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LOI NOI PAU
(Cho lan tdi ban thit ba)

Gido trinh Thuy luc tron b6 gom 19 chuong, duoc chia lam
02 tép. Tap I do GS. TS. Vi Van Tao chu bién, con tdp II do
GS. TS. Nguyén Cdnh Cam chu bién. B gido trinh nay duoc
xudt ban ndm 1968 va tdi ban vao cdc nam 1978 va 1987. Riéng
lan tdi ban th@ hai ndm 1987, do yéu cdu vé khung chuong
trinh dao tao luc do nén duogc chia ra 03 tdap.

Trong lan tdi ban thi ba nay, ching toi chia thanh 02 tap.
Tép I gom 09 chuong va tdp II c6 10 chuong.

Vé co bdn, ching toi git lai néi dung cta lan tdi ban thi
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hai va cé chinh ly, b6 sung mot sé cho.

Lén thi ba nay do GS. TS. Nguyén Canh Cam phu trdch.
Trong qud trinh chudn bi cho viéc tdi bdn ldn thi ba nay,
B6 moén Thuy luc Truong Dai hoc Thuy loi da déng gop nhiéu

y kién quy bdu. Chiung toi xin chén thanh cam on.

Chiing toi mong nhdan duoc nhiéu y kién nhdn xét va gop y

cua ban doc.

Nhitng nguoi bién soan






Chuong 1
MO PAU

§1-1. PINH NGHIA KHOA HOC THUY LUC - PHAM VI UNG DUNG
VA LINH VUC NGHIEN CUU CUA KHOA HOC THUY LUC

Thity Iuc 1a mon khoa hoc tng dung nghién citu nhitng qui luat can bang va chuyén
dong cua chat 1ong va nhitng bién phap ap dung nhitng qui luat nay. Phuong phap nghién
ctru ctia mon thay luc hién dai 1a két hop chat ché su phan tich 1y luan véi su phan tich tai
liéu thi nghiém, thuc do, nham dat t6i nhiing két qua cu thé dé giai quyét nhitng van dé thuc
t€ trong k§ thuat; nhitng két qua nghién ctiu ctia mon thity luc ¢6 thé ¢6 tinh chét 1y luan
hoac ntra 1y luan nura thuc nghiém hoac hoan toan thuc nghiém.

Co s& cia mon thuy luc 1a co hoc chit 1ong ly thuyét; mon nay ciling nghién ctu
nhitng qui luat can bing va chuyén dong cta chat 16ng, nhung phuong phép chi yéu cta
viéc nghién ctu la st dung cong cu toan hoc phic tap; vi vay mon thiy luc con thuong
duoc goi 1a mon co hoc chat 1ong ting dung hoac co hoc chat 16ng k¥ thuat.

Kién thic vé khoa hoc thiy luc rit can cho ngudi can bo ky thuat & nhi€u nganh san
xuat vi thudng phai giai quyét nhiéu van dé ky thuat ¢ lién quan dén su can bang va
chuyén dong ctia chat 16ng, dac biét 1a nu6c. Nhitng nganh thuy loi, giao thong dudng thay,
cap thoat nudc cin nhiéu 4p dung nhat vé khoa hoc thay luc, thi du dé gidi quyét cc cong
trinh dap, dé, kénh, cong, nha may thuy dién, tudc bin, cac cong trinh dudng thuy, chinh tri
dong song, cac hé thong dan thdo nudc v.v...

Trong khoa hoc thiy luc hién dai dd hinh thanh nhiéu linh vuc nghién ctu chuyén
mon nhu thiy luc dudng ong, thuy luc kénh hg, thuy luc cong trinh, thuy luc song ngoi,
thity luc dong thdm v.v... Tuy nhién, tt ca nhitng linh vuc nghién ctu d6 déu phat trién trén
co s& nhitng qui luat thiy luc chung nhit ma nguoi ta thuong trinh bay trong phan goi la
thiy luc dai cuong. Vi th€ d6i véi nguoi k¥ su, ngudi lam cong tac nghién ctu, trude hét
can nam vimg thiy luc dai cuong 1am co s& trude khi di sau vao thuy luc chuyén mon.

Gido trinh nay bao goém hai tap: tap I 1a thuy luc co sé trong dé cht yéu néi vé thuy
luc dai cuong c6 thé dung cho sinh vién cdc nganh khéc nhau, tap hai néi vé thiy luc
chuyén mon, chu yéu phuc vu cho sinh vién nganh thuy loi, nganh giao thong, nganh cang,
duong thuy.

Tru6c khi nghién ctu nhitng qui luat chung nhat vé su can bing va chuyén dong cua
chat 16ng, can ndm viing nhiing dac tinh co hoc cha yéu cta chat 16ng. Khi nghién ciu
nhitng dac tinh vat 1y chl yéu cta chat 16ng, nhitng qui luat chuyén dong va can béng, cin
phai dung dén mot hé do luong nhat dinh. Cho dén nay thuong dung hé do luong vat ly
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(CGS) va hé do luong ky thuat (MKS). Theo Nghi dinh ctia Hoi dong Chinh pht ngay
26-12-1964, tir ngay 1-1-1967 bat dau c6 hiéu lyc “Bang don vi do ludong hop phép cua
nuéc Viét Nam dan chu cong hoa”. Trong hé do ludng hop phéap d6, vé don vi co thi nhiing
don vi co ban dugc xac dinh nhu sau: don vi do dai la mét (m), don vi khoi luong Ia
kilogam (kg), don vi thoi gian 1a giay (s).

Trong gi4o trinh nay chiing ta cling dung don vi mdi; nhung dé thuan tién cho viéc
chuyén din don vi cii sang don vi méi, ching ta ciing néu don vi cil.

Sau day la mot vai hé thic gifta nhiing don vi thuong gap trong gido trinh. Pon vi
luc 1a Niuton (N): IN = 1 kg x 1 m/s* = 1 mkgs™. Trong hé thong don vi cii, don vi luc
12 kilogam luc, ching ta dung ky hiéu kG dé biéu thi don vi nay: 1 kG = 9,807 N hoic
1 N=0,102 kG.

PonviconglaJun (J): 1J=1Nx 1 m=1m’kgs™.

Pon vi cong suat 12 oat (W): 1 W =11J/s = 1 m’kgs™.

§1-2. SO LUGC LICH SUPHAT TRIEN CUA KHOA HOC THUY LUC

1. Thai ky co dai

Loai ngudi séng va san xuat ¢6 moi quan hé mat thiét véi nudc. Dén nay con nhiéu di
tich vé céc cong trinh thuy lgi nhu muong, dap, dé, giéng v.v... tit ba bon nghin nam trudc
cong nguyén & Ai Cap, Médopotami, An b9, Trung Qudc va nhiéu noi khic. Nhiing kinh
nghiém giai quyét nhu ciu cua con ngudi vé nude, chéng thuy tai, lam thuy 1gi dugc truyén
miéng tir doi nay sang doi khéc, thlty luc thoi c6 dai chua ¢6 co s& khoa hoc nao, con ngudi
thuc hién cdc cong trinh thuy 10i mot cdch mo mam, tiép can dan dan dén muc dich.

2. Thai ky ¢6 Hy Lap

0 Hy Lap trong nhitng nam trudc cong nguyén da xuat hién mot s6 luan van c6 y
dinh tong két va phat trién mot vai van dé thity luc. Nha toan hoc Acsimét (287-212 trude
cong nguyén) da dé lai luan van vé thlly tinh hoc va vé vat ndi, trong dé c6 1y luan vé su 6n
dinh ctia vat néi ma 20 thé€ ky sau ngudi ta ciing khong c6 bo sung gi dang ké. Cing mot
trudong phdi Alécdangdori véi Acsimét, c6 Stedibiot phat minh may bom chita chdy, déng
hé nuée, dan nuée v.v... PhilendoBidanxo phat trién 1y thuyét siphon, Héron Alécdangdori
miéu ta nhi€u co cau thiy luc v.v...

3. Thai ky c6 Lama

Ngudi La ma muon rat nhi€u van minh cia Hy Lap va tap trung stc vao chién chinh va
cai tri. Ho xay dung nhiéu cdu din nudc, phan 16n ¢6 mat cét chit nhat rong tir 0,60 dén
0,80 m, cao tr 1,5 dén 2,4 m, dat nhi€u hé thong cap nudc bang chi hoac dit nung, c6 khi
bing dong hoac bing di. O ddu ngudn, 12 nhimg dap dang nudc. Ho dao nhiéu giéng, biét



dung nhitng bé lang v.v... K§ su xay dung ngudi La ma Phorontin, cudi thé ky thi 1 sau
cong nguyén, da miéu ta phuong phap do Iuu lugng bing voi.

4. Théi ky Trung ¢6

Sau su sup d6 ctia d€ ché La ma, la mot thoi ky dai khoang nghin nam, san xudt, van
héa, khoa hoc déu ngling tré, mon thiy luc ciing khong phét trién dugc.

5. Thai ky Phuc hung - Su xuat hién phuong phap thuc nghiém

Trong ntta sau thé ky thit XV va cé thé ky thi XVI, bat ddu phat trién nhitng nghién
cttu thuc nghiém. Thoi ky nay xudt hién nha bac hoc 16i lac nguoi Y 1a LeonadoVanhxi
(1452-1592), xuét sic trén linh vuc hoi hoa, diéu khac, am nhac, vat ly, giai phau, thuc vat,
dia chat, co hoc, xay dung, kién tric. V€ mat thuy luc hoc, mot mat ong thiét k€ va diéu
khién xay dung nhitng cong trinh thodt nuéc va cong trinh cang & mién Trung nuéc Y, mit
khac ong da nghién citu nguyén tac 1am viéc cia mdy nén thiy luc, khi dong hoc cua vat
bay, su phan bd van toc trong nhitng xody nudc, su phan xa va giao thoa cua séng, dong
chiay qua 16 va dap v.v...; 6ng phat minh may bom ly tam, du, céi do gi6. Nhiing cong trinh
clia 6ng viét trong 7 nghin trang ban thao con duoc Iuu lai & nhiéu thu vién nhu Luan Don,
Pari, Milan, Tuarin v.v... Do dé, c6 thé coi LéonadoVanhxi nhu 1a nguoi sang lap ra khoa
hoc thuy luc.

Trong thoi ky Phuc hung, cin phai ké dén nhitng cong trinh ctia nha toan hoc- k§ su
Ha Lan Simon Stévin (1548-1620) phat trién thiy finh hoc, dac biét da phan tich ding din
luc tic dung béi mot chat 16ng 1én mot dién tich phiang va da gidi thich “nghich ly thay finh
hoc”. Nha vat 1y, co hoc, thién van hoc ngudi Y 1a Galile (1564-1642) da chi ra rang suc
can thuy luc tang theo su gia tang van toc va su gia tang mat do clia moi truong 16ng; ong
con phan tich vén dé chan khong.

6. Thiy Iutc hoc sau thdi ky Phuc hung, & thé ky XVII va dau thé ky XVIII

Tiép theo LéonadoVanhxi, trudng phai thily luc Y van ndi bat trong nhing thé ky
XVI va XVIL Casteli (1517-1644) trinh bay dudi dang sdng siia nguyén tac va tinh lién tuc.
Torixéli (1608-1647) 1am sdng tO nguyén tac dong chay qua 16 va sédng ché dp k€& thuy
ngan. Truong phai thiy luc Phdp bat dau xuat hién tir the ky XVII v6i Mariot (1620-1684),
tdc gid cudn sdch “luan vé chuyén dong clia nudc va nhitng chét 16ng khac”, Pascan
(1613-1662) xac lap tinh chat khong phu thudc cua tri s6 dp suat thiy tinh do6i v6i huéng
dat ctia dién tich chiu luc, giai thich triét dé van dé chan khong, chi ra nguyén tic cia may
nén thily luc, néu 1én nguyén tic Pascan vé sy truyén dp sudt thay tinh.

Céc vén dé thay luc cho dén lic nay dugce nghién citu mot cach riéng ré chua lién hé
duoc véi nhau thanh mot hé théng c6é diy di tinh khoa hoc; phai doi su phét trién clia todn
hoc va co hoc, méi ¢6 co s dé dua thiy luc hoc thuc su tré thinh mot khoa hoc hién dai.

Chinh thoi ky nay todn hoc va co hoc da c¢6 nhiing tién bo 16n, do d6 da gép phan
chuén bi cho su phét trién méi ctia thiy Iuc hoc. Can ké dén nhitng nha toan hoc Phap nhu
bécacto (1598-1650), Pascan (1623-1662); nha todn hoc, vat ly, thién van hoc Ha Lan
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Huyghen (1629-1695); nhiing nha todn hoc, co hoc Anh Hicco (1635-1703), Niuton
(1643-1727); nha toan hoc Diic Lépnitdo (1646-1716) v.v...

7. Thai ky gitra va cudi thé ky XVIII
a) Su hinh thanh nhitng co so ly thuyét ciia co hoc chdt long hién dai

Nho su phat trién cia todn hoc va co hoc, nhiing co s& clia co hoc chat 16ng hién dai
dugc hinh thanh nhanh chéng; d6 1a cong lao trudc hét ctia ba nha bac hoc cua thé ky
XVIII 1a: Danien Bécnuiy, Ole va Dalambe.

Danien Bécnuiy (1700-1782) - nha vat 1y va todn hoc xuét sac - sinh & Goroninhghe
(Ha Lan); tir 1725-1733 song & Pétécbua (Nga) la gido su va vién si Vién Han 1am Pétécbua;
& day ong da viét cong trinh néi ti€éng “Thuy dong luc hoc” (nam 1738), trong d6 ong da
dua ra co s& 1y luan chia phuong trinh chuyén dong 6n dinh ctia chat 16ng 1y tudng mang tén
ong, ma ong 1ap luan cho mot dong nguyén t6, theo nguyén tic bao toan dong nang.

Léona Ole (1707-1783) - nha todn hoc, co hoc va vat 1y vi dai - sinh ra & Balo (Thuy
Si), song & Pétécbua tir 1727 dén 1741, r6i tir 1766 dén hét doi; ong 1a vién si Vién Han lam
Petécbua. Ong ndi tiéng véi phuong phap nghién citu cdc yéu o thily luc tai mot diém co
dinh, goi 1a phuong phdp Ole, v6i nhitng phuong trinh vi phan chuyén dong cua chat 16ng
1y tudng mang tén o6ng, lam co s& cho thuy dong luc hoc; 6ng da khdi quat chuong trinh vi
phan lién tuc cua Palambe thanh dang chung dung cho ca chat khi, ong da suy tir nhiing
phuong trinh vi phan néi trén ra phuong trinh Bécnuiy. Ong ciing nghién cttu nhitng may
thuy luc va la nguoi dau tién néu 1én cong thic co ban ctia nhitng may tudc bin.

Palambe (1717-1783) - nha toan hoc va tri€t hoc, vién si Vién Han 1lam khoa hoc
Phap va nhiéu nuéc khic, ké ca Vien Han 1am Pétécbua (tir nam 1764). Ong c6 nhiing luan
van vé su chuyén dong va can bing chat long.

Trong thdi gian nay, hai nha todn hoc Phéap c6 nhiéu cong hién cho co hoc chét 1ong
la: Lagoranggio (1736-1813), phat trién céc cong trinh ctia Ole, dua vao phuong phdp
nghién cttu mot phan tir nhat dinh cla chdt 16ng chuyén dong goi 1a phuong phdp
Lagoranggio; ong dé ra khai niém vé thé luu t6c va ham s6 dong 1am co s& cho viéc nghién
ctu chuyén dong thé, viét nhitng cong trinh nghién ctu vé séng di dong c6 do cao vo cung
nho trong kénh ¢6 do sau hitu han; va Laplaxo (1749-1824) séng tao 1y thuyét doc ddo vé
song trén mat chat 16ng va 1y thuyét vé tinh mao dén; ong sdng tao ra todn tr Laplaxo dugc
dung trong thuy dong luc hoc.

Nhiing két qua nghién ctu clia cac nha toan hoc néi trén tao nén co sd ly thuyét cho co
hoc chét 1ong hién dai, tuy vay nhitng két qua d6 chua phai l1a da dugc st dung truc ti€p vao
thay luc nén c6 mot thoi ky co hoc chét 16ng phat trién nhu 1a mot nganh todn hoc véi nhiing
10 giai dep va thiy luc phat trién nhu mot nganh k¥ thuat vé6i nhitng ting dung phong phy.

b) Su xudt hién phuong huong ing dung cua co hoc chdt long (phuong huéng thiiy luc)

Bén canh phuong hudng 1y thuyét néi trén ciia co hoc chat long, xuat hién phuong
hudng ting dung hoac k¥ thuat tic 1a phuong huéng thuy luc, chi yéu do truong phai thuy
luc Phap xay dung nén.
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Nhiing dai dién xuét sic cta trudng phai nay 1a: Pito (1695-1771) - Ky su thiy cong,
vién si Vién Han 1am khoa hoc Pari, sang ché ra “6ng Pit6” dé do van t6c dong chay; Sedi
(1718-1798) - Giam doc Truong Cau duong, 1ap ra cong thitc mang tén ong, khi nghién ciu
dong chay trong kénh v6i muc dich tim ra stc can do thanh ran va ddy kénh gay ra; Bodcda
(1733-1794) - K§ su, nghién ctu dong chay ra khoi 16 va tim ra “tén that Boécda” khi long
din m& dot ngot; Botsuy (1730-1814) 1am nhiéu thi nghiém mo hinh dé x4c dinh stic can
gifta dong chdy va nhiing vat ngap c6 hinh dang khdc nhau; Puyboa (1734-1809) néi ti€ng
vGi cong trinh “nhitng nguyén ly cta thiy luc hoc” va dugc coi 1a nguoi sang tao ra ky
thuat thuc nghiém cta trudng phdi thiiy luc Phap, 6ng tién hanh nhiéu thi nghiém nhim tim
ra nhitng giai phdp thuc t€; 6ng phan tich nhiéu vé dong chay, déu dua trén su can bang
gifta gia toc do trong luc gy ra va sic can cua thanh ran; ong di dén cong thic tuong tu
nhu Sedi trong d6 6ng dua ra khdi niém vé ban kinh thay luc; nhitng cong trinh nghién ciu
clia Puyboa c6 nhiéu anh hudng & chau Au vio cudi thé ky XVIII va dau thé ky XIX.

Hai nha thily Iuc thuc nghiém nita ciing thuong dugc ké dén la: gido su ngudi Y
Venturi (1746-1822) lam nhiéu thi nghiém vé dong nudc chiay qua voi va nhiing thiét bi
dang hoi tu va khuéch tdn mang tén 6ng va ky su ngudi DPic Vonman (1757-1837) da
nghién ciu luu toc ké do luu luong & song.

Nho nhitng hoat dong nghién ctiu ctia cac nha bac hoc, k¥ su theo huéng thuc nghiém
va k§ thuat néi trén, mon thuy luc dat dugc nhiéu ti€n bo v€ mot s6 mat cha yéu la:

- C6 nhiéu sang ché€ vé dung cu do luong nhu 6ng do 4p, ong Pitd, luu toc k&
Vonman, luu lugng k&€ Venturi v.v...;

- St dung m6 hinh dé nghién citu nhitng hién tuong thity luc hodc dé thi€t k& nhiing
cong trinh;

- Xay dung nhiing cong thic tinh todn 1y thuyét két hgp véi nhitng hé s6 diéu chinh,
xac dinh béi nhitng két qua thi nghiém.

8. Su phat trién cda thay Iuc hoc & thé ky thit XIX
a) Co hoc chdt long ing dung ti€p tuc phat trién nhanh chéng & Phap va nhiéu nuéc khéc

Hai nha bac hoc Haghen (Ptc) va Raynon (Anh) c6 cong lao phan biét hai trang thai
chay: chay tdng va chay réi, voi nhitng qui luat khac nhau vé sic can.

Nhiéu nha khoa hoc da nghién ctu siic can thuy luc nhu Culong, Poadoi, Haghen,
DPécxy, Vétsbat, Sanhvonang v.v...

Dong chay trong kénh hd duoc chd trong nghién ciu. V€ dong déu, nhiéu thi nghiém
dugc ti€n hanh nhiam xac dinh nhitng thong so trong cong thitc Sedi nhu cdc cong trinh thi
nghiém cta Badanh, Gangghilé, Cétta Maninh. Vé dong 6n dinh khong déu, déi dan cé
nhiing nghién cttu vé dudng mat nudc, do sdu phan gidi, nudc nhay, hé s6 stra chita dong
nang, hé s6 stra chita dong lugng... ctia cac nha khoa hoc nhu Bélanggié, Brexo, Bidon
Coriolit, Vochié, Buxinétxco, Duypuy Budanh, Sanhvoning... V€& dong khong 6n dinh, vé
song cd6 Ritsen, Budanh, Sanhvonang, Buxinétxco, Puypuy...



Beélanggié, Budanh, Bodcda, Buxinétxco, Vétsbat da nghién ctiu vé dong chay qua 16
va dap tran.

Bit ddu c6 nhiing cong trinh nghién ctu vé dong c6 hat lo ling tai vat ran cia
Duypuy, Déacxy, Facgo, Puyboa. Dong thdm dugc nghién ctu boi Pacxy, Duypuy,
Buxinétxco.

Cudi thé ky thi XIX trong linh vuc nghién ctiu bang thi nghiém mo hinh phat trién
thém ba huéng méi: nghién cttu mo hinh trong 6ng khi dong hoc, trong bé thir tau, mo hinh
song c6 ddy di dong. Nhitng nguyén tac vé tuong tu thily dong luc hoc va nhitng tiéu chuin
tuong tu dugc dé ra boi Cosi, Rich, Forit, Hemhon, Raynon.

Vé mdy thiy luc, ¢6 Budcdin, Fucnayron, Pelton nghién citu nhitng tudc bin thiy
luc: Stéven, Smit, Erichson, nghién cttu nhitng may ddy canh quat diing cho cdc tau thay.

Riéng & nudc Nga, hudng tng dung cua co hoc chat 1ong, nay sinh tir nhitng cong
trinh ctia Lomonoxop, dugc bat dau phat trién tir thé ky thit XIX v6i nhitng cong trinh cla
cac bac hoc, gido su truong k¥§ su giao thong Pétécbua nhu Melnicop, Clukhdp Xo6coldp,
Cotliaxépxki, Macximencod, Mécsinhgo v.v...

b) Co hoc chit Iéng c6 dién & the ky XIX tiép tuc phét trién theo huéng todn hoc va
g6p phan vao su tién bo cua thiy luc. Navié r6i Stoc hoan thanh hé thong phuong trinh vi
phan chuyén dong ctia chét 16ng nhét, lam co s& cho dong luc hoc chét 16ng nhét. Hai nha
vat 1y Pic 12 Hemhon va Kiécsop van dung phép bién ddi bao gidc (Do Lagoranggio va
Cosy sdng tao va Riéman, Csittofen va Svacxo phdt trién) dé nghién ciu chuyén dong thé
phing. Buxinétxco véi cong trinh 16n “Vé 1y thuyét dong song” (1872) duoc coi nhu la
dong vai trd quan trong trong su phét trién cta thity dong luc hoc va thiy luc. Raynon dé
lai cong trinh 16n cho thily dong luc hoc va cho thiy luc. Nhitng nghién ctu ciia Kelvin
(dong khong xody chuyén dong xody, triéu, séng) va Raylai (xam thuc, tuong tu dong luc
hoc) di g6p phan thic ddy thiy dong luc hoc. O Nga nha béc hoc Pétorsp nghién ctu vé
qui luat noi ma sat khi boi tron. Giucopxki - sdng tao ra 1y thuyét vé stc nang thiy dong
luc, vé nude va; Goromeéco dat co sd cho 1y thuyét dong xoan, nghién ctu 1y thuyét vé hién
tugng mao dan.

9. Nhimg khuynh huéng phat trién ctia thiy luc hoc trong linh vuc xay dung cong trinh &
dau thé ky XX

Sang dau thé ky XX, do phai giai quyét nhiéu van dé cua thuc tién san xuét, khoa hoc
thuy luc di chia thanh nhi€u nganh chuyén sau, ting véi nhitng k¥ thuat khac nhau; thi du:
thuy luc cic cong trinh xay dung, thuy luc cua cong nghé ché tao mdy, thuy luc cua cong
nghiép déng tau, thuy luc ciia cong nghé hoa hoc v.v...

No6i riéng trong linh vuc xay dung co ban, khoa hoc thuy luc ciing lai phan thanh
nhiing bo phan riéng nghién cttu kha sau, nhu: thuy luc kénh hd; thiy luc ha luu cong trinh
dang nudce; thuy luc ctia dong c6 cot nude cao; thuy luc ha luu nha may thuy dién, thuy luc
dudng 6ng; thiy luc vé dong thdm, vé nudc ngdm; dong khong on dinh; 1y thuyét séng;
dong thtt cap; dong mang bun cat v.v...
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Ngoai dic diém 1a phan nganh sau nhu vira néi trén, khoa hoc thity luc sang thé ky
XX ngay cang gan b6 véi co hoc chat 16ng, phuong phap nghién cttu thi nghiém va phuong
phép nghién ctu 1y luan cang ngay cang két hop chit ché v6i nhau. Pong thoi cling hinh
thanh mot hé thong phuong phdp nghién ciu nhitng van dé thuy luc nhu: phuong phdp
nghién citu bing céac phan tir chat 10ng; phuong phap nghién citu bang céc tri s6 trung binh;
phuong phap tuong tu; phuong phdp phan tich thit nguyén; phuong phap thuc nghiém v.v...

Tru6c hét can néu nhitng thanh tyu chinh cha co hoc chat 16ng c6 thic ddy viéc
nghién ciu bang phuong phép thiy luc. D6 1a: 1y thuyét nira thuc nghiém vé réi véi
Poranlo, Taylo, Cicman v.v...; Iy thuyét vé 16p bién clia Poranto (1875-1953); cong trinh
cua Bladiit (sinh 1837), 1an dau tién néu rang ddi véi “6ng tron”, hé s6 can chi phu thudc
sO0 Raynon; su phan bo van téc va stc can ciia dong roi trong 6ng cua Cacman (1881-1963),
ngoai nhitng nha nghién cttu trén thudc truong phéi cua Poranto, con ¢6 nhitng nha nghién
ctiu khdc cung trudng phdi, v6i nhitng déng gbp ndi tiéng, nhu: Tolmién, Sile (stic can
trong 6ng), Slicting (16p bién), Nicuratso (t6n thit cot nudc trong 6ng) v.v... huéng nghién
ciu bang phan tich thd nguyén dugc dé ra bdi Bdckinhgam (1887-1940), Boritman
(1882...) v.v... Vébe (1871-1951) dua ra nhiing hinh thic hién dai ctia nguyén tac tuong tu
thuy dong luc.

Vé mat thuy luc, thoi gian dau thé ky XX, da xuét hién nhiéu cong trinh nghién ciiu
16n nhu cta Fodccorayme (1852-1933), nghién cttu vé stic can thay luc, vé séng di dong,
ve thAm v.v... Bakhoméchiép (1880-1951), v6i phuong phap tich phan phuong trinh vi phan
vé chuyén dong khong déu trong kénh lang tru; Angghen (1854-1945), Réboc (1864-1950)
chu tri nhitng phong thi nghiém 16n & Porétsdo, & Cacloruhe (buc); Timonop (1862-1936)
6 Peétorograt, Sapfernac (1839-1951), & Vién, Maiyer Péter (1883), & Duyrich, Gibson
(1878) & Mansester... O Phdp nhing nha thily luc ndi tiéng nhu Camisen (1871-1966),
Et scando chii tri phong thi nghiém thity luc Tuludo kha 16n... G My da tién hanh nhiéu thi
nghiém trén san moé hinh hodc ngoai thuc dia, nhat 1a vé thiy nong, nhu Scobay nghién citu
stic can cua kénh tudi. Yacnen nghién ctu dong chay trong 6ng tudi, Pacsan (1881-1951)
trong 6ng Venturi...

Su thang 1¢i cia Cdch mang xa hoi chi nghia Thiang 10 Nga vi dai da giai phong
stic san xuét va ddy manh cong cudc xay dung kinh t€ & Lién X6 (cii), lam cho khoa hoc
ky thuat Lién X0 (cli) cé nhiing bude tién vuot bac. Khoa hoc thuy luc Lién X6 (cii) da
phdt trién rat nhanh va nhiéu mat di ding hang ddu trén thé gidi. Vién si Pavolopski
(1884 - 1937) da c6 nhitng cong hién I6n dé€ xay dung va phat trién khoa hoc thiy luc Xo
Viét, v6i nhitng cong trinh nghién citu vé nhi€u linh vue thuy luc khac nhau, nhu sédng tao
ly luan chuyén dong khong déu trong moi trudng thdm, phuong phép “twong tw” “dién
thuy”, stc can thuy luc v.v... Vién s Vélicanop (1879-1964) xay dung 1y thuyét roi, nghién
cttu chuyén dong bun cét va bién dang long song, dé xut 1y thuyét trong luc clia su chuyén
dong bun cét lo Iimg. N.M. Bécnatski (1817-1935) dé nghi mo hinh vé “chuyén dong binh
dién”. Nhiéu nganh thiy luc chuyén mon di phat trién manh & Lién X6 (cii) nhu thay luc
ve 6ng c6 dp (nhu A.D. Ansun, N.Z. Forenken, F. A. Sévélép v.v...), thuy luc kénh h& (nhu
I. I. Agordtskin, M. . Séctouxop, S. A. Coritschianovich v.v...), thy luc cong trinh (A. N.
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Akhuchin, E. A. Damarin, I. I. Lévi, A. N. Rakhomanop, D. I. Cumin v.v...), thy luc dong

tham (V. L. Aravin, S. N. Numérop, R. R. Sugaép v.v...) v.v... O céc nuée xa hoi cha nghia
khdc, khoa hoc thity luc ciing phét trién nhanh.

10. Thdy Igi va khoa hoc thiy Iuc & Viét Nam

O Viét Nam ong cha ta da biét 10i dung nuéc dé phuc vu nong nghiép ké tir cac thoi
ky d6 da cii (30 van nam vé trudc), dé dd gitta (1 van nam), d6 d4 mdéi (5.000 nam), roi dén
thoi dai do dong (4.000 nam - Huing Vuong dung nudc). Tir dau cong nguyén trd di (thoi ky
do sat phét dat) cong trinh thily 1¢i van ti€p tuc phét trién, hé thong dé diéu da dan dan hinh
thanh doc nhitng song 16n & déng bang Bac Bo, nhiéu kénh ngoi duge dao thém hoic nao
vét lai.

Theo “Cuong muc chinh bién”, nam 938 thoi Lé Hoan, da do song tir ndi Pong C6
(Yén Dinh Thanh Héa) dén song Ba Hoa (Tinh Gia - Thanh H6a) thuyén be di lai tién 1oi.

Vé doi Ly (thé€ ky XI), nhiéu doan dé quan trong doc theo nhiing song ngodi 16n & céc
viing dong bing da duogc dép, trong d6 quan trong nhat 1a dé Co X4 (dé song Hong, viing
Thang Long) duoc dip vao mua xuan nam 1168. Mot s6 kénh ngoi nhat 1a vang Thanh
Héa, dugc ti€p tuc dao va khoi sau thém. Nén nong nghiép nudc ta & vang dong bang
thudng bi ngap lut va han han de doa; nhiing cong trinh thuy loi trén da tao ra nhiing diéu
kién quan trong dé phét trién nong nghiép.

Sang doi Tran (tix th€ ky XIIT) cong viéc dap dé phong 18 dugc ti€n hanh hang nam
v6i qui mo 16n. Nam 1248, thoi Tran Thai Ton, da dap dé tir ddu ngudn dén bo bién goi 1a
dé Quai Vac. Hé thong dé diéu doc cdc song 16n & dong bang Bac Bo dén thoi Tran vé co
ban di xay dung va hang nam tu bé; van dé xay dung va bdo vé dé diéu trd thanh mot chic
nang quan trong cua chinh quyén va 1a nhiém vu cua toan dan.

Dén doi Le (thé€ ky XV), rat coi trong viéc tu bd, kiém tra dé diéu. Thoi Lé So, da
khoi phuc lai nhi€u cong trinh, nam 1428 khoi lai kénh & Truong An, Thanh Héa, Nghé
Tinh nam 1445. Nhan Tong khoi song Binh L6 (huyén Kim Anh, Vinh Phid), thong sué6t
dén Binh Than. Nam 1467, cdc dé ngan nudc man vang Nam Sdch, Thdi Binh dugc boi dip
lai, ngoai ra da dao nhiéu kénh muong dé tu6i ruong va dé van tai tién lgi. Di tich nhiing
doan dé nudc man van con dén nay, nhan dan thuong goi 1a “dé Hong Dic” (nién hiéu cua
Lé Thanh Tong). O Thanh Héa nhiéu song dao da duoc khai théc tir thé ky XV, dén nay
con mang tén la “song nha Le”.

Tir thé ky XVI, ché do quan cht chuyén ché va nhiing hau qua do né gay ra - cat cd
va noi chién - da can tr& su phat trién clia sic san xuét. Tuy nhién nhan dan khong ngiing
ddu tranh dé€ bao vé lang xém qué huong, bao vé cudc song ctia minh. Sang thé ky XVIII
giai cap phong kién budc vao giai doan khiing hoang sau sac vé toan dién; nong nghiép
dinh d6én & ca Dang ngoai va ca & Dang trong. Dudi triéu Nguyén (th€ ky XIX) kinh t&
nong nghiép cling ngay cang sa siit, triéu Nguyén bat luc trong viéc cham lo, bao vé dé diéu
va cdc cong trinh thiy loi nén nan dé v, lut 10i xay ra lién ti€p. Riéng dé song Hong &
Khodi Chau (Hung Yén) doi Ty Diic bi v “10 nam lién” dan ngheéo phai bd lang, phiéu bat
XU s0.
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Tinh hinh nong nghiép da budc nha Nguyén phai dé ra chinh sdch khan hoang, bat
ddu tir triéu Nguyén va dugc ddy manh du6i triéu Minh Ménh. Trong khoang 1828-1829,
vGi cuong vi doanh dién si, Nguyén Cong Trit dd dé ra chinh sich doanh dién, thuc hién
khan hoang, theo 16i di dan, lap &p, da lap thanh 2 huyén Kim Son (Ninh Binh) va Tién Hai
(Théi Binh); 6ng da lgi dung dia hinh dé dap dé va m& mang hé thong thily nong mot cach
hop 1y, khoa hoc. Do nhiing két qua d6, chinh sach doanh dién duogc 4p dung & nhiéu noi
nhat 1a Nam Ky.

Thoi ky Phap thudc, trong nhitng nam do ho, thuc dan Phap da lam mdt so it cong
trinh thiy lgi dé phuc vu chinh sich béc 16t thudc dia ctia chiing, can ban khong cé bién
phdp hiéu qua dé chéng han, dng, lut, x6i mon dé dam bao san lugng ruong dit dugc 6n
dinh va doi song nhan dan dugc an toan.

Sau khi Cach manh thdng Tam nam 1945 thanh cong, nhit 1a sau khi cudc khiang
chién chong thuc dan Phép thing loi, mién Béac dugc giai phong hoan toan, su nghiép thiy
loi dugc phat trién manh mé.

Cong t4c thay loi 1a bién phdp hang ddu ddm bdo cho viéc phat trién nhanh va viing
chac cta nong nghiép. Pa xay dung duoc & mién Biac mot mang ludi thily nong, gom hon
60 hé thong thily nong loai 16n va loai vira c¢6 kha nang tuéi nude cho 1 triéu ha va tiéu cho
1,1 triéu ha ruong dat canh tic. Cong tac cung c6 bao vé dé, ho dé, phan 1d, lam cham li...
da bao vé duoc san xuat va an toan cho nhan dan. Cong trinh thuy dién Thac Ba vGi cong
sudt 108.000 kW va mot loat cong trinh thiy dién nho nhu Ban Thach, Nahan, su6i Cun,
Cam Son v.v... da dugc xay dung, mot doi ngii can bd khoa hoc k¥ thuat thiy lgi ¢6 kha
nang thi€t k&, quan ly va thi cong nhitng cong trinh tuong doi 16n va mot hé thong cac
truong dai hoc va vién nghién citu, vién thiét k€ phuc vu yéu cau cta su nghiép thuy loi.

Sau khi mién Nam dugc hoan toan giai phéng, cong tic thuy 1gi & mién Nam dugc
trién khai manh mé phuc vu yéu cdu phdt trién nong nghiép va cdc yéu cau cai tao, xay
dung kinh t€ va da dat duoc nhiéu thanh tich to 16n.

Vé mat khoa hoc thuy luc, moén thiy luc da dugc giang day thanh mon co s6 k¥ thuat
trong cac truong k¥ thuat & nudc ta, da hinh thanh mdt s6 phong thi nghiém thuy luc, da
nghién cttu giai quyét mot s6 van dé thuy luc, nhu nhitng van dé vé tinh todn dong khong
6n dinh trong viéc tinh 18, triéu, nhitng van dé vé thiy luc cong trinh, vé chuyén dong ctia
bun cat, vé dong tham, vé cdc may thuy luc v.v...

