq |
trong dd . O — 4
rong : |l.l;|+|1.12|
d&i vai dong tia ngdp (uy =0) ; b, =Cx

Tir (8—5), (8—6) va (8-7) ta c6 :

L_C]K_ luy —ug |
by  Cx  luyl+lugl

(cé thé xem thém & [5])

BG
www.vncold.vn www.vncold.vn www.vncold.vn www.vncold.vn

(&-4)

(8-5)

(R-6)

(8-7)

(8-8)

www.vncold.v



old.vn www.vncold.vn www.vncold.vn www.vncold.vn www.vncold.vn
8.3. MOT SO Vi DU VE TINH TOAN DONG TIA NGAP POI XUNG

8.3.1. Dong tia roi ngap tr do

Phén trén ta da ti€n hanh khéo sét t6ng quat d6i vai dong tia.

DE cu thé héa chiing ta khao sdt mot trudmg hgp ddng tia ngap d6i xitng sau day:
Biéu kién xét :

— Péng nhiét.

— Dong tia d6i xing, miéng voi phun trdon (bdn kinh R, ).

www.vncold.v

— Su phin b cdc thong s6 dong chay tai tiét dién ban diu cia dong phun (tai miéng vii

phun) 13 déu.

— Dong phun déng chilt (khong cd tap chat).

— Dang phun ding dp (p = const); thue t€ diéu kién nay thdamin vi trong dong phun ép

sudt tinh hdu nhir khong d6i va bing dp suft tinh trong moi trudmg ngodi.

a) Xét quy luat bién déi van toc va sy md rong cia 16p bién doc theo truc dong tia

(xét trén doan co ban cua dong tia)

Vi dp suflt tinh tai moi diém trong ddng tia 12 khong d6i nén tir nguyén 1§ bio toan dong
lrong ta thiy ring : dong luong cla chdt 1éng tinh trén mot don vi thit gian c6 trl sd nhu nhau

tai moi mat cét :

J = pus,

@
trong d6 : @, = ARZ(2b,1) ~ dien tich tiét dien dfu (tiét dién vdi phun) ;
o =mRZ(2b,1) - dién tich tiét dien dong tia tai diém xét ;
dav = 2nrdr(2dy) — dién tich té didn cia ddng tia nguyén (8.
Do d6wdi dong tia ddi xing ta cé :

R
2n j pu”rdr = TlpuERn
0

bat n = /R, phuong trinh trén dudi dang khong thir nguyén s& 1i
R/R, i . .
2 — || =— 4| — |=1
£ [“u J[ RJ [Ru]
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SIGIGIHE
22 (] o ron=
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Thay

max
1

[ (n)ndn=0,0464
]

Thay gi4 tri clia biéu thitc tich phén trén vao (8-10) ta c6 :

R _ 330
Rl.'-l 1'1TFI
hay : Uy, = un;st

Twong tu d6i v&i lubng phing ta c6

GISIGEE

. 2
LI Yh
by 108 u, N
hay : u o

b
b) Cic dac trung dong hoe ciia dong tia roi ngap tu do
L lwong cua dong tia :

R

Q= J-dQ :EEIur::ir
i} 0

Bign d6i ta co -

1 21
o R2 [ Fa E ) ogpr?y M B [0
Q=2muyR? [ = [R 2R e R, {um"d"

I:,l'.IZI. 0

trong do: Q, :ﬂ:R?;u{, — lwu lugng qua ti€l dién ban ddu cha vdi phun.

Cu6i cling ta rit ra :

88

www.vncold.vn www.vncold.vn www.vncold.vn www.vncold.vn

www.vncold.v

(8-10)

=fi(n) tir (8-1) vio tich phén trén ta s& tinh duge gid tri cia tich phan :

(8-11)

(8-12)

(8-13)
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Chey fudt 1ai din ciia vdn téc doc truc dong iia
Phuong trinh dudmg bién cliia ddng tia trong ding tia ngap d6i ximg c6 dang :

R==Cx (B-14)
Trong nhitng nghién ciu vé dong tia, ngudi ta thudmg chia hé s6 C ra hai phin nrong (ng,
doan ban ddu (C khéng bifn ddi), doan co bin (C = 3,4a — thi liéu thye nghiém).

Tir phuong trinh (8-11) ta ¢6 :

R 3 4dax u
— =T =332 814
R, R !4

o um

3,3R,

Ry
T 3 dax

u 5
—n =[,96 (8-15)
uU

Tir bifu thic (8-15) ta Up ¢
thdy van t6¢ trén truc dong tia
tit dén theo quy luat hypechol

(H. 8-3). :

Chiéu dai gigi han ban
dau xpy va d¢ sdu hy cda

cifc dong phun

Sir dung phuong trinh
(8-15) dé xdc dinh hoanh do Boan ban diu
Xpd Vi chi ¢ ring tai tiét . © 0,
dién qui dd up =ug, tacd : Hinh -3

Boan cd ban

i
I
i
I
I
I
I
I
i
I
i
i
1
1
1
9

P

B

ks :ft'-‘:—ﬁkc, (8-16)

Chiéu sau etre lung h, duge xdc dinh tir biéu thic :

R, . R;

| 4 _ 3, 4ax (8=17)

Chi ¢ dén'didu kién bién: Khix= h, thiR= R, ;dodétaritra:

Rq

s S

- 4,15R, (8-18)
trong d6 : a= 0,07 — hé s6 thuc nghiém.
Khodng céch tir tift dién mili phun dén cudi 161 dong tia (tidt dién qué do) :
Xy =Xnd —hp =9,57R, (8-19)
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Bang 81 12 cong thifc tinh todn doi v6i dong tia d6i ximg va phing ngap theo cong thite
cua Abramovich.

old.vn

Bang 8-1
Trj sd vt cdng thirc
Cac thong so
Ding tia dil ximg Dong tia phing
a 0,07 0,09
h, 0298 oo
i i
" 0,673 10328
a a
afx=h a(x—h
R.b 3_4{—.-_1.}“ R, 2.4 (x “}+1 b,
R, R, i
; 0,960, L2u,
"{"_hnj.m*zg ﬂtn—ha_j+04l
R, “ i
afx—h : -
Q 2.2@0[ e o }+tr.'2-a] 1 2:;-“[ bt Y, +u.41]
(s ] (3]

8.3.2. Ap lyc ciia dong tia lén mat rén

Dong tia thodl ra @r 16 hode voi ¢ truc ndm ngang X—x gap trén dudtmg di cia nd vt cin
dudi nude dang mit rin c6 dinh AB (H. 8-4) s& chia thanh hai nhénh chiy doc theo vat rin ¢
phuong hop vai truc®.mot géc 8, va 8;. Ap luc P ciia dong tia tdc dung 1én thanh hop vdi

dbng tia mot goc Py nguoce lai dong tia chiu mot phan lue R cia vat chin (R =—P).

N
Q. A
T 1
o __,-_-_".:'J:’ 0
== b > —Fvg:
%ﬂ_—::;.&% - -
4% 3 ) RN
B e
2 % Qv
Hinh 8—4 Hinh 8-5
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Ap dung phuong trinh dong lugng cho doan dong chdy duge xéc dinh b cdc mat 0-0,

1-1va2=-2tacH:

R+m, Vo =m, Vi +m,v2 (8- 20)
hay hinh chifu 1&n truc x :

ReosP =m v, cos®; + myv,cosB, —mg v,
trong dé :m, =Qg v, : my =Qv; imy =Qyv, 14 khi lugng chit 1ong di qua mat cit 0-0,
-1, 2-2 trong mdt don vi thdd gian.
Tir dé ta co :

Quve —Qyvy cos B —Q,v; cos B,

__noPl
P=-R =1

(B-21)

s Trutmg hop thanh phing dat vudng géc véi truc x, khi dé 8 =0tac6 Q,=0Q,=0Q,/2;
V=V =V Vi

P=pQ,v, (8-22)
thure t& thi dp luc nay bé hon :
Pie = (0,092 + 0,95)P
e Trudmg hop thanh d6i ximg véi 6; 20;=0,1a€6 Q;=0Q,=0Q,/2 ; vy=vy=v, vi:
P=pQ,v,(1-cos) (8-23)
néu B = 180" (H. 8-5) khi dé :

P=2pQ,v, (B-24)

So sdnh k&t qua (8-22) vai (8-24) ta thay dp luc dong tia tdc dung 1én mat 16m d6i ximg
gdm 2 nira hinh tre (hay cfu) bing 2 1dn 4p luc 1én thanh phing.

Ap luc Tuéng duge sir dung lam quay bdnh xe nude vA céic tua bin kifu xung kich
(tua bin gau).

s Trudmg hop thanh chuyén dong véi van t6c u theo phuong clia v, ta cé :

P=pQ(v, - u) (8-25)
Vi vat chdn vuong géc v&i dong tia nén cong suft N cla ddng tia cung cdp cho vat chin
s 1a:
N=Pu= pQ,(v,—uju (8-26)
91
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Cang sudt nay 16n nhdt khi :
dMN » Vo
& PQq(vo—2u), hay u= 2
. 1 s 1pQ.v2
vt ; N rax =EPQu"u =§-P% (8-27)

Biéu thitc nay cho thdy : cong sudt truyén 16n nhit bing nita dong nang dong tia.
* Trong trutmg hop cdnh cong v6i 6; =6, =180 ;u=v,/2 ; dp lyc cla ddng tia 14 :

2
P=pQ,v;

v cong suflt 16n nhit 1a :

(8=28)

. .
Nmax =PQq 3" (8-29)

cho thily cong sufit dong tia duge sir dung toan bo, tua binicdnh cong tin dung dudc toan b
coOng sudt dong chay.
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Phan hai

MAY BOM

Chuong 9

KHAI NIEM CHUNG VE MAY BOM

Mdy thily luc 12 tén goi chung cho 14t ca cdc mdy lam viéc trén nguyén tic trao d6i nang
Iugng vdi chat long theo céc nguyén Iy thiy luc néi riéng.vd ¢o hoc ehdt 1ong néi chung.
Trong d6 ngudi ta phin ra hai loai chinh :

— May bom : bign d6i co nang thanh ning lugng ciid dong ehiy (4p ning va dong nang).
— Tua bin : nhin nang luong ciia dong chay thinh co nang kéo cdc méy cong tdc 1am viée.

Trong pham vi gide trinh nay ching ta chi nghi®neidu mot 56 loai mdy bom chu yéu diing
trong nong nghiép.

9.1. VAL NET VE QUA TRINH PHATTRIEN CUA MAY BOM

Tir ¢8 xua, con ngudi da gin lién éudc séng clia minh véi nude, da tim céch khai thic va
st dung nude. O Viét Nam, An D0, Trung Quobe..., tir 1au ddi dd biét ding niang lurong dong
nudc kéo cdc cfi xay Iuﬁng thie, mdy mai, khoan d4; gudng nude dé cung cip nudc cho
nuong, rudng, divi séngsinh hoat...

Maii dén the€ ky thit XVII va sau ndy md&i ¢6 nhiéu nha bdc hoc nghién cifu mot cdch khoa
hoc co s 1§ thuygt vé mdy thiy luc ndi chung va mdy bom néi riéng.

Nam 1640nha vat 1§ hoc ngudi Ditc Otto—Henrich da sdng ché ra bom pittong ddu tién dé
bom khi v nude ding trong cong nghiép. Loménoxop (1711 — 1765) 12 ngudvi ddu tién ding

1% luan cor hoe chdt 16ng d€ cdi tao k&t clu gubng nude cb tir ngin xua, ning cao hiéu sudl va
coOng sudl coa nd.

Ole (1707-1783) da viét v& 1§ thuyét co bin cua tua bin nude néi riéng vd may thuy luc
cdnh din néi chung 1dm co s& cho cdc nha bdc hoc Phudcnayron, Xablucop, JucOpski... phit

minh ra tua bin nuéc va bom ly tdm & ddu th€ ky XIX 12 nhimg budc nhay 16n trong lich sir
cdc may nang luong.
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Déc biét trong vong 50 nam gdn day, 1§ thuy&t vé thity khi dong luc phat trién 8t manh,
¢6 nhiéu thanh twu to 16n vi viéc &p dung nhimg thanh qua phit minh niy trong Iinh vuc mdy
bom v6 cling phong phii.

Ngay nay, vdi 10c 40 phét trién vii bdo clia KHKT, dac biét I khoa hoc cHng nghé, may
bam c6 rdt nhidu loai v6i nhiéu kifu khdc nhau c6 cfiu tric ngdy cing hdan thién, ¢6 hiéu sudt
ngay cang cao nhim dép img ngdy cang ddy di moi yéu cdu ddi hdi cla moi linh vuc sin xudt
divi sng va quic phong.

9.2. CONG DUNG VA PHAN LOAI MAY BOM

Mdy bom duge ing dung rdt rong rdi trong céc linh vire sdn xuft va sinh hoat.

Trong cong nghiép, bom dé ¢dp thodt nude, bom céc loai nguyen liéuTang & cdc nha méy
co khi héa chdt, bom ding trong cdc cOng trinh khai théc va van ¢huyén quing, ddu mo v.v...
Trong cOng nghiép co khi, bom duge sir dung phd bién trong céec he théing boi tron, lam
ngudi, nang ha, diéu khién, truyén dong thiy lue...

Trong ndng nghiép, bom duge ding rong rdi trong efic'hé théng thiy loi dé teGi tidu nude
cho céy trong, cung cdp nude cho chudng trai chan nui, co s& ch€ bi¢n nong san phim...

Ngoai ra, bom ciing duge diing rong rdi trong cdc linh vuc giao thong vén tai, quéc phong
vil sinh hoat.

Dé tign cho vige thit k&, ché tao va it dung, bom duge phin loai nhu sau :

e Theo nguyén Iy lam viéc ;

Bom cdnh din : Bom 1y tdm, bom huéng truc.

Bom thé tich : bom pifténg, bom roto..vv...

Bom 1am viée theo ngu}_r;&n Iﬁi dac biet : Bom nuée va, bom khi ép, bom phun tia..vv...
» Theo cong dung, bom dwoe phin loai thanh :

Bom cdp thodtmude

Bom nhién lidu

Bom héa chat

Bom citu hda..vv...

e Ngodi ra, theo pham vi cét dp hodc lwu lwong, ngudi ta cén chia bom thanh cdc loai :
bom ¢6 cOt dp cao, thép, trung binh hodc bom c6 luu lugng 16n, trung binh, nhd.

9.3, CAC THONG SO CO BAN CUA MAY BOM

Ta xét mot trudmg hop cu thé, bom 14m viée trong mot he théng dudmg 6ng (H.9-1).
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7, — chigu cao hiit 1 chiu cao tir mét thodng bé hiit dén truc bom :

Zq — chiéu cao ddy 1a chiéu cao tir miéng ra clia bom dén mat thodng clia bé chia

AZ — chénh léch d¢ cao gifra miéng vao va milng ra ctia bom ;

£ — cac trinh cha hom
(chiéu cao dang chél 1ong cla 47
bom) 14 dé chénh léch giira
hai mat thodng bé hit v bé
chita ;

B — dp sudt tréen mat
thodng bé hiir ;

P, — 4p sudt tai miéng

Iy

vido clia bom ;

m . . M
Py - dp sudl tai miéng ra
clia bom
P
Fis — dp sufil trén mit 9y
thodng bé chifa ;
C - chan khong k& e
i, 1 & motbng vio 5 ;:!J/////////.f//////.r’///////////?
cia bom ; 7
] . . /Pi é
A — dp k€ (manomet), lip 1 4 L} i
& miéng ra cia bom ; 1T 6% h‘-_?
E- _Bé hot
K; — khéa trén 6ng hiit ; Z"""'
/
e
K, —khéa trén Gng ddy ; 7
Hinh 9/

L. — dung cu do vy luong ;

Khi bom 1am vig¢e, ¢hél 18ng tir bé hit qua ludi chin rédc theo 6ng hit di viio bom. Sau khi
di qua bom, chit 1ong duge cung cdp thém ning lugng chiy vio 6ng ddy lén bé chira,

9.3.1. Lira lugmp
L lugng cdia bom 14 lugng chét long do bom chuyén di trong mot don vi thiv gian, ky

hi¢u 12 Q, donwvi do : (m? /h), (m3/s), (1/5).
9.3.2. Cot 4p

Cot 4p ciia bom 1a nang lugng don vi mi bom truyén dugc cho chét 16ng (thudng k¢ hieu
bang chir H, don vi do : m c0t chat 1éng).

Tir so d6 he théng 1am viéc ctia bom (H. 9-1) ta c6 :

H=E;-E,

g5
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2
=[P Ve . Pz, V3
=| =42+, +AL || =+ =47
["r 2g i ){'r 2 “]

2a0a%
g=P3"P2 Y37V3 .z

7 %8 (9-1)

G day Py, Py 1a nhiing dp sudl tuyét d6i, c6 thé duge xdc dinh thong qua dung cu do 4p sudt du
(dp k&, chin khong k&) nhu sau :
P2 =Pa—Pa
P3=Pa~Pak
Thay vao (9-1) ta duoc :

g
H=Pak *Pek  Y3~V3 -
1 2g

(9-2)

Khi khong c6 cde s6 lieu do duge cu thé clia bom dang lam vi{:é (Pux , Py ) ma chi ¢6 céc

s@ liéu yéu clu cia hé théng trong dé bom s€ 1am viée (pg, Pa, Zase.) thi ¢6 thé tinh ot dp véu
ciu cla bom nhir sau :

2 2
¥i B Pz V2
M Bz P2 Yoy
%83 1 || 7y il
hay : ' P2 _Pi ¢—‘i &, ¥ 2] +h (9-3)
v P Zg h Zg wli -
Vi€t phwong trinh Becnuli cho.mat géit 3-3 va 4-4, mat chudn 12 3-3 cé :
2 2
Pi VY3 Pg Vg
=== +—4+=—+h
y % Ty 2 0™
suy ra : B Py Vi, v 9-4)
' ok T

Thay (9-3), (9-4)¥ao (9-1) ta tim duge ¢t 4p yéu cdu cha bom :

=3

2g

H=E~;—P-'-+?:d +Zip +AZ + 5 BT o

hay : H=P"'—;El-a.LZ-r»w"IEZ;E:'rIZ+Z:hw (9-5)
Tir day ta nhan thfy cOt 4p yéu cdu cla bom cdn phéi khic phue duge :
— P06 cao hinh hoc ciia bom (d6 chénh l&ch mit thodng chat 1ong & bé chita va bé hit).
— D0 chénh 4p sudt trén mat thodng & bé chira va bé hiit.
— Do chénh dong nang gira mat thodng bé chira va bé hiit.

— T6n that nang lugng trong Gng ddy va Gng hiit.
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FPhuong trinh (9-3) cho ta biét ¢dt ap cia bom lam viéc trong mot hé thdng. D6 ciing
chinh l& ¢t p cla hé théng. Ta ciing c6 thé viéi :

H= H,+H, (9-6)
trong da : H;= VT Z — il dp tinh clia hé théng ;
= P g
T
Hy=> hy + 42g L _cot dp dong cia he thong.

Trutmg hop dp sudt trén mat thodng bé hit va bé chita déu bing dp sut khi quyén va van
itc trong 6ng ddy va dng hit bing nhau ta cé :

H=Z+ Zh, (9-7)
Ching ta thudng ding cOng thic (9-7) dé xdc dinh cOt dp tinh todn, khi thift ké
tram bom.
9.3.3. Cong suat va hiéu suat
Cong sudt thay Iuc Ny (cOng suflt hitu ich) clia bom 12 eong suft ding dé truyén trong

lrgmg cia hm lugng Q véi cot dp H :

_YyQH ) i’
Np= 1000 (kW) (9-8)

trong di
v — trong lugng riéng cia chil lﬁng.{N;‘Iﬁ3} ; Q = hru leong cia bom (m/8) ;
H - cot dp toan phén clia bom (mH30) .
Cong sudt ddi hodi trén true cla bom cin phii 16n hon cong suft thiy lve Ny vi bom phii

tiéu hao mot phdn nangduong d&bi vao cdc 16n that thiy luc, t6n that ma sdt gifta cdc bo
phén lam viéc clia bom..