Trong giai doan mdi, nhiém vu khai thac va chinh tri cic dong song, loi dung céc
ngudn nudc dé phuc vu cac nganh cong nghiép, nong nghiép, giao thong van tai va cdc nhu
cau khéc rat to 16n, né doi hoi khoa hoc thlty luc & nuée ta phai phét trién manh mé, nhanh
chéng tiép thu thanh tuu hién dai cta th€ gidi, van dung sang tao vao diéu kién nudc ta, di
sau nghién cttu nhitng van dé riéng clia nu6c ta dé c6 di kha nang gidi quyét nhiéu van dé
thity luc méi va phuc tap, tién lén duéi kip trinh do cdc nudc tién tién, xay dung nén khoa
hoc thuy luc tién tién & nudc ta.
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§1-3. KHAI NIEM CHAT LONG TRONG THUY LUC

Viéc nghién cttu mon thay luc dua vao khai niém phdn tir chdt long. Phan ti chat
long dugc coi la vo cuing nho, tuy nhién kich thudc ctia né cling con vuot rat xa kich thudc
clia phan tir. Ta gia thiét phan tir chat 16ng 1a dong nhat, dang hudng, lién tuc va khong xem
xét dén cau tric phan ti, chuyén dong phan ti noi bo.

Chat 16ng va chat khi khdc chat rdn & chd mo6i lién két co hoc gifta cdc phan tir trong
chét 16ng va chét khi rat yéu nén chét 1ong va chat khi ¢6 tinh di dong dé chay hodc néi mot
cach khéc c6 tinh chay. Tinh chdy thé hién & chd cdc phan tir trong chét 16ng va chat khi c6
chuyén dong twong d6i véi nhau khi chét 1ong va chét khi chuyén dong; tinh chay con thé
hién & chd cdc phan tir chat 1ong va chét khi khong c¢6 hinh dang riéng ma lay hinh
dang ctia binh chtra chat 16ng, chit khi ding tinh, vi thé chat 16ng va chat khi con goi la
chat chay.

Chat 1ong khac chét khi & chd khoang céch giita cdc phan tir trong chat 1ong so véi
chat khi rat nho nén sinh ra stic dinh phan tlr rat 16n; tic dung cua stc dinh phan tir nay la
lam cho chét 16ng giit dugc thé tich hau nhu khong thay déi diu c6 thay ddi vé ap luc, nhiét
do, no6i cach khac chit 1ong chong lai duge siic nén, khong co lai, trong khi chat khi dé
dang co lai va bi nén. Vi th€ ngudi ta ciing thuong goi chat long 1a chat chay khong nén
dugc va chét khi 1a chat chay nén duoc. Tinh chit khong nén dugc clia chat 16ng dong thoi
cling la tinh khong dan ra cua né; néu chat 1ong bi kéo thi khoi lién tuc ctiia chat 16ng bi pha
hoai, trai lai chat khi cé thé dan ra va chiém hét dugc thé tich ctia binh chita né.

Tai mat ti€p xic gita chat 10ng va chat khi, hodc véi chat ran hodc véi mot chat 1ong
khdc, do luc hiit diy cac phan tir sinh ra stic cing mit ngoai; nhd c6 stic cing mit ngoai,
mot thé tich nho cua chat 16ng dit & trudng trong luc s€ c6 dang timg hat. Vi vay, chat 1ong
con dugc goi la chit chay dang hat; tinh chit nay khong c6 & chit khi.

Trong thuy luc, chat 16ng duoc coi nhu moi trudng lién tuc, tic 1a nhitng phan tir chat
l6ng chiém ddy khong gian ma khong c6 chd nao trong rong. Vi gia thiét nay, ta c6 thé
coi nhitng dac trung co ban cua chit 16ng nhu van téc, mat do, ap sudt v.v... 1a ham s6 cua
toa do diém (phén tir), thoi gian va trong da s6 trudng hop, nhitng ham s6 d6 dugc coi 1a
lién tuc va kha vi.

Sau day néu 1én nhitng dac tinh vat 1y co ban ctia chat 1ong thuong dung dén trong
gido trinh nay.

§1-4. NHUNG PAC TINH VAT LY CO BAN CUA CHAT LONG

1. Dac tinh thit nhat clia chat 16ng, cling nhu moi vat thé 1a ¢ khéi luong. Dic tinh
d6 duoc biéu thi bang khéi luong don vi (hodc khéi lugng riéng) p. D6i véi chat 1ong dong
chat, khéi lugng don vi p bing ty s6 khoi lugng M d6i véi thé tich W ctia khéi luong d6 clia

chat 16ng, tirc la:
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p= W (1-1)

Thit nguyén ctia don vi khoi lugng 1a:

M] _ FT° M
(W] L' L

2

Pon vi clia p 12 kg/m’® hoic Ns”

m4
kGs’

Theo hé MKS, don vi cua p la "
m

D6i v6i nue don vi khéi lugng ctia nudc 14y bang khoi luong clia don vi thé tich
nudc cat & nhiét do +4°C; p = 1000 kg/m’.

2. Hé qua cutia dac tinh thit nhat 1a dac tinh thit hai cua chit 1ong: c6 trong luong. Pac
tinh ndy duoc biéu thi bing trong lugng don vi hoic trong lugng riéng. Doi véi chat 1ong
doéng chét, trong lugng don vi bang tich s6 ctia khoi lugng don vi véi gia toc roi tw do g
(g = 9,81m/s%):

_ Mg

- 1-2
Y=Pe= (1-2)
Thtt nguyén ctia don vi trong luong la:
M F
= el E
(W] L
Don vi ctia y 1a 1<2g2 hoic % Theo hé MKS, don vi cua y la k—(;
m°s m m
o oA an 0 N kG . ., .
boi v6i nuéc o nhiét do + 4°C, v = 9810—3 = 1000—3; v6i thuy ngan
m m
Y= 134.000£3 = 136000 k—?
m m

3. Pic tinh thit ba cha chét 16ng 1a tinh thay déi thé tich vi thay déi dp luc hodc vi
thay déi nhiét do.

Trong trudng hop thay déi dp luc, ta dung hé s6 co thé tich B, dé biéu thi su gidm
tuong doi cua thé tich chit long W tng véi su tang ap sudt p 1én mot don vi dp suat; hé s6
B,, bi€u thi bing cong thiic:

1 dW

Bo=- 3 @ ™ (1-3)
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Thi nghiém chiing té trong pham vi ap suét tir 1 d€n 500 at-mot-phe va nhiét do tir
2
0 dén 20°C thi hé s6 co ctia thé tich clia nude P = 0,00005 % ~ 0. Nhu vay trong thily luc,

chat 16ng thudong cé thé coi nhu khong nén duoc. S6 dao clia hé s6 co thé tich goi la
moduyn dan hoi K:

K== ow IRy (1-4)

B, aw
Trong trudng hgp thay déi nhiét do, ta dung hé s6 gidn vi nhiét B, dé biéu thi su
bién déi twong déi cua thé tich chat léng W tGng v6i su tang nhiét do t 1én 1°C, hé s6 B, biéu
thi bang cong thic:
1 dW
= 1-5
i W dt (1-5)
Thi nghiém chiing t6 trong diéu kién 4p suat khong khi thi tng v6i t = 4 + 10°C ta c6
B,=0,00014 (loj va tng v6i t = 10 + 20°C ta ¢6 B, = 0,00015(%} . Nhu vay trong thuy
t t
luc chét 16ng c6 thé coi nhu khong co gidn dudi tdc dung cta nhiét do.
Tém lai, trong thily luc, chat 16ng thudng duogc coi 1a ¢6 tinh chat khong thay déi thé
tich mac du c6 su thay déi vé ap luc hodc nhiét do. Tinh chit nay con thudng duoc thé hién
bang dic tinh 1a: Mat do gitt khong déi, tic p = const.

4. Dac tinh tht tu cta chat 1ong 1a c6 stc cang mat ngoai, tic 1a c¢6 kha nang chiu
duoc tng suét kéo khong 16n 1am tdc dung lén mat tu do, phan chia chat 1ong véi chat khi
hodc trén mat ti€p xiic chat 1ong véi chat ran.

Su xuat hién sitc cang mit ngoai duoc giai thich 1a dé can bang véi stc hit phan tir
cta chat 16ng tai ving 1an can mat tu do, vi & viing nay stc hit giita cic phan tir chat 1ong
khong doi mot can bang nhau nhu & viing xa mat ty do. Stic cang mat ngoai, do dé c6
khuynh huéng giam nho dién tich mat tu do va l1am cho mat tu do ¢c6 mot dé cong nhat
dinh. Do stic cang mat ngoai ma giot nudc c6 hinh cau. Trong 6ng c¢6 dudng kinh kha nho
cam vao chau nudc, ¢6 hién tugng mic nudc trong 6ng dang cao hon mat nudc tu do ngoai
chau; né€u chit 16ng 1a thuy ngan thi lai c¢6 hién tugng mat tu do trong ong ha thap hon mat
thuy ngan ngoai chau; dé la hién tugng mao dan, do tac dung cua stic cang mat ngoai gay
nén; mat tu do cuia chat 16ng trong truong hgp dau 1a mat 16m, trong trudng hop sau la 16i.

Stc cang mat ngoai dac trung bdi cdc hé s6 sic cang mat ngoai o, biéu thi stic kéo
tinh trén don vi dai cua “dudng ti€p xic”. Hé s6 o phu thudc loai chat 16ng va nhiét do.
Trong trudng hop nudc tiép xiic v6i khong khi & 20°C ta 1ay ¢ = 0,0726 N/m = 0,0074 kG/m.
Nhiét do tang 1én, o giam di. D6i véi thiy ngan ciing trong nhitng di€u kién trén, ta c¢6
o = 0,540 N/m, tiic 12 gdn bang 7,5 1an 16n hon d6i véi nudc.
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Trong da s6 hién tugng thuy luc ta ¢6 thé bo di khong can xét dén su anh hudng cia
stic cang mat ngoai vi tri sO rat nho so v6i nhitng luc khac. Thuong phai tinh siic cang mat
ngoai trong trudng hgp c¢6 hién twong mao dan, thi du trong trudong hop dong tham dudi dat.
D6i v6i nuée & nhiet do 20°C, do dang cao h (mm) trong ong thiy tinh c¢6 dudng kinh
d (mm) tinh theo cong thic:

hd = 30 mm?

boi vé6i thuy ngan, do ha thdp h (mm) trong 6ng thiy tinh duong kinh d (mm)
tinh theo:

hd = 10,15 mm?

5. Pac tinh thtt nam ctla chat 16ng 1a c6 tinh nhét. Trong thuy luc tinh nhét rat quan
trong, vi n6 1a nguyén nhan sinh ra su t6n that nang lugng khi chét 1ong chuyén dong. Sau
day ching ta nghién cttu k¥ dac tinh nay.

Khi céc 16p chat 1ong chuyén dong, gitta ching c6 su chuyén dong twong d6i va nay
sinh tac dung 16i di, kéo lai hoac néi cach khac giita chiing nay sinh ra sic ma st tao nén
su chuyén bién mot bo phan co niang cua chat 1ong chuyén dong thanh nhiét nang mat di
khong 14y lai dugc. Stic ma sat nay goi la stiic ma sat trong (hoac ndi ma sat) vi né xuat hién
trong noi bo chat 16ng chuyén dong.

Tinh chat nay sinh ra stic ma sat trong hoac n6i mot cach khdac, tinh chat nay sinh ra
{ing sudt ti€p giita cdc 16p chat 16ng chuyén dong goi 1a tinh nhét clia chét 16ng.

Tinh nhét 1a biéu hién stic dinh phan tir cia chat 16ng; khi nhiét do tang cao, moi
phan tir dao dong manh hon xung quanh vi tri trung binh cua phan tlr; do d6 stc dinh phan
t kém di va do nhét cua chét 16ng bét di. Moi chét 1ong déu c6 tinh nhét.

Nhu vay, khai niém vé tinh nhét ¢6 lién quan chat ché dén khdi niém vé ma sét trong.
Chinh thong qua dinh luat ma sat trong ma nguoi ta da xac dinh dai luong dac trung cho
tinh nhét cua chat 1ong.

Nam 1686, I. Niuton da néu lén gia thuyét vé qui luat ma st trong, tiic ma sdt cla
chat 16ng (chd y rang dinh luat ma sét ciia chat ran, titc ma sat ngoai 1a do Culong dé ra,
dugc thuyét minh trong cdc gido trinh co hoc 1y thuyét) va sau dé da duoc rit nhiéu thi
nghiém x4c nhan la ding: “stic ma sét giita cdc 16p clia chat 1dng chuyén dong thi ty 1¢ véi
dién tich ti€p xtc cua cac 16p ay, khong phu thudc ap luc, phu thudc gradién van téc theo
chiéu thang géc véi phuong chuyén dong, phu thuoc loai chat 16ng”. Pinh luat ma sét trong
ctia Niuton viét dudi biéu thic:

du

F=pS— 1-6
u i (1-6)

Trong d6 (hinh 1-1):
F — stic ma sat gitta hai 16p chat long;

S — dién tich ti€p xic;
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u — van toc, u = f(n) — qui luat phan bs n
van toc theo phuong n;

du .
— — gradién van toc theo phuong n, 2 u+du
an g : p g dn ﬁ
tiic dao ham cta u d6i véi n; ﬂdu
e ) oo u=f(n)
1 — hang so ty 1€, phu thuoc loai chat
16ng, duoc goi 1a hé s6 nhét hodc /.
hé s6 nhét dong luc. Hinh 1-1
Goi 7 la ting suat ti€p, T = S’ cong thic (1-6) c6 the viét dudi dang:
du
T=pnu— 1-7
Hn (1-7)

Cong thic (1-6) hoac (1-7) dung cho chuyén dong ting ctia chat 1ong (s& néi rd khai
niém chuyén dong tang & chuong IV).
Tinh nhét cua chat 1ong duge dac trung bai hé s6 nhét p ma thit nguyén la:
[F]
ol
dn
FT M

hoac: = —=—
] (ul LT

[u] =

Pon vi do hé s6 nhét p trong hé do ludng hop phdp 1a Ns/m* hodc kg/ms; don vi ting

1 Ns
v6i — — goi la poazo (P).
0 m2 gorlap (P)
Tinh nhét con duge dac trung bdi hé so:

v B (1-8)
P

Trong d6:

p - khoi lugng don vi;

v - hé s6 nhé6t dong hoc.
Thtt nguyén cta v la:

(1] L
[v]= = hoac [v] = —
[P] L

2 2
Pon vi do hé s6 nhét dong hoc v trong hé do ludng hop phap 1a - don vi <
S S

duoc goi 1a stdc.
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Sau day la bang cho hé s6 nhé6t cua mot vai chat 1ong.

Bang 1-1

Tén chat Iong t°C Poazo
Déu xéng thueng 18 0,0065
Nuéc 20 0,0101
D4u hda 18 0,0250
Dau mé nhe 18 0,2500
Dau md nang 18 0,4000
D4u tuyé&c-bin 20 1,5280
D4u nhét 20 1,7200
Glixérin 20 8,7000

Cong thiic xac dinh hé s6 nhét ¢6 dang téng quat la:
_ Ko
b rat+ bt
Trong d6: p,— hé s6 nhét véi t = 0%

(1-9)

a va b —hang s6, phu thuoc cac loai chét 1ong.

Thi du d6i v6i nuée, hé s6 nhét c6 thé tinh theo nhitng s6 liéu thi nghiém ctia Poazo:
0,0178p,

" 1+0,0337 t +0,000221 ¢

trong d6 : p, - mat do clia nuée & 0°.

v > g/em.s (1-10)

Sau day la bang cho tri s6 ctia hé s6 nhét dong hoc v cua nude, phu thudc nhiét do:

Bang 1-2
t°C v, cmé/s t°C v, cm?/s
0 0,0178 20 0,0101
5 0,0152 30 0,0081
10 0,0131 40 0,0066
12 0,0124 50 0,0055
15 0,0114

Dung cu do nhot: Trong thuc t&€, do nhét duge xac dinh bai nhitng dung cu do nhét,

thuoc nhiéu loai khac nhau: loai mao dan, loai ¢6 nhitng hinh tru dong truc, loai ¢6 dia dao
dong tat dan v.v...

Trong céc phong thi nghi¢ém thuong hay dung dung cu do nhét 1a mét binh hinh tru

kim loai (hinh 1-2); thé tich ctia binh 200 cm®. Duéi ddy ¢4 16 tron, dudng kinh 3 mm. Dau
tién ta do thoi gian T, cdn cho 200 cm® nuéc cat & t = 20°C chdy qua (thdi gian nay 1 51 s);
sau do thoi gian T, can cho 200 cm’ chat 16ng dang nghién citu chdy qua.
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Ty s0: ]

% =E (1-11)
1
goi la do Engole.

Dé déi thanh stoc, c6 thé dung cong thic kinh nghiém
sau day:

0,0631

_ 0p 2 <
v =0,0731"E s cm-/s (stoc). Hinh 1-2

Ngoai don vi stdc va do nhét Engole, thuong con gap cac don vi do do nhét dong hoc
khac nhau nhu:

- giay Rétiit (& Anh), k¥ hieu ”R
1,72

"

v =0,00260""R - cm’/s,

- gidy Xebon (6 MY), ky hiéu ”’S;
1,80

"

v =0,00220""S — cm?/s.

Nhiing loai chat 16ng tuan theo dinh luat ma sdt trong clia Niuton biéu thi & cong thiic
(1-6) hoac (1-7) goi 1a chdt long thuc hodc chdt [dng Niuton. Mén thuy luc nghién ciu chat
16ng Niuton. Nhitng chat 16ng nhu chat déo, son, ddu, hd v.v... cling chay nhung khong
tuén theo dinh luat (1-6) hoac (1-7) goi la chat long khong Niuton.

Trong viéc nghién cittu, d6i v6i mot s6 van dé c6 thé dung khdi niém chat long ly
tudng thay thé khai niém chat 16ng thuc. Chdt long 1y tuong 1a chat 1ong tudng tugng, hoan
toan khong c¢6 tinh nhét tic 1a hoan toan khong c6 nodi ma sat khi chuyén dong. Khi
nghién cttu chat 16ng & trang thai tinh thi khong can phai phan biét chat 16ng thuc véi chat
16ng 1y tudng. Tréi lai khi nghién cttu chat 10ng chuyén dong thi tir chat 1ong 1y tudng sang
chat 16ng thuc phai tinh thém vao anh hudng cua stc ma sét trong, tic 1a anh hudng cua
tinh nhét.

Trong nhitng dac tinh vat ly co ban néi trén cua chat 16ng, quan trong nhat trong mon
thay luc 1a dac tinh c6 khoi luong, ¢6 trong luong, c¢6 tinh nhdét.

§1-5. LUC TAC DUNG

(O]
Muodn gidi quyét mot bai todn thiy luc, tai mot thoi diém cho
trude, ngudi ta co 1ap bang tri tudng tugng tit ca nhitng phan tlr chat
long bén trong mot mat kin o (hinh 1-3). T4t ca cac luc tac dung 1én
Hinh 1-3

nhiing phan tlr & bén trong ® chia thanh hai loai sau day.
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1) Nhiing luc trong (néi luc):

Nhitng phan tor & bén trong ® tic dung lén nhau nhiing luc ting do6i mot can
bang nhau (theo nguyén 1y tdc dung va phan tic dung), nhitng luc d6 tao thanh mot hé luc
twong duong vé6i s6 khong. Thi du: luc ma sat trong, 4p luc trong noi bo thé tich gidi han
bdi mat o.

2) Nhiing luc ngoai (ngoai luc):

a) Nhiing phan tir & ngoai mat o tic dung l1én nhiing phan tir trong mat ® nhiing luc
ngoai. Vi nhiing tdc dung nay déu han ché vao nhitng phan tir & ngay sat mat ®, ngudi ta
gia thiét rang nhitng luc d6 chi tic dung 1én nhitng phan ti clia mat ® va ngudi ta goi chiing
la nhitng luc mat (nhitng luc nay ty 1¢ v6i nhiing yéu t6 dién tich).

b) Nhitng truong luc (trong luc, tr trudng, dién trudng v.v...) ¢ nhitng tic dung 1én
nhiing phén tlr & trong mit o, ty 1¢ v6i nhitng yéu t6 thé tich. D6 1a nhing luc thé tich hodc
con goi 1a luc khoi. Ching ta thudng chi xét nhing luc thé tich 1a trong luc, luc quan tinh.

§1.6. UNG SUAT TAI MOT PIEM

a) Ta xét mot phan so dién tich do 14y trén mot mit o, bao quanh mot diém I cia mit
o (hinh 1-4).

%
- N Hé luc mat tic dung lén dw thu vé duge mot luc duy nhat dF
T dF N \ q N
dat tai I va mot momen dM . Ta biét rang c6 thé coi dF 1a vo cung
ﬁ
nhé bac nhat so véi do vadM vo ciing nho bac cao hon.
d . s
® Khi do tién t6i s6 khong, xung quanh diém I c¢6 dinh, vécto
o g} R
Hinh 1-4 i tién t6i mot vécto T goi la tng suat tai I trén phan t6 do.
®

> -
Nhu vay & gidi han, ta viét dugc: dF = T do.

_)

Vécto T c6 thé c6 huéng ty ¥ doi véi do.

b) Ciing bing cdch nhu vay, ta c6 thé dinh nghia ting suit trén mot phan t6 dién tich
tlly ¥ bao quanh diém I ldy & trong chat 16ng. Chi can tudng tugng mot mat o chita dung
phan t6 d6 1a ta s€ trd vé dinh nghia néi trén.

Vi chat 16ng 12 mot moi trudng lién tuc dang huéng, ta chitng minh ring muén biét
ung sudt tai I trén mot phan t6 dién tich dw chi can biét nhiing tng suét trén ba phan t6 dién
tich doi mot vuong géc véi nhau va déu di qua L.
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z Gia su ta da bi€t nhitng ting sudt cua phan to
dién tich di qua I va déi mot vuong géc v6i nhau
(hinh 1-5). Cat tam dién vuong d6 boi mot mait
phing ma ta muén biét tng suét, mat ndy tao nén

. mat thtt tu ABC.
)

| - > - —
B y Goi F,, F,, F, va F la nhitng luc mat tic

A dung riéng biét 1én bon mat cta ti dién TABC.
Fs Nhitng luc d6 déu ty 1é véi dién tich cua nhiing
X . tam giac tuong ung. P6 1a nhiing dai luong vo
Hinh I-5 cung nho bac hai so véi nhitng do dai cua ti dién.
. T T
Tt dién phai dugc can bang dudi tic dung cua F, , F, , F; va F va dudi tic dung cta
nhitng luc thé tich.

Nhung nhiing luc thé tich nay lai 1a nhitng v cting nho bac ba so véi nhiing do dai

cua i dién, ching c6 thé bo di khong tinh dén so véi nhitng luc mét. Do d6 chi ton tai c6
- > o> o

mot phuong va mot do 16n cho luc F dé can bang duoc vé6i tap hopba luc F, , F,, F, . Luc

%
F nay, chia cho dién tich ctia tam gidc tuong ting, cho tng suat dat 1én mat ABC ma ta phai

tim. Pén giGi han ta s& c6 ting sudt tdc dung Ién mot phan t6 dién tich bat ky di qua diém 1.
V6i hé toa do vuong géc Oxyz, tng sudt tai diém I
trén phan t6 do sé dugc xac dinh néu ta biét:
- Huéng cua do,

- 9 hinh chiéu 1én céc truc toa do, cua nhitng Gng
suat lén ba phan t6 dién tich song song véi ba mat phang
toa do va di qua L. 0 o =o'

o =13

Ta chi can nghién cttu nhitng Gng suat tac dung lén
nhiing phan t6 dién tich vuong géc véi nhiing truc toa do
(hinh 1-6). Thi du, 1én mot phan t6 dién tich vuong goéc
v6i OX, ta c6: Hinh 1-6

- Mot thanh phan o, song song véi Ox ma ta gia thiét la c6 tri s6 duong khi thanh
phan ay huéng vao trong thé tich phan t6;

- Mot thanh phan o, song song véi Oy;
- Mot thanh phan G, song song véi Oz.
Trong ky hiéu nay, chi s6 thit nhat lién quan dén phan t6 dién tich, chi s6 thit hai dén

hudng ctia thanh phan.
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Nhu vay ta c6 bang sau day cua 9 thanh phan do:

Bang 1-3
Cac thanh phan theo truc Ox Oy Oz
Phan to dién tich
Vudng goc vai Ox Oy Oyy Gy,
Vuéng géc vai Oy Oy Gy oy,
Vuéng goc véi Oz Gy Oy G,

Ngudi ta da ching minh rang 6 thanh phan khong & trén dudng chéo trong bang trén
12 d6i mot bang nhau; d6 1a nhitng thanh phan ¢6 nhitng chi s6 giéng nhau (tic 1a ngudi ta
c6 thé hodn vi nhitng chi s6), thi du:

G,,= Oly-
Nhu vay 9 thanh phan thu lai con 6:

- 3 thanh phan vuong géc ma ta goi 1a ¢,, ©,, ©;;
- 3 thanh phan ti€p tuyén ma ta goi la t,, 1,, T,.

Vay ta c6 bang sau day vé nhiing ting suat, d6i xding doi véi duong chéo thi nhat:

G, T3 T
T o, T, (1-12)
T T G3

Bang nay con dugc goi 1a tenso iing sudt.
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Chuong I1

THUY TINH HOC

Chuong thuy tinh nghién citu nhitng van dé vé chat 16ng & trang thai can bang tic 1a
trang thdi khong c6 chuyén dong tuong doi gilta cac phan tir chat 16ng. Vi khong c6 chuyén
dong tuong do6i nén khong ¢6 tic dung cua tinh nhét, do d6 nhiing két luan vé thay tinh déu
ding cho chat 1ong 1y tudng ciing nhu cho chit long thuc. Yéu t6 thly luc co ban cia trang
thdi can bang cua chat 16ng 1a dp suat thuy tinh.

§2.1. AP SUAT THUY TINH - AP LUC

Ta lay mot khoi chét 1ong W diing can bang (hinh 2-1).
Néu chia cat khéi d6 bang mot mat phing tiy y ABCD va viit A
b6 phan trén, thi muén git phan dudi khéi d6 & trang thai can
bang nhu ci, ta phai thay thé€ tic dung cua phan trén 1én phan
duéi bang mot hé luc tuong duong. Hinh 2-1

_)
Trén mat phang ABCD, xung quanh mot diém O tly ¥ ta 14y mot dién tich w; goi P

H
N o N , 2 ¢ P - 1N 2 ~ 2 ~ N
la Iyc cua phéan trén tic dung lén o, t1 s6 — = py, goi la dp sudt thuy tinh trung binh.
)
9
’ ’ y . P - .
Néu dién tich o tién t6i s6 0, thi ti s6 — tién tGi giGi han p, goi la dp sudt thuy tinh tai
)
mot diém hodc néi gon 1a dp sudt thity tinh.
_)
: P|
lim|—|=p (2-1)
w—0 0]

Nhu vay theo dinh nghia vé ting suét tai mot diém trong chat 16ng (xem §1.6), 4p sudt
_)
thiy tinh p noi trén 1a Gng suat tic dung lén mot phan t6 dién tich 14y trong ndi bd moi

truong chat long dang xét.

N
Trong thuy luc, luc P tac dung 1én dién tich ® goi l1a dp luc thiy tinh 1én dién tich ay.
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N
Chd y rdng ngudi ta cling thudng goi tri s6 p clia p 1a 4p sudt thuy tinh va tri s6 P cua

B S S s N kg
P la ap lyc thuy tinh. Ap suat c6 don vila—- hoac
m m.s

Trong k§ thuat dp sudt con thudng duoc do bang dtmotphe (at.):

lat=9.81.10°, —
m

kG

cm’?

lat=1.

Ap luc c6 don vi 1a Niuton (N).

Trong thuy luc, dp suat con thudng dugc do bang chiéu cao cot nudc (s€ trinh bay
dudi day & diém 5 ctia §2.6).

§2-2. HAI TINH CHAT CO BAN CUA AP SUAT THUY TINH

Tinh chdt 1: Ap sudt thity tinh tdc dung thdng géc voi dién tich chiu luc va huéng vao dién
tich dy.

Ap suit thiy finh tai diém O 14y trén mat phan chia ABCD néi & tiét trén (hinh 2-2) 1a
mot luc ¢6 thé chia thanh hai thanh phan: p, theo huéng phdp tuyén tai diém O cha mat
ABCD va 1 theo huéng tié€p tuyén. Thanh phéan 1 ¢6 tdc dung lam mat ABCD di chuyén, titc
la 1am chat 16ng c6 chuyén dong twong d6i; nhung nhu gia thiét tir dau, chat long ma ta
dang xét lai & trang thai tinh, viy phai c6 t = 0 va chi con lai thanh phan phap tuyén p,,.
Thanh phan p, khong thé hudng ra ngoai dugc vi chét 16ng khong chong lai duge sic kéo
ma chi chiu dugc stic nén. Vay dp suat p tai diém O chi ¢6 thanh phan phép tuyén va huéng
vao trong.

Hinh 2-2 Hinh 2-3
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Tinh chdt 2: Tri sé dp sudt thuy tinh tai mot diém bdt ky khong phu thuoc hudng ddt ciia
dién tich chiu luc tai diém nay.

Ta lay mot phan t6 dién tich dS c¢6 tam I va mot hinh tru vo cuing nho c¢6 tiét dién
thang 1a dS (hinh 2-3). Pdy kia clia hinh tru ¢6 dién tich dS’ va tam 1 I’; day nay c6 huéng
bat ky xdc dinh boi géc a. Nhitng kich thuGe vé chiéu dai cua hinh tru nay, trong d6 c6 I I,
la nhitng vo cung nhé bac nhat.

Goi p va p’ 1a nhiing 4p suit, ching vuong gdc véi nhitng mat tuong ing.

Theo dinh nghia, ta c6 céc tri s6 ap luc dF va dF’ nhu sau:

dF = pdS
dF’ =p’dS

Hinh tru nay diing can bang dudi tic dung clia nhitng luc mat 1a nhitng vo cing nho
bac hai va ctia nhitng thé tich 1a nhitng vo cting nhé bac ba. Do d6 trong phuong trinh can
bang luc, ta c6 thé bd qua nhiing luc thé tich. Phuong trinh nay chi€u lén truc 1T, cho ta:

dF — dF’coso. =0 (2-2)
vi nhitng luc mat tic dung 1én mat bén va vudng goc véi I I’, da triét tiéu nhau. Vay:
pdS = p’dS’cosa

Vi dS = dS’cosa
nén ta rut ra:

p=p’ (2-3)

Dang thiic nay van ding, mac di géc o nhu thé ndo; nhur vay dang thic nay doc lap
v6i phuong ctia dS’. Pang thitc ndy con c6 gid tri & gi6i han khi I tring véi I'.

Vay ap suét thay tinh tai di€ém I 12 mot dai lugng vo huéng p, chi phu thudc vi tri ctia
diém I, nghia la trong hé toa do vuong goc Oxyz thi:

p= f(X’y’Z) (2'4)

Két qua nay van diing néu diém I, ddng 1€ 1ay trong chat 1ong lai 14y & trén thanh rin
ti€p xuc v6i chat 1ong.

Tu hai tinh chat trén clia 4p suét thuy tinh, ta thdy rd céc thanh phan ti€p tuyén déu

bang s6 khong va cédc thanh phin phdp tuyén déu biang nhau va bang p. Vi vay bang & cong
thic (1-12) viét cho ap sudt thiy tinh c6 dang:

p 0 0
p 0 (2-5)
0 p
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§2-3. PHUONG TRINH VI PHAN CG BAN CUA CHAT LONG CAN BANG

Ta xét mot khoi chat 1ong hinh hop vo cung nho ABCDEFGH c6 canh 8x, dy, 0z
(hinh 2-4) diting can béing. Diéu kién can bing la téng s6 hinh chi€u trén cac truc clia cdc
luc mat va luc thé tich tdc dung l1én khoi d6 bing khong.

z
D c
Lapdx| M |07 pedPX
P ox 2 /h';“"ae ox 2
OE Sx F Oy
y
X
Hinh 2-4

Goi p la 4p suat tai trong tam M cua hinh hop, thi ap suét tai trong tam mat ADHE
bang | p— 9 d3x , tai trong tam mat BCGF bang | p+ p % ; goi F_ 1a thanh phén trén
ox 2 ox 2
truc Ox cia luc thé tich F tac dung trén mot don vi khéi Iugng chat 16ng, ta c6 viét diéu
kién can bang ctia hinh hop theo phuong x nhu sau:

Op 8x Op Ox
———|0ydz— | p+—— | dydz + pF,0xdydz = 0.
(P ox 2 yoz p6x2 YOZ + PF0X0y0OZ
Rit gon ta co6:
p
-— +pF, =0,
ox pPFx
hoac: F, - 1 @= 0.
p Ox

Suy luan tuong tu doi véi nhitng hinh chi€u céc luc trén cac truc Oy, Oz va viét toan
bo hé phuong trinh biéu thi su can bing ctia khoi hinh hop, ta c6:

1 o)
p Ox
1 Jp
F-—-—0=0. o 2-6)
©p oy
Fz—l@=0.
p Oz J
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—

Hoac: F- Loradp =0 (2-6")
P

D6 1a hé phuong trinh vi phdn co bdn cua chdt long ditng cdn bang va con goi 1a hé
phuong trinh Ole (do Ole tim ra nam 1755). Chd y ring phuong trinh nay biéu thi qui luat
chung vé su phu thuoc dp suét thiy tinh d6i véi toa do:

p = f(x,y,2).

§2-4. TICH PHAN PHUONG TRINH VI PHAN CO BAN CUA CHAT LONG
CAN BANG

Hé (2-6) c6 thé viét dusi dang vi phan toan phéan clia p nhu sau: nhan nhitng phuong
trinh trong hé (2-6) riéng biét véi dx, dy, dz rdi cong v€ doi vé, ta co:

% dz] =0 2-7)

oz

(Fydx + Fydy + F,dz) 1 (@ dx + @dy +
plox  dy

Vi p = f(x, y, z) chi la ham s6 cua toa do, nén thay phan trong ngoac cta s hang tha
hai ctia (2-7) bang vi phan toan phan dp, ta viét dugc:

(Fydx + Fydy + F,dz) —é dp=0

hoac:

dp = p (Fydx + Fydy + F,dz) (2-8)
Biéu thitc dat trong ngodc bén vé& phai clia (2-8) ciing phai 1a vi phan toan phin cua
mot ham s6 U chi phu thuoc toa do:
U=U (x,y,2)
Tic la:  Fydx + Fydy + F,dz = dU,
trong do:

N U

F, = —; = —.
R S\ oz

(2-9)

Ham s6 U (x, y, z) dugc goi (nhu ta da biét trong co hoc) 1a ham s6 luc. Ham s6
n(x,y, z) =— U (x, y, ), trong co hoc dugc goi 1a ham s6 thé. Diéu kién (2-9) c6 thé viét
lai thanh:

FX:—@;FY:—@; FZ:—@. (2-10)
Ox oy 0z
- -
Hoac: F =-gradn (2-10°)
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Nhitng luc F thoa man diéu kién (2-10) goi 1a luc ¢6 thé. Chi y rang trong luc, luc
qudn tinh 12 nhitng luc thé tich c6 thé. Vay ta két luan ring chat 16ng chi c6 thé ¢ trang théi
can bang khi nao nhiing luc khéi lugng tdc dung 1a nhitng luc c6 thé.

Phuong trinh (2-8) ¢6 thé viét lai bang:

dp=pdU = - pdn (2-11)
Tich phan phuong trinh (2-11), ta viét duoc:
p=-pn+C (2-12)

Trong d6: C - hing s6 tich phan, duoc xé4c dinh cu thé néu biét p,, w, tai bat ky mot
diém nao trong khoi chét 16ng hodc trén mat tu do.

Thay p, va m, vao phuong trinh (2-12), ta cé:

C=p, +pm,

Do d6 viét lai (2-12) ta c6:

p =P, + p(m,- 1) (2-13)

D6 1a tich phan tdng quat clia phuong trinh vi phan chat 16ng can bing, né biéu thi 4p
sudt thay tinh tai bat ky diém nao trong chat 16ng ding can bang, chiu tac dung cta luc thé
tich c6 ham s6 thé . Vay c6 thé xdc dinh 4p sudt thiy tinh p tai mot diém bat ky nao néu
biét cu thé biéu thic ctia ham s6 thé © va nhitng tri s6 p,, 7, tai bat ky mot diém nao thuodc
khoi chat long dang xét.