N[l yQH
Ne—=—1*__ (kW) (9-9)
n 1000m
1 < 1 = Bigu suit toan phiin c¢lia bom (tinh bing %).
N
T]:TI]:T]I-IT'IQT]C (9-10)

trong d6 : my — hiéu suflt thiy luc ; ng - hiéu sudt luu lugng ; e — hiéu sudt co khi.

Khi chon déng co dé kéo bom, cdn phii chon cong suflt déng co Ng: 16n hon cong sudt
tai truc bom dé dé phodng cédc trudmg hop qua tii bit thudng vi bl vao t8n thit do truyén dong
tir dong co dén bom. '

Mg (9-11)
Mir

T - THITY LG WA 9
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trong di : k > 1 — he s6 an toan phu thude vio timg loai bom, déng co va cong sudt lam viéc ;

Nir — higu sudl truyén tir dong co dén tram bom.
9.3.4. Chiéu cao hit cho phép ciia bom. Hién twong xam thuc

Bat k¥ mot loai bom ndo khi 1am viee ciing cé
hai qua trinh hit va ddy chat 1dng. Qué trinh hiit
chit 1ong, bom phai tao duge do chénh dp sudt nhat
dinh gita miéng hit clia bom vi mat thodng bé hit.

Hy, =BL"P2 (9-12)

bi
NEéu p; =p; thi cot 4p hit chinh bing cot 4p
chén khong tai 16i vao clia bom :

H“=Hck=@ (9-13)
Tix (9-3) cd thé viét -
1 2
Hey = Pa : P2 '_-ZIL""E‘E“"hwh (9-14) Hinh 9-2

f R
Ta nhén thdy ¢t 4p hit cia bom thy thude vio tri 86 ciia 4p sufit trén mat thodng cia bé
hiit mé 4p suflt ndy ob gidi han nhéat dinh.
Trong trudng hop py =p;, theo (9-14) khi nang hit t6i da clia bom g véi py = 0 i
Hp = Hox max = F’—; = 10mH0.

Biét ring dp sudt khi quyén pygphu thudc vio do cao tai vi tri d6 so véi mat nude bién

(bing 9-1).
Bang 9-1

B cao

tren mald=600| © | 100 | 200 | 300 | 400 | So0 | 00 | 700 | goo | 900 | 1000 | 1500 | 2000

bién.m

P_;hm W58 | 103|102 (101 | 100 9.8 |97 |96 |95 |94 |93 | 92| 86|82

Thyc 1€ thi cot p hit 16n nhat cia bom (khi p; =p,) khong bao gitr dat dvoc dén
10mH0 vi dp suft tai miéng vao cia bom khong thé bing 0 duge. Khi p; nhd dén mot mic
nio dé bing 4p sudt bay hoi bao hda (pyy)ciia chat 1éng thi s& pay ra hién trong xam thue

lrong bom.
Tri gid ciia py phu thudc vao nhiét do clia chat 16ng 1am vige (bang 9-2).

ug
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Bang 9-2
Nhiét do
e 5 10 20 30 40 50 60 70 80 90 100
DJTJ m | poe | 002 | 024 | 0a3 | o075 | 125 | 200 | 347 | 480 | 700 | 1033
Vay diéu kién dé cho bom 1am vigc duge 14 :
V3 Pa — PH
thzh +5E + hw“ {HE}“"‘“ ZHT (9—15}
Tir d6 ta xédc dinh duge chiéu cao it cho phép [Zy,] cia bom 1 :
[2n]=E P VE 9-16)
h:]l= v T E wh ; (

& day : Ay - cOt dp chdng xam thue duge xéc dinh bang thue nghiém.

Trong truimg hgp quan hé (9-15) khong thoa min (oghia 18 ps <py ), s€ xdy ra hién

trong chdt long bat ddu bay hoi, gidn doan dong chay va bom khong lam viée duge. Hién
tromg dé goi chung 18 hién trong x4m thue. '

Sur x4m thuc 12 qué trinh hién tuong phitc tap xay ra trong bom:

— Sur bay hoi va hoa tan hoi trong chél long & 18t cd cdc ving ¢6 4p sufll bang hay nhd hon
ap sudt bay hoi bio hoa.

— Sur tang cao tic thoi 16c do chuyén ddng ciia chét 1ong tai chd gy nén sy bay hoi va lam
chét 16ng chuyén dong hdn don.

— Ngung tu nhimg bot hoi nwdc chdy trong dong chat long & viing ¢6 4p sudt cao. Su
ngimg tu bot hoi nude 1am gidmadot ngot thé tich v gdy ra va dp thiy luc trong nhimg ving
cuc nho, phd hoai co hoe b phan [am viéc cia mdy bom.

— Su in mon hémhos kiI‘I‘l.IDq.i trong viing xam thuc bing 0xy cla khong khi, sinh ra tir
chdt 1dng, khi nGdi qua viing c6 dp sudt thdp.

Suf 4n mon the dung d6ng thet véi phéd hoai co hoe 1am gidm do bén cdc chi tigt cia bom
bing kim loai:

Su x@mythyre lim gidm hi¢u sudt, cot dp, nidng suft bom va din dén bom khong lam
vige duge.

Dé ngan ngira hién twgng xam thue, ning cao chiéu cao hiit cho phép clia bom, tir (9-16)
ta nhan thidy chiéu cao hit ciia bom giam néu :

~ Ha thdp dp sudt trén mat thodng cia chdt 1ong trong bé hiit.

— Tang cao dp sudt bay hoi bio hoa do tang nhiét do chét long hit.
— Tang van t6c chdt 16ng chd di vio banh cong téc.

— Tang cOt 4p chong xim thue.
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Chuong 10
BOM LY TAM

10.1. KHAI NIEM CHUNG
Bom ly tdm thudc loai bom cénh din duge sit dung rong raf do c6 nhimg wu diém sau :

— Cdu 1ao don gidn va chic chin, théo Idp tién loi, uong lugng Kich thude khong 16n khi
€0 ning suft 16n, dién tich dat mdy khong 16n va nén méy den gian.

— NGi true ti€p vdi déng co dién hodic tua bin hoighichiing ¥6i kich thude cia 4t ca tram
bom va ndng cao hiéu sudt cia lién hop bom.

— Khdi dong bom nhanh va diéu chinh don gidn tréng khodng luu lugng 16m.

~ Truyén mede déu va lien tuc. C6 thé bomidurae nhiéu loai chat long khéc nhau, hén hap
chit long v chdt rin.

~ Gi# thanh twong d6i ré, sit ditng don gian, tien loi.

Hinh 10-1

Xét sa db ket ciu clia mot bom ly tam don gian (H. 10-1).
BO phdn co ban v quan trong nhdt 1i bdnh cong tdc 1 dat trén truc 2.
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Banh cong tdc gfm ¢6 nhitng ban 14 udn cong dat trong budng xodn cf dinh. O diu bo
phan din hudng vao 3 c6 Gng hit 5 ¢é 1ip van mot chiéu 7 va lu6i chin ric 8. O bo phan din
hiréng ra ciia bulng xodn 4 ¢b dng ddy 6.

Trude khi kKhai dong bom, phii d6 ddy chat long viio bom (m6i bom) khi bom lam vice
binh cong tdc quay, cde phin Ui chil 1éng & trong rinh cia bénh céng tdc dudi anh hudmg cia
I ly tam bi dén tir trong ra ngodi, chuyén dong theo médng din va di viio Ong ddy véi 4p sudl
cao hon. Bong thid 167 vao cia banh cong tdc tao nén mot ving ¢6 chan khong va dudi tic
dung ciia dp sudl trong bé chira 1dn hon dp suft & 167 vilo ciia bom, chit 1ong & bé hit lién tuc
bi ddy vio bom theo 8ng hit. Qud trinh hit v ddy ciia bom 13 qud trinh lién tuc, tao aén dong
chay lién tuc qua bom.

Bé tien cho vi¢e thiél k€, ché tao va sit dung, bom diroe phan loai nhi sau -

Pldn loai theo cdt dp cia bom :

— Bom ¢dt dp thip : H < 20m cdt nude.
— Bom cOt 4p trung binh : H = (20 + 60)m cd1 nude,
~ Bum ¢t dp cao : H > 60m cOt mede,

Phén loai theo s& lwong banh céng 1de ldp noi tiéptrong bom -

— Bom mdt cfp (mOt bénh céng tac) : cOt 4p clla bom han ch& (< 10m cOt nudc) bii s6
vOng quay vi sitic bén vat liéu cdnh din.

— Bom nhiéu cfp : gébm 2 hay nhifu ‘bénhigong tdc mic ndi tiép nhim nang cao cot dp
ctia bom.

Phén loai theo cdach ddn chdt long vae bianh céng tic :

- Bom mdt miéng hit — béim c6 bdnh cong tdc hit chil 1ong tir mot phia (con goi 1 bom
Congxon). Chch hit nay lim luong han ché, phit sinh lue doc truc.

- Bom hai miénghiit = Bom c6 banh cong tdc hit chit 16ng tir hai phia, cach hiit nay hru
lugmg bom tang gép déi, kKhng gy lrc hudng truc, bom lam viéc 6n dinh, bén vilng hom.

Ngadi ra r'rﬁ'r;.p?i(:fn foai thea sy bé tri ciia true bom : bom truc ngang, bom true dimg.
Theo diéu kién ®hdy cia chdt ldng vao bom : loai ¢6 co cdu din hudng va khéng cé co ciu
din hirdmg. ..

10.2. LY THUYET CO BAN VE BOM LY TAM

10.2.1. Phuong trinh co ban cua bom ly tam

D& thiét 14p duge phuong trinh co bin clia bom, ta gid thi€t khi bom lam viéc khong ¢6
ton that thity luc v banh cong tdc ¢6 vo sé ban 14. Didu d6 cho phép ta xem dong chiy trong
binh cong tdc gbm nhitmg ddng nguyén 16 va t6¢c do clia nhitng chit diém trén bé mat dong
nguyén to duge x4c dinh nhu nhau.
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Crng dung phuong trinh m6 men dong lugng (da dé cap dén & chirong 4). B0 véi bom, ta
¢6 biéu thitc m6 men quay cia truc (H. 10 -2):

Hinh 100-2

M =pQr(calz —eily) =pQr(CiRac0s505 - CiR, cosay)
Cong sudt trén truc cla banh cong tdc : N = Mo ;@ — van t8c géc.
Cong sudt thay luc : Ny =yQHy ; Hy — oot dp 1y thuyét.
Vi bo qua t6n thdt thay lue : N = Ny4 nghiala pgQrHy = Ma

_ GaRy cosary - CiR, cosey
2

suy ra: Hy

Vi:eR;=u; ; oRy; =1y - vint6c theo chiéu quay ;

Ceosay =Cy, ; Cocasoz=C,, - 12 thanh phin van (8¢ tuygt ddi chiéu theo phuong u,

—_ Hy = 42C2u—uiCry

(10-1)
E

D6 la phrongitninh co ban clia bom ly tdm hay con goi 1i phuong trinh Ole clia bom.

Trong cée bom ly t4m hign dai C; Ly —a; =90° — C;y =0 (d€ cot dp clia bom ¢6
lgi nhdtymén ta co :

Hr=% (10-2)

Xét phuong trinh (10-2) ta thiy cot dp cia bom cing 16n khi t6c d0 quay vanh ngoai clia
bdnh cong téc cing 16n va hinh chifu cla t6c do tuyét d6i trén phuong t6c d0 quay cing 1én
(o2 nho, By 16m).

Cot dp thuc t€ ctia bom ly tdm nhé hon ot 4p 1y thuyél do hai nguyén nhan :

Do t8n that thuy lyc trong bom ;
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Do ¢6 56 ban 14 nhét dinh nén khong phai tét cd cdc chit diém cha chit 1éng déu chuyén
dong bing nhau. N6 lim gidm tdc do tuyét d6i hay hinh chifu cia t6c do tuyet d6i trén
phuong tée do quay.

Vay phuong trinh dé tinh cot 4p thyce t€ cia bom c6 dang :

frong do : H — cit Ap toin phin clia bom ; 1, — hiéu sufit thay luc ciia bom, phu thude vio cdu
tao bom, chilt lugng ché tao cde chi tiét bom va kich thude bom ; K — hé s6 6 tinh dén s6 bén
14 nhit dinh.

10.2.2. Anh hudng ciia két ciu canh dan dén cot ap ciia bom ly tam

K&t ciu ctia bdnh cong tdc n6i chung v cdnh din néi rigng céa@nh hu&ri:g quyét dinh dén
cOt dp cua bom ly tdm, Hinh dang bd trf két cfu ciia cdnh din chi ¥€u phu thudc vio géc
Bilgde vio) va B, (goc ra).

~ Anh huong ciia B; + Gée Py bicu thi phuong cua vamdc tweng d6i & 16 vao cia bdnh

cong tde (H. 10-2). Nhur ta da biét, trudmg hop 6 1oi nhit vé u:f'}t'ﬁp ciia bom Ia oy =90°, do
do [ chi phy thutc vao u va C; (H. 10-2):

o
g =—
S

Theo (10-2) thi gée vao By khong dnhhudmg trire tip dén ot 4p clia bom. Nhung néu tri
s6 goc ) khong thich hop thi s& gay va dapddng chdy véi cdnh din & 161 vao bénh cong téc,
dnh hudng x8u dén hiéu sufiteedt p cidbom (thutmg By = 15 + 307).

— Anh Iuedng ciia B Goe By bifu thi phuong cla van t6c & 16i ra cha banh cong tic
(H. 10-2). Ly thuy@ va thiuc nghiém ching td géc By ¢6 dnh hudng true tiép dén phuong va

tri 86 cdc thanhphfin vin (8c cia ddng chdy trong méng dfin, do d6 ¢6 dnh hudmg quyét dinh
dén cot 4p todn phin Hy va cdc <ot dp thanh phin Hy, Hy cia bom.

Hinh 10-3
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Tay theo tr s6 cia By, bénh cong tdc ¢6 ba cdch b trf cdnh din sau day
Bz <90° - cdnh din cong vé phia sau (H. 10-3a) ;
B2 =90° — cénh din huéng kinh & 16i ra (H. 10-3b) ;
B2 > 90" — cdnh din cong vé phia trude (H. 10-3c¢).

Tir (10-2) ta xéc dinh tri 58 ¢0t 4p dong cila bom theo cong thifc :

)
G5 -G
2g

Hy = (10-3)

trong do : C; va C; —t6e do tuyét doi cia chél 16ng vao va ra khdi banh céng téc.

Trong cfiu tric clia bom, thudng thiét k€ sao cho C; =Cy;.
Phuong trinh (10-3) duoc vi€t lai nhy sau ;

2 2 2
Hy = CE _CZI :CZ;J
‘ 2g 28

Ma cOt dp toan phén cia bom tir (10-2) ¢6 dang :

Hy :%
E

~ Néu By <90°thi Cyy <ug, do d6%C2, < WsC,,

3 .
o Chu, a8 Lu Gy
28 N g

Nghia la, Hy <1/2Hg (et 4pdong hoc nhé hon mot nita cot 4p toan phin).

— Néu By =90 th1"€y, &= uy, do dd :

2
CZLI :l UECZu
2gih 2y
hay Hyq =1/2H7 (cot 4p dOng hoc bing coOt 4p tinh hoc).

— Néu By >90°thi Cpy>u; dodé C3 >Cayuy
Cu 1Cuuy
g 2 g
Hgy >1/2H (cOt 4p dong hoc 16m hon mot nira cét dp todn phén).
Nhiém vu clia bom 12 tao thanh cot 4p tinh hoe dé truyén nuée di xa hodc lén cao. Vi vy
bénh cong téc clia bom ly tdm c6 cdnh din cong vé phfa sau (n€u By <90°) c6 loi hon vé cot
dp tinh hoc. Tuy nhién tri s6 B, xdc dinh trong mot gidi han nhit dinh (B, =15+30%).
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10.3. PUONG PAC TINH CUA BOM LY TAM

Céc quan he¢ H=f(Q); N=£(Q);n="13(Q)biéu thi dudi dang dé thi goi 1 cdc dudng
dac tinh cia bom,

C6 2 phuong phép x4y dung cdc dudmg dac tinh : bang 1Y thuyét va thye nghiém.

10.3.1. Pudmg dac tinh lam viéc (n = const)

a) Puimg dic tinh 1y thuyét : Tir phuong trinh co bdn, ta ¢6 thé xay dung dudmg dac tinh
15 thuy& cla bom :

e u2Cay
2

Xér tam gidc van t6c (H. 10-4) ta ¢i :
Cay =uy —Cyp cotgfiy

. Qr
Mat khdc : Eggms =t ——
oy " wDobag;

(2 — hé s6 tinh dén sw gidi han mat cit di ra de'@6 cie.cdnh din (g <1).
Do dé ; : HTzﬁ_mEZ_Q
g whybapm
Hy = - BeotgPrQr

trong d6 : A, B 1a nhimg hing s8 duong.

=
B
o)
397
i (52
Uy v
i 3 Hy (B;=490%) c
B
CEm
C? =
[
o
Hinh 10— 4 Hinh 10-5
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Budmg bitu dién phuong trinh nay goi li dudmg dic tinh co ban 1§ thuyél, dé Ia mot
duimg thing khong qua géc toa do, h¢ s0 gdc cia nd phu thude vao tri $6 gée Py (H. 10-5).

Néu Py <90° thi cotgBy > 0, ta cé dudng AD ;
Néu [y =90° thi cotgPs =0, ta ¢é duding AC ;
Néu fiz >90° thi cotgP, < 0, taco dutmg AB.

Nhu dd phan tich & trén d6i v6i bom ly tam thi B, <90°, do d6 dudmg dac tinh 1§ thuyé
cia bom 14 duémg nghich bién bac nhit AD.

Cén chii ¥ dudmg die tinh Iy thuy&t AD biéu dién pheong trinh co ban {10=2) trong do
chura ké t6i dnh hudmg ciia s6 cdnh din ¢6 han va cdc loai t8n thit. Khi ké ti anh hudng do s6
cdnh din c6 han, dudng dac tinh trdf thanh doan thing A'D',

Hy =KHyp

trong d6 : K < 1 - hé s& k& t6i dnh hudmg ciia s cinh din_co han,

Khi k€ 161 cdc loai t6n thdt thiy luc eha dong chily qua binh cong tdc cdc loai tdn théi
nay déu ty 1¢ véi binh phuong clia van t6c, tic [@VE binhephirong cia iy lIrong, thi dutmg
dac tinh 13 during cong bic hai A'D".

Khi ké dén cdc loai t6n tht co hoc yal ru Nigng thi dudng dac tinh A"D™ thép hon ma
chit so vai A'D". Dudng A"D" chinh 1¥dudmg ddc linh co ban tinh todn ciia bom ly tam.

Céch x@y dung dudmg dac tinhbing tinh todn it phitc tap vi viée ddnh gid chinh xéc cdc
loai 16n thdt cia bom hién nay con gap nhiéu khé khan. Béi vay trong ki thuat thudmg xay

ding cic dudng dic tinh béng edc s6litu do duge khi khio nghiém trén cdc médy cu thé —
dudmg dic tinh thie nghiém.

b) Puimg dac tinh thye nghiém : Mu6n xay ding cde dutmg dac tinh thuc nghigm cila
bom 1y tam thigphdl ghetbom Iam viée trong mot hé théng thi nghiem (H. 10-6).

Trinh tir khido nghiém nhir sau :

Déu 1ién m& khda 2, cho bom lam viec dén khi s& vong quay ciia truc bom dat tdi tri s
yéu cdu, trong khi dé khéa 5 vin déng (Q = 0). Tir cde tri s6 do duoge lic nay & dp ke va chan
khong k€ ta xdc dinh duge cot 4p H ciia bom & ché d6 "khong tai".

Sau d6 md dén khoa 5 dé tang liu lugng cla bam (trong khi n = const). Ung véi m&i vi trf
md cia khéa 5 (mg véi mbi tri s6 hnu lugng Q, ta xéc dinh duge cdc tri s§ cot d4p H, cong sufl

ciia dodng ca Ny tuong ting.