§2-5. MAT PANG AP
Mat dang 4p 1a mat c¢6 4p suat thiy tinh tai moi diém déu bang nhau, tic 12 mat c6
p = const, do d6 c¢6 dp = 0.
Ta c6 dugc phuong trinh ctia mat dang 4p:
Fudx + Fydy + F,dz=0 (2-14)

Tinh chdt 1: Hai mdt dang dp khdc nhau khong thé cdt nhau, vi néu chiing cat nhau thi tai
cling mot giao diém, dp sudt thly tinh ¢6 nhiing tri s6 khac nhau, diéu d6 trai véi tinh chat
2 clia 4p sudt thay tinh (xem §2-2).
Tinh chdt 2: Luc thé'tich tdc dung lén mdt ding dp thdang géc véi mdt ddng dp. Tix (2-14) ta
9
thdy ro la theo dinh nghia vé tich vo6 huéng trong hinh hoc giai tich, vécto luc thé tich F
9

(v6i ba thanh phan F,, Fy, F) thang géc v6i vécto do dai ds (vé6i ba thanh phan dx, dy, dz).
Do dé cong ctia luc thé tich sinh ra khi di dong trén mat dang dp biang khong.

Ta nhan xét ring mat dang 4p dong thoi 1a mat dang thé; thuc vay, theo (2-14), c6 thé
viét lai:

dn =0, tic la & (X,y,z) = const (2-15)
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§2-6. SU CAN BANG CUA CHAT LONG TRONG LUC

P, Khi luc thé tich tic dung vao chat
| Ao(zo.Po) 1ong chi la trong luc thi chét 1ong goi la

il L chat l1ong trong luc.

Trong hé toa do vudng géc ma truc
Oz dat theo phuong thing ding huéng
lén trén thi doi vé6i luc thé tich F tdc dung
Mt chudn n 1én mot don vi khoi luwong cta chat 1ong
at chuan nam ngang
0 trong luc, taco F, =0, F, =0, F,=- g, trong
Hinh 2-5 dé g la gia toc roi tu do (hinh 2-5).

1. Phutong trinh co bdn ciia chdt Iong & trang thdi cdn bang

Tu (2-10), thay F,, Fy, F, bang:F, = 0; Fy =0; F,= —?: -g,
z

tacé: dm=gdz.
Ttr d6 ta suy ra:
n=gz+C (2-16)
Khi z = z,, thi = = &, tic la:
T,= g.7,+C
Vay, theo (2-13) ta cé6:
P =po+p (g2 —g2)
Hoac, v6i v = pg theo (1-2), ta viét:
P=po+ 1z —2) (2-17)

Goi 7, 1a toa do cha diém ndm trén mat tu do va h 1a do sau clia diém dang xét c6
tung do z, ta c6:

h=z,-z
Ta c6 thé viét lai cong thic (2-17) thanh:
P = po + vh. (2-18)
Phuong trinh (2-18) 1a phuong trinh co ban ciia thity tinh hoc. Trong thuc tién cong
trinh thiy 1¢i, dp suét tai mat thodng p, thudng bang ap suét khi quyén p,. Cong thic (2-18)
thudng duoc dung dé€ tinh ap suat thiy tinh tai mot diém.

V6i phuong trinh co ban cta thily finh hoc (2-18), ta c6 thé ndi: 4p suat tai nhitng
diém & cing mot do sau trong moi trudng cung mot loai chat 1ong trong luc ding can bang
thi bang nhau.

30



Phuong trinh (2-17) ¢6 thé viét lai thanh:

Z+ b_ Z, + bo _ const (2-19)
Y Y

Phuong trinh viét duéi dang (2-19) ciing goi la phuong trinh co ban cta thiy tinh hoc;
nhi€u khi con goi phuong trinh (2-18) va (2-19) 1a qui luat phan b6 4p sudt thay tinh.
S6 hang © ¢6 thit nguyén 1a do dai.

2. Mdt ddng dp ciia chdt Iong trong luc

Tir diéu kién (2-15) cha mat dang 4p, 4p dung cho chat 16ng trong luc, ta viét lai

(2-16) nhu sau:
1 =gz + C = const.

Vi g = const nén ta co:

Z = const. (2-20)

Vay nhitng mat dang 4p clia chat 16ng trong luc 1a nhitng mat phang song song, thiang
gbc véi truc Oz, hodc néi cich khéc, 1a nhitng mat phang nim ngang. Mat tu do clia chat
long & d6 ap suét p, = p,, cling 12 mot mat ndm ngang.

Thi du I: Tim ap suat mot diém & ddy bé dung nuéc sau 4 m, trong lugng don vi
clia nude 12 y = 9.810 N/m® (y = 1000 kG/m®). Ap sudt tai mat thoing p, = 98.100 N/m?
(p, = 10.000 kG/m>).

Gidi:

Ap dung cong thiic (2-18), ta c6:

p=p,+yh=98.100 + 9.810 x 4 = 137.340 N/m’* (= 14.000 kG/m®).

3. Dinh ludt binh thong nhau

Néu hai binh thong nhau chita dung chit 1ong khac nhau va cé ap sudt trén mat
thodng bang nhau, do cao ctia chat 16ng 6 mbi binh tinh tir mat phan chia hai chat 16ng dén
mat thoang s€ ty 1é nghich véi trong luong don vi cta chat 1ong, tic la:

h
B £ (2-21)

h, v,
trong d6 h,, h, 1a nhitng do cao néi trén tng véi nhitng chat long c6 trong lugng don viy,, v,.
Thuc vay, ap sudt p;, p, trén cing mot mat phan chia A - B & binh 1 va binh 2 (hinh 2-6),
nhu trén da néi thi bang nhau:

P =P
Theo (2-18): P =P, + Yh;,
P, =Py + Yh,.
Vay: v:hy = 7;h,,
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h
do d6: o

h, Y2

Né€u chat 1ong & hai binh thong nhau cung mot loai tic la y, = y, thi mat tu do cua
chat 1ong 6 hai binh cung trén mot do cao, tic h, = h,.

4. Pinh ludt Pdtscan

Goi p, 12 dp sudt tai mat ngoai ctia mot thé tich chat 1ong cho truée ding can bang
(hinh 2-7a); 4p suat tai mot diém A & do sau h trong chat 1ong d6 tinh theo (2-18), bing:

p=p,+yh

—__l_: p0+Ap

Hinh 2-6

a) b)
Hinh 2-7

Néu tang 4p suat & mat ngoai lén mot tri s6 Ap, thi du bing cdch dé thém mot luong
chat 16ng (hinh 2-7b) va van giit ca khoi chat 1ong ditng can bang, thi 4p sudt méi p’ tai
diém A, theo (2-18) bing:

P’ = (po +Ap) +7h.
Vay é4p suat mdéi tai A s€ tang lén mot luong bang:

p’—p=Ap.

Do d6 ta ¢6 thé néi ring: “Do bién thién cuia 4p suat thuy tinh trén mat gidi han mot
thé tich chat 16ng cho trudc duge truyén di nguyén ven dén tat ca cdc diém cla thé tich chat
long d6”. Két luan nay 1a dinh luat Patscan. Can chi y rang trong dinh luat nay diéu kién
chat 1ong diing can bing phai dugc dam bao khong bi phd hoai trong khi c6 su bién thién Ap.
Do bién thién Ap c6 thé 1a duong hodc am. Nhiéu may méc di dugc ché tao theo dinh luat
Pétscan, nhu mdy nén thly luc, may kich, mdy tich nang, cic bo phan truyén dong v.v...

Sau day 1a mot thi du vé nguyén tic lam viéc cia mdy nén thuy luc. Mdy gbém 2
xilanh ¢6 dién tich khac nhau, thong véi nhau, chita cing mot chat long va cé pittong di
chuyén (hinh 2-8). Pittong nhd gin v6i mot don bay, khi mot luc F nhé tdc dung lén don

2 . - . . 9 P
bdy thi luc tdc dung lén pittong s& duogc tang l1én thanh P,; 4p suat tai xilanh nhé p, = —-,
@,
trong d6 w, 1a dién tich xilanh nhd. Theo dinh luat Pdtscan, do tang 4p sudt s& truyén
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nguyén ven trong moi trudng chat long ding can bang, vi vay dp sudt tai xilanh 16n cling
tang 1én p, (& day bo qua khong xét dén su chénh léch vé vi trf giita hai xilanh). Vay tong
ap luc P, tic dung 1én mat pittong 16n la:
P,
P,=po,= 032_1’
@
trong d6: , - dién tich mat pittong 16n.
Néu coi P,, o, khong déi thi muén tang P,, phdi ting o,.

Thi du: P, = 98,1 N (hoac 10 kG), d, = 2 cm,

20 F /
d, = 20 cm. Ta tinh dugc P, = 98,1 (7) =9810N l i | K Ny
I 1
[

(hoac 1000 kG). T ST 0:
e . N otia < oA P, P P P, P,
Thuc t€ gitta xilanh va pittong c6 ma sit nén: —‘ |— | 2
®
P,=nP, =
LA Hinh 2-8

trong do: m - hiéu sudt cia may nén thuy luc.
5. Ap sudt tuyét doi - Ap sudt du - Ap sudt chan khong

Ngudi ta goi dp sudt tuyét doi py,ye, hodc dp sudt toan phan la dp suat p xdc dinh boi
cong thic co ban (2-18):
P=DPo+Yh=pyye (2-22)
Né&u tir dp sudt tuyét doi Py, ta bot di dp sudt khi quyén thi higu s6 d6 goi la dp sudt
dur pg, hoac dp sudt tuong doi tic la:

Pau = ptuyét — Pa- (2‘23)
Néu 4p sudt tai mat thodng la 4p suét khi quyén p, thi:
Pav = Yh. (2-24)

Nhu vay 4p sudt tuyét doi biéu thi cho tng suat nén thuc t€ tai diém dang xét, con ap
sudt du 1a phan dp suat con du néu trong tri s6 cua dp sudt tuyét doi ta bot di tri s6 4p sudt
khong khi. Ap suit tuyét doi bao gio ciing 1a mot s6 duong, con dp sudt du c6 thé 1a s6
duong hay am:

Pdy > 0 khi ptuyét > Pa>

Pay < 0 khi ptuyét < Pa-
Trong truong hop dp sudt du la am thi hiéu s6 cua dp sudt khong khi va dp suét tuyét
doi goi 12 dp sudt chdn khong p,, hodc goi tat 1a chdn khong:

Pck = Pa - ptuyét : (2'25)
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Chan khong néi & day khong c6 nghia la khoang khong, khong c6 chat khi nao, nhu
thudng néi trong vat 1y. Ap sudt chan khong 1a tri s6 4p sudt con thidu dé 1am 4p sudt tuyeét
doi bing 4p suat khi quyén. Do d6 c6 thé goi dp suét chan khong 1a dp sudt thiéu. So sanh
(2-25) v6i (2-23) thi thay ap suat chan khong 1a tri s6 am cua ap sudt du, tic la:

Pcek = - Pau - (2-26)

Ap suit tai mot diém c6 thé do bing chiéu cao cot chat 1ong (nudc, thity ngan,
rugu v.v...) ké tir diém dang xét dén mat thodng clia cot chat 1ong d6é va thudng biéu thi
bang do dai ctia né. Vay c6 thé biéu thi cdc 4p sudt nhu sau:

ptuyét )
Pruyet = hu ot — T o
tuy€t tuy€t y
Par = Doy = T2, . 2-27)
Y
p
Pck :hck: ck .
Y J

Ta goi nhiing do cao hy,ye, hyy ey 12 nhiing do cao dan xuat ctia nhitng 4p suat py,ye,
Paw Pex- Trong diéu kién binh thudng, dp suat khi quyén tai mat thodng thudng dugc 1y
bang 4p suat cua cot thiy ngan cao 760mm. Trong thuc tién k§ thuat, ngudi ta thudng qui
ude 14y p, = 98100 N/m* (hodc p, = 1 kG/cm®) va goi la dtmotphe ky thudt. Mot atmotphe
k¥ thuat twong duong véi cot nude cao:
Pa _ 98100m

Y 9.810

Tri s6 chan khong cyc dai (khi pyye, = 0) 1dy bang mot dtmétphe k¥ thuat hoac bang

cot nuée cao 10 m.

h =

Hinh 2-9 cho biét mot thi du vé cach do 4p suét tai mot diém bing chiéu cao cot chat
16ng. Mu6n do 4p suét tuyét doi tai diém A, thi n6i binh chia thong véi cot 6ng kin 1; chd
n6i dat dusi mat thodng chat 16ng trong binh, c6 thé dat ngang, dat trén hodc dudi diém A
(theo hinh 2-9 thi ché ndi dat ngang A). Trong 6ng kin phai hit hét khong khi dé 4p sut tai
mat ty do cuia chat 1ong trong 6ng bang khong; khi d6, khoang cach thang ding hyye T
mat nudc tu do trong ong dén dudng ndm ngang di qua A biéu thi 4p suét tuyét doi tai diém
A. Tri s6 ap suat do la:

ptuyét = Yhtuyét
Néu 6ng do néi trén khong bit kin (hinh 2-9) ma dé ho ra khi troi (6ng 2) thi khoang
cdch thing ding hy, ké tir mat tu do trong 6ng hd dén dudng nam ngang di qua A biéu thi
4p sudt du tai diém A; tri so ap suat d6 la:

Par = Yhyy
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P=0 ]
> 6éng do
- ap suét tuyét dsi
! ‘_ 6ng do \ l P,
higyet = ot . ap suét du -
v B =
Pruyet ' '.- =h_
hyy éI=T - ha Y
Py =Pad
H ____l___l___i____ i hy v
- - - HI
~— S L N
S - _A‘ = — —
z £ z
] l Mzt chudn I |
Hinh 2-9
Néu mat nudc tu do trong ong do hd
nay lai thap hon A, thi khoang cach hg, néi
trén 1a mat tri s6 am va theo (2-26) khoang
| | |PosPa cdch d6 1a do cao chan khong tai diém A:
|==a===== h (hinh 2-10). Ong do 4p suat 1am nhu trén
T dugc goi 1a 6ng do 4p. Chi y rang, trong
truong hop chan khong 6ng do ap phai uon
<0 hinh cht U nhu & hinh (2-10) thi méi dé

dang do dugc.
Hinh 2-10
Thi dy 2: Tim 4p sudt tuyét doi py,ye; va dp sudt du py, tai ddy noi hoi, sau 1,2 m,

4p suat tai mat thodng 1a p, = 196.200 N/m* (p, = 21.200 kG/m*); nudc ¢6 y = 9.810 N/m’
(y = 1000kG/m’).

Gidi:
Ap suat tuyét d6i tinh theo (2-18):

Puyer = Po + vh = 196.200 + 9.810 x 1,2
=207.972 N/m’ (pyyye = 22.400 kG/m?)
_ Puya _ 207972

hodc: hyyyer = = = 21,20 m cot nuGe
' Y 9.810
Ap sudt du tai ddy:
Pau =P - Pa = 207.972 - 98.100 = 109.872 N/m’.
hy, = Paw = 109872 4y 56 00 cot nuee.

vy 9.810
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Thi du 3:
Tai mat cat trude khi vao bom ép sudt chan khong 1a:
Pek = 68.670 N/m® (p = 7000 kG/m?).
Xéc dinh 4p sudt tuyét d6i tai mat cét do.
Giai:
Theo (2-25):  Puyer = Pa - Pek »
1ay: p, = 98.100 N/m’ (p, = 10.000 kG/m®) ta c6:
Pruyer = 98.100 - 68.670 = 29.430 N/m* (Pruyer = 3-000 kG/m>).
6. Y nghia hinh hoc va nang luong ctia phuong trinh co ban cta thity finh hoc (viét dudi
dang 2-19)
a) Y nghia hinh hoc
Tu phuong trinh co ban (2-19):

zZ+ P_ const,
Y

c6 thé thay ring téng s6 do cao hinh hoc z cta diém dang xét d6i v6i mat chuan nim ngang

va do cao dan xudt dp sudt hay do cao dp sudt p tai diém d6 1a mot hing s6 doi véi bat ky
Y

mot diém ndo trong chat 16ng.

Néu p la dp suat tuyét doi thi P_ hyyyer VA Z + e = H, néu p 1a dp suat dur thi: P hyy
¥ ' ' ¥

va z + hy, = H’. Theo hinh 2-9, H 1a khoang c4ch tir mat chudn dén mat nude tu do trong
ong do ap suat tuyét doi va H’ 1a khoang cach tir mat chuidn dén mat nudc tu do trong 6ng
do dp suat du. H goi 1a cdr nudc thity tinh tuyét doi, H* goi 1a cot nudc thity tinh du. D6 cao
H hoac H’ con goi 1a do cao do dp tuyét doi hoac do cao do dp du (chi y rang do cao do dp
khéc vé6i do cao ap suat).

Vay phuong trinh co ban ctia thuy tinh hoc néi rang: trong mot moi trudng chat 1ong
diing can bang cot nuéc thuy tinh d6i véi bat ky mot diém nao 12 mot hing so.
b) Y nghia nang luong:

Xung quanh diém A clia mot moi trudng chat 16ng ding can béng, ta 1dy mot khoi
chat long c6 trong luong G. Khéi d6 dat & do cao z d6i v6i mat chuén nim ngang thi c6
mot vi niang bang Gz, do vi tri clia khoi d6 v6i mat chuin tao nén. Néu gian vao binh chita
mot 6ng do 4p, tai mat phang nim ngang di qua A, ta s& thdy do ap sudt chat 16ng tdc dung

vao diém A ma trong ong do dp chat 16ng dugc dang 1én mot do cao h = —, do cao nay

< |
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bang hy,ye, = Puyer , néu 6ng do ap 12 6ng do ap suét tuyét doi va bang hy, = Pav a6
' Y

néu ong

do 4p 1a 6ng do ap suét du. Nhu vay & diém A, khoi chat 16ng dang xét mang mot 4p nang
bang Gh. Khéi chat 16ng dang xét mang mot thé nang béng téng s6 vi nang va dp nang:

Gz + Gh.

Dai v6i mot don vi trong luong, thé nang do bang:

z+hhoacz+E,
Y

va goi la th€ nang don vi; z goi 1a vi ndang don vi; p goi la dp ndng don vi.
Y

Thé niang don vi bang tdng s6 vi nang don vi va 4p nang don vi.

Vay, phuong trinh co ban cta thay tinh hoc néi ring thé nang don vi cua chat 1ong
diing can bang 12 mot hing s6 doi v6i bat ky vi tri ndo trong chat 1ong; th€ nang don vi
chinh béang cot nudc thiy tinh.

7. Ap ké

a) Dung cu do 4p sudt goi 1 4p k€. Ap k& don gian nhét 1a nhing ong do dp binh
thuong (thudng dat thang ding, nhu ta di néi & diém 5, hinh 2-9), dau duéi clia ong thi dat
vao diém A ma ta muon do dp sudt. Néu chat 1ong trong 6ng do ap clng loai véi chat 16ng
trong binh chita c6 diém A, thi 4p suét tai A bang h (hinh 2-11). Chd y ring tir A dén M,
cot nuGe phai lién tuc, khong c6 bot khi.

b) Néu h rdt nho, ta ¢6 thé tang su chinh xdc do ludng bing cach dat 6ng do &p
nghiéng véi duong nam ngang mot géc o nhd hon 90° (hinh 2-12). Do dai ¢ ctia doan 6ng
d6 c6 chita chat 16ng biéu thi dai lugng:

h

(= ——,
sina

tlr d6 tinh ra dp sudt phéi tim bang yh = y. / .sina. 6ng do 4p nay goi 1a dong do dp nghiéng.

Hinh 2-11 Hinh 2-12
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¢) Trong nhiéu trudng hop ngudi ta can bi€t, khong phai chi hiéu s6 ap sudt p, - pg tai
hai diém, ma con can biét hiéu s6 nhitng dé cao do dp gitta hai di€m, tic 1a can biét:

(ZA +p—A] — (ZB +p—Bj =h
Y Y

RO rang nhitng diém A, B ma ta dang xét & day thudc vé mot khoi chat long dang
chuyén dong, thi du chat 16ng dang chay trong 6ng (hinh 2-13); con khi chat 16ng diing yén
thi tat nhién ta c6 h = 0 (qui luat thuy tinh).

R

Muén do h, ta c6 thé dung nhitng 6ng do 4p
binh thudng gén tai A va B, nhung nhiéu khi ap
sult p, va pg kha 16n, doi hoi nhitng 6ng do ap phai
khd dai; va lai cdch nay khong thé d4p dung duoc,
khi mot trong hai ap suat d6 lai nho hon dp suat khi
quyén. Muén do h, ta s& n6i hai dau trén cla hai
ong do dp va c6 mot khéa R dé thong hai 6ng do
v6i mot cdi mdy c6 thé ép hoic rit b6t khong khi &
phia trén nhitng 6ng d6. Nhu vay ta c6 thé nang cao
hodc ha thadp muc nuéc M, va My v6i mot tri s
bang nhau & ca hai 6ng; két qua 1a ta c¢6 thé do h
ung véi hiéu s6 cua hai muc nuéc M, va My, ap ké
loai nay goi la dp ké'do chénh.

Hinh 2-13
d) Ap ké& do chénh c6 hai chat 1ong

Khi do chénh léch 16n qua hoac nho qua
nguoi ta dung mot ap k& do chénh cé hai chat
long, ciu tao bdi mot 6ng thuy tinh hinh chit U,
trong d6 c¢6 dung mot lugng thich hgp cua chat
16ng c6 trong luong don vi bang vy’ khac véi trong
lugng don vi y cua nuéc va khong hoa tan véi
nudc (hinh 2-14).

Hinh 2-14

Nhitng dau trén cuia 6ng U déu ndi v6i nhitng diém A va B bdi nhitng 6ng néi thong
ma ngudi ta da kiém tra k§ khong con chiit bot khi nao, cling nhu di kiém tra k§ ban than
ap k€ (thuong thudong ngudi ta dat nhitng khéa R va R’ & ddu trén nhitng nhanh thudc ong
U dé dat muc dich nay).

Khi da tao dugc su 6n dinh ctia cac muc A’ va B, ta c6 thé 4p dung nhiing dinh luat
thuy tinh hoc cho nhiing chét 16ng ding can bang trong khu AA’B’B.

Gitra A va A’ trong nudc, ta c6:

ZA+p—A =z + 2 (a)
Y
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Gitra B va B’ trong nudc, ta c6:

ZB+p_B =ZB7+E. (b)
Y

Giita A’ va B’, trong chit 16ng ¢6 trong lugng riéng bing v, ta viét dugc:

ZB’ + & = ZA’ + h . (C)
Y Y
Trir v€ d6i v€ (a) va (b), ta duoc:
(ZA N P_Aj . (ZB +P_Bj _Pa P, (@
Y Y Y

Tu (c), ta it ra:

Pa —Pp =7 (Zp — Zp")

Thay vao (d), ta c6:

{ZA +p—Aj - (ZB +p—Bj = (ZB,—ZA,)l +Zp— Zp,
Y Y Y

h= (y_' - 1] (zg: — Zp>)-
Y

Hiéu s6 do cao do ap tai A va B:

h= 1Y b,
Y
trong do: h’ 1a do chénh hai muc A’ va B’ trén dp ké.

Néu h rat 16n (thi du c& chuc mét cot nude), ta s€ dung trong dp k€ mot thit chat 1ong
c6 trong luong riéng v’ khd 16n so véi v, thi du thiy ngan (13,6 kG/dm®). Nhu vay, ta c6:

h=12,6h’,
do d6 h’ s& nho hon 12,6 1an h va s& rat dé do.

Néu trai lai h rat nho, ta s€ dung mot chat 1ong c6 trong lugng riéng y’ hoi 16n hon y
mot chiit dé cho:

la mot phan nho clia don vi va h’ s€ rt 16n hon so v6i h, nho d6 tang dugc do chinh xac
cho su do ludng. Thi du c6 thé dung chat nitorobenzen, cloréfo6cmo v.v...

Chd y 1a can chon chat 16ng cua ap k& sao cho c6 dugc mat phan chia rd rét va chon
ong du to (dudng kinh trong c¢& 10 mm) dé€ tranh anh hudng cha stic cing mat ngoai.

39



e) Ap k& kim loai: Nhitng 4p ké nay thudng ding dé do ap suat kh4 16n. Do chinh xdc
ctia ching rd rang khong bang 4p k& dung chat 16ng va thuong duoc kiém nghiém bang mot
mdy ép tiéu chuén.

8. D6 phdn bd dp sudt thity tinh - D6 dp luc

Phuong trinh co ban cua thuy tinh hoc (2-18) chiing t6 rang v6i mot chat 1ong trong
luc nhét dinh, trong diéu kién ap suét tai mat tu do p, cho trudc, dp suat p 1a mot ham so
bac nhét ctia do sau h; nhu vay trong hé toa do p, h, phuong trinh (2-18) duoc biéu dién
bing mot dudng thang. DE gian don viéc trinh bay ta gia thiét p, = p, khi d6 py, = vh.

Gia st ta c6 hé toa do c6 truc h thang ding huéng xuong dudi va truc p dat nim
ngang (hinh 2-15a). Su biéu dién bing d6 thi ham s6 (2-18) trong hé toa do ndi trén goi la
do phdn bé dp sudt thity tinh theo dudng thing diing tifc 12 theo nhitng diém trén nhiing
dudng thang ding dé.

lP0=Pa o' o lPo=Pa o o
p I S P TTEIIET
- v —— !
=l ]
o a=45
h1 B B' B h1
/
/
A" N A A" A A
Pl P=_h | w
T — =
" P=Po+,h h Y p Y h
L —
Y
a) b)
Hinh 2-15

Truéc tién ta néi dén duong biéu dién dp sudt du py, = vh theo dudng théng ding;
duong biéu dién nay 12 mot duong thang, do d6 chi can xdc dinh hai diém Ia vé& dugc. V6i
h = 0 nghia 12 & mat tu do, ta c6 py, = 0 v6i h = h, ta c6 py, = vh,. Dat hai tri s6 py, néi trén,
theo mot ty 1é x4c dinh truéc, vao hinh vé (hinh 2-15a), ta duoc hai diém O va A’; tam gidc
vuong OAA’ 1a d6 phan b6 édp suét du c6 ddy bang py, = vh,, c6 chiéu cao bang h,. Véi
nhiing chat 16ng khac nhau, tic la véi nhitng trong luong riéng y khac nhau, d6 doc duong
OA’ (tgo) s& khéc nhau. Dung do phan b ap sut du, ta c6 thé xdc dinh ap suat du pg, tai
mot do sau h bat ky.

Muén c6 d6 phan bo dp suét tuyét doi ta chi can tinh tién duong OA’ theo phuong
thiang géc v6i Oh mot doan p, va duge dudng O”A”. D6 phan bo dp suat tuyét doi 1 hinh
thang vuong géc OO”A”A.

Chd y ring s c6 thit nguyén 12 do dai, ta c6 thé thay truc nim ngang p béng truc P
khi d6 ca hai truc déu dung don vi do dai, 4p suat liic d6 s& dugc biéu thi bing do dai cot
nudc (hinh 2-15b); trong thuc t€ ta ciing thudng v& d6 phan bo véi toa do nhu vay dé tinh
ap luc. D6 phan bo nhu vay goi 1a dé dp luc. Lic dé d6 4p luc du duge biéu dién bang ham
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s6 Paw —pva do ap luc tuyét d6i duoc biéu dién bdi ham s6 P_PohRre rang ldc dé
Y Y Y

duong thang biéu dién c6 do doc bang 45° vi tga. = 1.

Néu duong thiang ding trén d6 ta dang xét su phan bo ap sudt thiy finh khong bat dau
tlr mat tu do, ma bét dau tir mot do sau h’ (diém B) trén hinh 2-15b, thi d6 4p luc s& 1a hinh
thang vuong BB’A’A (dp suét du) hoac BB”A”A (ap suat tuyét doi).

Chi y ring do tinh chat 4p suat tai mot diém phéi thang géc véi mat chiu dp luc tai
diém d6, nén d6 phan bo ap suat cling nhu d6 4p luc d6i v6i mot dudng thiang bao gid cling
12 mot tam gidc vuong hodc hinh thang vuong.

Sau khi xét dé 4p luc trén nhitng dudng thang
ding, ta c6 thé vé do 4p luc trén dudng thang
nghiéng hodc dudng thing giy khong khé khan.
Trong trudong hop nay doé dp luc cling 1a mot tam
giac vuong hoac hinh thang vuéng; hinh 2-16 la
mot thi du vé v& dé 4p luc trén duong thang gay
OAB: tam gidc vuong OAA’ va hinh thang vuong
AA,B’B la nhiing d6 dp luc du tuong tng véGi doan
thang OA va AB chii y ring A’A = A/A =h, (h, 1a
do sau cta A). Hinh 2-16

Muon vé d6 dp luc tuyét doi, ta chi can tinh ti€n nhiing canh OA’, A,B’ theo phuong

0

thiang géc v6i OA va AB di mot doan thang Py va ¢6 dugc nhitng hinh thang OO”A”A va

Y
AA,”B"B, trong d6 AA” = AA,"= 22 4 h vaBB” = 2L 4 h, (b, 1 o sau ciia B).
Y Y
Con vé do phan b6 4p sudt trén dudng cong ta phai biéu dién bing d6 thi tri s6 dp sudt
tai timg diém theo phuong trinh co ban (2-18) r6i ndi lai thanh dudng cong ctia d6 phan bo.

§2-7. SU CAN BANG CUA CHAT LONG TRONG NHUNG BINH CHUA
CHUYEN PONG

Trong nhiing ti€t trudc ta nghién ctu su can bing clia chat 16ng d6i véi hé toa do gan
chit v6i qua dat, cac phan tir chat 1ong khong c6 su chuyén dong tuong doi v6i nhau ciing
nhu v6i qua dat.

Trong ti€t ndy ta nghién cttu su can bang clia chat 16ng trong trudng hop céc phan ti
khong c6 su chuyén dong tuong doi véi nhau nhung c¢6 chuyén dong twong doi véi qua dat;
khi d6 cé khéi chat 1ong chuyén dong nhu mot vat rin, ta goi trang thai nay Ia trang thai
tinh tuong d6i clia chdt 16ng; né xudt hién khi binh chita chét 16ng chuyén dong v6i mot gia
toc khong d6i. Luc khéi tic dung vao chat 16ng khong chi c6 trong Iuc ma con ¢6 ca luc
quan tinh. Ta nghién ctru hai truong hop tinh tuong doi cta chit long:
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1. Khi binh chita chuyén dong thang véi gia téc khong ddi

2. Khi binh chita hinh tru tron quay déu quanh truc thang diing ctia binh, hé toa do
gan chat véi binh chia.

1) Su can bang clia chét I8ng dung trong binh chuyén déng thang vdi gia toéc khong doi

Truong hop nay thuong gap & cic xe chd z
ddu, nudc. Gia thiét ring binh chia dang chuyén
dong thang véi gia toc khong ddi a. Mdi phan tir
chat 1ong chiu tic dung cua hai luc khéi: trong
luc G = mg, luc quan tinh R = - ma, trong d6 m
la khoi lugng phan tir chat 1ong. V6i hé toa do °
nhu trén hinh 2-17, hinh chi€u F,, F, F, clia cic
luc khéi 1én céc truc la:

dl
d+a

bl

< _ 7

Fx=-a; Fy=0; Fz=-g. Hinh 2-17
inh 2-

a) Mdt ding dp
Theo (2-14), phuong trinh vi phan mat dang 4p viét thanh:
-adx-gdz=0
Tich phan ta c6 phuong trinh mat dang 4p:
ax + gz = const.
Mait dang 4p nhu vay 12 mat phang nghiéng; ta ¢6 mot ho cic mat dang 4p song song

lap thanh mot géc o d6i v6i mat nam ngang theo tgo. =

oQ | &

b) Su phdn bo dp sudt

Theo (2-8), c6 thé viét:
dp = p (- adx - gdz)

Sau khi tich phan, ta dugc:
p=-pax -pgz + C

Trong d6: C 1a hing s6 tich phan.

Taix =0,z=Hc6 p=p, (p, 12 dp suit tai mat thodng), hiang s tich phan s& Ia:
C=p,+ pgH

Phuong trinh x4c dinh 4p suat tinh twong d6i tai mot diém tuy y duoc viét dudi dang:
p = - pax - pgz + p, + pgH

Thay trong phuong trinh nay y = pg va gh’ = ax ta duoc:

p=py+vy(H-2)—yh’
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Goi h 12 do sau ctia diém N tlly y trong chat 16ng ké tir mat thodng nghiéng, ta c6:

h=H-(z+1h)
Cuoi cung ta viét:

p=p,+ vh.

Nhu vay, ta trd vé€ cong thiic co ban tinh 4p suat thuy tinh, chi cin chi ¥ rang h 1a do

sau ké tir mat thodng trong diéu kién can bing tuong doi.

2) Su cén bang clia chét I6ng dung trong binh hinh tru tron quay déu quanh truc thang

dung qua tém

Trudng hop didc céc vat theo phuong phdp ly tam la mot vi du vé binh quay.

Luc tidc dung 1én mdi phan tir chat 1ong bao gom: trong luc G = mg va luc quén tinh
ly tam F = mo’r; trong dé: o 1a téc do gdc; r 1a khoang cach tir vi tri phan tir chat 10ng ta

dang xét dén truc quay.

Theo toa do nhu trén hinh v€ (hinh 2-18), ldy m = 1, hinh chiéu F,, F,, F, cua céc luc

khoi 1én céc truc la:
F, = o’x; F, = oy; F,=—¢
Trong d6: x, y 1a hinh chi€u cta r 1én truc x va truc y.
a) Mt déing dp:
Theo (2-14) c6 thé viét:
o’xdx + o’ydy —gdz=0
Sau khi tich phan ta c6:

1 2.2 1 2.2
—0Xx + -0y —-gz=_C,
5 > y—8

hoac:
%a)z( x> +y’) —gz=C,
hoac:
1 o’ —gz=C.
bay la phuong trinh cua nhI:mg mat paraboloit tron
xoay c6 truc quay Oz. Vay mit dang 4p trong trudng hgp

nay la mot ho cac mat paraboloit (hinh 2-18) véi cac tri s6 C
khac nhau.

Hinh 2-18

Trén mat tu do, khi x =y = 0 tiic [a r = 0, thi z = z,; hang s6 tich phan bang:

C=-gz,
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Do d6 phuong trinh mat tu do la:
-

z,1a tung do cta mat tu do, & cach truc quay lar.
Goi h’ = z, — 7, thi phuong trinh mat tu do thanh:
% o’r'=gh’.
b) Su phdn bo dp sudt
Theo (2-12) ta viét duoc:
dp = p(w’xdx + o’ydy — gdz).

Sau khi tich phan ta c6:

XZ 2
p= pc027 + pa)zy? - pgz +C,

Trong d6: C, 1a hing s6 tich phan.
Trén mat tu do: p = p,;
khi: r=0thi z=z;
vay: G, =p,+ pgz

2

. r
va: p= p(of 5 ng + P + PgZ,

hoac:
2

r o
p=p0+p[0)2?—g(2—zo)} =po+ pg (h’ +2,-2).

Goi h =h’ + z, — z, thi rd rang h 12 do sau diém dang xét tinh tir mat tu do cong &
trang thai tinh tuong do6i, nhu vay:

P =po + h.
Ta lai trd vé cong thiic co ban tim dp suat thuy tinh.

§2-8. AP LUC CHAT LONG LEN THANH PHANG CO HINH DANG
BAT KY

Trong trudng hop thanh ran 12 mat phang, thi nhitng 4p suét tdc dung nén thanh rin

déu song song véi nhau, do d6 chiing c6 mot 4p luc téng hop P duy nhat. Ta nghién ctu tri

so ctia P va diém dat cha P.
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1) Tri s6 cla ap luc

Can xdc dinh ap luc P cua chit long tic
dung lén mot dién tich phang o c6 hinh dang
bat ky dat nghiéng do6i v6i mat thoang mot
géc a (hinh 2-19). Ap luc dP tic dung lén
mot vi phan dién tich do, ma trong tam cua
n6 dit & do sau h tinh bang:

dP =pdw = (p, + vh )dw

Ap luc P tdc dung lén toan bo dién tich

o bang:

Hinh 2-19

p=[pdo = [(p, +yh)do
(O] [O)

Trén thanh phang 14y hé truc toa do Ozy nhu & hinh 2-19, ta c6:
h = zsinx
Vay:
P= J.(po +vyzsina)dw = jpodm+ J.yzsin ado = p,o + ysinocjzd(x) (2-28)
® ® ® ®

Tich phan J zdw = Sy, chinh bang momen finh ctia di¢n tich ® d6i véi truc Oy. Goi z

®
12 tung do6 cta trong tam C cia dién tich d6, nhu da biét trong co hoc 1y thuyét, c6 thé viét:
Soy = Z:O.

Goi h, 1a d¢ sau cua C thi:

h, = z.sina,
do do:
S = h.o
Oy — . .
sino

Biéu thiic (2-28) viét thanh:
p= (P, + vh)o. (2-29)
Chu ¥ ring biéu thic (p, + yh,) 12 dp sudt tuyét doi tai trong tam C cta dién tich phang.

Nhu vay: Ap luc thity tinh ctia chat 10ng tic dung lén dién tich phang, ngap trong chat
16ng bang tich s6 clia 4p sudt tuyét doi tai trong tam dién tich phang d6 véi dién tich Ay.

Néu p, = p,. 4p luc du tic dung Ién dién tich phing ndi trén bing:

P =yh.o. (2-30)
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Trong thuc tién k§ thuat, nhiéu khi mat phang can xét chiu 4p suét thily finh vé mot
phia, con phia kia clia mat phang lai chiu ap luc ctia khong khi; trong trudng hgp d6 mat
phéng chi chiu tac dung ctia 4p luc du ma thoi vi 4p luc khong khi truyén tir mat thoang dén
mat phang da can bang véi 4p luc khong khi tdc dung vao phia kho clia mat phing. Vi vay
trong nhitng trudng hop tuong tu, chi can tinh ap luc du theo (2-30).

— Ap luc du thily finh tic dung lén day
phéng ctia binh chita 13 truong hop riéng clia 4p
lP lp h lp luc thily tinh tdc dung 1én mat phang. Néu dién
tich ddy o va do sau h ctia day git khong d6i thi
4dp luc chat 16ng lén ddy binh phang: P = yho,
khong phu thudc hinh dang binh (hinh 2-20).

Hinh 2-20
2. Vi tri ciia tam dp luc: Piém dat cha ap luc goi 12 tam 4p luc. Tuy theo ap luc 12 4p luc
tuyét doi hay 1a dp luc du ma tadm ap luc goi la tam dp luc tuyét doi hay la tam ap luc du.
Phuong phép xdc dinh vi tri ctia tam 4p luc trong hai trudng hop déu giong nhau. O day chi
néu lén phuong phép xdc dinh vi tri tam 4p luc du.
Ta goi D(z, y) 1a tam dp luc du (hinh 2-19); can xac dinh cac toa do zj, va yp cla
diém D.
a) Xdc dinh zj,
Momen cua dp luc P d6i véi truc Oy béang:
M = Pz, = yh oz, (2-31)

Téng s6 momen d6i vé6i truc Oy cia dp luc 1én cac dién tich vi phan bang:

M= f pzdo = f Yhzdw = ysina f z’do = ysinall,, (2-32)

(O] (O] (O]
trong do: I, = jzzda) 12 momen quan tinh cua dién tich @ d6i véi truc Oy. Can biang
(O]
(2-31) va (2-32) ta c6:
I I

7, = ——sino= ——. (2-33)

oh, 0z,

Nhu da biét trong co hoc, ¢ thé biéu thi mdémen qudn tinh cta dién tich d6i véi truc
Oy (I,) bang momen qudn tinh cta dién tich ay d6i véi truc y’y’ song song vé6i Oy va di qua
trong tam C cua dién tich (I,) nhu sau:
2
I =1,+oz;.
Thay tri s6 I, vao (2-33), ta c6:
IO

0z

Ip=12,+ (2-34)

C
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Nhu vay, vi tri clia tam ap luc bao gio cling dat sau hon vi tri clia trong tam.
0 phu luc 2-1 ¢6 cong thic tinh I, z- va @ cho mot s6 hinh phang hay gap.
b) Xdc dinh y,

Tuong tu nhu lic xac dinh zp, ta viét mémen cho truc Oz:
M =Py, = f pydm.
(O]

Thay P theo (2-30) va chi y rang h¢ = z, va p = yzsina, ta co:

YZcosinoyp, = ysino j zydo,
(O]

do dé:
J zydw

yp= &—. (2:35)
(DZC

Trong thuc tién hay gap trudong hop dién tich ® c¢6 hinh dang d6i xing d6i véi truc
song song v6i Oz, khi d6 diém D nam trén truc d6i xing, ta chi can xéc dinh zp khong can
tinh yp,.

§2-9. AP LUC CHAT LONG LEN THANH PHANG HINH CHU NHAT
CO DAY PAT NAM NGANG

Trong thuc tién k¥ thuat, ta thudng gap trudng hop nay: thi du dp luc nude 1én clra
c6ng hinh chit nhat; viéc xédc dinh dp luc va dp tam hoan toan c6 thé 4p dung nhiing cong
thiic néu & ti€t trén (§2-8). Tuy nhién, trong trudng hop nay, ta ¢6 thé xdc dinh dp luc don
gian hon.

Ta xét truong hop tdng quat, khi thanh phing hinh chit nhat nim ngang mot géc a., c6
day rong b, chiéu cao h; ddy trén cua hinh chit nhat dat & do sau h,, ddy duéi dat & do sau
h, (hinh 2-21), 4p suét tai mat tu do bang ap suat khong khi p, = p,.

Vi ¢6 thé dé dang suy ra ap luc tuyét doi [Po 0
khi biét dp luc du, nén ta chi can xét viéc xac == ‘
dinh ap luc du. Tri s6 ap luc du trong truong A’/>
hop dang nghién ctiu ¢6 thé xdc dinh theo cong h1 \/A r

thic (2-30): 7 h2
P =yh o. /\
h, +h, hz\/ b -
S

Hinh 2-21

O day: ®=bh, h, =
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h, +h,

Vay: P=y bh. (2-36)

+h,

h . .
Tri s6 ———2= & vé phdi clia phuong trinh (2-36) bang dién tich Q ctia dé 4p luc du

AA’BB (hinh 2-21)

Q= ithy,
2

Vay cong thic (2-36) tré thanh:
P = yQb. (2-37)

Ta c6 thé néi réng: Ap luc P tdc dung 1én mdt phdng hinh chit nhdt bdng tich s¢ dién
tich do dp luc vdi bé dai day va trong luong riéng ciia chdt long.

Thudng dé don gian viéc tinh, trudc hét ta tinh dp luc d6i véi mot don vi bé dai ddy,
sau d6 mdi nhan véi ca bé dai day b.

Puong tdc dung cta luc P tat nhién di qua trong tam thé tich tao boi d6 4p luc va hinh
chit nhat chiu luc. Trén hinh 2-21 luc P di qua trong tam ctua d6 dp luc, vi hinh chiéu trong
tam ctia thé tich néi trén lén d6 4p luc triing vé6i hinh chi€u ctia tam do 4p luc.

Néu canh trén cta hinh chit nhat dat tai mat tu do (hinh 2-22a) thi h, = 0; d6 ap luc
thanh hinh tam gidc vuong géc c6 canh khong bing nhau va c6 dién tich Q bang:

Q= L,
2
Vay ép luc P bang:

P=vQb= %hzhb.

Trong truong hop nay, luc P di qua trong tam

cta do ap luc (hinh 2-22a) tic 1a tai do sau %hz.

Néu hinh chit nhat lai dat thing ding thi d6 dp luc ™ ——
trén thanh tam gidc vuong can (hinh 2-22b) do d6: 2h
3
h
a=1lp P
2 —¥n
va: |3
—
b
P=vQb= ! bh’ (2-38) )
2 Hinh 2-22
Ap luc du P di qua trong tam clia d6 4p luc, tiic 1a & do sau %hz.
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Thi du 4: Tinh ap luc nuGe 1én canh 6ng chit nhat c6 h =3 m, b =2 m, do sau nuéc &
thuong luu H=6 m.

Gidi:
Ta chi cén tinh ap luc du P, d4p dung (2-30) ta phai tinh h..

Theo hinh 2-23:

Pa
h=H-D =62 —a5m. . £ Ih
2 2 c 1__'h_
Theo (2-34): I % ,C
P = yh.0 = 9.810x4,5x3%2 P R L I »
=264.870 N (P = 27000 kG). |
H =
Tam 4p luc tinh theo (2-34) bing: ' b=2m
Hinh 2-23
I
Zp=h + 2.
(DhC

[ bh’_2x3

0= =

12 12
233
Zp=45+—12 _ =466m.
3x2x4,5

Dung phuong phdp d6 giai, do dp luc 1én ctra cong 1a hinh thang c6 dién tich S,
(hinh 2-23). Ap luc du P tinh theo:

Y[(H-h)+HJh _ 9.810[(6-3) +6]

P=Sb=
2 2

x 2 =264.870 N.

Duong tdc dung cta luc P di qua trong tam ctia d6 dp luc hinh thang. Nhu da biét,

'

a .
x—, trong do
B'" 3
B, B’, a lan luot 1a ddy 16n, ddy nho va chiéu cao hinh thang. Vay trong tam hinh thang &
truong hop dang xét cdch mét nude tu do la:

trong todn hoc, trong tAm hinh thang & cach ddy 16n mot doan béang

ZD:H_WXE
H+H-h 3
_e 0233 4 cem.
6+3 3
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§2-10. AP LUC CUA CHAT LONG LEN THANH CONG

No6i chung néu thanh cong cé hinh dang bat ky, thi nhiing ap luc nguyén t6 khong
hop lai thanh dugc mot dp luc téng hop duy nhat.

Trong mot s6 truong hgp riéng, nhu mat cong 1a mat cau, mat tru tron xoay c6 dudng
sinh dat nAm ngang hodc dit thang ding, nhiing 4p luc nguyén t6 déu déng quy hoic song
song, do d6 c6 dugc mot 4p luc téng hop duy nhat.

Ta chi nghién ciu & day mot trudong hop riéng thuong gap trong thuc tién cong trinh
(cac canh cua van, cua cong v.v...); d6 la truong hgp ap luc taic dung nén thanh cong hinh
tru tron ¢é duong sinh ddt nam ngang.

Ta ¢6 mot mat tru ABA’B’ dudng sinh ndm ngang ¢6 do dai va cung AB la mot cung
tron. Dé don gian viéc tinh todn ta dat hé toa do sao cho mot truc nim ngang, thi du truc
Oy, song song vGi dudng sinh, mat toa do nam ngang trang véi mat tu do (hinh 2-24). Ta
nghién citu 4p luc chat 1ong P tic dung 1én mat tru d6. Ap sudt trén mat tu do bang ap sudt
khong khi: p, = p,. Ta s& xdc dinh thanh phén P, va P, ctia P (con P, = 0), r6i tim ra P theo:

P= P’ +P, i

Chiing ta s& chi nghién ctu
ap luc du, vi phuong phap xac dinh
ap luc tuyét doi ciing nhu vay.

Mt ty do

y
Gia thiét mat tru chiu ap luc z
chat 1ong tir phia trén, phia dudi
ctia mat tru 1a kho. Hinh 2-24

Trén mat tru d6, ta 1dy mot dién tich nguyén t6 dw, dat & do sau h (hinh 2-25); ap luc
nguyén t6 dP tdc dung lén dién tich d6 bang:

dP = yhd,,.
b Z q Luc nay phan thanh hai thanh
= ————— I phan, thanh phin nim ngang dP, va
P, thanh phan thang diing dP, (thanh phan
dPy = 0):
Q dP, = dPcos (cﬁ),\x)
P —
Pl A = yhdocos (dP,x) = yhdow,,
Px — — . D —
= — = g == dPy = dPcos (dP,z)
— — // d e
77 v = yhdu)cos(dP,z) =vhdo,,
Hinh 2-25
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trong dé6: do, = dmcos ((ﬁ),\x) 12 hinh chi€u ctia dién tich do lén mat toa do thang géc v6i

truc Ox va do, = dmcos(cﬁ),\z) 12 hinh chiéu cta dién tich do lén mat toa do nam ngang
tic 1a lén mat tu do.
Thanh phan ndm ngang cua P, cua dp luc P xé4c dinh boi:
P,= [dP =y [hdo, .
Ox Ox
Theo cong thitc 4p luc du 1én mat phang (2-30) thi c6 thé viét:
P, =vh o,, (2-39)
trong d6: o, la hinh chi€u cta dién tich ABA’B’ 1én mat zOy; h, la do sau cua trong tam
cla o,.
Thanh phan P, nay c6 thé tinh ra dé dang bing d6 4p luc, theo cong thiic (2-37):
P, =vyQ,b, (2-40)
trong d6: Q, 1a dién tich d6 ap luc. Pudng tic dung clia P, dat & do sau bang do sau cua
trong tam dién tich Q,.
Thanh phan thiang ding P, ctia dp luc P xdc dinh bdi:
P,= j dP, =y j hdo, (2-41)

() ()

z z

Ta nhan xét rang tich phan J hdw, bang thé tich W clia hinh lang tru thang ding L,

@,

gi6i han béi mat tru ABA’B’, hinh chi€u o, va nhitng mat bén thang ding ti vao dudng vién
ctia mit tru AB. Thé tich W ¢6 thé tich béng:

W=0Qpb (2-42)
trong do: Q, 1a di¢n tich cua hinh ABba.
Vay thanh phan P, chinh 1a trong lugng G cua hinh lang tru L n6i trén
P,=yW=G (2-43)

DPuodng tic dung cua thanh phan P, di qua trong tam cua hinh lang tru L. Hinh lang
tru L goi 1a vdt dp luc. Vay thanh phén thang diing P, bang trong lugng vat ap luc.
Trong thi du cu thé dang xét, theo hinh 2-25, thanh phan P, phéi huéng xudng dudi,

c6 thé thi ap luc P méi huéng vao mat tru ABA’B’ (phia trén cia mat tru la phia chiu ap
luc, phia dué6i kho khong chiu luc).

51



Gia su ta dat hé toa do hoi khac di mot chut, tic 1a truc Oy khong song song véi
duong sinh cta mat tru ABA’B’, con truc Oz van nhu cii va mat Oxy van nam ngang, khi
d6 thanh phan P, # 0 va cdch tim Py cling giéng nhu céch tim P,.

Nhiing cong thiic cho ta tim ba thanh phan P,, P, P, cua ap luc P 1én thanh cong la:

P, =vh.o,
P, =vh o, (2-44)
P,=yW
trong d6 h, 1a do sau cua trong tdm cta mat tru va dong thoi cling 1a do sau cta nhing hinh
chi€u o, o,.
Khidé: P= [P’ +P +P,’ (2-45)

Trong trudng hop mat cong 1a mat ciu thi cling c6 thé tinh ra ba thanh phan 4p luc
theo (2-44) va 4p luc téng hop theo (2-45).

Ta nghién ctdu thém vé vat ap luc va phuong cta P,.

Vat 4p luc 1a thé tich gi6i han béi thanh cong ma ta dang xét, bon mat bén thang
diing, ti 1én cdc mép cua thanh cong va kéo dai dén khi cat mat tu do hodc phan kéo dai clia
mat tu do cha chét 16ng. Trong lugng clia vat dp luc biéu thi thanh phan théng ding P, clia
ap luc P. Trong truong hgp mat cong 12 mat tru ¢6 dudng sinh ndm ngang, vat dp luc thudong
biéu thi bi mat cat thang ding cha thé tich néi trén, dé 1a dién tich giéi han bsi dudng
cong chiu luc, hai dudng thang ding di qua hai ddu ctia duong cong va gap mat tu do hoac
phan kéo dai ctia mat tu do (thi du mat cat ABba trén hinh 2-26).

Sau day I ba truong hop vat dp lyc: —e— 022 x g

T
H:i 4
1. Vat ap luc c6 chit 1ong ngay trén S ,l
mit cong (hinh 2-26a): a) ] A b) ]

C6 thé chat 1ong chiém toan thé vat
4p luc (hinh 2-26a) hoac chi c6 thé chiém
mot phan cua vat ap luc (hinh 2-26b), = — =1 v
trong ca hai trudng hop nay P, déu hudng ‘i

xuong dudi. Ta qui uéc P, huéng xudng
duéi, vat ap luc mang dau +.

2. Vat 4p luc khong c6 chét léng & ©° - ¥
ngay trén mat cong (hinh 2-26¢, d): Hinh 2-26

C6 thé chat long hoan toan khong c6 trong vat dp luc (hinh 2-26¢) hodc c6 thé chi
chiém mot phan vat dp luc (hinh 2-26d), trong ca hai truong hgp nay P, déu hudng 1én trén.
Ta qui uéc khi P, huéng 1én trén, vat ap luc mang dau -.

52



3. Mat cong c6 hinh dang phic tap, s€ lam cho vat ap
luc c6 hinh dang phc tap:

Thi du mat cong ACDB (hinh 2-27). Theo dinh nghia C Q,
vé vat 4p luc néi trén dién tich Q ctia mat cat thang ding clia E
vat ap luc gom hai bo phan: Q, va Q,. Q, la dién tich cua Q, 5
hinh BDE va Q, 1a dién tich ctia hinh ACEb. Dé x4c dinh N
hudng va cdc thanh phan P,; ting v6i Q, va P, ting véi Q,, ta
c6 thé phan dudng cong phic tap thanh nhiéu doan don gian B
dé ta tr& vé hai trudng hop néi trén. Thi du doan cong BDE Hinh 2-27
phan thanh hai doan BD va DE; vat 4p luc tng v6i BD 1a hinh
BDdb va theo nhu qui udc ndi trén mang dau +, con vat ap luc ing v6i DE la hinh DEdb
mang dau -, tong s6 dai so clia hai dién tich BDdb va DEdb cho ta dién tich BDE véi dau +.
Ta cling chia dudng cong ECA thanh hai doan EC va CA r6i cling tim vat dp luc Gng véi
ting doan, kem theo ddu tuong ting, sau cing cong dai s6 nhiing dién tich cua vat ap luc thi
tim duoc dién tich ACE véi déu -.

Nguyén tic dung vat 4p luc néi trén dé tim phuong huéng cho thanh phan Pz 4p dung
cho nhiing truong hop ma ap suat du tic dung vao mat cong 16n hon s6 khong: pgy, > 0, tic
12 khong ¢6 van dé 4p sudt chan khong (pg, < 0).

Chii y ring néu thanh chiu 4p luc 13 thanh phang thi nhitng khdi niém néi trén vé vat
4p luc van ding va mat phiang duogc coi nhu 12 gidi han clia mat cong c6 ban kinh cong 16n
vO cung.

Do6i v6i mit cong 1a mat ghénh, nhu da néi & trén, ta khong c6 mot ap luc téng hop
duy nhét (hinh 2-28). Khi d6 ngudi ta c6 thé xéac dinh 4p luc theo mot phuong cho trudc,
tinh bang tong s6 nhitng hinh chi€u lén phuong dé cha nhiing 4p luc nguyén t6. Ciing lap
luan nhu d6i v6i trudng hop mat tru tron c¢6 dudong sinh ndm ngang ma ta vira néi o trén,
ngudi ta di dén hai qui tac sau:

1. Nhitng hinh chiéu cta dp luc thuy tinh 1én mat cong o theo nhitng phuong nam
ngang Ox, Oy bang ép luc thay tinh tdc dung lén nhitng hinh chiéu ®, ®, cia mat cong lén
nhitng mat phang thang géc véi Ox, Oy (hinh 2-28a):

y

Mat phang

théng/dlérﬂg

\% #

- %
)

a) —

Hinh 2-28
P,= [dP =y [hdo, =yh,o, (2-46)

Ox Ox
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P,= [dP, =y [hdo, =yh o, (2-47)

Oy @y
trong d6: hg, va h.y la do sau nhiing trong tam dién tich o, va o,.

2. Hinh chiéu P, clia 4p luc thity tinh 1én mat cong, theo phuong thang ding Oz, ¢6 tri
s0 bang trong lugng cua vat dp luc (hinh 2-28b):
P,=yW (2-48)
Phuong ctia P, duge tim bang céch dp dung nhitng qui tac vé vat dp luc vira néi & trén.
Thi du 5: Tim ap luc nuéc tic dung 1én mot cira 6ng cong AB, dai / = 3 m, ¢6 dién
tich bang i dién tich mat bén cta hinh tru trdn ma ban kinh bang r = 1 m (hinh 2-29). Do

sdu nudc bang h = 1 m.

Giai: P
Ta tinh céc thanh phan P, va P, cua ap luc P. - A oA
X
D6 4p lyc biéu dién thanh ndm ngang cia dp luc w f
Pz
la tam gidc vuong can ACD c6 dién tich Qpqp = %hz. o i
Vay theo (2-40) ta c6: c D B
Hinh 2-29
2
P, = yQup ! = y%hzl: wz 14.715 N (= 1.500 kG)
Thanh phin thing ding cta 4p luc biéu dién béi vat 4p luc ABO c6 dién tich
2 2
OQppo = % , do d6 c6 thé tinh bing thé tich W = Qg0 [ = %l .

Vay theo (2-43) ta c6:

yur®l  9810x3.14x1% x3

P. =vW =
=Y 1 2

=23.103N (= 2.360kG)

Vi ngay phia trén mat cong khong c¢6 nude, nén P, huéng 1én trén.

Ap luc P tinh theo:

P= P> +P,> = J14.715> +23.103> = 27.470N (= 2.800kG).
Dudng tic dung ctia ap luc P di qua tam O, 1ap v6i dudng ndm ngang mot goc o ma:
P
tga = —= =1,56,
PX

tize 1a a = 57°20°.
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§2-11. PINH LUAT ACSIMET

Ta xét ap luc thay tinh P tic dung vao mot vat ran
c6 thé tich W ngap hoan toan trong chat 1ong (hinh 2-30).
Mu6n vay ta xét thanh phéan thang ding P, va thanh nim K’

ngang P’ clia 4p luc P. Mu6n xdc dinh thanh phin thang |
ding P, cla P ta v& mat tru thang ding ma cdc dudng ©
sinh ctia mat tru déu 1a nhiing ti€p tuyén doi véi mat ngoai .
clia vat rian; dudng cong di qua tit ca cdc diém tiép xiic
gifta mat tru va mat ngoai clia vat ran chia mat ngodi cua
vat ran thanh hai phan khong kin: phan trén cde va phan Hinh 2-30

dudi cfe. Luc P’,; tac dung lén phén trén bang trong lugng

clia vat ap luc abcde va hudng thiang ding; theo qui udc vé dau ctia vat &p luc thi P°,; mang
dau +:

,
Pz,

P’zl = +YV abcde
Luc P’,, tdc dung 1én phan du6i bing trong lugng clia vat ap luc abcfe va huéng théng
ding 1én trén; P’,, mang dau -:
P’22 =- yVabcfe
Tong 4p luc thang ding P’, tic dung lén toan bo mat kin cta cdef bang:
P’z = P’zl + P,ZZ =Y (Vabcde - Vabcfe) = chdef =- ’YW (2'49)
bao gio n6 cling huéng 1én trén vi bao gio cling cé:

‘PIZ2

> ‘Plzl

Muén xdc dinh thanh phdn ndm ngang clia P, cua P ta v& mat tru nam ngang cac
dudng sinh déu ti€p xidc véi mit ngoai clia vat ran; dudng cong di qua ca céc diém ti€p xic
gifta mat tru v mat ngoai clia vat chia mat ngoai cua vat ran thanh hai thanh phan khong
kin: phan trdi kem va phan phai kem.

Theo (2-46) ap luc du tac dung 1én phin kem va phan kem clia mét cong bang tich s
ctia dién tich hinh chi€u thang diing clia ting phdn mat cong d6 nhan véi ap sudt du tai
trong tam dién tich d6. Vi nhitng hinh chiéu thing ding k’c’m’ va k'e’m’ clia nhitng mat
kem va kem béang nhau va trong tam cta nhitng hinh chi€u d6 ¢ nhitng do sau bang nhau,
nén téng hop hai phan 4p luc ndm ngang bén trai va bén phai bang khong: P’ = 0; nhu vay
chiconP=P,.

Vay: Mot vat ran ngap hoan toan trong chat 1ong chiu tic dung ctia mot luc huéng 1én
trén, ¢O tri s6 bang trong lugng khoi chat 1ong bi vat ran chi€m chd.

Dinh luat nay la dinh luat Acsimét, ap luc d6 goi 1a luc Acsimét hoic luc ddy (con
goi la luc nang).
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Phuong ctia luc Acsimét di qua trong tam D ctia khoi chat 1ong bi vat rdn choan chd,
diém D duogc goi 1a tam ddy. Chd y ring tam ddy D khong phai diém dat ctia luc Acsimét.

Dinh luat Acsimét ciing dung cho vat néi, tic 1a vat khong bi ngap hoan toan trong
chat 16ng va ndi lén trén mat tu do ctia chét 16ng. Liic d6 ap luc thuy finh tdc dung lén phan
bi ngap trong nudc bing trong lugng khoi chat 1ong bi phan ngap cta vat ran chodn cho.

§2-12. SU CAN BANG CUA VAT RAN NGAP HOAN TOAN
TRONG CHAT LONG

Trén co sO dinh luat Acsimét, nghién cttu su can bing ctia mot vat ran néi chung
khong déng chat ngap hoan toan trong chat 16ng, vat ran chiu tac dung cla hai luc thang
ding: trong luc G dit tai trong tam C cta vat ran, huéng xuéng duéi va stic ddy Acsimét P,
dat tai tam ddy D, tic 12 tai trong tam vat d6 khi coi vat 12 dong chat, huéng 1én trén.

Pz Pz
Pz
G
Cl) G b> C) G
Hinh 2-31

Muén vat d6 ding can béng tic 1a khong chim xuéng, khong ndi Ién, khong tu quay
thi hai Iuc P, va G phai bang nhau va dat cling trén cling mot dudng thang ding. Vi tri clia
hai diém C va D dnh hudng dén tinh chat can bing cta vat ran .

1. Trong trudng hop C & thdp hon D (hinh 2-31a) thi su can bang 1a én dinh néu
ddy vat dich khoi vi tri can bang thi duéi tdc dung ctia ngau luc lap boi P, va G, vat lai tro
Ve vi tri cil.

2. Trudng hgp C & cao hon D (hinh 2-31b) thi su can bang la khong 6n dinh vi néu
ddy vat dich khoi vi trf can bing thi ngau luc hop boi P, va G lam cho vat 16n nguoc di xa vi
tri cfi v chi€m vi trf can bang 6n dinh.

3. Truong hop C va D trung nhau (hinh 2-31c) nghia la trong trudng hgp vat dong
chat thi vat & trang théi can bang phi€m dinh, nghia 1a vat ding can bang véi bat ky vi tri
can bang nao. Vat ran khong 0 trang thdi can bang néu P, # G, néu P, < G thi vat chim, néu
P, > G thi vat néi lén.

56



§2-13.SU CAN BANG CUA VAT RAN NOI LEN TREN MAT TU DO
CUA CHAT LONG

Diéu kién can bang clia vat ran ndi 1én trén bé mat tu do ctia chat ldng khong giong
han véi diéu kién can bing clia vat ngap hoan toan trong chat 16ng.

Ta xét mot vat ndi trén mit nuée, thi du nhu mot tim gb, mot con tau v.v... Khi vat da
& trang thdi ndi thi tdt nhién diéu kién P, = G da dugc thoa man. RS rang 1a néu trong tam
C ctia vat ndi (c6 thé dong chat hodac khong dong chat) & thap hon tam ddy D thi su can
bang clia vat néi 1a 6n dinh. Tuy nhién, néu trong tam C & cao hon tam ddy D, vat chua phai
da 1a hoan toan khong c6 thé ¢ trang thdi can bang 6n dinh.

Ta nghién ctu diéu kién can biang 6n

’ o Trucndi
dinh cta vat noi khi C & cao hon D.
Trude hét can dinh nghia mot s6 yéu t6 B| Matndi B__Mén nuée
(hinh 2-32): == m —
Pz

- Mén nudc 1a giao tuyén clia vat néi
v6i mat nudc.

O OO

- Mat néi 1a mat phang c6 chu vi la I

dudng mén nudc. R /_J

- Truc ndi 1a duong thang géc v6i mat o
ndi qua tam vat noi. Hinh 2-32

Cac dinh nghia trén day tng v6i ldc vat ndi & trang thdi can bang. Khi vat néi bi
nghiéng di thi tam ddy D ciing thay déi vi tri dén D’ (hinh 2-33).

E

Hinh 2-33

Giao diém cua truc ndi v6i phuong ca luc didy méi goi 1a tam dinh khuynh M. Khi
gbc nghiéng o clia truc ndi va dudng thang ding nhé hon 15° (o < 15°) thi ¢6 thé coi nhu
tam ddy D di chuyén trén mot doan cung tron tam M bén kinh Ia khodng céch tir M dén D,
doan MD goi 1a ban kinh dinh khuynh va ki hiéu 1a p. Khoang cach tit M dén C goi 1a d6 cao
dinh khuynh, ky hiéu hy; = MC. Khoang céach tir C dén D ky hiéu la e. Ta cé hy; = p —e.
Tri s6 nay c6 thé duong, am hoic bang khong.

57



Ta xét cdc trudng hop c6 thé xdy ra sau khi vat néi bi nghiéng (hinh 2-34).

- Khi M cao hon C (hy, > 0) (hinh 2-34a): ngau luc do G va P tao nén ¢6 xu huéng
lam vat néi trd lai trang thdi can bang lic dau, ta ¢6 vat ndi 6n dinh.

- Khi M thap hon C (hy < 0) (hinh 2-34b): ngiu luc c6 xu huéng lam vat cang
nghiéng, ta c6 vat néi khong én dinh.

- Khi M trung véi C
) (hyy = 0): truong hop nay

o A khong tao nén ngau lyc ma
M hop luc ludn ludn triét tiéu,
P _ b hu 0 moi vi tri vat déu céan

e 7L Lg—LLp/ ! \LOT bang, do do sau khi bi
LD

nghiéng, vat néi van & trang
D thai nghiéng ma khong tré
lai vi tri can bang ban dAu,
a) o b) ta c6 vat I:léi 0 trang thdi can
bang phiém dinh.

Hinh 2-34

Nhu vay, su can bing ctia vat néi dugc xac dinh khong phai bai vi tri twong ting gitta
C va D ma giita C va M; diéu kién dé vat néi 6n dinh 1 hy, > 0. Mudn xéc dinh hy, trude
hét ta cn tinh ra ban kinh dinh khuynh p. Sau day 1a cich suy dién cong thiic tinh p.

Gia st ta quay vat néi di mot géc nho o (hinh 2-33). Liic d6 mot thé tich W, thodt ra
khoi mat chét 16ng va mot thé tich W, chim vao trong chat 16ng. Vi thé tich W chim trong
chat 16ng ctia vat néi van gitt khong déi, nén W, = W,.

Gia stt Iuc diy Acsimét Pz = yW bi budc chit vao diém D trong khi vat bi quay di géc
a; khi d6 ta bo sung hai luc P, P, biang nhau: luc P, = yW, Ia trong luong khoi W, va luc
P, = yW, la luc ddy cta chat 1ong vao khoi W, (hinh 2-33a). Trén thuc t€ ba luc trén khong
6, ma chi ton tai lyc ddy P, = P, dat tai tam ddy méi D’. Rd rang 1a lyc P’, nay phai tuong
duong v6i ba luc P,, P; va P,. Néu ta dat tai D’ luc P”, = P’,, nhung nguoc chi€u véi P’, thi
hai lyc P”, va P’, can bang nhau. Nhu vay hé théng bon luc P",, P,, P, va P, 1a mot hé
thong luc can bang vi téng s6 nhitng hinh chi€u ctia bon Iuc dé trén mot truc bat ky bing
khong va tong s6 momen nhiing luc d6 d6i v6i mot truc bat ky cling bang khong.

Momen cua nhitng luc Pz va P"z biang:

M(P,, P”,) = P,a = P psina. = YWpsina

Momen cua P, d6i véi truc quay bang (hinh 2-33b):

M(P,) = j x.dP,
A
Ta tinh dP, (hinh 2-33b):
dP, = ydoxtgo
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do d6
M(P,) = Jydmxtga.x = Jyxztgadm

@ o
Vi o khd nho nén ta coi tga = o, do do:

M(P,) = J.yocxzd(o

@
Ciing nhu vdy momen cta P, d6i vdi truc quay bang:

M(P,) = J.yocxzd(o

@
Vay téng hop nhitng mémen cta P, va P, bing:
M(P,, P,) = j yox2do
(O]

trong d6 tich phan phai 14y déi véi toan bo dién tich o clia mét néi.
Tir su can bang cua nhitng momen cta bon luc néi trén:

M(Pz’ P”z) = M(Pl’ PZ)
ta viét duoc:

YWpsina = jyaxzd(o

()
do d6 (coi sina = a):
J.xzdm .
0] - 2-50
p W W (2-50)

trong do:

I= J x’dw 12 mémen quan tinh ctia mat ndi doi véi truc quay;
(O]

W - nhu trén da néi, 1a thé tich clia chat 16ng bi chodn ché.

Biét vi tri C, D cta vat ndi cho truéc, tic 1a da biét tri s6 CD = e, ta tinh ra dugc hy,
theo hy; = p — e, trong dé p tinh theo (2-50).

Trong k¥ thuat dong tau, thuyén thuong 14y hy, = 0,3 + 1,5 m ty theo hinh dang kich
thudGe, cong dung cua tau.
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Chuong IIT

CO SO PONG LUC HOC CHAT LONG

§3-1. NHUNG KHAI NIEM CHUNG

Dong luc hoc chat 16ng nghién ctu nhitng qui luat chung vé chuyén dong cta chat
16ng. Nhu da biét, khi chat 16ng thuc (nhét) chuyén dong, xuat hién stic masét trong,
nén nhitng két luan vé dong luc hoc cla chét long 1y tudng va chat 16ng thuc (nhét) 1a
khéc nhau.

bong hoc chat 16ng nghién cttu chuyén dong clia chat 16ng ma khong xét nhitng Iuc
tac dung. Vi vay, phuong trinh dong hoc 1a chung cho ca truong hop chat 16ng 1y tuong va
chat 1ong thuc.

Ta coi moi trudng chat 16ng chuyén dong la mot moi trudng lién tuc bao gém vo s6
phan tir chat 16ng vo cling nho chuyén dong, mdi phan tir nh6 d6 duoc dic trung boi nhitng
dai lugng co béan clia su chuyén dong goi 1a nhitng yéu t6 ctia chuyén dong do 1a:

a) Ap sut thiy dong hoc p: Trong chuyén dong cia chét 16ng 1y tudng, dp suét thity
dong hudng vao mat chiu tac dung va hudng theo phap tuyén ciia mat dd, vi thanh phan tiép
tuyén khong c6. Do d6, ap sudt thily dong cta chat 1ong 1y tuong cé nhiing tinh chat nhu ap
suét thly tinh. Trong chuyén dong ctia chat 1ong thuc, dp suét thily dong huéng vao mat
chiu tdc dung, nhung khong huéng theo phdp tuyén, vi né 1a téng hop ctia thanh phan tng
sudt phdp tuyén p, va thanh phan tng sudt ti€p tuyén t do tinh nhét gy ra.

b) Van t6c u chia phén tir chat 16ng ta goi 12 luu téc diém (coi phan chét 16ng chiém vi
tri v cing nho nhu mot diém).

c¢) Gia toc a cua phan tir chat 16ng:

Nhiing yéu t6 clia chuyén dong c6 thé bién ddi lién tuc theo vi tri phan tir va theo thoi
gian, vi vy ching la ham s6 lién tuc cia toa do khong gian x, y, z va thoi gian t:

p=pX. y.zthu=u(x,y,z t);a=a(x,y,zt).

§3-2. CHUYEN PONG KHONG ON PINH VA CHUYEN PONG ON PINH
Trong khi nghién cttu su chuyén dong cuia chat 1ong chiing ta s& dan din dua ra nhiéu
cach phan loai nhim di sau vao tiing mat clia chuyén dong. 0 day ching ta phan loai

chuyén dong ra chuyén dong khong 6n dinh va chuyén dong 6n dinh.
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Ta goi chuyén dong khong 6n dinh la chuyén dong ma cdc yéu t6 chuyén dong phu
thudc thoi gian tic la:

u=u(x,y,zt);p=pX,y,7zt)v.v... -
hoac: a_u #0; @ #0 v.v... H,
ot ot 7
Thi du khi muc nuéc & trong bé chia thay déi thi céc H A
yéu t6 chuyén dong & mot diém bat ky trong moi trudng chay \1
déu thay d6i theo thdi gian. 4%\

Thi du néu muc nuéc H gidm dan, luu t6c & di€ém A trén Hinh 3-1
luéng nudc s€ giam dan (hinh 3-1).

Ta goi chuyén dong 6n dinh 1a chuyén dong ma cdc yéu t6 chuyén dong khong bién
déi theo thoi gian, tic 1a:

u=u(zy,z;p=p XY,z V.V..

A,
hoac: @ =0; @ =0v.v... |
ot ot
Thi du khi muc nudc chdy trong bé chia khong déi H=const
(hinh 3-2) thi cdc yéu td chuyén dong & mot diém bat ky trong A
moi trudng chdy déu khong déi theo thoi gian, thi du luu t6c & ’\\
diém A trén ludng nuéc luon giit khong déi. Cha yéu ching ta
nghién cttu chuyén dong én dinh clia chat 16ng. Hinh 3-2

§3-3. QUI PAO - PUONG DONG

Qui dao 1a duong di cua mot phan tir chat 16ng trong khong gian. Khai niém qui dao
doi véi ching ta khd quen thudc, thuong gap trong vat 1y, co hoc v.v...