Trinh t thi nghiém cling c6 thé ti€n hanh nguge lai tir che do 1am viee ¢6 Q 16n nhit, sau
dd gidm dédn (bing cdch déng din khéa 5) cho dén ché do "khong tai" (Q = 0).
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Hinh 10— 6 . Hinh 10-7

Tai mdi di€m 1am viée ing véi Q, H nhdt dinh ta xdc dinh duoc chng sufdt thiy luc cha
bom ( Ny ) tuong tmg. So sdnh cong suft thiy luc véi cong sudl do duge trén truc bom ta xédc
dinh duge hiéu sudl cia bom 1.

Nhir vy tir cdc 50 ligu thi nghiém, ta c6 thé xay ding di_rgc cac dudng dac tinh thuc
nghiém ciia bom H-Q, N-Q, n—Q (H. 10-7).

Céc dudng ddc tinh thye nghieém néi chung khéng trilng véi dudmg dic tinh 1y thuyétl ddi
v(i mot bom cu thé. Diéu d6 c6 thé 1y gidi 1a trong 1§ thuyél tinh todn khong thé ddnh gi4
hodn toan chinh xdc cde loai t6n thét trofig bem so v&i thue &,

Cédc dudmg dic tinh thuc nghiém trén thirdng duge ghi trong cdc tai ligu k§ thuat cla bom.
Bai véi bom ly tam, thudng c6 thém dudng bigu difn quan hé do chan khong hit cho phép vii
lou lwong [Heye ] = (Q)

10.3.2. Dudng dictinh téng hop (n = var)

Bé xédc dinh dugenhanh chéng céc thong s6 Q, n, N ciia bom thay ddi nhu the nio khi s&
vong quay limiéc eta hom thay déi, ngudi ta xay dung dudng dac tinh t6ng hop cia bom
(H. 10-8).

Dugmg dactinh téng hop ciia bom chinh 12 dudng bicu dién quan hé Q — H vdi céc s6
vong quay lam, vi¢c clia bom khdc nhau, trén dé cdc diém lam vite ciilng higéu sudt duge ndi
vii nhau thanh nhimg dudng cong, goi 1a dudng ciing hiéu sudt.

Dé xay dyng duding dac tinh 6ng hop, cén phii ¢6 cdc dudmg dac tinh [am viée (mg véi
nhiéu s& vong quay khdc nhau ciia bom. Trén hinh 10-9 biéu thi cdc dudmg dac tinh H — Q,
n - Q ing vdi nhiéu 56 vong quay.

Ciin et viio dudng dic tinh téng hop cla bom ly tm, ta c6 thé chon ch& d6 1am viéc thich
hop nhit trong khi di€u chinh bom, xdc dinh duge khd nang liam vige ciia bom khi chon
mua bom.
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10.4. PIEM LAM VIEC, PIRU CHINH BOM

10.4.1. Piém lam viéc

Bom bao gitr cing,lam vide trong mot hé
théng dutmg Gng cu thé nio'ddy. Do d6 ta cin
phii xdc dinh ché d8uadm viec ciia bom. Theo
(97 co thé Rac dmh dirgre cot dp cia bom lam
vige trong mQL he thong (d6 ciing chinh 1a cot 4p
cia he thdng) :

H=7+Zh,

trong dd : Z — d0 cao hinh hoc cia bom ;

Zhy, — t6n thit nang lugng trong 6ng hit va 6ng
ddy ctia bom.
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Nhu da biét trong thiy lue Zhy, phu thuc vao ditmg kinh, chidu dai 6ng din, hm luong

truyén trong 6ng dén, vat lieu va trang théi 6ng dén.
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Thy = AQ?
trong d6 @ A — h¢ s0 16n thit phu thude vio céc y€u 10 dd ndi & trén ; Q — Iwu lugng clia bom.

Do d6 o6 thé vidt -

H=7+AQ? (104}

butmg bitu dién quan he (10-4) goi 12 dudmg dac tinh Ong din (dutmg dac tinh lud)
trong h¢ thong bom v&i dicu kién cho trude. VE d6 thi didmg dac tinh dng din lén ciing dé thi
dutmg dac tinh ldm viéc cia bom (H. 10-10). Giao diém ciia 2 dutmg dac tinh (cta bam va
coa hé théng dutmg éng) chinh 12 diém lam viéc clia bom ly tim (diém A (r8n hinh 10-10.
Tai d6 bom lam viéc On dinh vi cot 4p “ddy"clia bom bing cot ap “can"eilia hé thong (xem
thém tai licw [1], [5], [6]).

Biém A cho ta biét nhimg thong s6 biéu thi ché do lam.viée &fia bomn (lru Iuong Q, , cot

dp Ha, cOng sudl Ny va hitu sudt ny clia bom).

10.4.2. Biéu chinh bom

biéu chinh bom sang ché do lam viéc khdc nghia 13 thay d6i diém 1am viéc ctia bom theo
moL yéu cdu nao dé. C6 nhiéu phuong phép diéwchinh.

a) Pi¢u chinh bing khoa : Noi dung 't:ﬁg;phﬁ::iﬁg phép ndy la tao nén sy thay d6i duimg
dac tinh ludi bang cdch diéu chinh khéa & 6ng ddy d€ thay déi lou luong Q cia he thong
(khong dicu chinh kh6a & 6ng hit vi ¢6 thé gay nén hien trgng xam thyc trong bom).

Frén hinhi 10-11 : Khi mg khda helin todn c6 diém 1am vite A (Ha, Q4).
Khi dong bot khoa lainthiton that khéa s& tang lén (E4 —>Eg) lnu lugng clia he thing

gidm di, nghia la démg dic tinh 1udi s& thay ddi (d6c hon), trong khi d6 dudmg dic tinh bom
vin khong d6i y@mhityay diém lim viee & ch€ do mdi 13 diém B (Hg, Qg).

Phuong phap di€u chinh ndy don gian, thudn tién nhung khong kinh t€ vi gy thém tén
thit & Khpa (Ehwg) khi diéu chinh v chi diéu chinh duoc trong pham vi han ché.

b) Picu chinh bing s6 vong quay truc bom : Noi dung phuong phdp nay la lam thay
d6i ché do 1am viéc ciia bom bing céch thay d6i dudng dic tinh ciia bom khi thay ddi s& vong
quay cua truc bom.

Trén hinh 10—12 : Diém lam viéc A (Hx, Qu) tng vdi s6 vong quay ny .
Khi tang s6 vong quay dén ng >ns thi dudng dic tinh bom sé thay déi, trong khi d6

dutmg dac tinh ludi khong thay ddi, diém 1am viée tir difm A chuyén dén difm B (Hg, Qg).
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So vé&i phuong phap diéu chinh bing khoa, phuong phap nay kinh t€ hon (vi khong mit
t6n that nang lugng vo ich do khéa) song phic tap hon vi phii g6 thi€t bi thay doi s6
ving quay.

Ngodi ra, nfu diing 14u dii v3 ning suft nhd hon ta cé _thé diéu chinh dudmg dac tinh lam
viéc ciia bom bing cdch (ng dung dinh ludt twong tr/dé got nhd bot banh cong tic. Nhung
phuong phédp nay it duge sir dung vi s& phé hoai binh ebng tdc khong phuc héi lai duoe.

10.5. GHEP BOM LY TAM

Trong thuc t& co trudng hop phad ghép nhiéubom lim viéc trong cung mot hé thing, khi
hé théng cé yéu cdu cot 4p hoac lru litgng 16n hon cOt dp vi lru lrgng cia méot bom. C6 hai
cdach ghép.

10.5.1. Ghép song song
Dung trong trudmg hop hé thong co yéu cdu luu lugng 16n hon luu lrong ciia mot bom.

Trén hinh 10—13(bifuythi so d6 ghép song song 2 bom. DE xédc dinh diém lam viee chung
ctia he théng bomgta vE dutmg dac tinh chung clia cdc bom ghép bng cdch cong céc lwu luong
cla timg bom ghép Wi ciing mot cOt dp. Giao diém cia dudng dac tinh chung véi dac tinh
ludi 13 diémdim wile cua cdc bom ghép trong hé thong.

i Qo= é:? +as
B Q7
Qf 1
Al o
1 2 T = N
(%] -, L
= : +3 10_ =
e Mg i) el Qe < O + 0%
_________ L
5 Q
Hinh 10-13
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RS rang 16ng luu Jwgng cia 2 bom 1am viée song song sé 16n hon Tiu liremg mot bom
nhung nho hon luu lugng cia hai bom lam vige riéng i€ vi 1on that trong 6ng Jdin ting, lam
ting cOL ap todn phin cta bom,

Sau khi nghién ciu nguyeén tic ghép bom song song La thiy :

— S dicu chinh (thay d6i diém lam viéc) cha he thong bom ghép song song tuong doi
phirc tap khi cdc bom ghép ¢6 dudmg dic tinh khic nhau nhiéu. Vi vay ngudi ta thutmg ghép
cdc bom 6 duomg dac tinh gin giting nhau hoac nhir nhau dé diéu chinh thudn lei,

— Cich ghép bom song song chi ¢6 hieu qua lén khi dutmg déc tinh cia cdc bom ghép
thoai (¢o do doc nho) va dudmg dac tinh ludi khong doc lam cich ghép nay img dung trong
cac hé thong bom cidn cd ¢t dp H thay ddi it, khi e lrgng  thay déi nhiéu.

— 56 ligng bom ghép song song dé tang luu lugng trong hé thong c6 21 hanimhit dinh,
xic¢ dinh bdi dudng dic tinh chung cla cdc bom ghép v dic tinh lud,

10.5.2. Ghép naoi tiép
Dang trong trudmg hop hé thong c6 yeu cdu cot dp 1én hon cof ap cllamot bom. Didu kién

dé cdc bom ghép ndi tiép 1am vige duge binh thudmg trong he thomg 1a cBc bom ghép cd ciing
mot L huong.,

Q1=Qz =...=Q;
Cot dp lam viée cha he théng c6 ghép nGi 1iEpHdm khi-@ = const bing tong c6t dp cic

bom ghép, "
H. =Hy +Hy +...+ H; ; Q —Rﬁ !
He = Hy+H, S

Xét hai bam 1,2 ghép ndi tiép (H.@10<14) W
lam viéc trong mot he théng. .

Buomg dic tinh chung cla 2 bom ghép
(He - Q) dige xdy dung bang dich cong céc cot
ap cua ricng timg bom ghép.r'eiﬁ f:ﬂng mil
hru luomg. Giao  diém gcud) deéng  dac  tinh
chung v dutmg dac tinh Tegi la diém lam vice
cia cdc bom ghép@tsong, he ihﬁng (diém A —
hinh 10-14). Tigdo ta xée\dinh duge hru Twong =
Q vi cot dp ctahal bem ghép (H; +H,). 5

Chii y X Hinh 1014

e Khi ghép ndi i€p nén chon bom vi hé thong c6 duimg dac tinh dc nhiéu méi o6 hidu qué cao.

* Khi ghép ndi ti€p, bom thit 2 phii lam vige véi 4p sudt cao hon bom 1, do d6 phii chi ¥
dén d bén cta bom va he théng dudmg dng.
10.6. UNG DUNG LUAT TUONG TU TRONG BOM LY TAM

10.6.1. Sur lién hé gitra luu lugng, ¢t 4p véi s6 vong quay ciia bom ly tam

Ta da bi€t trong mot bom ly tAm khi s6 vdng quay 1am viéc (n) cila bom thay déi thi céc
thong st lam vi¢e khdc cia bom Q, H, N ciing thay d6i theo. Thuc nghiém chimg t6 ring khi
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mot bom ly tam lam viée vdi s6 vdng quay n thay déi it (dudi 50% so véi n dinh mic) thi hiéu
sufit cia bom n thay déi it c6 thé xem 1 = const. Mat khic céc van t6c déu ty 18 véi sd vong
quay nén cic tam gidc van t6c s€ dong dang vdi nhau. Do dé cdc ché do 1am viée khédc nhau
cliia mdt bom khi s6 vong quay n thay d6i it, xem nhu cdc trudmg hop tuong tu.

Ung dung céc cong thitc xdc dinh liu lugng Q va cot ép H ciia bom ly tam :

Q = aDbCy 7,

H= Kuy Gy cosagny
g

Goi Hy, Qq, Nyla et dp, luu lugng va cong sudt ing v6i s6 ving quay ny;
Hz, Qa, N2 I cOt dp, luu luong va cong sudt dng vdi s6 vdng.quay ng ;

Ta xdc dinh duge cdc quan hé ty 12 giira luu lugng, cOL 4p ¥a cOng suflt véi sd vong quay
ciia bom ly tAm nhar sau ;

Q _m v

Q: np U=
2

H; _(nn ¥

s o ws
3

W1

Ny _{ﬂgJ (10=7)

- 10.6.2. Xic dinh diem lam viéc va dudng dac tinh khi ché do lam viéc
cua bom thay doi

a) V& duomg dae tinhumdGi cia bom khi s6 vong quay lam viéc thay doi : Bi6t dudmg
dic tinh lam viec H'= f(Q) vai s6 vong quay n (H. 10-15) img v&i diém 1am viec A;(H;, Q;)

diing cong thitc (10=5) (10-6) ¢4 thé tinh duge Hy, Q) tng véi didm lam viee A)(H;. Q)) khi

s vong quay'ella bom n' # n.
i X 2
H, =H1[ }

Q =Q1[%)

Cung tuong tw nhu vay doi véi cdc diém khdc Ag, As, .., A trén dudng dac tinh H = {(Q)

==

ta c6 thé tim ra cdc diém tuong tmg A5, A3, .., A;. Vi ta c6 thé vé duge dudng dac tinh mai
ciia bom H = £(Q) img v&i 6 vong quay lam viée n' ciia bom.
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H H:flf{:})l H
= A --____-'I_‘i"-.:h -
ji{%‘ A iy
g = “ f A
Hy 7 = ;-4‘; Q,. H Qj—}fif
. | ] A | o
Hj ¢ Hy ]
|; ; 4? ! ®
5 of N\ i K
! ! ’
£
)‘!{f /!
! Fa
£t e
L el
o 0 Oy a o [ l:l
Hinh [0-15 Hinh l0-16 4y r

b) V& duimg biéu dién nhimng diém lam viée tuong tu (dudmgciing hiéu sudt) tir cc
quan hé tuong tr (10-5) (10-6) ta cé thé vit :

H]
Q!

s H]

hoac Qrz

<const

Nhur vay cde diém lam vite A, f"'|.11, .. g \ﬁﬁ{.’: cdcgdp tri s0 Hl.QL;Hl.Q} i .o bidu
dién nhimg ché do lam vige tuong tu. Céc dién’frﬁ_r_n: vigestrong tr bidu thi quan hé bac 2 giia
liru lwgng v edt dp — Quy ludt Parabol : H'= KQ‘Z'?‘tK — hiing 56), Budmg cong nidy 14 duimg
bi¢u dién cdc diém lam viéc ¢é higu sudl biing nhau goi 14 dudng ciing hiéu sudt.

¢) Xdc dinh sd vong quay lam viée.ctia bom iing véi mot diém lam viée cho trude :
Chéng han cén xdc dinh s6 vdngiquay n' ¢6 dudng dac tinh ldm vige di qua diém AT(HL Q)
khong ndm trén dudmg dac tfah s;ha trude H = f(Q) tmg vé&i s6 vong quay n.

Mudn vy, tnedc hiﬁ: I.i phré:t x.il.. dmh durdmg cong ciing hiéu sufll —
vigc trong t vai dibm im;l—lj,, Q).

bifu difn cac diém lam

hay K—H—.

Nhu viged H 5
g

= RQ?

Khi bict'K; vé& dutmg H = KQ? di qua diém cho trude A) cit H = f(Q) tai diém A,
(H. 10-16) d6 chinh 13 didm Tam viéc trong tr vdi diém A). Khi biét dirge diém A, (Hy, Q)
tir quan hé tuong tr (10-5), hodc (10-6) ta ¢6 thé xédc dinh duge s6 vong quay n’ &

an hoac n—n.,m:

Q1

Chut ¥ : Bom cé thé 1am viéc vd&i O vdng quay gidm, nhung tang sO vong quay trong
tririmg hop cdn phii theo quy dinh cia nha mdy che tao.

& - THIY LYC v
www.vncold.vn
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10.6.3. Dinh luat tuong ty
Hai mdy bom twong tu phai thda mén cée tieu chudn tirong tur sau day -

~ Tuong tr hinh hoc 14 hai mdy bom phai d6ng dang, nghia 13 cdc g6c bd tri cdnh din
phai bing nhau va cdc kich thude twong tng phai ty 1& v&i nhau.

— Twong tu ddng hoc 12 cde tam gide van 16c twong {mg cia chat 1ong chdy trong 2 bénh
cOng tac cia 2 mdy bom phdi déng dang, nghia Ia ty 1¢ gifta cdc van 16c tuong img phii
bing nhau.

Ta thdy ring nhitng bénh cong tédc lwong wr c6 dutmg kinh Dy vk Dy vdisBwong quay
np va ny lao nén cOt 4p Hy va H,.

Tir phuong trinh cd bin ciia bom 1y tam (xédc dinh cOt dp) va cong thirc xée dinh lwu lirgng
clia bom, ta xdc dinh duge cie quan he twong tr ciia Iy lugng cot dp va cBing Sudt khi s6 vong
quay va dudng kinh banh cong tdc ciia 2 bom khéc nhau

DE
Q_}=f'_; (10-8)
Q2 npDg
H [ mD, W
Pl T i L o’ I8 10—
Hy ["2”2 / G
3 L
N] m 3 [Dl ]
—=| — == (10=1(hH
2 (HZJ D3,
Cdc guan he (10-8),(10-9),(10-10) th&hicn noi dung cia dinh ludt tvong tr cia bom

ly tam.

Dua vao dinh ludit twong fix ta c6 thé tinh todn vdi do chinh xdc cao nhimg thoéng s& co bin
cia bom thiét k€, néu bidt thong s@ cia bom tuong (v va nghién ctu bing thue nghiém loai
bom mdi trén mo hinh.nhé Jam'gidm nhe cOng viée vi tang thém s hoan chinh cfu tao bom.

Tuy nhien dinh lugt twong e chi ing dung trong trudng hop kich thude clia bom khong
khic nhau quéd 2 dén'd.Jdn vi bom 1am viéc vifi cling mot loai chit long.

10.6.4. 86 vong quay dic trung ng

S0 vong quay dic trmg 1 s6 vong quay cia bénh cong tdc bom ly tAm, ¢6 cdc chi tigt
may tronguiir hinh hoc véi hanh cong tdc cia bom nghién ciru, o6 ning sudl Q = 751/s va con
dp H= 1m cot mnie.

Ding dinh ludt tuong tr ta ¢6 :

1 _nZp? o 0,075 _n,DJ
H n’D? Q

Dg va ny 1d dudng kinh banh cong tdc va s6 vong quay bom c6 nang sudt Q = 75l/s , cot
H = 1m ciit murdc.

114

old.vn www.vncold.vn www.vncold.vn www.vncold.vn www.vncold.vn www.vncold.v



old.vn www.vncold.vn www.vncold.vn www.vncold.vn www.vncold.vn www.vncold.v

Tir hai biéu thitc trén ta tinh duge

D? n? oy
e e b et
D* ngH D- -
n:H2
Vi 0,075 _ N’ N n’
Q nniHY 2  nZHY2
Riil ra : nsz;,ﬁs?]:ﬁ (10-11)

Xét phuong trinh (10-11) ta thay s6 vong quay ddc trirng khong phu thude vae loai chit
long. Nl vy ta ¢6 thé xdc dinh duge s6 vong quay dac trung clia bat ky loai bom néao, néu
bi¢t duoc nang sudt, cdt 4p cua bom ng vidi s6 vong quay n.