Pudng dong 1a dudng cong tai mot thoi diém cho trude, di qua cdc phén tir chat long
c6 vécto luu t6c 1a nhitng ti€p tuyén ctia duong ay. C6 thé v& duong dong trong moi trudng
chat 16ong nhu sau:

Tai thoi diém t phan tir chat 16ng M ¢6 t6c do u biéu thi bang vécto ;) , cling & thoi
diém d6, phan tlr chat 16ng M, & sdt canh phan tir M va nidm trén vécto : , €6 toc do u,,
ciing & thoi diém d6 phan tlr chit 16ng M, & sat canh phin tr M, va nam trén vécto 1: va cé
toc do u_; ; ¢t ti€p tuc lam nhu trén, ta c6 dugc nhitng diém M,, M,... v6i nhitng vécto luu

- -
t6: u; ,u, ... Pudng cong C di qua cdc diém M,, M,, M,, M,... 18y nhing t6c do u,, u,, us,

u,. v. v... Jam nhiing ti€p tuyén chinh 1a mot dudng dong & thoi diém t (hinh 3-3).
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Do van téc ¢6 thé thay déi doi véi thoi gian, nén khdi niém dudng dong c6 lién quan
chit ché dén thoi gian, tng v6i nhitng thoi diém khac nhau ta c6 nhitng dudng dong khéc
nhau. Chu y dimg 14n khai niém dudng dong va khai niém quy dao.

Do dinh nghia vé dudng dong ta thay
hai duong dong khong thé giao nhau hoic
ti€p xuc nhau.

Trong chuyén dong 6n dinh, vi cdc yéu
t6 chuyén dong khong thay déi theo thoi gian
nélz duorng d?ng CFOn?g thonA lai 1?. quy \dao cua Hinh 3-3
nhitng phan ti chat 1ong trén dudng dong ay.

§3-4. DONG NGUYEN TO, DONG CHAY

Trong khong gian chita ddy chat 1ong chuyén dong, ta 1y mot dudong cong kin gidi
han mot dién tich vo cting nho do, tit ca cdc dudng dong di qua cac diém trén dudng cong
kin d6 tao thanh mdt mat c6 dang mat 6ng (hinh 3-4a) goi la 6ng dong. Khoi lugng chat
l6ng chuyén dong & trong khong gian gidi han boi 6ng dong goi 1a dong nguyén t6. C6 thé
hinh dung dong nguyén t6 la tap hop nhitng dudng dong di qua tit ca nhitng diém cta dién
tich do noi trén.

dm (0%

Hinh 3-4

Do tinh chét khong giao nhau ctia nhitng dudng dong nén chat 16ng khong thé xuyén
qua 6ng dong ma di ra hoac di vao dong nguyén to.

Trong khong gian chita ddy chét 1ong chuyén dong, ta 1y mot dudng cong kin gidi
han boi mot dién tich hitu han ® bao gém vo s6 dién tich dw vo cling nho va bang cach néi
trén, tao nén vo s6 dong nguyén t0; tap hgp nhitng dong nguyén t6 dé goi la dong chay
(hinh 3-4b). Méi trudng chat 16ng chuyén dong c6 thé coi 1a moi trudng lién tuc bao gébm
v0 s6 dong nguyén t6, tiic 12 moi trudng dé cé thé coi 1a mot dong chdy. Sau nay trong
nhiéu chuong, ta s& nghién ctu su chuyén dong clia chat 16ng dudi dang dong chay (miu
nghién cttu) nén can phai xac dinh nhitng yéu t6 ma ta goi la yéu t6 thuy luc clia dong chay.
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Nghién citu tinh chat dong hoc va dong Iuc hoc cta chat 16ng chuyén dong ta c6 thé
dung hai miu chuyén dong nhu sau:

A- Moi trudng chat 16ng chuyén dong coi nhu mot tap hop vo s6 dong nguyén t6;
nghién cttu theo mau nay, ta dé dang di dén cong thic tinh toan cho dong chay cé kich
thudc hiru han. D6 12 bai todn mot thit nguyén (con goi 1a bai todn mot chiéu) va ciing 1a
phuong phép thudng dung dé suy ra nhitng cong thiic tinh toan.

B- Moi trudng chat 16ng chuyén dong coi nhu 1a tap hop vo s6 phan tir chit 1ong.
Nghién cttu theo mau nay, ta thuong di dén nhiing phuong trinh vi phan, nhung khé tich
phan dé di dén nhiing cong thic tinh todn cho dong chay thuc t€, c¢6 kich thudc cu thé. D6
la bai toan ba chiéu. Phuong phdp nay c¢6 y nghia rat 16n vé mat 1y thuyét cling nhu vé
phuong phap nghién ctu.

Ta s€ trinh bay ca hai phuong phap nghién cttu, theo hai mau trén.

A - MOI TRUONG CHUYEN PONG COI NHU MOT TAP HOP
CUA VO SO DONG NGUYEN TO

§3-5. NHUNG YEU TO THUY LUC CUA DONG CHAY

a) Mdt cdt uét hodc mdt uét: La mat cét thang  puong dang
gbc Vi tat ca cdc dudong dong. Mat cat uét o thé 1a
mat phang (thi du m-m, n-n) (hinh 3-5) khi c4c dudng
dong 1a nhiing dudng thang song song, va cé thé 1a
mat cong (thi du c-c, d-d) khi cdc duong dong khong
song song. Dién tich mat cat uét ctia dong chay thuong
ky hiéu 12 o, khi dién tich mat cat u6t vo cling nho do,
thi ta c6 dong nguyén to.

b) Chu vi uot: Trong thuc t&, chat long thuong
chuyén dong trong nhiing bién gi6i ran. Khi d6, chu vi
mit cit u6t c6 bo phan 1a thanh ran, c6 bo phan khong
phdi 12 thanh ran hodc c6 thé toan bo 1a thanh ran.

Chu vi udt 1a bé dai cua phan tiép xdc gilra chat
l6ng va thanh ran trén mat cat uét, chu vi uét ky hiéu
N < npin Hinh 3-6
la % (doc la "khi").

Theo hinh 3-6a: y = AB + BC + CD.
Theo hinh 3-6b: y = nd.
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c¢) Bdn kinh thiry luc: La ty so gitta dién tich mat cat u6t o va chu vi uét y, ky hiéu
IaR,

R=2
X

(3-1)

d) Luu luong: La thé tich chat 16ng di qua mot mat cit uét nao d6 trong mot don vi
thoi gian, ky hiéu 1a Q. Pon vi luu lugng thudng 1a m’/s, 1/s.

Gia thiét c6 mot dién tich phing do, t6c do u cla chét 1ong di qua dién tich 1ap véi
phép tuyén ciia dién tich mot géc o Thé tich chét 16ng dW di qua trong thoi gian dt rd rang
bang thé tich hinh tru ddy dw, dai udt tdc bing tich s6 ddy do véi chiéu cao udtcosa
(hinh 3-7):

dW =dQ . dt=udt. cosa . dm.

Goi u, 1a hinh chiéu cta u 1én phap tuyén, ta c6 u, = ucosa, vay:

dQ =u,do.

Néu dién tich phang do lai 12 mat cat u6t clia mot dong nguyén to thi ro rang luu toc
diém trén mat cat uét phai thang géc véi mat dé (theo dinh nghia clia mat cat uét). Vay luu
luong nguyén t6 dQ ctia dong nguyén t6 bang:

dQ = udo. (3-2)
Luu lugng cha toan dong chay 1a téng s6 céc luu lugng nguyén t6 trén mat cit ut

ctia toan dong:

Q=[dQ = [udo. (3-3)

—v—

& Pl . P L Fal

————

Fae. LI

o nj
P
—!_,..-"H
—
P ~ £ L o

Hinh 3-7 Hinh 3-8

e) Luu toc trung binh ctia dong chay tai mot mat cat 1 ty s6 luu luong Q d6i vé6i dién
tich  ctia mat cat u6t d6, ky hiéu bang v, don vi thuong do bang m/s, cm/s.

v=2 (3-4)

o
Theo dinh nghia ndy ta c6 thé thay thé dong chay thuc t€ c6 su phan bo cdc vécto luu
toc di€ém u khong déu trén mat cit uét bang dong chdy tudng tuong cé cdc vécto luu t6c
song song va bing nhau trén mat cat uét va bing v sao cho luu luong di qua hai dong chay
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d6 déu bang nhau. Can ct vao diéu giai thich nay ta thdy ro rang viéc thay thé d6 chi lam

duoc khi mat cat u6t 1a mat phang, cho nén khéi niém luu toc trung binh trén mat cat uét v

lién quan chat ché dén diéu kién mat cat phai 12 mat phang hoac néi céch khac, diéu kién

cdc duong dong phdi 1a song song. Trong trudng hgp dong chdy phang su thay thé néi trén

c6 nghia 1 c6 thé thay thé dudng cong phan bé luu toc diém u biang dudng thiang phan bo

luu téc trung binh v sao cho dién tich d6 phan bo luu téc thue Q= judoa bang dién tich
(0]

hinh chit nhat Q'= v (hinh 3-8).
Tur (3-3) va (3-4) ta viét dugc:
J.udco

v=2 (3-5)
Q)
Nhu vay, Iuu lugng bang thé tich hinh tru ¢6 ddy 1a mat cit uét, c6 chiéu cao bing luu
toc trung binh mat cat u6t v (hinh 3-8).

Trong khi nghién ctu nhiéu van dé thay luc, rat hay ding luu t6c trung binh mat cét
uét v, vi th€ khai niém nay rat quan trong.

Ciac yéu t6 thuy luc trinh bay ¢ trén déu néi cho mot mat cat; ching thay déi tir mat
cit nay sang mit cit khéc, tic 1a thay ddi theo chiéu dong chdy va 1a ham s6 cha chiéu
chuyén dong s. Do d6, bai todn nghién ctiu theo mau dong nguyén t6 trd thanh bai todn
mot chiéu.

§3-6. PHUONG TRINH LIEN TUC CUA DONG CHAY ON PINH

Chat 16ng chuyén dong mot céch lién tuc, nghia I trong moi trudng chat 16ng chuyén
dong khong hinh thanh nhitng ving khong gian trong khong, khong chira chat long. Tinh
chat lién tuc d6 c6 thé biéu thi boi biéu thitc toan hoc goi 1a phuong trinh lién tuc.

Tru6c tién ta xdc lap phuong trinh lién tuc ctia dong nguyén t6 chdy 6n dinh. Trén
mot dong nguyén t6 ta 1dy hai mat cit A va B c¢6 dién tich twong tng 1a do, va dw,
(hinh 3-9) v6i luu t6c diém tuong Gng u,, u,. Sau thoi gian dt, thé tich chat 16ong & trong
dong nguyén t6 gi6i han bdi hai mat A va B ¢6 vi tri méi 1a thé tich cha dong gidi han boi
cac mit cat A' va B'. Biét ring trong chuyén dong 6n dinh, hinh dang ctia dong nguyén to
khong thay ddi theo thoi gian, dong thoi chét 16ng khong xuyén qua ong dong ma di ra
hoic di vao dong nguyén t6. Ta c6 thé néi ring: muoén trong dong nguyén t6 khong c6 chd
trong, d6i véi chat 1ong khong nén dugc thi thé tich chat 1ong trong doan dong nguyén to
gi6i han boi hai mat cat uét A va B phai 1a mot tri s6 khong déi tic 1a: thé tich khai [A, B] =
thé tich khoi [A', B']. Vi thé tich khéi [A', B] 1a chung nén ta c6: thé tich khoi [A, A'] = thé
tich khoi [B, B']. Thé tich khéi [A, A'] = dw,u,dt; thé tich khéi [B, B'] = do,u,dt.

Vay: u,do,dt = u,dm,dt
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Do dé6: u,do, = u,dw, (3-6)
Phuong trinh (3-6) la phuong trinh lién tuc ctia dong nguyén to.
Theo (3-2) biéu thitc (3-6) viét thanh:

dQ, = dQ, hoac dQ = const. (3-7)

Chd y rang trong phuong trinh (3-6) khong ¢6 yéu t6 luc nén né ding cho ca chat
16ng 1y tudng 1an chat 1ong thuc.

Hinh 3-9

Tur phuong trinh lién tuc (3-6) ctia dong nguyén t6 6n dinh, ta suy ra phuong trinh

lién tuc cho dong chdy 6n dinh. Ta tich phan phuong trinh (3-6) cho toan mat cit w:
juldﬁ)l = J.uZd(Dz (3'8)
o] ®)

Theo (3-5) c6 thé dua vao luu toc trung binh mit cit uét v, va v, tuong tng véi mat
cét u6t o, va o, : nhu vay phuong trinh (3-8) viét thanh:

V0, =V, O, (3-9)

D6 1a phuong trinh lién tuc ctia dong chay 6n dinh ctia chat 16ng khong nén dugc, né
ding cho ca chat long 1y tudng 14n chat 16ng thuc t€. T cong thitc (3-4) c6 thé bien déi
(3-8) thanh: Q, = Q, hoac:

Q = const.

Nhu vay, trong dong chdy on dinh, luu lugng qua cdc mat cit déu bang nhau. Chd y
rang tr (3-9) c6 thé viét:
Q)
% (3-10)
Vo O
ttc 1a trong dong chay én dinh, luu téc trung binh ty 1& nghich véi dién tich mat cat uét.
Thi du 1: Nudc chay day qua mot ong tron c¢6 duong kinh d,= 20 cm, roi sang mot
ong tron khac d, = 10 cm, véi luu lugng 30 //s.
Tim t6c¢ do trung binh v ctia dong chay trong moi ong

Luu luong Q = 30 //s = 0,03 m?/s.
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Luu t6c trong 6ng thit nhat:
Q__Q __ 00 _o5mys
o ndf /4 3,14x0,1% /4
Luu t6c trong 6ng thit hai:

Q_Q 0,03

®, nd/4 3,14x0,12/4

V1:

v, = =3,8m/s

§3-7. PHUONG TRINH BECNUIY CUA DONG NGUYEN TO
CHAT LONG LY TUONG CHAY ON PINH

Dé suy ra phuong trinh Bécnuiy, ta 4p dung dinh luat dong nang: "su bién thién dong
nang ctia mot khoi luong nhat dinh khi né di dong trén mot quang dudng, bang cong clia
cac luc tac dung 1én khdi lugng d6, ciing trén quang duong do".

Hinh 3-10

Trong dong chdy 6n dinh cha chét 16ng 1y tudng, ta xét mot doan dong nguyén t6 giGi
han boi hai mat cat 1-1 va 2-2 (hinh 3-10) ¢6 dién tich tuong ing do, va dw,. Ta 1y mot
mat phang nam ngang Ox 1am mat chuén; mat cat 1-1 c6 trong tam & do cao z, doi véi mat
chudn, 4p suat thay dong lén mat cit d6 1a p,, luu t6c 1a u,; mat cit 2-2 c6 nhitng tri s6
tuong tng 12 z,, p, va u,. Vi nhitng mat cét 1-1 va 2-2 vo cung nhd nén c6 thé gia thiét la
nhiing tri s6 u,, p, va u,, p, khong déi d6i vé6i bat ky diém nao trén nhitng mat cat
tuong tng.

Sau mot thdi gian vo cing nho At, cdc phan tir chat 1ong chia mat cat uét 1-1 da di
dong dugc mot quang dén vi tri 1'-1', do dai As, cla quiang d6 bang:

As, =u At.

Ciing trong thoi gian At, cac phan tir chat 1ong ctia mat céit 2-2, di dong mot quang

dén vi tri méi 2'-2', do dai As, cia quang d6 bang:

As, = u,At.
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Luu luong qua mat cat u6t 1-1 va 2-2 béng:
dQ =u,do, = u,dw,.
Khong gian gifta 1-1 va 2'-2' ¢6 thé chia 1am 3 khu: a, b, ¢ (xem hinh 3-10).

Trong thoi gian At, su bién thién dong nang A4, cta doan dong nguyén to dang xét
bang hiéu s6 dong nang cta khu c va khu a, vi dong nang ctia khu b khong déi:

2 2 2 2
u u u, —u
A@ﬂ:deAbfuqﬂQAtj—:édQA{:22 1}

Ta tinh dén cong cua céc luc ngoai tac dung l1én khéi doan dong nguyén t6 dang xét.
Céc luc ngoai gobm trong luc va ap luc thuy dong.

Cong sinh ra boi trong luc C,, cha doan dong nguyén t6 dang xét bang cong cua
trong luong khai chat 16ng khu a di chuyén mot do cao béng z, — z, di t6i khu ¢, tic la:

Cys = vdw,As (z, — z,) = ydQAt(z, — z,).

Ap luc thity dong tic dung 1én doan nguyén t6 dang xét gom luc:
P, = p, dw,, huéng thang géc vao mat cat uét 1-1;
P, = p, dw,, huéng thang géc vao mat cat uét 2-2;

cdc dong 4p luc bén huéng thing géc véi phuong chuyén dong nén khong sinh ra cong.
Cong sinh ra boi dp luc P, va P, bang:
Cip = PiAs, - PAs, =p, dwAs,; - p, d,As,,
= p, do,u,At- p, do,u,At = dQ(p, - p) At.
Theo dinh luat dong nang ta viét dugc:
Ay =Cyy + Cyps

tic la:

2 2
u, —u
édQA{}lE—L}:y&yMQI—@)+dQ@1—pﬂAt

Chia hai v€ cho ydQALt, tic 1a viét phuong trinh dong nang cho mot don vi trong luong
chdt long, ta cé:
2 .2

u_z_u_lzzl_zz_ll_&_p_z
2g 2g Y v
Tix d6
2 2
PP L SR O - B (3-11)
Yy 2g Yy 2g
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Vi cac mat 1-1 va 2-2 cta dong nguyén t6 la tuy y chon, nén phuong trinh (3-11) c6
thé viét dudi dang:
p v’
zZ +—+— =const (3-12)
v o2g
Phuong trinh (3-11), (3-12) goi 1a phuong trinh Bécnuiy ciia dong nguyén té chdt long
Iy tudng chuyén dong on dinh. Phuong trinh nay 1a mot phuong trinh co ban cua thay luc,
rat quan trong.

§3-8. PHUONG TRINH BECNUIY CUA DONG NGUYEN TO
CHAT LONG THUC, CHAY ON PINH

Ta da biét chat 1ong thuc c6 tinh nhét va khi né chuyén dong thi sinh ra siic ma sét
trong 1am can tr& chuyén dong. Muon khéic phuc stic can dé chat 16ng phai tieu hao mot
phan co nang bién thanh nhiét nang mat di khong 18y lai duoc.

u2

Vi vay d6i véi chat long thuc: z +—+ by # const , ma giam doc theo chiéu chay.
Y g

Néu chat 16ng chuyén dong tir mat cat 1-1 dén 2-2 thi:
2 2
z L >z2+p—2+u—2.
v 2g Y o2g
Ky hiéu h', 1a phan nang lugng bi tiéu hao khi mot don vi trong lugng chit 16ng
chuyén dong tir mat cét 1-1 dén 2-2 thi phuong trinh Bécnuiy ctia dong nguyén t6 chat 1ong
thuc vi€t cho mat cat 1-1 va 2-2 1a:
2 2
Z LT Zy + P2 Wy
v 2g Y o2g
S6 hang h', goi la t6n that nang luong don vi clia dong nguyén td, h', cling con goi 1a
ton that cot nuée cha dong nguyén to.

- (3-13)

2
NéutagoiH= z+ L 121—1 = const, thi ¢ bat ky mot mat cat 2-2 no & sau mat cat 1-
Y g
1, ta déu co:
p u’
z +—+—+h, =H =const. (3-13")
v o2g

Phuong trinh (3-13") cling 1a mot dang ctia phuong trinh Bécnuiy ciia dong nguyén td
chat 1ong thuc.
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§3-9. Y NGHIA NANG LUONG VA THUY LUC CUA PHUGNG TRINH
BECNUIY VIET CHO DONG NGUYEN TO CHAY ON PINH

1. Y nghia ning luong cia ba sé hang trong phuong trinh Bécnuiy
Trong phuong trinh Bécnuiy cac s6 hang déu viét d6i v6i mot don vi trong luong chat

l16ng. Ta nhd rang & thuy tinh hoc da giai thich ¥ nghia nang lugng cta hai s6 hang z va B;
v

z 1a vi nang don vi; P dp nang don vi. Téng s0 (z + Bj dai biéu thé niang don vi. Con s6
Y

Y
2

u . X :
hang that ba 2g tir qué trinh suy dién phuong trinh Bécnuiy bang dinh luat dong nang, ta
g

2
. u W1 PN
thiy rang: o chinh 1a dong nang cua mot don vi trong lugng chat 1ong goi tat 1a dong
g

ndng don Vvi.
2
u
Téng s6 cua ba s6 hang: {z + By 2—} trong phuong trinh Bécnuiy biéu thi t6ng co
Y <8

ndng cia mot don vi trong lugng, tiic 1a tong s6 thé nang don vi va dong nang don vi.

Téng co niang doi v6i mot mat chuin chon true clia mot don vi trong lugng chat 16ng
ctia dong nguyén t6 goi la co nang don vi cia dong nguyén to.

Do d6 phuong trinh Bécnuiy ctia dong nguyén t6 chat 1ong 1y tudng néi rang: trén tat
ca cdc mat cat u6t ctia dong nguyén to chat 1ong 1y tudng, co nang don vi cua chat 1ong 1a
mot hiang s6. Con doi véi dong nguyén t6 chat 16ng thuc thi phuong trinh Bécnuiy (3-13)
néi rang: co nang don vi ctia dong nguyén t6 giam di doc theo phuong chay.

Nhu vay y nghia ctia phuong trinh Bécnuiy vé phuong dién vat 1y chinh 1a mot cach
biéu dat dinh luat bao toan nang lugng trong thién nhién do Lomonoxop dé ra.

2. Y nghia thily luc ciia ba s6 hang trong phuong trinh Bécnuiy

Trong phuong trinh Bécnuiy, s6 hang thd nhét z dai biéu do cao cla trong tam mat
cét udt nguyén t6 doi v6i mot mat chudn, cé thi nguyén do dai. S6 hang nay con goi 1a do
cao hinh hoc hoac cét nudc vi tri.

S6 hang thit hai P , nhu ta da biét & thiy tinh hoc, ciing ¢6 thit nguyén do dai; néu ta
Y

c6 thé cling bét di lugng Pa 4 hai vé ciia phuong trinh Bécnuiy thi phuong trinh van ding;
Y
nhu vay, trong phuong trinh Bécnuiy ta di c6 thé dung do cao ap sudt tuyét doi hodc do cao

ap sudt du. Vay so6 hang tht hai P dai biéu cho do cao 4p suét clia mat cat uét nguyén to,
Y
thudng goi 1a ¢t nudc dp sudt.
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2
u
S6 hang tht ba 3y cua phuong trinh ciling c6 thit nguyén la do dai L, vi thit nguyén

ctia luu téc 1a LT, cla gia toc trong luc 1a LT?, nén thit nguyén ctia s6 hang thit ba Ia:
(LT’
LT
N6 dai biéu cho do cao ma ta di thdy trong vat 1y: d6 1a do cao dat duoc khi ta ném mot vat
theo dudng thang ding tir dudi 1én trén vé6i téc do ban dau 1a u, khong c6 trg luc gi clia
u? u?
ngoai gi6i d6i véi su chuyén dong cia vat | h = 2 s0 hang by 20i 1a ot nudc luu toc.
g g

Vay phuong trinh Bécnuiy viét cho dong nguyén t6 chat long 1y tudng (3-11) c6 thé
biéu dat nhu sau: d6i véi mbi don vi trong lugng chat 16ng trén mot dong nguyén t6 da biét,
toéng s6 ba cot nuée: cot nude vi tri, cot nudc dp sudt va cot nude luu toe 12 hing so.

Vi cdc s6 hang clia phuong trinh Bécnuiy déu c6 thit nguyén 1a do cao, nén c6 thé
dung hinh vé& dé phan anh su bién thién ctia cic cot nudc doc theo dong chdy, vé theo ti 1&
xich dinh truéc.

Gia str ¢6 mot dong nguyén t6 chat 1ong 1y tudng (hinh 3-11) trén d6 14y hai mat cat
uét 1-1 va 2-2, trong tam clia hai mat cét 13 A va B & do cao z, va z, d6i v6i mat chudn 0-0.
Tai diém A clia mat cat u6t 1-1 ta v& doan AA, thang ding, dai biéu cho cot nuée dp suat

2
. R N A 2 p . R A Z ~ u
L ; tai dieém A, ta thém vao mot doan thang ding A, A, dai biéu cho cot nuée luu toc 2—1 .
Y g
Ta ciing 1am twong tu nhu vay cho diém B clia mat cat 2-2.
uZ
Vi téng s6 | z + B +2— tai bat ky mat cat udt nguyén t6 nao trén cing mot dong
Y <8
nguyén t6 12 mot hing s6, nén nhitng dinh A,, B, v.v... clia téng s6 nhitng doan thang nho
déu cing & trén mot dudong thing ndm ngang cidch mat chudn mot doan khong ddi H.
Puong thang d6 goi 1a duong téng cot nude, dudong nay biéu dién su bién thién clia nang
lugng don vi doc dong chay nén con goi 1a duong nding. Po cao H ké tit mat chudn goi 1a
cot nude dong luc cha dong chay hoic 1a tong cot nudc.

o A2 Dudng nang B2 0
I
29
P
3 Y
2

I\/I'l:':f chu3n
0 0

Hinh 3-11
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Puong di qua cac dinh doan [Z + BJ clia cdc mat cat trén mot dong nguyén to goi I1a
Y

duong cot nudc do dp hoac 1a duong thé ndng. Chd ¥ rang cot nudc dp sudt nhu da dinh

nghia, biéu thi bdi 2 thue cht 12 4p nang; con ot mde do dp bidu thi bdi z+ L | thue
Y Y

chat la th€ nang. Hinh dang cua duong cot nuée do dp quyét dinh bdi hinh dang ctia dong

nguyén t6. Tai noi ma dong md& rong ra, luu toc giam nén duong cot nudc do dp hudng 1én

trén; tai noi ma dong thu hep lai, luu toc tang lén thi duong cot nudc do ap lai thap xuodng,

do d6 dudng cot nudc do dp c6 thé 1a nim ngang, 1én cao hodc xuéng thap, tic 1a c6 thé 1a

dudng thang, dudng cong tlly theo hinh dang ctia dong nguyén t6.

0 nhitng bai todn vé dong chdy, trong d6 cot nuéc vi tri z khong déi doc theo dong
nguyén to, can ct vao phuong trinh Bécnuiy (3-11) hoac (3-12) ta thay:

2 2
u u
P1 1 P2 2

Yy 28 v 2g

Tir d6 suy dugc ring: O noi ndo luu t6c nho thi dp sudt thity dong 16n, & noi nao luu
toc 16n thi 4p suat thuy dong nho.

Doi v6i phuong trinh Bécnuiy viét cho dong nguyén t6 chat long thuc (3-13), vi co
nang don vi ctia dong nguyén t6 giam di theo chiéu chdy nén dudng téng cot nudc khong
thé nim ngang duoc, chi c¢6 thé thap dan ma thoi; né c6 thé 1a mot dudng thang hoic cong
Vi tri s6 h',, c6 thé tang déu hoic khong déu doc theo chiéu chay.

§3-10. PO DOC THUY LUC VA PO DOC PO AP CUA DONG
NGUYEN TO

Ta goi do doc thiy luc 1a ty so6 ha thap clia dudng téng cot nudc tiic dudng niang doi
v6i do dai cia doan dong nguyén t6 trén d6 thuc hién do ha thap; thudong dung J' dai biéu
do doc thiy luc ctia dong nguyén to.

Trong trudng hop tong quat, khi dudng cot nuée 1a dudng cong (hinh 3-12) thi cdc do
doc & cdc mat cit u6t khong bing nhau; khi d6 thudng dung dao ham dé biéu thi do doc
thuy luc & timg mat cat:

5 ,

dh

po_9H__df p w = Sw (3-14)
a a2

trong d6 H 1a téng cot nuée, £ 1a do dai cha doan dong nguyén t6. Do doc thity luc phai 1a
tri s6 duong nén ding tru6c dao ham phai dat ddu am, vi doc theo chiéu chay s6 gia (dH)
bao gi¢ cling am.
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Khi duong tdng cot nudc 12 mot duong thang (hinh 3-13) thi do doc thiy luc 1a:

J="x (3-15)
/
0 A Bs o
U12 —_Budng néng B, hiy
2
29 A, |, Pydng cot nudc do & Y2
| B 29
Py H' P,
1
2 Y
m R B 1
Z 1 2 z,
Mét chudn
0 0 0 0
Hinh 3-12 Hinh 3-13

Ta goi do doc duong do ap tic do doc duodng thé nang la ty s6 do thap xudng hoac 1én
cao cta duong do ap doi véi do dai cua dong nguyén t6 trén d6 thuc hién su ha thap hoac
dang cao dé.

Do doc dudng do dp ciia dong nguyén t6 biéu thi bang J', 1a:

d{z +pj
Jo=x— YV (3-16)

P dl
Dau + biéu thi do gia ctia cot nudc do 4p doc theo dong chdy, c6 thé 1a duong, c6 thé
12 am. Trong trudng hop dic biét, khi dién tich cia mat cit u6t do = const, tic 1a luu téc u
2
N A 2 A u A R N 2 A A 9 N A A N
va cot nude luu toc by khong doi doc theo dong chay, do doc thuy luc va do doc dudng
g
cot nuéc do dp bang nhau J' =J',.

§3-11. PHUONG TRINH BECNUIY CUA TOAN DONG (CO KICH
THUGOC HUU HAN) CHAT LONG THUC, CHAY ON PINH

Nhu da néi & trén, moi truong lién tuc chat 16ng chuyén dong c6 kich thudc hitu han
c6 thé coi 1a téng hop vo s6 dong nguyén t6. D€ gidi quyét céc van dé thuc t€, can phai m&
rong phuong trinh Bécnuiy ctia dong nguyén t6 chat 1ong thuc chdy én dinh ra cho toan
dong c6 kich thuée hitu han.

Trén cing mot mat cat  cua dong chay, luu toc va ap suét thuy dong p thudng phan
bd khac nhau & cdc dong nguyén t6 khac nhau, quy luat phan bo thuong ciing khong biét;
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vi vy, su suy rong tim ra phuong trinh Bécnuiy cho toan dong chay ciing chi ti€n hanh
duoc trong nhitng diéu kién nhat dinh ctia dong chdy. Diéu kién d6 12 dong chdy phdi doi
ddn, chit khong dot ngot. Sau day, ching ta nghién cttu trude hét vé dong chdy ddi dan.

Dong chay déi dan 1a dong chay 6n dinh, c6 cdc duong dong gan 1a dudng thang song

song, nghia la:

1- gbéc B gitta cdc duong dong rat nho

2- ban kinh cong r cia duong dong kha 16n (hinh 3-14)

a) b)

Hinh 3-14

Dong chdy nhu vay c¢6 ddy du diéu kién cho
phép ta khong tinh dén luc quén tinh (sinh ra bai do

cong cua dudong dong) tuong doi nho. Mat cét uét clia 2

dong chay déi dan duoc coi nhu mdt phdng, nhiing
duong dong dugc coi nhu vuong géc véi mat cat uét
phéng; khi d6 nhitng thanh phin Iuu téc va gia toc
nam ngang trén mat cit udt dugc coi nhu c6 thé bod di
(trén hinh 3-14c, u, = u, u, ~ 0). Cing mot dong chay
c6 thé c6 nhitng mat cit uét, & dé su chuyén dong 1a
doi dan dong thoi ¢ nhitng mat cit udt, & dé su
chuyén dong la d6i dot ngot (hinh 3-15). Tai nhiing
mat cat uét & d6 dong chay 1a déi dan, tic 1a & d6, luc
quén tinh khong ddang ké ma chi c6 tic dung clia trong
luc 1a luc khéi lugng doc nhat, thi ap suat thuy dong
khong c6 thanh phan ti€p tuyén trén nhiing mat cat
uét d6 (vi mat cat uét duoc coi 1a phang va thang géc
v6i duong dong), su phan bo ap sudt thuy dong hoan
toan giong nhu su phan bg ap sudt thiy tinh. Nhu vay
trén nhitng mat cat uét do, theo cong thic co ban clia
thay tinh (2-19), ta c6:

z + 2 =const,
Y

Mat
cat

uét 1

tinh
toan

Mt
cat
uét
thuc

trong d6 z, p Gng véi timg vi tri trén mat cét udt (hinh 3-16).
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Trén hinh 3-16, nhitng mat cit 1-1 va 2-2 1a nhitng mat tai d6 dong chay déi dan; doi
v6i nhitng diém trén cing mat cit udt 1-1, cot nudc do 4p titc thé nang déu bing nhau:

2,0+ 20 =g ooy P, DL

¥ ¥ Y ¥

D6i v6i nhitng diém trén mat cat uét 2-2, cot nuée do dp ciing bing nhau:

Y Y Y V
Nhung chd ¥y rang cot nuGe do dp O nhitng mat cat khac nhau c6 tri s6 khac nhau:

2 + P, B2

y

Dua vao hai khdi niém: khai niém vé dong chay déi din va khai niém vé luu téc trung
binh mit cit uét v (xem §3-5), ta ¢6 thé di tir phuong trinh Bécnuiy ctia dong nguyén t6 suy
dién phuong trinh Bécnuiy cta toan dong.

Gia thiét toan dong chay thuc 1a dong chdy 6n dinh, gom vo s6 dong nguyén to
(hinh 3-17). Trén toan dong chay tai hai mat cat 1-1 va 2-2 ¢6 dién tich ®, va ,, ta 1dy mot
dong nguyén t6 tuy y; theo (3-13), c6 thé viét phuong trinh Bécnuiy ctia dong nguyén t6
chat 1ong thuc.

o} WQ )W
29 0"79 cot NG 02\/2
p1 | ©do ép 2—2
Y do 9
‘ P
__é 3 2
Y
Z1 1 0)1 2 U2
o, 2| do, %

0 0
Hinh 3-17
Ta goi luu lugng dong nguyén t6 1a dQ, trong lugng twong tng 12 ydQ. Viét biéu thitc
nang lugng cia toan dong, muon vay phai nhan cdc s6 hang cua phuong trinh Bécnuiy
(3-13) cho ydQ, sau d6 tich phan ddi véi toan mat cat o, va o,:

2

2
J[Zl +7jde+ Ig—;de = J(Zz +7Jde+ I—de+ [ h,ydQ. (3-17)

o] i 032 3

Nhu vay, ta phai giai quyét ba dang tich phan sau day:

®

2
Plao- (Y a0 - (1
J[z+y]de ; £2ngQ ; Lhwde.
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Tich phan thi nhat I(Z + EJ vdQ biéu thi tong thé nang clia chat 1ong tai mat cat udt.
(0]

Muén tich phan dugc phéi gia st 1a c6 dong chay ddi dan tai mat cat u6t ma ta mudn tich

phan, vi nhu trén da néi, khi dong chay 1a déi dan tai mat cét uét dang xét, tri s6 (z + BJ
v

trén mat cat uét dé 1a mot hang s6, do d6 ta co:

j[z+£jde :y(erBJ IdQZVQ(ZJFB} (3-18)
Y Yo Y

()

2
s A p . u R s R A = 9 A 2 . - < 2
Tich phan tht hai: J —vdQ biéu thi tong dong nang cua chat long tai mat cat uét.
(O] 2g
O day phai diing dén khai niém luu t6c trung binh v dé tinh tich phan nay.
Luu toc diém u cia moi phn tlr chat 16ng trén mat cit uét so véi luu téc trung binh
khac nhau mot tri s6 + Au.