Diing khdi niém vé s6 vdng quay déac trumg, ta cd thé :

Thanh lap su phan loai thiuy lue bom ;
— 50 sinh nhifmg loai banh cong tic khédc nhau coa bom ly tim ;
~ Mghién cifu nhimg hom 16n trén mo hinh nho ;

- Chon bom tién loi nhit khi bigt nang sudt va gt dp.
10.7. MOT SO DIEM CHU Y TRONG KETCAU VASTU DUNG BOM LY TAM

10.7.1. Luc hudng truc trong bom Iy tam

O nhimg bom hit mdt phis, trong thdi'gian lam viéc
binh cong tac chiu tdc dung cua lve hudng truc vé phia
nguroe vii hudng chuyén dongeia ehat 1ong di vio bom.
Lire d6 sinh ra luc ma sét pho 1dm' ting thém (6n thit
ning luong, gidm ndng s"i,':,.f]‘t.".fﬁ higu sudt cia bom,

Quan sdt sod6 banhedng tac (H. 10-17), khi chét
long di viio bdnh cOng téc ¢6 dp sudt py; va khi di ra dp

sudl tang 1én py. ¥i py 16n hon p; nén chil long di qua
cdc ké h& giira banh cong tic va thin bom va cdc budng
tréing 1 vit 2 v ¢6 thé chay nguoe vé Gng hit 14m gidm Hinh 10-17
nang sufdt bom,

Lirc huédng true 1a do chénh édp lue tac dung 18n hai mdl trdng 1 va 2 tir hai phia, nghiala:
Py = (R} — R3)py ~ (R ~ R} )ps ~ (nR] ~ 7RE )py
Sau khi bién d6i ta cé :

By = n(RE —R2)(py —p1)
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Néu py —p; =vH (cOt dp clia bom) tacé:

Py = nyH(R? -R2) (10-12)
bé 1am can bing luc hudng truc, thutmg ding céc bien phép sau day :

 Viai bom cé mgt banh céng tdc : cho chét 1éng di vio tir hai phia (bom c6 2 miéng hiit)
hoac trén dia sau bdnh cong tdc ¢6 khoan nhimg 18, do d6 1im giam do chénh 4p sudt tdc dung
I&n thinh ngodi clia binh cong tic.

o Vidi bom cd nhiéu banh céng téc : ¢6 thé be trf c4e banh cong tdc d6i xdang nguge nhau ;
hodc ding pittong can bang gin vio phin cufi roto clia bom - ; hodc ding did can'bing gin vao

trie bom & ¢dp cudi cing.
10.7.2. Mot s6 diém chii y khi sir dung bom

— Chon bom ding theo yéu ciu ky thuat, dua vio didng dic tinh eiia hé théng va dudme
dac tinh cta bom, trong dé dic biét chi ¢ dudmg dic tinh.co bin (H - Q).

— Céc thiét bi va déing hé do 4p sudt, do chan kh@ng, do dién nén c6 dily du, phai ¢ van
mol chiu & 6ng hat dé dé dang khi méi bom va'khdi d':{_‘mg:"nmn_

= Trude khi khai dong bom phai kiém'tra tinkurdng bom, dfiu ma boi tron, dong co, cde
mdi ghép, he thong dién..., sau d6 dé nge dé mei bom d€ cho nude dién déy vio trong Gng
hiit va banh cong téc cia bom, déng khéa irén dudmg Sng ddy lai dé trénh qud tai dong co khi
kh&i dong bom.

— Khi khdi dong bom, cho dong co quay 6n dinh r6i mdi tir tir mé& khéa & 6ng ddy cho
dén khi dat nang suft cin thigs,

— Trong khi bom lam ¥iéc cin theo doi dong hé do, chid § nghe ti€ng mdy d& phét hién
nhirng hién tumghbitlhuﬂmg va G bién phép xir 1§ kip théi.

— Khi chuﬂn h] tal mdy, lam thit i ddng tée nguge véi khi cho méy chay : déng khia
trén Gng dd¥tnrde, tit méy sau.

— Khi'bem lam vige, chat 16ng khong 1én hoac 1én it, ¢dn dimg méy va kiém tra lai :
Céc van hoac khoa trén Gng déy.
5ng hiit khong kin hodc chira dudi hét khong khi ra khi méi bom.

Ludi chén rdc bi 18p kin hoac miéng Gng hit khong & diing d0 siu cdn thiét cdch
mit thodng bé hiit.

Banh cong tdc quay nguge chiéu (khi ddu day nguge pha trong dong co dién) hoic
s0 vong quay bdnh cong tdc ting, gidm qué dinh mic cho phép...
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Chuong 11
BOM HUONG TRUC

11.1. KHAI NIEM CHUNG
Bom hwéng truc thuge loai bom cénh din, duge diing pho bién trong nofg nghiép va cong
nghi¢p nhe khi cdn phai bom chat 1éng vdi lia lugng 16n va cot 4p tieng doi nho.
Pham vi iing dung théng thudmg ctia hom hudng truc 14 ;
Q=0,11+25 m’/s
H= 4+ 10 m cdt nude

Bom hudng truc duge nghién ciu mot cdch o6 hémhdag vadduoe «ir dung rong rii trong
khodng 70 nam gdn day,

w S
j= | % E
%Ii (5]
E.‘J_ a4 i

itz B4 ]

C;u

u i
Hinhk 15'=1 Hinh 11-2

Két ¢diu ctia bam hudng true khd don gidn va chic chén (H. 11-1) né bac gém :

Phin quay (dong) gém bédnh cong tdc | gin lién vai truc bom 2. Binh cong téc hinh tru c6
£in cdnh din mét cong ba chiéu phin ba déu xung quanh. Thuimg s6 cdnh ddn cla binh cong
lde 1r2 + 6,

Phén ditng yén (tinh) 14 than bom 4, hinh try rBng, phfa trong cd gin cdc cdnh din hudng
3 vi bo phan 6 dd truc. Phia trén bo phan din huéng than bom uén cong dé tién bd tri céc bo
phan din dong truc bom.

Khdc véi bom ly tam, chit 1éng chuyén dong trong bom hudng truc khong thing géc vai
truc bom mi chuyén dong trong cdc mat try déng tAm véi truc bom, nghia 14 van tGc vong &
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101 ra vt 161 viio cta banh cong tde nhu nhau uy = u; =u (H. 11-2). Xét mot phin tir chit long

bi cdnh din ddy khi quay tron (H. 11-3). Vi mat nghiéng cua cdnh din nén phin tir chét 1ong
chuyén dong theo quy dao “xodén 6c” doc theo truc. DE gidm t8n thdt ning lugng cua dong

“Xodn Oc”, sau khi ra khoi banh cong tde, ngudi ta diing b6 phan din hudng dé “khir” thanh
phin chuyén dong quay cla ddng chdy. Qua bo phan din hudng, ddng chiy trd nén song song
véi true, vi the cho nén gdc do bd tri va bién dang ~dnh din huéng phii sao cho phit hop v
dong chay sau banh cong tac.

SR

| Da=Dy
- { b)
Cm —L_
2 F 17 1 1 2
— 4 —
N -
Cm |
I Oy
\—/\-TI‘/\
Hinh 11-3

Gid sir dién tich mat cit vt cia dbng ehdy tiY 161 vao (1) dén 16i ra (2) cia banh cong tic
bing nhau (H. 11-3a) thi thanh phdn van (8¢ Cy, clia ding chiy s& khong déi. Phuong ciia
Cjy, trong bdnh cong tac hdémg truc song song vai truc nén con goi Cy, 1a thanh phin van 1de
hirGng truc :

Cim = sz = Cm

11.2, LY THUYLT QO BAN VE BOM HUONG TRUC
11.2.1,Phuong trinh co ban cua bom hudng truc
Tir phuong trinh ¢o ban ciia bom ednh din -

uzCay _ulclﬂ_
g

H=

ap dung v bom hudng true, ta ¢o ;
iy =Up =1} Ci=0 (vi & 161 vao cia bénh cong téc, dong chal long
chira ¢6 thanh phin chuyén dong quay).
Viy phuong trinh co ban viét cho bom hudng truc 14

U{:z“

o
(=]

Hy = (11-1)

118
old.vn www.vncold.vn www.vncold.vn * www.vncold.vn www.vncold.vn www.vncold.v



old.vn

old.vn

www.vncold.vn www.vncold.vn www.vncold.vn www.vncold.vn www.vncold.v

a

2 2 2 "
W2 - W3 " c?—-C3
2g 22

Nhu viy ot dp cia bom hudng truc duge tao nén do su chénh 1ech vé tri s6 thanh phén
van tdc teong doi va tuyét d&i o 161 ra cia binh cong t4c.

hodc HT =

(11-2)

Tir (11-2) 1a thdy cdt dp cla bom hudng truc khéng cé thanh phin do lye ly tam

i =
Uy — U - .
‘ -—21 ] ]lham dur nhir bom ly tdm (do6 Ia thanh phdn chi y&u tao nén cOt 4p cha bom ly tam).

Do tinh chét nady mi bom hudng truc cé nhimg dic diém sau :

a) Cot dp cia bom hudng truc khong thé 16m bing cot dp bom ly tdm.

b) Cot dp tinh cta bom hudng truc chi do dd md rong cdc cdnh din cia binh clng tdc tao
nén (W, > W,) :

2 2
SOV =W

2g

Thinh phan van tfe twong d6i W trong bom hudngitrue) ci ¥ nghia quan trong.
Cdc cdnh ddn cia bianh cong tdc phai ¢6 do md rong thich ding d& tao nén cot dp tinh cdn
thigt cho bam (W) = W5 ). Dicu niy gy nén cdc ton that phu'Wi 1€ qudn tinh cia dong chéy
qua canh din ¢6 vin (6c thay déi lon. DE gidgm bdtatdn ih;?’t_pﬁlll thém do, cde cdnh din cla
bom cin dugc gia cong chinh x4c¢ vii ¢6 do nhiin bé:-Lrn%_it cap.

Hy

¢) Cong thite (11-=1) cho ta thiy ring giﬁvﬁQnE ¢hdl’ 1ong qua binh cong tic bom hudng
true duge cin bing (6n dinh) thi cdnh din fikdi c6 Kt cdu sao cho :

Hy :Ezmg- =const, (v moi bin kinh 1)

Mudn vay thi uCyp, = const, nghia 13 u vd Cy, ciing phai thay déi theo ban kinh, cu thé

14 u tang dén tir trong ra ng@litht\Coy, phai gidgm din r ngodi viio trong theo hudng kinh cia
bdnh cong tdc.