Vay: u=vztAu
Do: dQ = udo,
nén:

2 3
j“—de - yj“—dm:lj(vi Au)3dm:lj[v3 +3v2Au + 3v(Au)? + (Au)ﬂdw' .
028 02 2gy 2g

[0

Vij(Au)3 do 1a mot dai lugng vo cung nho bac cao bén canh nhiing dai luong vo
(0]

cling nho bac thap hon nén c6 thé bo di khong tinh, codn s6 hang [ fAudw thi ta s& ching

minh né bang khong.
Can ctf vao Q = j udo = j (v £ Au)do = j vdo + j (+Au)do=Q + j (+Au)dw .
® 0] ® ® ®
RG rang ta thay: J(iAu)dco =0.
(O]
Nhu thé ta c6:

2
j“—de - lj[v3 +3V(Au)2]d(o - lv3jdm + l3vj(Au)2dm -
022 2g: 2g 2g
3j(Au)2dm
=L Vo +3v[(An’de | = Y Vo e (3-19)
2g o 2g Vo
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3J(Au)2dm

pat  o=l+ -2 — (3-20)
vV O
u? Y av?
ta c6: j—de = L avio = yQ— . (3-21)
528 2g 2g

u2dQ uwdo

hoac tir (3-21): o = & = (3-22)
V2Q Ao

Biéu thic (3-21) la tich phan dong nang trong dé ta dung luu t6c trung binh v va dua
vao hé s6 a. Theo (3-22), a la ty s6 ctia dong nang thuc cta dong chay doi véi dong nang
tinh bang Iuu téc trung binh. Nhu vay, nguyén do c6 hé s6 o 1a sy phan bg luu téc khong
déu trén mat cit udt. Su khong déu d6 cang 16n thi tri s6 o cang 16n. Tix (3-20), ta thay
dugc riang hé s6 o bao gid cling 16n hon 1. Khi nuéc chay trong 6ng hoac kénh, mang, o
thuong bang 1,05 dén 1,10. Hé s6 o thudng goi 12 hé s6 siia chita dong ndng hodc la hé s6
cot nudc luu toc, (con goi 1a hé s6 Co-ri-o-lit).

Tich phan thit ba [ h,,ydQ biu thi tdng sd ton that nang lugng clia cdc dong nguyén

(0]
t0 trong toan dong chay tir mat cat 1-1 dén mat cét 2-2. Goi hy, 1a tén thit nang luong trung
binh clia mot don vi trong lugng hodc néi gon 12 t6n thdt cot nudc trong doan dong dé, ta co:

[hy1dQ =vQnh,. (3-23)

Can ctt vdo két qua clia ba tich phan trén, ta viét dugc biéu thiic (3-17) dudi dang sau:
GIV%
2g

Viét phuong trinh (3-24) cho mot don vi trong lugng, tic la chia cac s6 hang cho yQ,
ta duoc:

2
Q [zwp—;ij =yQ [z2+p72j+vQ%+thw (3-24)

2
Z, + Py + %0vy +h
Y28 Y 2g
D6 1a phuong trinh Bécnuiy cua toan dong chdy on dinh cua chdt long thuc, mot
trong nhitng phuong trinh co ban va quan trong nhét cua thiy luc hoc. Mudn van dung
ding dén phuong trinh nly cin phai nim viing nhitng diém sau day:

(3-25)

w*

1. Phuong trinh Bécnuiy cua toan dong nay khong phai dung cho dong chay bat ky
ma chi dung cho dong chay nao thda man 5 diéu kién sau day: dong chay 6n dinh; luc khoi
lugng chi la trong luc; chat 16ng khong nén duoc; luu lugng khong c6 su thém bét doc theo
dong chay tic 1a tri s6 khong déi; dong thoi tai mat cat ma ta chon, dong chay phai 1a déi
déan, con dong chdy gitta hai mat cat d6 khong nhat thiét phai la chay déi dan.
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2
. - (I.V o« . - 2 N A = < Z, A
2. Vi tri sO (z + b + 2—} giong nhau cho moi diém trén cung mdt mat cat udt nén
Y g
khi viét phuong trinh Bécnuiy c6 thé tily y chon diém ndo trén mit cit uét cling duoc.
Nhu vay khong yéu cdu 2 diém dung dé viét phuong trinh Bécnuiy & hai mat cat phai cing
& tréen mot dong nguyén t6. Khi chon diém, tat nhién nén chon sao cho viét phuong trinh
dugc don gian.

3. Ap sudt p, va p, 1a dong 4p sudt tai diém chon tai hai mat cit. Tri s6 d6 thudng ¢ ¥
nghia ap suat tuyét doi. Nhung néu bét di tri s6 p, (4p suat khong khi) & hai vé€ cuia phuong
trinh Bécnuiy, ta con dong 4p sudt du p'1 va p'2 . Nhu vay ta c6 thé mang cot nudc sudt ap du
Pry P2 thay cho cOt nudc dp suat tuyét doi P

Y Y Y Y

Vép—z.

4. Noi thuc chat ché thi o, # a,, nhung trong thuc t€ tinh todn thudng coi chiing bang
nhau o, = a,.

Chd y rang trong phuong trinh Bécnuiy, sdu s6 hang dau thuoc vé hai mat cat uét
dang xét, con s6 hang thit bay h,, thi thuoc vé doan dong gidi han boi hai mat cit uét
noi trén.

Do doc thity luc clia toan dong chay tirc 12 do déc dudng niang biéu thi bing J va do
doc do dp clia toan dong chay tic 1a do doc dudng thé nang biéu thi bing J, c6 ¥ nghia
hoan toan giéong nhu ¥ nghia cta dé doc thuy luc va do doc do ap clia dong nguyén to chat
16ng thuc (hinh 3-17). D6 doc thuy luc J viét nhu sau:

2
jo 4, p o) dH (3-26)
di Yy 2g dl

Khi duong nang 1a duong thang thi:

2 2
2, + 2L Y| P2 SV
jo by Y2 voo2g

= . 3-27
7 7 (3-27)
Do doc do ap Jp viét nhu sau:
d
AL S 4 (3-28)
ds Y
Khi dudng cot nuée do 4p 1a duong thang thi:
Jo=+ Y v (3-29)

l
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§3-12. UNG DUNG CUA PHUONG TRINH BECNUIY TRONG VIEC
PO LUU TOC VA LUU LUONG

Ung dung phuong trinh Bécnuiy ta c6 thé giai quyét rat nhidu van dé thuc t& (s& nghién

clu trong cic chuong sau). 0 day chi trinh bay nguyén tic van dung phuong trinh Bécnuiy

dé lam cac dung cu do luu toc va luu lugng.

1. OA’ng Pit6 1a moét dung cu do luu
téc diém. Ong Pito (hinh 3-18a) gom hai
ong nho duong kinh ching vai milimét:
mot ong thang A (6ng do 4p), mot ong diu
uén cong 90° B; hai miéng Ong dat sat
nhau. Khi muén do luu t6c & diém nao, ta
dat cdc miéng 6ng va diém do6 sao cho
huéng dong chay song song véi miéng 6ng
A va thang géc véi miéng ong B. Chat 16ng
s€ dang lén trong hai 6ng. Sau khi muc
nudc tuong d6i on dinh, doc do chénh gitta
hai muc nuéc do, ta sé& tinh ra Iuu t6c diém
theo cong thic u = \/ﬂ .

Thuc vay né€u viét phuong trinh
Bécnuiy cho mat cit 1-1 (qua 6ng A) va
mat cit 2-2 (qua miéng ong B) v6i mat
chuén di qua diém do, ta co:

Yy 2¢ v

z,=12,=0, bd qua h,, vi 1-1 va 2-2 rdt gan nhau. Do d6:

u, = Zg—pz;pl = 4/2gh.

2

_u
h—ﬁ \*_ .
P2 P A 1
1

z

Hinh 3-18

(3-20)

Dé tinh dén 4nh hudng ctia do nhét chat 1ong va su phé hoai c4u tao dong chdy khi

dat 6ng Pito, can thém vao cong thiic trén hé s6 stra chita ¢ xdc dinh bang thi nghiém. Khi

dé luu toc u duge xac dinh theo:
u=,2gh,
trong d6: ¢ = 1,00 + 1,04.

(3-21)

2. OA’ng Venturi 1a mot dung cu do luu lugng gém hai doan 6ng ngédn c6 dudng kinh

khac nhau, & méi doan ¢6 1ap 6ng do dp (hinh 3-18b).
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Khi muén do luu lugng dong chay trong 6ng, ta lap 6ng Venturi vao gifta dudng 6ng
(hinh 3-18b). Sau khi dong chay 6n dinh, do do chénh muc nudc h giita hai 6ng do dp cla
ong Venturi, luu lugng Q tinh theo cong thiic sau:

Q=puvh, (3-32)

EGE

trong d6 D, d 1a dudng kinh tai hai mat cat 16n va nho cta 6ng Venturi, déu da biét.

(3-33)

]

Muo6n chiing minh cong thic trén, ta viét phuong trinh Bécnuiy cho mat cét 1-1 va
2-2, mit chudn tring véi truc 6ng. Néu bo qua h,, ta c6:

2 2
o,V o,V
P1+11_P2+22_

y 2 vy @ 2g

Véi a, = a, = 1, sau khi bién ddi ta c6:

V% _V% — pl _p2 =h. (3_34)
2g Y

Theo phuong trinh lién tuc: v,0, = v,0,, ta viét dugc:

(mlJ (DT
V, = V| — |=V, E .
)

Thay vao phuong trinh (3-34), ta dugc:

Ta tinh duoc Q theo:

D’ 2
Q:Vlml:n = ‘/E:“\/E’

trong d6 p rd rang c6 tri s6 nhu & (3-33).
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Thuc ra, giita doan 1-1 va 2-2 ¢6 ton that h,, nén tinh Q theo (3-32) s& cho tri s6 16n
hon luu luong thuc. Dé diéu chinh sai léch dé, sau khi san xudt ngudi ta do luu lugng thuc
chay qua 6ng (bing cic phuong phdp chinh xéac khac r6i so véi luu luong tinh theo cong

thirc (3-32), do d6 xdc dinh duoc hé s6 stra chita k = & , Qq - Iuu lugng thuc do, Q, - luu
t

luwong tinh theo (3-32).
Cong thiic tinh Q s€ la:
Q=ku+h.

Chu y 1a k luon luoén nhé hon 1.

§3-13. PHUONG TRINH PONG LUONG CUA TOAN DONG CHAY
ON PINH

Dinh luat dong luong trong co hoc 1y thuyét phdt biéu nhu sau: “dao ham cuia dong
lugng clia mot vat thé doi véi thoi gian bing hop luc nhitng ngoai luc tic dung vao vat thé”:

- -
5
K _dmuw) ¢ (3-36)
dt dt
hoac:
- - -
dK =d(mu)=Fdt
trong do:

- - -
K- véc to dong luong, K=mu;
m - khéi luong vat thé;

N

u - van toc vat thé;

t - thoi gian.

Trong phuong trinh dong lugng chi ¢6 ngoai luc ma khong ¢6 noi luc va chi ¢6 dong
lugng do ngoai luc sinh ra; nén khi van dung dinh luat dong luong cho chat long chuyén
dong, ta chi can tim nhiing s6 liéu vé tinh hinh dong chay ¢ mat bién giGi ma khong doi hoi
phai biét tinh trang dong chay & trong noi bo dong; dé 1a mot diéu rat thuan tién. D6i véi
cac trudong hgp can dung dén phuong trinh dong luong, thong thuong ta khong can xét toan
bo dong chay nhu su6t ca bé dai dong chay trong 6ng, trong song, trong kénh ma chi can
xét mot doan nhat dinh clia dong chay. Khi dy, ta tich doan dong can nghién ctu ra
khoi toan dong bang mot mat kin gidi han doan dong dé duoc goi 1a "mat kiém tra". Mat
kin nay c6 thé tlly y dinh, thudng 14y gom hai mat cit ut va mat bén clia doan dong chdy
(hinh 3-19b).
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Mt kiém tra

iy
1 Q\b\’ b)
Hinh 3-19

Cong thiic biéu thi dinh luat dong luong trong toan dong chat 16ng chdy 6n dinh dugc
x4c 1ap nhu sau.

Trong dong chay 6n dinh, 14y mot doan clia dong gi6i han bdi cdc mat bén va hai mat
cat u6t 1-1 va 2-2 (hinh 3-19a); trong doan dong d6 1y mot dong nguyén t6, nghién ctu su
bién déi dong lugng ctia né trén truc x. Theo dinh luat dong luong ta viét dugc:

AF; . dt = p [(u,), — (u,),] dQdt (3-37)
hoac: AF, =p[(u,), - (u,),]dQ, (3-38)

trong d6: AF, 1a hinh chi€u Ién phuong x ctia tdng hop nhitng ngoai luc tdc dung lén doan
dong nguyén t6 dang xét, (u,), va (u,), 1a hinh chi€u 1én phuong x cua cac luu toc tai hai
mit cét 1-1 va 2-2 chia dong nguyén t6. Phuong trinh (3-38) biéu thi ring: trong mot don vi
thoi gian, hinh chi€u 1én phuong x cta xung lugng cua hop luc cic ngoai luc tic dung vao
doan dong nguyén t6 bang hinh chiéu 1én phuong x cta do bién thién dong lugng ctia dong
nguyén to trong thaoi gian do.

Tich phan phuong trinh trén cho cad mat cat uét o va goi F, 12 hinh chiéu lén truc x
ctia ngoai luc tac dong vao toan doan dong ta c6:

F,=pJ[(u,), —(u,),]dQ (3-39)
(0]
Trong phuong trinh nay ta phai giai quyét loai tich phan giong nhu khi suy dién

phuong trinh Bécnuiy cho toan dong (3-11). C6 thé viét:

u=vztAu
Vay:

pjudQ :pjuzd(o :pj(viAu)zd(o :pvzjdm+2pv_[iAud(o+pj(Au)2d(o.
(O] (O] (O] (0] (O] (0]
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Suy tur:
Q:J.ud(o: J.(viAu)d(o: V(DijAud(DZ QijAud(D,
(0] (0] (0] (0]

ta thay:
[Audo =0
(0]
Nhu vay, ta co6:
[ (au)* do
pj udQ = pvioll+ e (3-40)
o V'
J(Au)2 do
bat: oy =l+E——— (3-41)

Vo
ta c6 thé viét:

p[udQ = payvie = po,vQ

hoac:
pfudQ [v’do

G = — (3-42)
" pvQ Vo

Hé s6 o, nhu vay la ty s6 giita dong luong thuc clia doan dong chay va dong luong
ctia doan dong do6 tinh theo Iuu toc trung binh mat cat. T (3-41) ta thdy o, > 1; thudong
dong chay trong 6ng, kénh, a,= 1,02 + 1,05. Hé s6 o, goi la hé s6 sua chita dong luong
hodc hé so Businetsco.

Dua o, vao phuong trinh (3-39) ta c6:
F.=p Ql(ogv,), — (o)) ] (3-43)
hodac: F, = p Q[oy,v,co8(v,, X) — ayV,€0Ss (v}, X)]. (3-44)

Viét dudi dang vécto ta co:
- - -
F=pQ|agpvy—og v |. (3-45)

Cong thic d6 phat biéu nhu sau: Trong dong chdy 6n dinh, su bién thién ctia dong
luong cuia doan dong chady trong don vi thoi gian bang hop luc cdc ngoai luc (luc khoi va
luc mat) tac dung vao doan dong trong don vi thoi gian y.
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Vé phuong trinh dong lugng viét cho toan dong chay (3-43), (3-45), can chd y nhiing
diém sau day:

a) Dong chay phai 1a én dinh; tai nhitng mat cat 1-1 va 2-2 gi6i han doan dong dang
xét, dong chdy phai 1a déi dan vi c6 nhu thé mat cat u6t méi coi dugc 1a gin phang, do d6
nhitng luu téc trung binh mat cat (thang géc véi mat cat u6t) méi xdc dinh hoan toan ca vé
tri s6 va phuong huéng. Vi la dong déi dan tai nhitng mat cat 1-1 va 2-2, nén 4p suat phan
b6 trén nhitng mat cat d6 tuan theo quy luat phan b6 dp sudt thiy tinh.

b) Phuong trinh (3-45) ¢6 thé gidi thich nhu sau: Trong khoang thoi gian At, khéi chat
16ng gidi han béi nhitng mat cat 1-1 va 2-2 da di chuyén dugec mot doan, & vi tri méi khoi
chat 16ng d6 giGi han boi nhitng mat cat 1'-1' va 2'-2' (hinh 3-19b). Vay su bién thién ctia
dong luong (hodc duong, hodc am) trong thoi gian At d6 bang hiéu s6 dong lugng ctia doan
dong khi & vi tri 1-2 va 1'-2". Theo hinh 3-19b 16 rang la:

- -

%
Ki2 =Kj-1r+Kji—2

- - -
Ki2 =Kr2+ Ko

- - - - - - -
AK=Ki-2 —Ki2 =Koo' —=Ki-1'=pQoy, v, At—pQay; v At

- >

Vi AK = FAt, nén suy ra:

- - -
F = pQay, v,— pQoy; v,

Nhu vay thdy rang, c6 thé quan niém dinh luat bién déi dong luong nhu sau: Trong
dong 6n dinh, su bién thién dong lugng clia chét 16ng di qua mat kiém tra trong mot don vi
thoi gian bang hop luc cua tit ca cac ngoai luc (Iuc khéi va luc mat) tdc dung l1én chét 10ng
gi6i han & bén trong mat kiém tra.

Chi y ring theo céch phdt biéu nay ta khong néi dén su bién thién dong lugng cua
chat 16ng trong doan dong chay gidi han bdi mat kiém tra, ma néi dén su bién thién dong
lugng ctia chét 16ng di qua mat kiém tra. Cach phat biéu d6 khong thay ddi gi thuc chat clia
dinh luat dong luong. Trong nhiéu trudng hop don gian ta 4p dung dinh luat dong luong
theo cach phat biéu ny.

Trong nhiéu truong hop thuc t€, dinh luat dong lugng khong cin phai viét dudi dang
vécto ma viét dudi dang hinh chi€u 1én mot truc toa do (3-44) la du giai quyét van de,
thuong chiéu 1én truc ma hudng duong hay dat theo huéng xuo6i dong chay.

Dé dat dau cho ding, c6 thé theo quy udc sau day:

a) Ta coi dong lugng cua khoi chat long pQo,v mang ddu + néu chat 1ong di ra khoi
mat ki€ém tra, mang d&u — néu di vao trong mat ki€m tra.

%
b) Diu cua cosa tly theo tri s6 géc o 1ap nén bdi vécto toc do v va chiéu duong cta
truc toa do, a. ¢ thé nho hon nt/2 hoic 16n hon /2.

84



¢) Dau cta s6 hang biéu thi xung luc sé& tiy theo phuong clia vécto luc 1a duong hay
am doi véi truc toa do.

Phuong trinh dong luong 12 mot phuong trinh rit quan trong ding dé gidi quyét nhiéu
van dé thly luc ma ta s& nghién ctu & nhitng chuong sau.

Cho dén nay ching ta c6 ba phuong trinh quan trong nhat dé nghién citu su chuyén
dong cua chat 16ng, d6 1a phuong trinh lién tuc, phuong trinh Bécnuiy va phuong trinh dong
lugng; d6 ciing 1a nhitng cong cu co ban nhat dé gidi quyét cac van dé tinh todn thiy luc.

Thi dy: Mot ludng nuée phun ra tir miéng 6ng hinh tru tron dién tich » = 0,0064 m?,
vGi van toc trung binh mat cat tai noi luéng nudc phun ra 1a v, = 20 m/s x6 vao mot mat
cong hinh tron c6 dinh va chay lugn theo mat d6, van téc v, cua ludng nudc tai noi ra cua
mat cong lap vé6i phuong v, mot géc o = 135°. Tinh 4p luc ctia ludng nude tic dung vao mat
cong (hinh 3-20).

Giai: Ta ap dung phuong trinh y
dong lugng cho doan ludng nuéc gidi
han boi mat cat 1-1 & miéng 6ng hinh
tru tron, mat 2-2 & noi ra cia mat cong
va mat bén cua luéng nudc. Nhiing
ngoai luc tic dung vao doan dong
dang xét 1a: 4p luc P, tai mat cit 1-1;
ap luc P, tai mat cit 2-2; phan luc R
ctia mat cong doi vé6i ludng nude c6 tri
s0 bang dp luc P tdc dung vao mat
cong va dat ngugc chiéu. Hinh 3-20

Viét phuong trinh dong Iuong cho doan dong trén theo phuong x la phuong cta van
toc v,

myv,cosa - myv, = P, + Rcosf} + P,cosa

trong dé m, =X v, 1a khoi lugng nudc di qua mat cat uét trong mot don vi thoi gian.,
g

Vi nhiing 4p suat tai mat cit 1-1 va 2-2 bang dp suat khong khi tic 12 4p sudt du 6 d6 bang

khong, nén vé€ phai ctia phuong trinh trén chi con s6 hang biéu thi phan luc ctia mat cong:
myVv,cosa — myv, = Rcosp.

Vi dién tich ® cha ludng nuéc khong doi, nén tir phuong trinh lién tuc v, = @v,,
tarut ra v, = v, do do:

m,V, (cosa. — 1) = Rcosp.

Phuong trinh dong lugng cho doan dong theo phuong y thang géc véi phuong x viét
nhu sau:

m,V, sina = myv,sina = Rsinf.
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Vay ta tinh ra phan luc R theo:

R = \/R2 cos? B+ R?sin® B= mOVO\/(cosa - 1)2 +sin’a
Do dé6:
2

R =2 myv, Sing=21(DV0 sing
2 g 2

Thay céc tri s0, ta c6:

R=2x % x 0,0064 x 20* x 0,924 ~ 4730N = 482 kG

b

Ap luc P ctia ludng nude vao mat cong c6 tri s6 bing R va dat nguoc chiéu.

§3-14. PHAN LOAI DONG CHAY

Dong chay c6 thé phan loai theo nhiéu cach. Sau day 1a bang phan loai dong chdy can
thiét cho viéc nghién ctu ti€p theo.

Can ctt vao cdc yé€u t6 chuyén dong c6 bién déi theo thoi gian hay khong nhu da biét,
ta chia thanh chuyén dong on dinh va khong on dinh.

Sau day chi phan loai dong chay 6n dinh.

1. Dong chay khong déu va dong chay déu: Dong chay khong déu 1a dong chay c6
cdc duong dong khong phdi 12 nhitng dudng thang song song. Nhu vay nhitng dong nguyén
t6 clia dong chdy khong déu ciing khong phdi 1a thang song song. Chid ¥ rang doc theo
dong chay khong déu, mat cat uét, luu toc diém tuong tng (tic 12 luu t6c diém cla céc
phén tlr chat 16ng & trén mot duong dong) déu thay doi. Thi du: dong chdy trong 6ng hinh
nén cut, trong 6ng tron tai noi uén cong, trong méang c6 bé rong ddy thay ddi v.v...

Dong chdy déu 1a dong chdy c6 cdc dudng dong la nhitng dudng thing song song;
nhu vay nhitng dong nguyén té ciia dong chdy déu la nhitng duong thdang song song. Chi y
riang doc theo dong chay déu, hinh dang, dién tich mat cét, su phan bo luu t6c diém tuong
ing nhu nhau, khong déi doc theo dong chdy. Thi du dong chay ddy 6ng trong nhiing 6ng
thang v.v...

2. Dong chay co dp, khong dp, dong tia: Dong chay c6 ap la dong chay ma chu vi uét
clia cdc mit cit udt hoan toan 1a nhitng thanh rin c6 dinh. Dac diém ctia dong chay c6 4p la
tai tat ca cdc diém clia mat cit uét, ap suét thity dong khong bang 4p suat khong khi. Thi du
dong chay day trong 6ng dan nudc 1a dong chay c6 ap.

Dong chay khong 4p 1a dong chay ma chu vi uét clia cdc mat cat uét ¢ bo phan 1a
thanh ran c6 dinh, c6 bo phan 1a mat tu do tiép xtc véi khong khi. Chd § ring mat tu do 1a
mot mat dang 4p vi 4p suat trén mat tu do déu bang nhau. Dong chdy trong song, trong
kénh 1a dong chiy khong 4p; 4p sudt trén mat tu do bang dp suét khong khi.
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Néu toan bo chu vi uét ciia mat cat uét khong ti€p xidc véi thanh ran ma déu ti€p xudc
v6i khong khi hoac véi chit long thi dong chay goi 1a dong tia.

3. Dong chay doi ddn va dong chay doi dot ngot:

Dong chay déi dan, nhu da dinh nghia trong khi suy dién phuong trinh Bécnuiy cho
toan dong (3-11) 1a dong chdy c6 cdc dudong dong gan 1a nhitng duong thiang song song. Ta
nhd lai ring diac diém ctia mat cit c6 dong chay déi dan 1a trén mat cit luc qudn tinh coi
nhu khong c¢6, do d6 su phan bo dp suét coi nhu theo quy luét thuy tinh.

Dong chay dot ngot 1a dong chdy ma cdc dudng dong khong thé coi duge nhu nhiing
dudng thiang song song. Pac diém clia cdc mat cit c6 dong chiy déi dot ngot 1a trén cdc
mat cit d6 c6 tac dung clia luc quan tinh ddng ké, do d6 su phan b dp suat khong tuan theo
quy luat thay tinh.

Mot dong chdy c6 thé dong thoi mang nhiéu tinh chét néi trong su phan loai trén.
Thi du: dong chay c6 thé 1a 6n dinh, khong 4p, doi dan.

Viéc nghién citu vira trinh bay & trén dua trén mau dong chay bao gom vo s6 dong
nguyén to, gidp ta dat dugc nhitng cong thitc dat moi lién hé gitta cac yéu t6 thiy luc ciua
nhitng mait cit uét, tién cho viéc tinh todn thuc t€, nhung bi han ch€ trong viéc nghién citu
sau moi lién hé gilta cac y€u t6 thuy luc cia cac phan tir chat 1ong. Vi vay, ta can phai
nghién cttu moi trudng chuyén dong coi né nhu mot tap hop ctia vo s6 phan tir chét 16ng.

B - MOI TRUGNG CHUYEN PONG COI NHU LA TAP HOP
CUA VO SO PHAN TU CHAT LONG

Ta s& nghién ctu quy luat chuyén dong ctia chat 16ng bang céch nghién ciu su
chuyén dong cua ting phdn tir chdt Idng, va sé dat duge hé thong nhitng phuong trinh vi
phan. Dé ¢6 dugc moi trudng chuyén dong clia toan moi trudng chat 1dng, cin phai tich
phan hé théng nhitng phuong trinh vi phan d6 tng véi nhitng diéu kién bién gidi va thoi
gian ban ddu, diéu nay chi c¢6 thé lam duoc trong nhitng trudng hop khong phic tap.
Phuong phép nay c6 y nghia rat 16n vé mat 1y thuyét ciing nhu vé phuong phép nghién citu.

§3-15. HAI PHUGNG PHAP NGHIEN CUU SU CHUYEN PONG
CUA CHAT LONG

Ta c6 thé dung hai phuong phdp dé nghién ctiu: Phuong phdp Lagoringgio va phuong
phéap Ole.
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1. Phuong phap Lagordnggio:

Theo phuong phép ndy ngudi ta nghién cttu su chuyén dong cta timg phan tlr chat
long, xdc dinh qu§ dao, luu toc, gia toc, 4p sudt v.v... rdi téng hgp su chuyén dong cua tat
ca cdc phan ti lai thi c6 dugc hinh anh clia toan bo moi trudng chuyén dong. Thuc chat cla
phuong phép nay 1a ding co hoc chat diém dé nghién ctiu su chuyén dong ctia chat diém
trong moi truong lién tuc.

Thi du ta theo dbi phdn tir chét 1ong A, trong hé quy chiéu 1a hé toa do Dé cic: O thoi
diém t, n6 & vi trf a, b, ¢, di biét, sang thoi diém t né & vi tri x, y, z. Nhitng toa do dy c6 thé
biéu thi biang nhitng ham s6:

X = fl(a?b’c’t)’
y =f,(a,b,c,t), (3-46)
7z = f3(a,b,C,t),

Tir céc quan hé trén c6 thé xdc dinh cdc thanh phan luu t6c u,, u,, u, va gia téc a,, a,,
a, clia phan tlr chat 16ng trén cac truc toa do theo:

OX oy . oz
=S u=oh = (3-47)
2 2 2
ax = 6_24; ay = 8_3/; a, = a_zz; (3-48)
ot ot ot

dong thoi c6 thé vé duoc qu§ dao clia phan tir chét 16ng.
Toa do cua cac vi tri ban ddu a, b, ¢ va thoi gian t goi 1a nhitng bién s6 Lagordnggio.
Viéc van dung phuong phap Lagoranggio phic tap, vi vay chi diung trong mot s6
trudng hop dac biét, thi du khi nghién ctu su truyén séng.
2. Phuong phdp Ole:

Theo phuong phdp nay nguoi ta nghién ctu nhitng yéu t6 thiy luc cla cdc phan tu
chat 16ng tai timg diém c6 dinh cta khong gian.

Thi du: Chon mot diém c6 dinh ctia khong gian x, y, z; & thoi diém t' ¢6 phan tir A di
qua diém 4y véi luu toc u,, ap sudt p,, khoi luong don vi p,, sang thoi diém t" ¢6 phan tit B
di qua di€ém dy v6i luu t6c ug, 4p sudt pg, khoi luong don vi pg. Nhu vay, u, p, p déu phu
thudc vao vi trf clia diém c6 dinh va vao thoi gian t:

u= fl (X,y,l,t),
p =hH(xy,21), (3-49)
a= f3(X,y,Z,t)a
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Toa do6 cta diém c6 dinh x, y, z va thoi gian t goi 12 nhitng bién s6 Ole. Trong trudng
hop chuyén dong 6n dinh, cdc yéu t6 chuyén dong chi 1a ham s6 cua toa do diém chon
dé xét:

u = fi(x,y,2),
p = (x,y,2), (3-50)
a=13(x,y,2),

Can chd y rang céc yéu t6 thiy luc trong phuong phap Ole 1a cdc yéu té thuy luc cua
nhiéu phan tlr chit 16ng khac nhau cung di qua mot diém c6 dinh trong khong gian; con
trong phuong phap Lagoranggio, cac yéu t6 thuy luc 1a ciia cing mot phan tir di dong trong
khong gian. Phuong phdp Ole ¢6 nhiéu thuan Igi hon phuong phdp Lagoranggio, vi vay
phuong phép Ole dugc dp dung rong rai hon.

Chiing ta 4p dung phuong phap Ole dé nghién citu.

§3-16. PHUONG TRINH VI PHAN CUA PUONG DONG

Nghién citu su chuyén dong ctia phan tir chat 1ong theo phuong phdp Ole ta thiy dac
trung hinh hoc clia su chuyén dong khong phéi 1a qu§ dao nhu & phuong phép Lagoranggio
ma la duong dong.

Khéi niém vé duong dong di dinh 6 & §3-4, & day ta tim phuong trinh vi phan cla
nd. Trén duong dong ta 18y mot vi phan dai ds. Hinh chiéu ds 1én céc truc toa do 1a dx, dy,

5
dz va hinh chi€u ctia vécto luu t6c u 1én cdc truc la u,, u, u,. Vi luu toc ti€p xiic véi dudng

dong nén:

cos(ux) = 2x = &
u ds
_—_ u
cos(my)=X =9 (3-51)
u ds
— u, dz
cos(u,z)=—%=—,
(v,2) u ds
tu do ta rat ra:
%:ﬂ:% (3-52)
u, o ou,ou,

Phuong trinh (3-52) 12 phuong trinh vi phdn ciia duong dong viét cho ca chuyén dong
khong 6n dinh 14n chuyén dong 6n dinh.
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Gia su trén quy dao cua mot phan tir chat 16ng, 18y mot vi phan dai ds, ¢6 hinh chiéu
lén cic truc toa do la dx, dy, dz (chd y & day vi phan dai ds la vi phan trén quy dao, khac
vGi vi phan ds n6i & trén 1a vi phan trén duong dong), ta c6:

A dy o de

U, =—; =—; =—; 3-53
oot Yoodt “odt 559
Do d6 phuong trinh vi phan cua quy dao la:
dx dy d
Y. (3-54)
u, o uy,oou,

Trong chuyén dong khong 6n dinh thi & phuong trinh quy dao (3-54), t la bién s6.
Nhung trong chuyén dong 6n dinh thi o rang Iuu t6c khong c6 quan hé gi véi thoi gian t,
duong dong va qu¥§ dao tring nhau va phuong trinh (3-52) vira 1a phuong trinh duong dong
vira la phuong trinh quy dao.

Thi du: Viét phuong trinh dudng dong di qua di€ém A c6 toa do x,=2; y,=4,z, =8,
biét ring biéu thifc clia luu téc u xdc dinh bdi cac thanh phan a:
u, =x3u,=y5u,=2"
Gidi: Phuong trinh vi phan ctia duong dong trong chuyén dong 6n dinh cho bdi cong
thuc (3-52), tic la:

u,dy =u,dx,
u,dz = u,dy.
Trong diéu kién cu thé ctia bai toan, phuong trinh dudng dong viét thanh:
xzdy = yzdx,
yzdz = zzdy.

Sau khi phan tach bién sd, rdi tich phan ta cé:
d d
[ c,
X y

JS= 5.

y?
Két qua tich phan cho ta:
_l — _l+ Cl s
X y
—l = —l+ C2 .
y z
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Phuong trinh dudng dong di qua diém A 1a:

§3-17. PUONG XOAY, ONG XOAY, PHUONG TRINH VI PHAN
CUA PUONG XOAY

Phan tir chat 16ng khi chuyén dong khong nhitng c6 fr‘ 2 _,}'j 3
thé di dong bing cdch tinh ti€n ma con c6 thé dong thoi B, o™
quay xung quanh mot truc quay tic thoi nao do, thi du /1 (5]  m
phan tir m xoay xung quanh truc 1-2 (hinh 3-21a). ;?Lj m"

32 m’

Gia st mot phin tr m c6 tam & diém 1 dang quay : II /<—
1, mM
,f

A

_)
xung quanh truc 1-2, trén truc do dat vécto quay o, ; cling ,-
g . R , 9 N 9 I2
trén truc ay, ta 1y mot diém 2 cich tam cua phan tr m a) b)
mot doan vo cling ngén, ngay lic d6 phan tir chat [ong m'
c6 diém 2 1a trung tam ciing xoay xung quanh mot truc 2-3
_)
nao do, trén truc nay ta dat vécto quay ®, roi ta lai 18y mot

Hinh 3-21

diém 3 cdch tam cta phan tir m' mot doan vo cuing ngan, phin tir m" ¢6 tam 1a diém 3 ciing

quay xung quanh mot truc 3-4 nao dé v.v... Cit lam nhu vay ta cé duge duong gay 1-2-3-4-5 v.v...
e

mang nhiing vécto quay ®;, ®,, ®3,... Néu nhiing doan vo cuing nho 1-2, 2-3, 3-4, v.v...

tién t6i khong thi duong gay ndi trén tién téi thanh mot dudong cong, goi la dudng xody

(hinh 3-21b).

Puong xody la mot duong cong di qua cdc phan tir chdt long cé vécto vdn toc quay la
tiép tuyén ciia duong dy. Cling nhu doi v6i dudong dong, dudng xody thay déi theo thoi
gian; chi trong chuyén dong 6n dinh, dudng xody mdi khong phu thuoc thoi gian.

T4t ca nhitng phan tlr chat 1ong cling quay xung quanh mot dudng xody 1ap nén mot
chudi xody. Trudng hop don gidn nhat cta chudi xody 1a chudi c¢6 dudng xody c6 dinh tic
1a truong hop chuyén dong 6n dinh ctia chat 16ng. Néu qua cdc diém trén dudng chu vi cla
mot vi phan dién tich do, ta v& nhitng dudng xody thi mat bén 1ap bai tap hop cac duong
X0dy goi 1a dng xody.

- -
Phan tir chét 16ng quay v6i téc do quay o ; vécto w nay c6 ba thanh phan: o,, o, ®,,
trén truc toa do quy chi€u. Trén duong xody ta 1y mot doan dai ds c6 hinh chiéu la dx, dy
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9
vadz; vi o tiép xidc vdi dudng xody nén c6 thé viét phuong trinh vi phan ctia dudng xody
nhu sau:

— === (3-55)
® ®

§3-18. PHAN TICH CHUYEN PONG CUA MOT PHAN TU CHAT LONG
CHUYEN PONG THE VA CHUYEN PONG XOAY

Su chuyén dong ctia mot phan tlr chat rin nhu da biét trong co hoc chat ran c6 thé
phan tich thanh chuyén dong tinh ti€n va chuyén dong quay. Dadi véi phan tir chat 1ong, su
chuyén dong phtc tap hon & chd phan tir chit 1ong trong khi van giit nguyén thé tich lai c6
thé bién dang: vi vay chuyén dong ciia mot phdn tir chdt Idng cé thé phdn tich thanh ba
dang: chuyén dong tinh tién, chuyén dong quay va chuyén dong bién hinh; dé 1a dinh luat
Hembhon.

Trong céc nghién cttu sau nay, thuong phai dé cap dén chuyén dong khong quay, con
goi 12 chuyén dong thé va chuyén dong c6 quay, con goi 1a chuyén dong xody ctia phin tir
chat long, cho nén dudi day can nghién cttu cdch biéu thi todn hoc diéu kién clia hai loai
chuyén dong dé.

Ta nghién citu su chuyén dong clia mot phan tir chat 16ng, coi la mot hinh hop vuong
nho c6 canh dx, dy va dz (hinh 3-22). Trong trudng hop tdng quét, van toc & nhitng dinh
hinh hop khong bang nhau. D€ tién su phan tich trudc hét ta xem xét su chuyén dong clia
mot mat nao dé cua hinh hop vuoéng néi trén, thi du mat ABCD song song v4i mat toa do
zOx (hinh 3-23). Chua ké dén su tinh tién clia phan tlir ma ta rat dé tinh dén, ta chi nghién
cttu su chuyén dong cia mat ABCD duéi dang bién hinh va dang quay.

4 A2 uz+ %u;folT ug+ %u;?ola+ %Tdf
/ (4
A dus, k
e _a;dT Uz dua
A It_ I — -
E H ‘
|
/_A__ B
%3 | W A
auz —

A B 2 Y
0 / > LL—I, v azdm
¢

y 0 E
Hinh 3-22 Hinh 3-23
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Goi van t6c diém A c6 toa do x, z 12 u =f(x, z), cac thanh phan theo truc toa do 1a u, u,:
u, = fj(x,2),
u, = fz(x,z)}

Van t6c u chia diém D ¢6 toa do x + dx, z + dz, s& c6 cac thanh phan up, va up, 12:
up =fi(x+dx,z+ dz),}

up, = Hx+dx,z+dz).

Khai trién theo cap s6 Taylo hai ham s6 trén va bo di nhitng s6 hang c6 bac vo cuing
nho 16n hon bac nhét, ta viét dugc biéu thic cho up, va u,, nhu sau:

ou ou
up =u, +—dx+—>dz,
X

Ox 0z
up =u,+ ou, dx + ou, dz.
z X 0z

Ciing 1am nhu vay cho diém B c6 toa do x + dx, z va cho diém C c6 toa do x, z + dz
ta vi€t ra:

—Péi voi diém B:

ou

ug, =u,+ a—xdx,
X
ou

ug =u, +—=dx.
z X

—Doi vdi diém C:

— X
Uc =uy+ . dz,

uc, =u, + 82Z dz.

Nhitng tri s6 cdc thanh phéan van téc clia cac diém A, B, C, D, déu ghi lai trén hinh
3-23. Do su khdc nhau vé van téc cta cac dinh, cdc canh va cac géc cia ABCD bi bién dang.

a) Ta xét su bién dang vé do dai cac canh:

Mit ABCD & thoi diém t, c6 dang AB'C'D' & thoi diém t + dt (hinh 3-24). Nhu vay,

. . e s U
canh AB song song v6i Ox chiu mot su bién hinh vé do dai la: —=

dxdt theo phuong Ox,
X

. .. 0
canh AC song song véi Oz chiu mot sy bién hinh vé d6 dai la: e’

dzdt theo phuong Oz.
oz
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¢ uy +%%?ol;)dt

f
C —~ D

u duz
‘ 7 ‘ - (Uz+ Bzd”)dt
A Ux Ola: B B
o X
Hinh 3-24

Do dé, van tdc bién hinh dai cua hai canh trén la:

ou, dx va Yy dz
Ox 0z

Nhu vay nhitng biéu thifc:
0 ou 0
U dx, —Ldy, Yy dz
ox oy 0z

cho ta van t6c bién hinh dai.

Chia nhitng van toc d6 tuong tng véi dx, dy, dz thi ta dugc nhitng vdn toc bién hinh
tuong doi vé chiéu dai hoac vdn toc gian no.
ou duy ou,
oy 0z

b) Ta xét su bién dang vé goc
Hinh ABCD 6 thoi diém t, bién thanh hinh AB"C"D" & thoi diém t + dt (hinh 3-25).

}A

Hinh 3-25
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Ta goi da 1a géc lap boi AC va AC", goi dB 1a géc 1ap bdi AB va AB". Ta c6 thé hoan
thanh su bién hinh trén 14n lugt theo hai budc: 1. Bién tr ABCD sang AB'C'D' bang cich

quay canh AC theo chiéu kim déng hé t6i vi tri AC,, sao cho géc CAC' = do+dp va bang
. a1 . . . ==, do+dp
cach quay canh AB ngugc chiéu kim dong ho t6i vi tri AB', sao cho géc BAB' = o

budc bién hinh nay c6 dac diém la dudng phan giac AD' khong di dong va AC, AB' déu d6i
xung v6i AD, goi la sy bién hinh don thuin vé géc, tic khong quay; 2. Bién tit AB'C'D'
sang AB"C'D" bang cdch quay AB'CD' xung quanh diém A; khi d6 géc quay la

C'AC"=B'AB" = do.-dp , hinh dang cia AB'C'D' khong thay déi trong qué trinh quay

da-dp
2

nay, dudng phan gidc AD ciing quay di mot géc bang , budc bién hinh nay goi la su
quay don thuin. Ta tim biéu thifc toan hoc cho su bién hinh don thuan vé géc, cu thé 1a cho
toc do bién hinh don thuin vé géc. Theo quy udc vira néu & trén, thi géc da do su quay cua
canh AC sang AC" trong thoi gian dt, tinh dugc theo (hinh 3-26):

auX
X dadt
gday=C o2 Ty
CA dz 0z

Vi da. 12 géc nhd nén c¢6 thé coi tg(da) ~ dat, do dé:

ou
da=—2xdt.
0z
Ciing suy luan nhu trén déi véi géc df (hinh 3-27) ta viét duoc:
aIJZ
—=dxdt
BB"  ax ou
tg(dP) = = =—2dt,
gdp) BA dx ox
hoac: dB= Qu, dt.
ox

Hinh 3-26 Hinh 3-27 (BB" = aauz dxdtj
X
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do+dp

Theo lap luan trén, su bién hinh don thuan vé géc thé hién boi goc , t6c do 6,

cta su bién hinh don thuan quay xung quanh truc song song véGi Oy la:

1 do+dp 1(0u, Ou,
0, =— =—| 2 +—=
Yodt 2 2\ Oz Ox

Toc do 6, goi la toc do bién thién don thuan vé géc.

Ciing suy luan nhu trén, ta c6 thé viét toc do bién thién don thuin vé géc xung quanh
cdc truc Ox va Oz. Vay nhiing thanh phan 0,, 6,, 6, cua van t6c bién hinh don thuan vé
gbc O1a:

ou

Ole %_’__y

2\ oy o0z

1{0u ou
0, =— X4z 3-56
Y 2(62 ox (5-56)

ou

eZ:l _y+%

2\ ox Oy

Su bién hinh dang n6i & day 1a su bién hinh vé géc, nén 0 con goi 1a vdn tdc bién hinh
gbc hoac vdn toc truot.

Nhu vay van toc bién hinh (bao gébm van toc¢ bién hinh twong doi vé do dai va van toc
bién hinh don thuin vé géc) cé 6 thanh phan, 1ap thanh bang sau day:

ou
> 0 0
Ox z Y
ou
0, - 0,
oy
ou
0 0 Z
Y * 0z

Bang nay goi la tenso van toc bién hinh.

c¢) Ta tim hé thifc todn hoc cho su quay don thudn, cu thé 13 cho van téc quay don

do +dp
2

thuan. Theo 1ap luan trén, su quay don thuan thé hién boi géc toc do w, cla su

quay don thuén xung quanh truc song song véi Oy tinh dugc nhu sau:
T6c do quay o, tir hinh AB'C'D' sang AB"C"D" bang:

ou, ou,
Sl de-dB 1 Mo ™

0)_
Yodt 2 2 dt

96



1
hoac: o, =—
o, 2(

ouy _ Juy
0z Ox

Ciing suy luan tuong tu, ta c6 thé viét toan bo céc thanh phan cia téc do quay ®
nhu sau:

1 0u, Ouy
O, =—| —2-——"1,
2\ 0y Oz
1 ou
0, =—| —X_—z| 3-57
Y 2( 0z 0Ox ( :
1{0uy ou,
0, == ——-——"|,
2 0x 0oy

Go6c quay don thuan o ctia phan tir chét 16ng bang:

0= coi + coi + oaﬁ (3-58)

Trong co hoc chat 16ng, hai 1an vécto van toc quay don thuan duge goi l1a vécto xody
-
hodc céi xody; goi vécto xody bang Q thi:

-

9
Q=2w. (3-59)

Trong todan hoc ngudi ta biéu thi hé phuong trinh (3-57) bang biéu thiic:
_)

_)
®=—rotu
2

- -
hoac: Q=rotu

Ta méi nghién ctu su chuyén dong clia mot mat cta hinh hop chat léng va tim ra
biéu thiic todn hoc clia van téc bién hinh don thuin va van téc quay don thuan clia mat do.

Tiép day, ta nghién ctiu biéu thiic van t6c cia mot dinh bt ky ctia hinh hop, coi van
toc u = f (X, y, z) clia diém A(x, y, z) da biét. D€ c6 biéu thiic tong quat, ta s& tim van toc u
ctia diém H(x + dx, y + dy, z + dz), van toc uy, ¢6 nhitng thanh phan sau day:

Uy = f x+dx,y +dy, z + dz),
uyH:fz(X+dX,y+dy,Z+dZ),
uy = fi (x +dx,y +dy, z + dz).
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Khai trién nhitng ham s6 trén theo cép s6 Taylo, viét cho nhitng dai luong vo cling
nho dx, dy, dz va bd di nhitng s6 hang vo cung nho cé bac cao hon bac nhat, ta c6:

Uy = Uy +8ux deraux dy+aux dz,
X oy oz
ou
Uy = Uy + Y dx + ydy+ ydz,
X oy 0z
U,y =u,+ deJrauZdy+8uZ dz.
ox oy 0z

(3-60)

Dé thé hién van toc bién hinh don thuén va van téc quay don thudn trong vé& phai clia
(3-60), ta bién ddi biéu thic d6 biang cach cong vao va trir di & timg phuong trinh nhitng dai

lwong tuong tng sau day:

‘. . ou duy
— Doi v6i phuong trinh thit nhdt: —| —%dz+—=dy
[0 Ox
— Doi v6i phuong trinh thit hai:  — Ouy dx + ou, dzJ
oy oy
o o,
— boi v6i phuong trinh thi ba:  —| —=dy + —*dx
oz oz
Sau khi bién doi dai s6 ta co:
0 0 0
Uy =u, + U ML (LN P s
0x 2\ 0z 0Ox 2\ ox
ou
+l aux_% dz_l _y_% d}/,
2\ 0z Ox 2\ ox Oy
ou ou, ¢ 0
Uy =u +—ydy+l Ay (O g LM,
Y Y oy 2{ ox oy 2( oy
ou ou
2 ox Oy 2\ oy o0z
0 0 du 0
Uy =u, +—Ldz Y P PR L
0z oy oz 2\ 0z
ou, Ou du, Ou
1 z__ Y dy—l X 77z |(dx.
2\ oy oz 2\ 0z  0Ox
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Pua céc biéu thic (3-56) va (3-57) vé€ van t6c bién hinh don thudn va van téc quay
don thuan vao biéu thic (3-61), ta c6:

[ ou
Uy =u, + 8); dx +(6,dz + szy)} +(0,dz - o,dy),
[ ou,,
Ugyy = Uy + Edy +(0,dx +0,dz) |+ (0,dx — 0, dz), (3-62)

ou
Uy =u, +| —=dz+(0,dy+ Oydx)} +(0,dy — o, dx).
oz

Nhu vay ta da ching minh dinh luat Hemhon néi trén.

Thi du: Trong mot chuyén dong 6n dinh ctia chit 1dng méi phan tir chat 16ng c6 luu
toc u (X, y, z) duoc xdc dinh bdi cac thanh phan:

u, = 2xy; u, = 2yz; u, = 2zx.
Chuyén dong nay c6 xody hay khong xody?

Gidi: Ta tinh cac thanh phan cta céc vécto quay o theo (3-57):

1{06u, Ouy

Oy =—l—~——F |=7Y
2 0y Oz
_l(auX_% =—7

Yool oz Ox ’

ou

o =1 My x|

2 ox oy

Vay o # 0, do d6 chuyén dong 1a c6 xody.

§3-19. CHUYEN PONG THE, HAM SO THE, HAM SO DONG

Dong chdy ma cdc phan tir chat 16ng khong c6 chuyén dong quay don thudn goi la
chuyén dong khong xody hoac chuyén dong thé, trai lai, dong chady ma cdc phan tir chat
16ng c6 chuyén dong quay don thuan goi 1a chuyén dong xody.

Can ct vao nhitng dinh nghia trén, trong chuyén dong thé:

- -
Q =0, hoic o, = o, = ®, =0, hodc rot u = 0; tic la:

du, _ Qdu,
0z ox
ou
n, My (3-63)
oy 0z
Ay _ duy
ox oy
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D6 1a diéu kién ctia chuyén dong thé.

_)
Ngugc lai diéu kién ctia chuyén dong xody la Q # 0, tic 12 it nhat mot thanh phan cla

%
o khéac khong.

Vi hé théng phuong trinh (3-63) nhu da ching minh trong gidi tich, biéu thi diéu kién
can va du cua su ton tai cia ham s @, ma dao ham riéng phéan ctia cdc ham s6 nay theo céac
toa do chinh la cac thanh phan van toc, nghia la:

_8_(p_ u :6_([); u :6_([)‘ (3-64)

A

u

_)
Hoac: U= grado (3-64")

Vi ta ¢6 u,, u, u, 1a nhitng ham s6 cla x, y, z, t, nén 16 rang ta c6 ¢ = f(x, y, z, t),
trong d6 t coi nhu thong s6. Ham s6 ¢(x, y, z, t) dugc goi 1a thé luu téc. Chuyén dong nao
c6 su ton tai clia ham s6 @, tic 1a c6 su ton tai cta thé luu téc, thi duge goi 1a chuyén
dong thé.

Ta c6 thé coi tong so6:

udx + u,dy +u,dz

la mot vi phan toan phan cta o, tic 1a:

udx +udy +u,dz = a—(pdx + a—(de + a—(pdz =do (3-65)
[0 oy oz
Mat khong gian c6 ¢ = const duoc goi 1a mat dang thé luu toc: d6i véi mat d6, de =0
tic la:
a—(pdx + a—(pdy + a—(pdz =dep=0
[0 oy oz
Néu chuyén dong clia chat 16ng 1a chuyén dong phang, titc 1a chi c6 hai thanh phan

van toc, thi du thanh phan u,, u,, con thanh phan thit ba triét tiéu (u, = 0) thi ham s6 ¢ c6 vi
phan toan phan la:

do =udx +u,dy = g—(pdx + %pdy , (3-65"
X

va v6i ¢ = const , ta c6 do = 0 tic la:
a—(pdx + a—(pdy: 0
oy

Ox
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D6 1a phuong trinh clia dudng déng thé luu toc trong chuyén dong phang; mat khéc,
xuét phét tir phwong trinh duong dong (3-52), trong chuyén dong phéng, ta viét duoc:

udy -udx =0

Néu ta tim dugc ham s6 y (X, y) ma:

@ — ux . @ = _uy ,
oy ox
thi phuong trinh dudng dong ctia dong phang (3-66) viét thanh:
v dx + @ dy =0,
ox oy
hoac: dy =0,

do d6: v (x,y) = const

Ham s6 y (x, y) goi 12 ham s6 dong; tri s6 ham s6 dong giit khong déi doc theo méi
duong dong. Nhitng dudng dong khéc nhau ¢6 tri s6 ham s6 dong khac nhau. Trong chuyén
dong phang va c6 thé, ta ¢ thé dat mai lien hé gitta ham s6 thé luu téc @ va ham s6 dong

v, suy tir dinh nghia cta ham s dy;

% _ov
ox oy
3-66)
% __ov
oy ox

Do d6:

9 oy o oy _,
ox ox  dy dy

Bi€u thifc nay néi 1én ring méi dudng cong thudc ho y = const cit méi dudng cong
thudc ho @ = const, duéi géc vuong titc 1a trong chuyén dong thé, phing, nhiing dudng
dang thé luu t6c va nhitng dudng dong 12 truc giao (hinh 3-28). Nhu di biét trong gidi tich,
nhitng ham s6 ¢ va y xdc dinh nhu trén goi 1a nhitng ham so6 lién hiép.

Chd ¥y rang nhitng ham s6 nay déu thda man phuong trinh Laplaxo. Thuc vay, ti
(3-66), ta viét dugc (1ay dao ham bac hai):

Py _ % e _ 3%y

ox2 Ox0y R ox?  Oxoy

2 2 va 2 2
v ¢ o) oy

oy>  oxdy oy> Ox0y
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Cong v€ doi vé, ta viét dugc:

2 2 2 2
a_\nga_\;:O Vi a—‘2"+a—‘2":0,
ox“~ Oy ox“ oy

hoac dung toan tir Laplaxo A (delta)

2 2
A:a—2+a—2 N
ox~ 0Oy

tavit: Ay =A@ =0.
Lai chi y thém rang hé phuong trinh (3-66) 1a diéu kién Cosi-Riéman, cho phép ta
ting dung ham phiic dé nghién cttu chuyén dong thé. Van dé nay khong trinh bay & day.

Trong co hoc chat 16ng 1y thuyét, sé nghién ctu sau vé nhiing dic tinh cua cdc ham
sO nay; trong pham vi gido trinh nay, ching ta khong nghién cttu sau thém.

Sau day ta xét thém y nghia vat ly cia ham s6 dong.

Gia sir ta c6 mot dong chdy phang, 6n dinh, gi6i han béi hai dudng dong, ham s6
dong cuia hai duong dong d6 1a y =y, va y =y, (hinh 3-28). Ta ldy mot doan nguyén t6 ds
trén mat cat uét S clia dong va xét luu luong nguyén t6 dQ chdy qua doan ds, goi u,, u, Ia
nhiing hinh chi€u cta van toc va dx, dy 1a nhitng hinh chi€u ctia doan nguyén t6 ds theo céc
truc toa do; ta thay rat rd trén hinh vé (hinh chiéu u, va u,déu duong, hinh chiéu dy duong,
con dx am) rang:

dQ =u,dy - u,dx.

AZ

. oy oy
Vi oy = a_y » —Uy = & Puimg ding the
nén: dQ = @dy + @dx =dy (3-67)
oy ox
e L
Do d6 luu lugng Q chay qua toan mat i
cat S bang: e .
0 &
V2
Q= [dy=y,-y (3-68) Hinh 3-28
V1

Vay hiéu s6 nhiing tri s6 ham s6 dong clia hai dudng dong cho trude bang luu luong
chat 1ong chay giita hai duong dong d6. do 1a y nghia vat ly cua ham s6 dong.

Heé thong nhitng duong dong va nhitng dudng déng thé truc giao v6i nhau tao nén ludi
thuy dong (hinh 5-28).

Trong thuc tién k§ thuat, dong chdy & mot s6 trudng hop c6 thé coi la dong chdy thé,
khi d6 ta c6 thé xay dung ludi thiy dong dé nghién ctiu chuyén dong. Thi du: dong tham;
ma ta s€ nghién ctu & chuong XVIII.
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§3-20. VAI THi DU PON GIAN VE CHUYEN PONG THE

a) Dong song phdng (dong chdy déu)

Chat 16ng chuyén dong song song véi truc Ox, méi phin tir chat 16ng ¢6 V,, & xa vo
cuc (hinh 3-29).

Ta hiy xac dinh thé luu toc @(x, y) va ham s6 dong y(x, y) ctia chuyén dong do.
Ta biét rang:

de = u,dx + u,dy; (3-65")
Ung dung vao diéu kién bai todn:

u =V, u =0,
tacé: do=V,dx.
L4y tich phan, ta dugc:

o= j Vodx =Vyx + C

bit C =0 thi:
¢ = Vx. (3-69)
Puodng ding thé
#
pi/ P2 PR (P (Ps
\\V' a0
=
Vs %
Vo / o0
ve §
ye A
O €

Hinh 3-29
Vay nhitng dudng dang thé 12 ho nhitng dudng thang song song véi truc Oy.
Ta tim nhiing ham s6 dong v (X, y).
Ta biét rang: dy = u,dy - u,dx, (3-67)
Ung dung vao diéu kién bai todn: dy = V,dy.
Lay tich phan, ta dugc: v =V,y + C’
pat C =0thi: y=V,y. (3-70)
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Puong dong 12 ho nhitng dudng thang song song v6i truc OX. 0 day ta c6 thé nghiém
lai ring nhitng ham s6 ¢ va y thdoa méan phuong trinh Laplaxo:
% . *o 0P (Vpx) 0 [a(Vyx) ]

d
= = =~ (V.)=0
ox* oy’ ox2 x| ox | 8x( 0)

2 2 2 I ]
a\;/+8\;/:8 (VSY)ZEM =Wy =0
o oyt oy oyl oy ] oy

Hé nhiing duong thé luu t6c va duong dong la truc giao v6i nhau (hinh 3-29).

b) Piém nguon va diém tu

Ta goi diém nguon (hinh 3-30a) 12 diém tir d6 chat 16ng chay di, theo phuong bén
kinh, trén moi huéng; con diém tu (hinh 3-30b) 1a diém ma chat 16ng tir moi huéng do vé
theo phuong ban kinh.

Ta hay xé4c dinh cdc ham ¢ va y cho diém nguén.
Gia thiét rang su phan bo luu toc trén vong tron 1a déu, ta c6 thé viét:
Q =2mru,

trong d6 Q 12 luu lugng clia diém ngudn, u 1a van toc theo phuong ban kinh (hinh 3-30a).

4
&
¥
0
&
!
2 b)
biém tu

u, = ucoso. = —— cosa,
2mr

u, = usino. = —— sina.
2mr
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X )
Vi coso= — vasina = X,nén:
r r
_Q x_Q
U= —x—= 7 X
2nr r  2qar
Q y_ Q

u = —X—=
2nr r 2qr?

Vay: do=udx+udy= 5 (xdx + ydy) = 0.
2nr

#0

RO rang: 3
2nr

nén: xdx + ydy = 0.
Ta da biét: x*> + y> =17,
do do6, 1ay vi phan, ta duoc: xdx + ydy = rdr.

Vay c6 thé viét:

do = 5 (xdx +ydy) =

2nr 272 2n T
Tich phan, ta s& dugc biéu thic cta thé luu toc:
0= Q Inr +C
2n

bat C=0, ta duogc:

Paguin =2%1nr (3-71)

hoac: Qe = 22 In \/xz + y2 (3-71")
T

Ta tim ham s6 dong V:

d¥ =-udx +udy = - (ydx - xdy) =0

2mr?

do d6: ydx-xdy=0
dy _dx
y ox

hoac:

hoac: Iny=Inx+C
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hoac: lnz =C,
X

hoac: y=Cx (3-72)

Phuong trinh nay 14 ho nhitng duong thang di qua goc toa do. Nhu vay dudng dong 1a
nhitng dudng thang ban kinh.

R4 rang ham s6 y (x, y) = C chi thay déi, phu thuoc vao géc o va 1a ham bac nhat
ctia o. Do d6 y c6 thé viét thanh:

y=Ca=C arctgZ
X

Ta xac dinh C":

Vi vy, - y, = Q, nén ta c6 thé viét (y, tng véi a = 0, y, tng v6i o = 27):

C.2n-C.0=Q,

dods: C = Q
2n
Vay ham dong c6 dang cudi cung la:
Q _Q y
5= —— 0L =—— arctg > 3-73
Wingaon = -0 =7 - arctg~ (3-73)

Xét dén diém tu, ta cling lap lai diéu ching minh trén, chi khdc 1a chiéu chay thi
ngugc lai. Ta s€ dugc:

Y, = - glnr =- 22 In \/xz + y2 (3-74)
‘ T

271
voz- 2 arctg (3-75)
' 2n X
¢) Chuyén dong ¢ lan cdn mot xody don y |

Vi nhitng ham y va ¢ la di€u hoa va lién hiép véi nhau,
nén ta c6 thé thay déi vai trd cha ching, ta c6 thé coi ham s6
(3-73) 1a thé€ luu tdc:

y

¢ = C arctg — (3-76)
X

va ham s6 (3-71'") 1a ham s6 dong:

_ [ 2 2
y=Clnx“+y (3-77) Hinh 3-31

Khi d6 hinh dnh chuyén dong thay déi. Pudng dong sé 1a nhitng dudng vong tron va
dudng dang thé s& l1a nhitng dudng thang xuét phat tir géc toa do (hinh 3-31).
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Chuyén dong nay 1a khong xody & moi diém ctia mat phang, trir diém O tai d6 c6 dat
truc clia mot cdi xody ma ta quy udc goi 1a xody don (van toc tai chinh diém O 1a 16n vo
cuc, diéu ndy vé mat vat 1y, khong thé c6 dugc).

9

Céc thanh phan u, va u, ctia van toc u dugc xdc dinh nhu sau:

Ta co:

2, .2
R y©+Xx C
Vay:  u=,Ju; +uj = [(C) -
- 2 2 2
(x2 +y2) x4y’

C
Vi C=const va ' =x*+y°, nén: u= —,
r

hoac: ur = const. (3-78)

Nhu vay, trong chuyén dong lan can xody don su phan b6 van toc tuan theo quy luat
dién tich (tdc 1a dién tich abOca bang dién tich defOd, hinh 3-32).

Chii y: Tl cong thic (3-78), ta thay rang ban kinh cang nho thi van tc cang 16n.
O gi6i han, tai géc toa do O: r =0, u = .
e

\
\

\

\( .= COnsTt
by/ Q

d ,-/ ‘MI?

DN\ I

o S =

Hinh 3-32
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d) Phuong phdp cong nhitng chuyén dong thé don gidn

Ta c6 thé dat dugc nhitng hinh dang chuyén dong phic tap biang cdch cong nhiing
chuyén dong don gian.

Sau day la mot thi du: diém nguén dat trong dong déu.

Gia sir ta ¢6 diém ngudn luu lugng Q; nhiing ham s6 thé luu t6c @4, va ham dong
Vuen dUGC xdc dinh boi (3-69) va (3-70).

Chuyén dong tong hop ctia hai dong trén c6 ham s6 thé luu t6c ¢ (¢, va @, 1a nhiing
ham s thé€ tng v6i dong déu va nguodn):

P=0, +@,=Vx+ glnr
2n

va ¢6 ham dong y (v, va y, 1a nhitng ham s6 dong ting v6i dong déu va nguén):

Q
Y=y, +y,=Vy + —a.
2n

Hinh anh chuyén dong duogc biéu thi & hinh 3-33. Pudng dong va dudng dang thé c6
thé tao ra bang cich sau day. Ta vé cdc dudng dong clia nguén va ciia dong déu véi ciing
mot khoang cich Ay (néu vé cidc duong dang thé clia hai chuyén dong thi 1ay cling mot
khoang cich Ag), thi du nhu trén hinh 3-33: Ay = 1. Ta x4c dinh hang loat diém ctia mot
dudng dong téng hgp mang tri s6 y (thi du y = 10) bang cach tim nhiing giao diém clia
dudng dong thuoc nhitng chuyén dong hop thanh ma y, + y, = y, trong d6 vy, va v, la
nhiing tri s6 ctia hai duong dong hgp thanh (thi du y, =4, y,=6do d6 vy, + y, =4+ 6 = 10,
ta c6 diém A: réiy, =5, y,=5,dod6 y, + vy, =5+ 5= 10, ta c6 diém B; réi ¢, =4, y, = 6,
dodé y, + v, =4+ 6 =10, ta c6 diém C, v.v... Tanéi A, B, C ... thi c6 dudng dong tong
hop ma ¢ = 10°. Chii y ring duong dong y = 12 phan chia hoan toan nguén véi phan ngoai
clia mat phang. Pudng dong d6 c6 thé coi nhu dau uoén cong clia tru pin.

(@)}
W
N

Hinh 3-33
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§3-21. PHUONG TRINH VI PHAN LIEN TUC CUA CHAT LONG
KHONG NEN PUOC

Trong khong gian chita ddy chat 16ng khong nén duoc dang chuyén dong ta 1ay mot
hinh hop ABCDEFGH c¢6 vi tri ¢6 dinh, cic canh cua hinh hdp la dx, dy, 8z, (hinh3-34).
Trong tam ctia hinh hop d6 1a M, ¢6 toa do 1a x, y, x: luu toc tai M & thoi diém t 12 u, c6
hinh chi€u u,, u,, u,; khéi luong riéng chat long 1a p; vé6i chat long khong nén duoc thi p la
mot hing s6. Ta xdc dinh khéi lugng chat 16ng chuyén dong di vao va di ra d6i véi hinh
hop do trong thoi gian dt.

A%

A
B
s et

x Uao
L
E /
F
o i o
d
Hinh 3-34

O nhiing mat ADHE va BCGF van t6c theo truc x 1a:

u —auXS—XVéu +6u"8—X
*oox 2 *x o2

Trong thoi gian dt, khoi lugng chét 1ong chay vao mat ADHE la:
Ou, ox
u, — — |8ydzdt,
oo~ oy

khoi lugng chat 16ng chay ra khoi mat BCGF la:

ou, &x
u, +—=— |dydzdt
(o)
Nhu vay trong thoi gian dt, khoi lugng chat long ra vao hinh hop theo phuong x
chénh nhau mot dai lugng:

X

ou, dx ou, 8x ou
——% — |8ydzdt — +—2 — [8ydzdt = — X 5x0ydzdt .
P(ux ox 2})’2 P(ux &ZJ}’Z Pa X0yoZzZ
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Ciing suy luan nhu vay, doi v6i cac mat khac cua hinh hop, ta viét duoc:
auy o .
-p E ox0ydzdt , d6i v6i phuong vy,

ou

£ 5xdydzdt, d6i v6i phuong z.
z

- P

Trong thoi gian dt, kh6i luong chat 16ng chdy qua hinh hop thé tich §x8ydz c6 chiu
mot su bién déi dM bing tdng s6 cac do chénh khoi lugng theo cdc phuong:

ou
dM=-p Qu dxdydzdt — p—L5xdydzdt — p ou, Ox0ydzdt
ox oy 0z

ou
= — pdxdydZ Ouy +—L4 ou, dt
ox oy 0z

Chat 1ong lién tuc, c6 nghia la trong hinh hop khong c6 khong gian trong khong,
khong chita chat I16ng. Muén vay, trong trudng hop chat 1ong khong nén dugc, su thay déi
khoi luong chét 1ong trong hinh hop phéi bang khong, tiic 1a:

dM =0.

Vi pdxdydz # 0 va rd rang dt = 0,

ou
nén: Ouy +—L 4 Ou, =
ox Oy 0z

0. (3-79)

D6 1a phuong trinh vi phan lién tuc cua chat 16ng khong nén duge.

%
Nh6 lai rang trong todn hoc ngudi ta goi biéu thic bén vé€ trdi cla (3-79) 1a divu ,
ta viét dugc phuong trinh vi phan lién tuc duéi dang:

-

divu=0 (3-79")

Phuong trinh vi phan lién tuc nay cling nhu phuong trinh lién tuc viét cho dong
nguyén t6 (3-7) la mot phuong trinh dong hoc, vi vay né dung cho ca chat 16ng 1y tudng lan
chat l1ong thuc.

Phuong trinh (3-79) néi ring: Thé tich cha chat 16ng khong nén dugc chdy vao hinh
hop trong thoi gian dt bing thé tich chét 16ng chay ra khoi hinh hop. Phuong trinh d6 ciing
c6 nghia 1a khoi luong chét 16ng chay vao hinh hop bang khoi lugng chét 1ong chay ra khoi
hinh hop, tic 1a khéi lugng chat 16ng & trong hinh hop 1a mot hiang s6. Do d6, phuong trinh
lién tuc 1a biéu thiic cia mot trong nhitng quy luat vat ly quan trong nhat, d6 1a dinh luat
bao toan khoi luong.
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9
Thi du: Tim biéu thic div u va viét ra phuong trinh lién tuc clia phan tir chét 16ng c6
luu t6c diém u(x, y, z, t) ma c4c thanh phan Ia:

u =2x>+y,
u, = 2y* + z,
u, = 27" + x.
g . 2> ou, Ouy Qu e
Giai: Tudivu = — + —=+ —% | ta viét dugc:
ox 0Oy 0z

_)
divu =4x+4y+4z=4(xX+y+72)
Phuong trinh lién tuc cua phan ti chét 1ong d6 theo (3-79') viét:
4}

divu =0

ticla: x+y+z=0.

§3-22. PHUONG TRINH VI PHAN CHUYEN PONG CUA CHAT LONG
LY TUONG (PHUONG TRINH O-LE)

Ta 1dy trong moi trudng chit 16ng chuyén dong mot khoi chat 16ng hinh hop
ABCDEFGH v6 cung nhd, c6 canh song song véi nhiing truc toa do va dai ox, dy va 6z
khoi lugng riéng 1a p (hinh 3-35). Hinh hop d6 chiu tac dung cta nhiing luc sau day:

a) Luc khéi lugng (thé tich); goi F 12 luc khéi luong tic dung vao mot don vi khoi
luong cua chat 1ong, né ¢6 hinh chi€u 1a F,, F,, F,. Khoi lugng ctia hinh hop chat long 1a
pdxdydz. Nhu vay hinh chiéu 1én truc toa do Ox ctia luc khéi lugng 1a: F pdxdyoz.

b) Luc bé mat tic 1a dp luc thuy dong tac dung lén nhitng mat ctia hinh hop va ty 1é
véi dién tich nhitng mat dé. Goi p 1a dong ap suét tai trong tam M cta hinh hop, toa do M
la x, y, z. Vay ap sudt thiy dong tai nhitng mat trdi va phai ctia hinh hop la:

Op Ox ) . Op ox
(p—&7jva (p—i—a_)(?j

Hinh chié€u Ién truc x ctia téng hop nhitng luc bé mat do 1a:

Op dx op dx op
——— |0ydz — | p+ —— |Oydz =— — OxOyd
(p ox 2 yoz p8x2 yoz axxyz
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W4
D C
A
ap O B o )
(P-E 2848 - 1% ,_ 0Opdx
dwz 1 | M (P 57048y
/P §
/
S
O -
X
'
Hinh 3-35

Téng s6 dai so nhitng hinh chi€u Ién truc x clia cé4c luc tic dung lén hinh hop phai
bang tich s6 cta khéi lugng hinh hop nhan véi hinh chiéu cua gia toc chuyén dong cla
trong tam tic 12 phai bang:

du,

5x8yd .
POXOYO: "4t

Vay ta cé:

pOxdydzF, — % Oxdyoz = pdxdyodz duy .
O0x dt

Sau khi thu gon ta c6:

p Lo o
pox dt
bo6i véi truc y, z, ta co:
1op du, (3-80)
oy
10p du,
* ooz dt
Viét dudi dang vécto, hé (3-80) trd thanh
-
I:)_ lgradp = du . (3-80")
p dt

Hé phuong trinh vi phan (3-80) nay do Ole dé ra nam 1755 va goi 1a hé phuong trinh
vi phdn chuyén dong Ole clia chdt Iong Iy tuong.

Néu chiéu lén tiép tuyén ctia dudng dong, ta c6 thé biéu thi phuong trinh Ole nhu sau:

Fs—l@:ﬂ , (3-81)
pos dt

trong do F, 1a hinh chi€u cta luc khoi lugng F 1én ti€p tuyén cua duong dong.
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Phuong trinh Ole n6i trén dung cho cé chat 1ong 1an chat khi. Doi v6i chat 1ong thi p
12 mot hing s6, d6i vé6i chat khi thi p c6 thé bién ddi. Phuong trinh Ole d6 dung cho ca
chuyén dong khong 6n dinh va 6n dinh. Néu chat long & trang théi finh, v€ bén phai hé
phuong trinh (3-80) va (3-80') déu bang khong va nhiing phuong trinh ay ¢6 dang cla
phuong trinh (2-6) va (2-6') ma ta da goi 1a phuong trinh vi phan can bang Ole. Néu phan ti
chat 16ng chuyén dong thang, thi du theo phuong x tic u = u,, u, = u, = 0, thi trén mat
thing géc v6i phuong chay, ap suét phan bo theo quy luat thiy tinh, vi:

Gl g g 10,
p Oy p 0z

D6 1a dac tinh cha dong chdy cé cdc duong dong thing, song song. Dong chdy déi

dan (xem §3-11) ciing coi nhu ¢6 dac tinh nay.