Tir tam gide vantdc(H. 11-2) cta bom hudng truc, ta cd :
N Cyy =u—Cyy cotghs
u=Cy, cotgh;
do dé Cay =Ciy(cotgh; —cotgps)
Thay vio (11-1) :

u
Hy :ECm (cotgPy — cotgPs)

hodc : Hy = n';é:; R(cotgﬂI = :.:utgﬂg) (11-3)

trong doé : i} = const (vi doi v&i mot bom nhat dinh n = const thi C; = const).

30p
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Tir (11-3), ta thdy rang :

—Binh cong tdc bom huéng truc chi
tao durge coOt dp khi cdnh din c6 cde gbe ra
16n hon géc vao (Bz >By) tie 1A mat cdnh
din khong phdi 14 mit phing ma 13 mat
cong. Tri s@ cdc gée B vd Po cing khic
nhau nhiéu thi do cong clia mat cdnh déin
cang ldn. Hai bom hudng truc cé cot dp
nhe nhau, bom ndo c6 s6 vong quay lam
viéc 16n hon, thi cdnh din ciia banh cong
tic bom dé cd do cong it hon.

-P€é didm bido Hy = const thi
RicotgP; —cotgBs) = const. Do d6 cic
cip tri 80 cia B; vd By khong phdi cf
dinh mi thay d6i theo ban kinh r ; nghia
14 d0 cong clia cdnh din khong phii ddng
déu & moi noi, ma & phia sat bdu, do cong i
cdnh din s€ 1én nhat va gidm dén ti trong Hinh 11—4
ra ngoai theo huéng kinh. Do cong cdnh
diin nho nhét \ing v&i ban kinh 16n nhit. Vi do cofig thay'déi‘nhu vay nén mat cdnh din 1a mat
cong theo 3 chiéu trong khong gian — xoén vé d& (H. 11-4).

Ciing nhu ddi vai bom ly tam, cot 5'[:: thuc 18 cia bom huéng truc nhd hon cot dp
I¥ thuyet : : ’

H< HTI

Trong trudng hop gin ding, cot dp thuc t€ ciia bom hudng truc ¢6 thé xdc dinh theo
cong thirc :
2

Sl s
Kj, 28
trong d6: Ky —h&sdcot 4p phu thudc vio s6 vong quay dic trung ng :
Ky ~0.0244n°
11.2.2. Earu lugng cia bom huéng truc
L luegng cha bom hudng true duge xédc dinh nhu sau :
Q=CuF
F — dién tich mat cit & 16i ra (sau bo phén din huéng) ciia bom :
F=2(p?-¢?)
trong d6 : D — dudng kinh ngoii (16n nhét) clia bénh cong tic ;
d — Gizdng kinh trong (dudmg kinh béu) cla bdnh cOng t4c ;
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vy : Q:%(DE -—dz)Cm

Cm — viin t6c hudng truc clia dong chit 16ng qua bom; ¢6 thé tinh gdn ding theo

cOng thifc :
Cpy = K{:xl'ZEHT

K. =0,0055n2/% — he 6 van t6c.

11.3. PUONG DAC TINH CUA BOM HUGNG TRUC

Cdc dudmg dédc tinh va kha nang ldm viéc cia bom hudng true duge thé hién bing)cic
duimg ddc tinh thue nghi¢m; twong tu nhu d6i v bom ly tdm. Tuy nhién v& hinhidang cdc
dudng déc tinh cia bom hudng truc ¢6 nhimg nét khdc so vii bom ly tAm.

Trén hinh 11-5 14 dudmg dac tinh lam viéc clia bom hu'ng true c6 cinh din 6 dinh véi
sd vong quay khong déi.

Trong cdc bom hudng truc ¢@ 16n thudmg gip trudng hopednh, din €fia bénh cong téc ¢6
thé thay d6i durge gée do 1am vige bang co efiu didu chinh ba tri @ bén trong biu banh cong tic
dé diéu chinh lwu lugng bom. So dd co ciu diéu chinh/gdc dO b canh din thé hien trén

hinh 11-6.
Him) r n% : 7
7 \\f‘\g i 2 i E
5+ ™ 50
N~ \[H

3- f__'\.\ 160
A AN o

/| \

500 1000 1100 Oifls] @

§200 3600 4Q000@ fmh)
Hinh 11 -5 Hinh 11-6

Binh cong e nhu vay goi 1a banh cong tde ¢ canh din didu chinh duge.
Hinh 11-7"hiéu thi dudng dic tinh 1im viée clia bom hudng true vai cde goe do 1am viée
khic nhat'eia cdnh din banh cong téc.

Quan sdt cdc dwong dic tinh (H - Q), (Q — N) v (n — Q) clia bom hudng truc & trén hinh
11-5 va hinh 11-7, so sdnh v&i cdc dudng dac tinh cia bom ly tdm, ta thiy c6 nhimg diém
khéc sau day :

a) Dutmg dac tinh H-Q c6 do d6c 16n, nhat 13 & hai ddu ; & khoang gitta c6 thé ¢6 diém
udn hogc diém giy. Cot dp cang ting khi luu luong cing gidm va 1én nhat khi Q = 0,

b) Budmg déc tinh Q — N ciing ¢6 hing dang tvong tu nhy dutmg H — Q. Khi Q = 0 thi
N = Npax (Npax €6 thé vurot tir 1,5 dén 2 1dn cong sudt 1am vi¢e binh thudng cua bom).
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0 100 200 300 4000, W 500 Q (iis)
Hinh 11-7 A N

56 di dudmg dae tinh H - Q vi Q — N ciia bdm hudn@fuc cd hai dic diém trén 13 vi khi
lru lrgng trong banh coOng tdc nho thi xudt hiéndong ghay hudng kinh tir trong ra ngoii tao
nén dong xody vong-d bubdng chira banh eBngiidc, @dng xody niy o cudmg do Ion nhat khi
2 =0, Do anh huémg cia dong xody mi 684 dp viledng sudl cia bom tang khi liru luong gidm.

¢) Pham vi lam viéc t8i wu ciia bom, hu&ng truc tuong doi hep. Néu bom lam vigéc vdi
lwgng khde lvu lugng dinh mife kﬁ‘hﬁ'g:.gﬁjéu ldm vé cd hai phia (Iém hon hoac nhd hon) thi
hiéu sudt cia bom giam rdt nhiéu,

Do cdc dac diém tréndday nén khi khoi dong bom hudng true khong nén dong khda ong
didy vii khong nén didu chink bémybang khoa.

Thong thuimg ding cacphuong phap diéu chinh sau:

- biéu chinh‘sﬁ;?étf;g quay lam viéc cha bom, khi ¢d khi ning thay déi duge s6 vong
quay lam vic@claddng co.

- Dﬁng'kh;ﬁp noi thuy lue cho phép thay déi s¢ vong quay lam viée cha bom trong khi 6
ving Guay dong co vin khong déi.

— Ding bédnh cOng tdc cd cdnh din ¢4 thé diu chinh duge géc do 1am viée, phuong phip
niy ¢d thé cho phép bom hudng truc lim viée véi hicu sudl cao & moi ché do. Nhung chi 4p

dung ¢ho bom c6 kich thude va eong suft 16n, vi viée ché tao cdc co ciu didu chinh géc do
lim viée cua cdnh din trong d6i phire tap va dat tién,

114, KET CAU CUA BOM HUGNG TRUC

50 vai bom ly tdm, bom hirdng truc ¢é két cfu don gidn hon. Trong cdc hé thong c6 yéu
ciu cot dp nho, hru lugng [6n thi ding bom hudng true 8 gidm dugc kich thude cia thiét bi va
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tram bom. Bom huéng truc phén 1dn |
bd tri thing ding nhung ciing ¢6 loai
b tri Xién hodc ndm ngang.

Trén hinh 11-8 13 k&t cdu cu thé
ciia mot bom huéng truc dit thing
dimg. Phin quay ciia bom gém c6 hai
b phin chu y&u : bianh cong tac I va
truc 2. Bdnh cOng tdc g6m hai phin :
bdu va cdnh din. S8 cdnh din co tir 2
dén 6 ghép chat véi bdu bing bu long
hodc dic lién. C6 loai cé thé quay
trong d6i vai bdu dé thay d6i gée do
lam vite bing co cfu dién chinh dat
bén trong bdu. Bfdu bdnh cong tdc
bing gang hodc thép. Cinh din lam
bing thép hop kim chéing i hode hop
kim déng d€ ¢6 khi nang chéng xam
thue 6t. Truc bom ndi vai dong co
biang khdp ndi 4. Toan bo bo phin
quay duge cf dinh bhing mat & chan
trirct b trf & trén dinh déng co va hai
6 d& trong vo bom 5 va 10, Céc 8 dd
truc phin Idn 14 & trugt ché tao bing
cao su nén, boi tron bing nudc 13 va
thutmg xuyén dirge thay the ding ky
han. Khe hd & giita banh céng 186 _
{cdnh din) vl v bom dnh hudng lon \
dén higu sufl lwu lugng ng.va 'eot 4p 3
cia bom. Thutmg & = 0,00IDD - 7
dutmg kinh ngodi cing cia'bdnh cong
tdc). VO bom gémbdn phin : 6ng hit

9, budng lamewicchR,"BB phin din 7=
hudng 7 va ong dawé) Cdc phéin duoge -{";;1
ghép val dlau hﬁl_'lg, buldng. Mat trong 3‘51;;
cia buBng am Viec cé dang mat ciu, o
duge gia ¢Bng chinh xdc dé dim bio  EEEEZ | g

khe hé cén thiél. Bo phan dn huimg
gom ¢6 cdc canh din hudng dic lién
vifi v bom,

Chii ¥ : Bom hudng truc co chidu

cao hit Zy < 0 nén bom thuimg phii

Hinh 11-8

dat shu dudi mat thodng cia bé hit.
Nhur vay trude khi bom [am viée khong cdn phii méi nuée.
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