Ta c6 thé viét hé phuong trinh (3-80) dudi dang chi ti€t hon. Vi cdc hinh chiéu u,, u,,
u, déu 1a ham s6 lién tuc cla toa do khong gian va thoi gian u, = f(x, y, z, t) v.v... nén vi
phan toan phan du, viét dugc thanh:
ou 0

= O ey P gy M gy Mg
ot 0x oy oz

du

X

Do dé:
du, 6ux+8uxg+8uxﬂ+auxg

(3-82)

dt o0 ox dt oy dt 0z dt

Chd ¥ ring nhitng vi phan dx, dy, dz, viét 6 (3-82) khac nhiing vi phan 8x, 8y, 8z, viét
cho khéi chat 16ng hinh hop dung dé suy dién phuong trinh Ole (3-80).
Nhan xét rang:
o dy @
oade] Yoodt’ “ o dt

va thay ching vao (3-82), ta c6:

u

du, Ou, Ou, ou, ou,
= +—2u +—2u, +—2u,.
dt ot 0Ox oy ¥ oz
Ciing lam nhu vay do6i véi cac vi phan duy, du,, ta cé:
du, oOu, Ou ou ou (3-83)
=24 2y +—u, +—u,
dt ot 0ox oy ¥ oz
du, Qu, Ou ou ou,

=—*+—Fu +—u + u,.
dt ot 0Ox oy oz

D6 12 biéu thitc vé cdc hinh chiéu cha vécto gia téc. O v€ phai ciia nhiing biéu thic
do, c6 hai thanh phan nhu sau cua gia toc:
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- Thanh phén cuc bé hoic dinh vi, dic trung cho chuyén dong khong 6n dinh, biéu thi
su bién thién clia gia toc theo thoi gian, tai mot vi tri khong gian khong déi: d6i véi phuong

trinh thit nhét d6 12 s6 hang a;t"

- Thanh phéan khuéch tdn hodc chuyén vi, biéu thi su bién thién cla gia t6c trong
khong gian, & mot thoi diém nhat dinh: doi véi phuong trinh tha nhat d6 1a:

8uxux+8uxuy+8uxuz
ox oy 0z

Hé phuong trinh (3-83) viét dudi dang vécto, trd thanh:

- -
du ou > 7
— = — + u.V)u 3-83'
" o (u.v) (3-83")
thanh phan thanh phan
dinh vi chuyén vi

trong do:

V - todn tir Haminton "nabla", coi nhu mot vécto, biéu thi trong hé toa do
Dé cédc duéi dang:

Mang (3-83) thay vao (3-80) ta c6 dang khai trién sau day clia phuong trinh vi phan
chuyén dong clia chat 16ng 1y tudng:

ou, Ou ou ou
_1o_ e —Fu +—u, +—u,
pox Ot  Ox oy oz
Ou, Ou ou ou
y_l@: S+ —Lu, +—u, +—u, (3-84)
pody Ot 0OX oy 0z
_1@26u1+6uzu +6uzu +6uzu
“ poz ot ox Y oy Y oz

Phuong trinh (3-84) ciing 1a phuong trinh vi phan chuyén dong Ole cta chat 1ong 1y
tudng, nhung viét dudi dang khai trién.

Viét dudi dang vécto, hé phuong trinh (3-84) trd thanh:

_)
- > >
F—L oradp = ‘Z—‘tl +(uV)u. (3-84)
p
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Trong chuyén dong 6n dinh cta chét 16ng, nhitng s6 hang dau cha vé€ phai trong hé
phuong trinh (3-84) phai bang khong:

z

ot ot ot

du, _Ouy ou,

Trong h¢ phuong trinh chuyén dong Ole c6 4 4n s6: p, u,, u,, u,. 3 phuong trinh clia
hé phuong trinh chuyén dong Ole khong du dé giai 4 4n. Mang hé thoéng dy két hop véi
phuong trinh lién tuc (3-79):

ou
ou LMy ou,

X

ox oy oz

:0’

thi ¢6 4 phuong trinh giai 4 4n s6 va c6 diéu kién giai quyét dugc van dé chuyén dong clia
chat 1ong khong nén dugc.

§3-23. PHUONG TRINH VI PHAN CHUYEN PONG CUA CHAT LONG
LY TUONG VIET DUOI DANG PHUONG TRINH GOROMECO

Bién d6i phuong trinh vi phan chuyén dong Ole duéi dang khai trién (3-84) 1am sao
cho xuét hién yéu t6 chuyén dong quay, dé I1a su cong hién ctia Goroméco.

Tir (3-84) ta viét lai phuong trinh dau tién:

X aux aux
+u

1ap:au"+uxau +u, ,
pox ot ox oy 0z

X ;

N * A N ‘A A 2 u2 z
va viét dao ham riéng phan theo truc x cua > ta co:

aluzl a(ui+u§+u§}:u ou, duy %

—|— == > +u ,
ox| 2 OX 2 OX Y ox Ox

Dem hai phuong trinh vira viét ra trir v€ d6i vé, ta duoc:

= +u -u +u -
ot Yoy Yox ‘oz *oox

8ux (811)( 8112) (811)( au)’]
= +uZ - +uy —_— .

1 op a(uzj_ﬁux ou,  duy  Bu,  ou,

0z Ox
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Nhu da phan tich & trén vé cdc thanh phin clia vécto quay o theo (3-57), ta c6:

0z Ox Y
ou
_Y_au_xzzmz
ox 0oy

thay vao (3-85) ta viét ra:
2
Fx — l@ — a& + Q 11_
pox ot ox| 2

Dong thoi ciing ¢6:

P 2 3-86
F, _l@:&+i(u—J+2(uxmz—uZ®x), (350
poy ot oy 2

2
Fz—l@za&+g L +2(u,0, —u,0,).
poz ot oz| 2 Y Y

J+ 2(u, 0, —u,,),

Hé phuong trinh (3-86) viét du6i dang vécto trd thanh:
~ 2
- - -
F- lgradp = a + grad(u—J +rotux u. (3-86")
p ot 2

D6 la phuong trinh Goroméco cong bo nam 1881. Pay 1a dang khai trién 1am ta thay
cu thé hon ring phuong trinh Ole ting dung dugc cho chuyén dong khong 6n dinh va
chuyén dong 6n dinh, cho chuyén dong xody va chuyén dong thé.

Trong nhiéu trudng hgp thuong gip 6 thuc t€, luc khai luong F 1a luc ¢ thé; khi do,
nhu da biét trong co hoc ly thuyét, ta c6 thé viét:

FX:_@ : Fy:_@, FZ:_@
ox oy 0z
va —dn=Fdx + Fdy + Fdz,

trong do m (X, y, z) goi 1a ham so6 thé.

Khi d6 phuong trinh dau cua (3-86) viét thanh:

2
L LR L O
ox pox ot ox| 2 v
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2
ou
hoac 2(—7:—2—“—]: = +2(uzmy—uy(oz).

Dong thoi

0 p u’) ou,
a(—n—— —7J = ?+2(uymx _ux(l)y).
Heé phuong trinh (3-87) nay la viét cho truong hop luc khai lugng 1a lIuc c6 thé.

Viét dudi dang vécto, hé phuong trinh (3-87) tré thanh:

_)
P u? ou -7
grad| -t —=——-— |=—+T10tUA U,
p 2 ot
p u’
hoac néu goi: 7n+—+—=E
p
> >
va rotu =Q,

thi phuong trinh (3-87') viét dugc lai thanh:
_)
-> -

a—qugradEJrQ/\ u=0.
ot
Trong trudng hop chuyén dong 6n dinh:

9
ou
N_p, e MMy 0

ot ot ot ot
hé phuong trinh (3-87) viét thanh:

0 p u?
&(_ T—= —?J =2(u,0, —uy0,),

p
2
3 —T[—B—u— :2(11XO)Z—UZ(DX)5
ay P2

2
2(— -2 %J =2(uy0, —u,0y).

Hé phuong trinh (3-88)viét dudi dang vécto trd thanh:

2 -> -
grad(—n—g—u?J =r1otuUA U
p

-> -
hodac: gradE+ QA u =0

(3-87)

(3-87)

(3-87")

(3-88)

(3-88")

(3-88")
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§3-24. TICH PHAN HE THONG PHUONG TRINH VI PHAN
CHUYEN PONG CUA CHAT LONG LY TUONG

Ta nghién ctiu viéc tich phan hé thong phuong trinh vi phan chuyén dong Ole viét
dudi dang trién khai Goromeéco (3-86). Ta xét trudng hop thudng gap: luc khaéi luong 1a luc
c6 thé€ va chuyén dong 13 6n dinh; d6 1a trudng hop biéu thi bdi hé phuong trinh (3-88),
ta nhan hai v&€ ciia mdi phuong trinh trong hé (3-88) riéng biét véi dx, dy, dz, roi cong v€
doi vé, ta duoc:

Hodc: d[— a-P_ %J =2D (3-89)

dx dy dz
D=lo, o, o,
U, uy ou,

Viéc tich phan phuong trinh (3-89) s& dugc don gian nhiéu trong trudng hop D = 0.
Ta chi xét truong hop nay, khi dé:

L4y tich phan, ta dugc:

2
n+£+u— =C = const. (3-90)
p 2

Biéu thic (3-90) duoc goi la tich phdan Bécnuiy. Tich phan nay néi ring téng co niang
ctia mot don vi khoi lugng chat 16ng 1y tudng (bao gébm thé niang biéu thi bsi wt, 4p nang -
2
boi 2 , dong nang - boi u7) 12 mot hang so, trong trudng hop D = 0.
P

Ta xét nhitng truong hop D = 0. Ta biét rang mot dinh thiic triét tiéu, n€u nhitng s6
hang ctia mot hang (hodc mot cot) ndo bang khong hodc néu nhitng s6 hang ctia mot hang
(hoac mot cot) ty 1& v6i nhiing s6 hang cia mot hang (hoac cot) khac. Nhu vay ¢6 4 truong
hop D = 0 sau day:
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D6 1a truong hop chuyén dong thé. Khi d6 trong phuong trinh (3-90) héng s6 tich
phan C c6 tri s6 nhu nhau cho bat ky diém nao trong moi trudng chuyén dong, vi & truong
hop nay, D = 0 v6i bat ky dx, dy, dz nao, tic 1a v6i bat ky doan ds nao, khong nhat thiét ds
phai 14y doc theo dudng dong. N6i mot céch khéc, trong chuyén dong thé, co niang cua
mot don vi khéi lugng chét 16ng 1y tudng & bat ky diém nao trong dong chay ciing déu
bang nhau.

dx dy dz

2. —

u u u

X y z

b6 1a phuong trinh duong dong. Khi dé tich phan (3-90) ding cho ting duong dong
riéng biét, véi nhiing tri s6 C riéng cho ting duong dong. 0 trudng hgp nay, trong biéu thic
ctia D nhitng thanh phin clia @ c6 thé khac khong, nghia 1a chuyén dong c6 thé la chuyén
dong xody. Vay tich phan Bécnuiy c6 thé tng dung cho chuyén dong xody, nhung hing s6
C cua tich phan c6 tri s6 khdac nhau doc nhitng dudng dong khac nhau. Vay co nang cua
mot don vi khéi lugng chét 16ng 1y tudng khong déi doc theo mot dudng dong.

dx dy dz

3. — —.
0, O, O

X y z

b6 1a phuong trinh dudng xody. Khi d6 tich phan (3-90) ding cho timg dudng xody
riéng biét, v6i nhiing tri s6 C riéng cho ting dudng xody. RS rang 1a tich phan Bécnuiy tng
dung cho chuyén dong xody trong trudng hop nay, nhung héing s6 C cua tich phan ¢ tri s6
khac nhau doc nhitng dudng xody khac nhau. Nhu vay co nang cia mot don vi khoi luong
chat 16ng 1y tudéng khong doi doc theo mot dudng xody.

4 U Uy Uy
X z

Oy

Ti 1¢ thic ndy ching t6 tai méi diém, phuong cua luu toc tring véi phuong ciia van
toc quay, hodc néi cach khac 1a dudng dong trung vé6i dudng xody; chuyén dong c6 dic
trung ndy goi 1a chuyén dong xodn, phan tir chit 16ong vira di dong vira quay xung quanh
dudng dong. Trong truong hop chuyén dong xodn, tich phan (3-90) c6 hing s6 C giit cung
mot tri s6 cho bat ky diém nao trong moi trudng chuyén dong, vi ciing giong nhu trudng
hop chuyén dong thé néi trén, & day D triét tieu, khong phu thudc toa do clia phin tir chat
16ng. Nhu vay co niang clia mot don vi khéi lugng chét 16ng 1y tudng trong chuyén dong
x0dn c6 tri s6 nhu nhau & bat ky diém nao clia moéi trudng chat 16ng chuyén dong.

Bon diém két luan trén c6 thé thdy ngay bang cach bién luan phuong trinh vécto
(3-88"), nhu sau:
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9
1. V6i Q =0, tic trong chuyén dong thé, thi rd rang theo (3-88"), ta c6:
gradE =0,
do d6: E = const,

véi tat ca moi diém.
_)
2. Nhan vo hudng hai vé& cua (3-88") v6i u thi dugc

-
—

u-gradE=u i-gradE =0
u

_)
dE
hoac: u i'glradE =u— =0
u ds
do dé: E =0.
ds

_)
Chi ¥ rang ds 1a 18y trén dudng dong (vi nhan vo huéng véi u ) nén:

E = const (doc duong dong).

9
3. Nhan vo6 hudng hai v€ cua (3-88") véi Q thi duoc:

—
-

Q -gradE=Q - %-gradE =0.

hodc: Q.| —-gradE :Qd—E =0
Q d/

do dé: d—E
d/

_)
Chd y rang d/ 1a 1ay trén dudng xody (vi nhan vo huéng véi Q) nén:

E = const (doc dudng xody).
- - > -
4.V6i Q /7 u,tas€cod Q xu =0 vatheo (3-88")
gradE=0

do d6: E = const
véi tat cd moi diém.

D6 1a trudng hop clia chuyén dong xodn.



Sau khi xdc dinh pham vi ting dung cua tich phan Bécnuiy (3-90), ta xét hai truong
hop vé luc khéi lugng c6 thé thudng gap trong thiy luc hoc: trudng hop luc ¢6 thé don
thudn 1a trong luc va trudng hgp luc ¢ thé 1a trong luc va luc quan tinh.

1. Truong hop luc co thé la trong luc

Trong hé toa do vuong géc ma truc Oz dat theo phuong thang diing huéng Ién trén,
khi luc khoi Iuong la trong luc thi:
on

F == —
2P g

Dods: m=gz+C.

Biéu thic (3-80) viét thanh:

u2
gz + —+ 7= const.

Neéu viét cho mot don vi trong luong, ta chia hai v€ cho g va duoc:

2
Z+B+‘21_=c, (3-91)
Y g

C la hing so6 tich phan. Biéu thic (9-31) thudng dugc goi 1a phuong trinh Bécnuiy, 12 mot
trong nhitng phuong trinh quan trong nhat trong thuy luc.

Chd y riang khi nghién citu phuong trinh Bécnuiy cia dong nguyén to chat long 1y
tudng chay on dinh (§3-7), ta tim dugc biéu thic (3-12) giong nhu biéu thic (3-91). Nhung
khi suy dién biéu thiic (3-12) bing dinh luat dong nang, hing s6 C (tic 1a tri s6 nang lugng
don vi c6 tri s6 khong déi doc theo dong nguyén t6 dang xét; & nhitng dong nguyén t6 khdc
nhau C c6 tri s6 khac nhau. K&t luan nay ctua phuong trinh (3-12) ting véi truong hop 2 ctua
phuong trinh (3-90), tifc 1a trudng hgp C gitt khong déi doc theo duong dong. RS rang la
céch suy dién phuong trinh Bécnuiy theo mau dong nguyén t6 va bang dinh luat dong nang
khong cho ta thay hét dugc 4 truong hop tng dung cua nd, nhu vira trinh bay & trén. Suy
dién phuong trinh Bécnuiy (3-91) tir tich phan Bécnuiy (3-90), ta c6 thé két luan ring
phuong trinh Bécnuiy (3-91) 4p dung dugc cho ca chuyén dong thé va chuyén dong xody.
Trong chuyén dong thé, co nang don vi & bat ky diém nao clia dong chdy ciing déu bang
nhau; trong chuyén dong xody, co nang don vi giit khong ddi hoac doc theo dudng dong
hoac doc theo dudng xody, co nang don vi c6 tri s6 khac nhau & nhitng duong dong khac
nhau hodc & nhitng dudng xody khdc nhau; riéng & trudng hop dic biét 1a chuyén dong
xody dong thoi 1a chuyén dong xoan, thi co nang don vi ¢6 tri s6 nhu nhau & méi diém clia
moi trudng chat 16ng chuyén dong.
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2. Truong hop luc co thé'la trong luc va luc qudn tinh

Gia st luc quén tinh 1a lyc ly tam, xudt hién trong truong hgp hé thong chat 1ong

quay xung quanh mot truc. Thi du chat 16ng chuyén dong theo duong di AB va dudng di

AB nay lai quay xung quanh mot truc thang ding véi téc do géc o (hinh 3-36). Nhu vay,

ngoai gia toc trong luc g, méi phan tir chat 16ng con chiu thém mot gia tdc o’r do luc ly
tam sinh ra, r 1a khoang céch ctia phan tir chat 1ong dang xét dén truc quay; khi do:

F, = o =’

X

Ox

Hinh 3-36

Vay tu —dr = Fdx + F,dy + F,dz, sau khi tich phan ta co:

2.2 2.2 2.2
—n:mzx + 27 —gz+C':® -gz+C',
trong d6 C' 1a hing s6 tich phan.
Tu phuong trinh (3-90), ta viét dugc:
2.2 2
gz — d + b + 3 const (3-92)
2 p 2
Viét cho mot don vi trong lugng chat 16ng, phuong trinh (3-92) c6 dang:
2 202
2+ B L 00 ¢ (3-93)
v 28 2g
D6i v6i hai diém 1 va 2 cang 14y trén mot dudng dong, ta viét dugc (3-93) dudi dang
2 22 2 22
e i o6, P Oh (3-94)
v o 2g 2¢ v 22 2g

trong d6 chi y ring u, va u, 1a van toc ctia chuyén dong tuong doi, tic 1a van téc doi véi hé
thong chat 16ng dang quay.
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o2
Néu dat: h 2 (r2 rlz) va goi h; la cot nuSe quén tinh trong doan duong dong ti
g

diém 1 dén diém 2, phuong trinh (3-94) viét thanh:

2 2
PP L AL IS .- L R N (3-95)
voo2g Y oo2g
Trong truong hop chat 16ng nhét, c6 tén that nang luong h', khi mot don vi trong
lugng chét 16ng di chuyén tir diém 1 dén diém 2, phuong trinh Bécnuiy c6 tinh dén luc quan
tinh (3-95) viét thanh:
P u% P2 u% ' '
z,+ —+—=2,+ =+—= +h, — h; (3-96)
vo2g v oo2g
Mot thi du tng dung phuong trinh (3-96) 1a truong hop dong chay trong dudng ranh
(v6i van toc tuong doi 1a u) gilta cac tdm 1a cia may thiy luc quay véi van toc goc 1a o.

§3-25. PHUONG TRINH CHUYEN PONG CUA CHAT LONG NHOT
(Phuong trinh Navié-Stoc)

Nhitng phuong trinh chuyén dong ctia chat 16ng 1y tudng c6 luc mat 1a tng suét phap
tuyén p tai mot diém cla phan t6 dién tich dang xét, tri s6 cha tGing suat tai diém dé khong
phu thudc vao huéng dat ctia phan t6 dién tich.

Phuong trinh d6 duéi dang vécto la (3-80"):

%
du _ F 1 gradp
dt p

Khi chat long la chit 1ong nhét, thi d6i v6i luong vo hudng p do, ta phai cong thém
nhiing Gng sudt phap tuyén va ti€p tuyén; nhiing ting suit nay phu thuoc phuong huéng ctia
nhan t6 dién tich, do d6 tng suat tai mot diém cta phan t6 dién tich dw néi chung khong
con vuong géc v6i dw. Phuong trinh chuyén dong cta chat 1ong nhét viét thanh:

%
d“ _F-Lgnadp- T, (3-97)
dt p

5
trong do f 1a tap hop nhiing luc nhét hodc ting suét nhét, tic dung 1én don vi khoi luong cta
chat 1ong.

1. Xdc dinh nhitng ving sudt trong chuyén dong ciia chdt long nhot

Ta xét chuyén dong ctia mot phén tir chét 16ng, van toc tai tam M(X, y, z) 1a u(x, y, z, t).
Tai mot thoi diém cho trude, ting suét 1én mot phan t6 dién tich do ¢6 tam M phu thuoc
phuong hudng clia phan t6 dé.
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Ta da biét (§1-6) ring c6 thé x4c dinh dugc ting sudt tai M khi da biét nhitng Gng suat
tic dung lén ba phan t6 dién tich c6 tam M va vuong gbc véi nhitng truc toa do. Goi p + ©
12 nhitng thanh phéan phép tuyén va t 1a nhitng thanh phan tiép tuyén, ta c6 thé lap bang sau
day vé nhiing ting suét, d6i xing doi v6i duong chéo thit nhat (bang nay con goi 1a tenso

ung suat):
p+o; 1)
T3 p+o; T
1, p+0;

(3-98)

O day, 4p sudt p 1a luong vo hudng, khong phu thuoc phuong ctia dw, con nhiing
thanh phin o va © déu 1a nhiing ¢ng suét nay sinh ra do nguyén nhan nhét (chd y ring doi
VGi chat 1ong 1y tudng thi 6, =0, =0, =1, =1, =1, =0).

A % T2
dw
I [ —
: T3
: M
I .
/
° P y
/o
Hinh 3-37

Hinh 3-37 cho thay cac tng suit d6i véi mot phan t6 dién tich do vudng géc véi Ox.

Riéng nhitng tng sudt nhét 1ap thanh bang sau day (bang nay con goi la tenso tng

suat nhot):

T, 0, T, (3-99)

T, T 63

tng v6i ndi dung sau day:
Ung suét tac dung Ung suét song song vdi

|én mat vudng goc Voi Ox Oy 0z
Ox (o] T3 Ty
Oy T O3 T
OZ Ty T O3
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Sau day ta xac dinh quan hé gifta cdc ting suat do nguyén nhan nhét va nhiing dac
trung clia chuyén dong clia chat 16ng nhdt.

2. Nhiing quan hé giita bién hinh va nhiing ving sudt nhot

Ta da bi€t chuyén dong ctia mot phan tir chat 16ng c6 thé phan tich thanh ba dang:
chuyén dong tinh tié€n, chuyén dong quay va chuyén dong bién hinh.

Trong chuyén dong tinh ti€n va quay, phan tir chat 16ng di chuyén thanh mot khoi
nhu vat rin. Nhitng dic trung thudc tinh ctia chat 16ng chi thé hién trong su bién hinh ctia
phan t&r chat 10ng, nhu vay nhiing hién tugng vé tinh nhét tat nhién phai dac biét gan voi
nhitng bién hinh dé. Tir d6 ta c6 thé coi ring nhiing ng suét nhét ¢6 quan hé véi nhitng van
toc bién hinh: van toc bién hinh tuong doi vé do dai va van toc bién hinh gbc. Néu ta gia
thi€t ring nhitng van t6c¢ bién hinh d6 12 nho, ta c¢6 thé khai trién nhitng quan hé do ra cap
s6 Taylo va chi giit nhitng s6 hang ddu. Nhu vay ta c6 thé viét ra nhitng ham s6 tuyén tinh
va thuan nhat biéu thi hai gia thiét sau day vé nhiing tng suét nhét.

Gid thiét thir nhdt: Nhitng thanh phan ti€p tuyén t cta nhiing dng suét nhdt ti 1& véi
nhiing van toc bién hinh géc, tuc la:

auz al,ly
M e )
ou ou
S| e A 3-100
"2 ! 0z Ox ( )
8lly aux
B Ty

Nhu vay nhitng bién hinh géc tuong tng véi su trugt & bén trong phan tir.

Gid thiét thit hai: Nhiing thanh phan phép tuyén ¢ cta nhiing Gng sudt nhdt 1a nhiing
ham tuyén tinh ctia nhiing van t6c bién hinh tuong doi vé do dai:

ou
o, =-2 X
1 n ox
auy

c, :—2#[5 (3-101)
u,
oy =72 0z

Hai gia thiét nay duoc nghiém ding d6i v6i chuyén dong cta chdt ldng khong nén
duroc, ddng chat, dang huéng va ¢ vdn téc bién hinh nhd; hé so6 ti 1& p chinh 13 hé s6 nhét
ma ta da biét.
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3. Ap sudt tai mot diém trong chdt 1ong chuyén dong

Ta xem xét mot phan t6 dién tich do cé tam M, dat vuong géc véi truc Ox; thanh
phén tng sudt phap tuyén cla phan t6 dién tich d6 (hinh 3-37) la:

ou,
00X

p=p+0, =p —2u——, (3-102)
trong d6 p 1a 4p suét tai diém M khong phu thudc huéng dit ciia do xung quanh M. Khi xét
mot phan tir chat 16ng, ching ta da biét 1a p ludn luon hudng vao phia trong cua phan tt,
ta cling s€ dat huéng o, 1a duong theo cling chiéu.

Khi chat 1ong ding can bang, tat ca cdc dao ham déu triét tiéu, chi con lai iing suét
phdp tuyén p; d6 1a dp suat clia chat 16ng 1y tudng. Ta thdy lai rdng trang thai tinh cta chat
long 1y tudng va cua chat 16ng nhét 1a nhu nhau.

Khi chat 16ng thuc c6 mot van toc, ma xung quanh diém M tat ca nhitng gradién

y ou . e .. . . , .
van toc nhu a—" déu nho, thi su phan bd 4p suat ciing gan tuong tu nhu ¢ chuyén dong
X

cua chat 16ng 1y tudng; di€u nay thudong xay ra trong thuc tién tai nhitng ving chay & xa
mat ran.

4. Phuong trinh Navié-Stoc

Ta viét phuong trinh chuyén dong clia mot phan tir chit 16ng thuc hinh hop, c6 canh
dx, dy, dz, bing cdch lap luan nhu d6i v6i chuyén dong ctia phén tr chat 1ong 1y tudng, chi
khac 1a trong truong hop nay ta phai cong thém nhiing luc nhdét.

Ta hdy viét phuong trinh dong luc hoc trén truc Ox (hinh 3-38). Hinh chi€u lén Ox
cta ba loai lyc tac dung la:

- Luc khsi: ty
0
— . + —3
F, = pdxdydz: & 6?/
Ap luc: P p+ ® deo
- Ap luc: ; P
6I_— —  +< e
p— p+@dx dydz:—@dxdydz; — c' 0%
ox ox
3 @
o} T .

- Nhiing luc sinh ra béi nhitng ting suat nhét tac

Hinh 3-38
dung 1én cac mat khac nhau cua hinh hop: "

Trén nhitng mat vudng géc véi Ox:

0 0
c; —| 04 +ﬂdx dydz = —ﬂdxdydz;
0x 0x
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Trén nhiing méat vuong géc véi Oy:
I oy )] o

T3 — (13 + —3dyJ dxdz = ——3 dxdydz ;
i a )] oy

Trén nhitng mat vudng goc véi Oz:

0z

I G ] G
T, —(12 +ﬁdzj dxdy = —%dxdydz .
v4

Nhu vay téng hop nhitng luc nhét chi€u lén Ox la:

- a&+%+% dxdydz
ox oy 0z

Hinh chi€u 1én Ox cua luc quan tinh la:

du,

dxdydz
paxdy it

Vay phuong trinh dong luc hoc viét theo truc Ox la:

duy dxdydz = pF.dxdydz — P dxdydz —| 2%t + 9% 4 982 gy avay
dt O0x ox o0y Oz

hoac:
duy, p_1lop 1% 0t 0vy (3-103)
dt pox p\ox 0Oy o0z

Néu thay 6, 15, T, bang nhiing tri s6 rit ra tir (3-100) va (3-101), ta viét lai (3-103)
thanh:

2 2 2 2 2
du, =Fx_lap E[26ux o°u, Oy 6ux+6uzl
¥

- + Sttt +—
dt p Ox Ox oy ox0y ¢z 0x0z
hoac:
2 2 2 ou
du, :Fx—l@ oy L8 O Oy | OO0,y | Ou (3-104)
dt p OXx oxr oy o ox| ox oy 0z
trong do: v - hé s6 nhét dong hoc, v = Ly
p

Nhan xét rang c6 thé dung toan tir A dé viét:

2 2 2
Au, = 8u2X+6uz +8112 ,
ox oy 0z

X X
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va do tinh lién tuc cha chdt 16ng ma ta c6 thé viét:

aux 811)’ 811z
+ + =

0,
ox oy 0z

nén phuong trinh (3-104) thu gon lai dugc thanh:

d
W g 1P (3-105)
dt p Ox

Lap luan tuong tu d6i v6i phuong trinh dong luc trén cac truc Oy va Oz, thi ta dat
dugc hé thong ba phuong trinh vi phan chuyén dong cta chét 1éng nhét khong nén duoc,
goi 1a phuong trinh Navié-Stoc:

du—":Fx—l@JrvAux

dt p Ox

du

—Y_F —1@+vAu (3-106)
dt Y poy Y

diZFZ—l@-FVAUZ

dt p oz

hoac viét duéi dang vécto:

%
- -
d_u: F—lgradp+vAu. (3-107)
dt p

So sanh véi (3-97), thi:

N

_)
—f=vAu. (3-108)

Hé phuong trinh (3-106) dugc Navié tim ra nam 1822 xuét phdt tir nhitng gia thiét vé
nhiing luc phan tr va dugc Stoc 1ap lai nam 1845, theo 1ap luan dang dugc trinh bay, xuét
phat tir gia thi€t la nhitng Gng suit phdp tuyén va ti€p tuyén do tinh nhét gay ra la nhiing
ham s tuyén tinh cua nhitng van toc bié€n hinh, phit hop véi dinh luat ma sat trong Niuton.

Néu nguoi ta biét tich phan phuong trinh Navié-Stoc, cé tinh dén nhiing dicu kién
bién biéu thi bang ham s6 cha thoi gian va néi riéng c6 tinh dén luc clia thanh, thi nguoi ta
c6 thé giai nhitng bai todn thity dong luc hoc bang giai tich.

Viéc tich phan cac phuong trinh nay vap phai nhitng khé khan chua giai quyét dugc,

_)
vi nhitng s6 hang lién quan dén tinh nhdét (VA uj va nhitng s6 hang lién quan dén gia toc
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dd—ltldéu cing mot do 16n. Pay chinh lai 1a diéu ngudi ta thuong gap trong thuc tién, tai

viing 1an can nhitng thanh ran. Vi vay thudng phai dung thi nghiém dé dé nghién citu nhiing
diéu kién ctia dong chay.

5. Mot s6 truong hop ddc biét, don gidn cua phuong trinh Navié-Stoc

a) Néu v = 0, ta tr& lai phuong trinh chuyén dong Ole ctia chat 1dng 1y tudng (3-80)
hoac (3-80").

4}
b) Néuv=0va u =0, ta trd lai phuong trinh Gle thuy tinh (2-6) hoic (2-6").

-
-

c¢) Néu chuyén dong 1a thang va déu, tic la (11—?: 0 va Au=0, ta tim lai phuong

trinh thuy tinh (2-6) hodc (2-6') va 4p suat tai moi diém ctlia chat 16ng tuan theo dinh luat
thay tinh.
N
d) Ta c6 mot 6ng dong véi do cong khong ddang ké, van toc u song song véi truc Ox.
Nhu vay u = u, va u, = u, = 0. Phuong trinh Navié-Stoc viét cho cic truc Oy va Oz
trd thanh:

Ll
p Oy
_w
p Oz

Diéu dé chiing té rang trén mat phang zOy vudng géc véi duong dong, su phan bo 4p
sudit tuan theo quy luat thiy finh. O day ta lai thdy dic tinh clia dong déi dn ma ta di néu
6 §3-11.

e) Néu dong chdy c6 thé luu toc thi ta c6 thé viét theo (3-64")

_)
u = grado

va do do:

_)
Au = Agradp = gradAp = 0.

Vay phuong trinh Navié-Stoc, trong truong hop nay, da trd thanh phuong trinh
chuyén dong Ole cua chat 16ong 1y tudng (3-80). Ta c6 thé néi rang khi dong chdy cla
chat 16ng nhét c6 the luu toc, thi chuyén dong Ay dugc coi nhu chuyén dong ctia chat 16ng
1y tudng.
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6. Suy dién phuong trinh Bécnuiy ciia chdt 1ong thuc

N
Trong nhiéu truong hop thuong gap 6 thuc t€, luc khoi F 1a luc ¢6 thé va & trudng hop
nay ta xét luc do la trong luc.

Nhu vay ta c6:
-
F = —grad(gz) (3-109)

truc z dat thang ding, chiéu duong huéng Ién trén. Phuong trinh Navié-Stoc, trong trudng
hop nay, c6 thé viét dudi dang vécto nhu sau:

_)
N
du = —grad(gz) —lgradp —f (3-110)
dt p
9
BN
hoic: d_u= —grad(gz + Bj —f (3-111)
dt p

5
3 vécto nay déu cling nim trong mot mat phang, f 12 siic ma st d6i v6i mot don vi

khoi lugng chat 16ng.

Chiéu dang thic vécto nay lén tiép tuyén Mt va lén phap
9

g 9 ~ ~, N a 9 d N <
tuyén Mn cua qu¥§ dao, nhitng thanh phan cua d—u lan lugt la
t

2

% va uE (R 1a ban kinh cong MC ctia quy dao tai M), (hinh
3-39).

Chiing ta c6 duogc (doi véi chuyén dong on dinh):

Hinh 3-39
PUCINCH Pt ) 3-112)
0s 0s p
2
u 0 p
L PO i 3-113
R @n{gz pJ ! G119

trong do f, va f, 1a nhiing hinh chi€u cta lyc ma sat f .

Nhan hai v€ cua phuong trinh thit nhat cho moét vi phan dai trén quy dao ds = udt,
ta dugc dang thifc sau day, viét theo qu§ dao (ciing 1a theo dudng dong):

udu =—d(gz+£}—ftds (3-114)
p
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u’ p
hoac: d 5 =—d| gz+~ |—f,ds (3-115)
p

bat fds = dt 1a cong nguyén t6 sinh ra trén quy dao bdi nhitng luc ma sat doi v6i mot
don vi khoi lugng. Chia cho g, ta dugc:

2
d Z+B+“—j=—$=—dh'w (3-116)
Y 2g g
pout
hoic: dlz+=+—+h, |=0 (3-117)
Y 2g

dh', 1a cong nguyén to sinh ra béi luc ma sat doi véi mot don vi trong luong cua chit 16ng
titc 12 ton thdt cot nudc.
Tich phan doc theo qu¥ dao, ta duoc:
p_ut
z+—+—+h,, =const = H. (3-118)
v o2g

D6 la phuong trinh Bécnuiy viét cho mot don vi trong lugng chit long thuc, ma ta da
gap & (3-13"), (§3-8); y nghia thiy luc hoac hinh hoc ctia dang thiic (3-118) duoc thay 10
trén hinh 3-12, (§3-10).
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Chuong IV

TON THAT COT NUGC TRONG DONG CHAY

§4-1. NHONG DANG TON THAT COT NUGC

Trong phuong trinh Bécnuiy viét cho toan dong chay thuc (3-25), s6 hang h,, 1a nang
lugng ctia mot don vi trong luong chét 10ng bi tdn that dé khac phuc stic can cta dong chay
trong doan dong dang xét. Ta con goi h,, 12 ton that cot nuéc.

Dé tién viéc nghién citu, ta chia tén thit cot nudc lam hai dang:

- Tén thit doc dudng sinh ra trén toan bo chiéu dai dong chdy déu hoac khong déu
ddi dan, ta ky hiéu tén that nay bang hy; thi du: tén that trong 6ng thang dan nudc.

- Tén thét cuc bo sinh ra tai nhitng noi cé biét, & d6 dong chay bi bién dang dot ngot;
ta ky hiéu ton thit ndy bang h; thi du: t6n that tai noi 6ng uén cong, 6ng md& rong, noi cé
dat khéa nuéc v.v...

Nguyén nhan cta ton that cot nudc, du dudi dang nao, ciing do su ma sét giita cdc
phan tir chét 16ng tic do ma sét trong sinh ra. Cong tao nén bdi luc ma sat nay bién thanh
nhiét nang mat di khong thé 14y lai cho dong chay.

Vi gia thiét 1a cdc dang ton that trén xay ra doc 1ap doi véi nhau, thi ton thit nang
lugng h,, clia dong chay c6 thé viét nhu sau:

h,=2>h, + 2h,, 4-1)
trong do:
>h, - téng cong céc ton thit doc dudng clia dong chay;
>'h, - téng cong cac ton that cuc bo clia dong chay.

Trong nhiing tiét sip t6i, ta nghién ctu k§ su tén that doc dudng ctia dong chay déu.
Trude hét, ta cAn tim phuong trinh co ban cia dong chay déu.

§4-2. PHUONG TRINH CO BAN CUA DONG CHAT LONG CHAY PEU

Ta cén tim m6i quan hé giita t6n that cot nuée doc dudng v6i ma sét trong dong chdy déu.

Trong dong chay déu c6 dp hoidc khong dp (dong chay ddy ong hoidc & kénh ho), ta
14y mot doan dong dai / gigi han boi nhitng mat cat w6t 1-1 va 2-2 (hinh 4-1a va 4-1b),
phuong chdy lap vé6i phuong thang ding mot géc 0.
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Goi o 1a dién tich mat cét, trong dong chay déu o = const doc theo dong chay. Do
cao clia trong tam cdc mat cat 1-1 va 2-2 d6i véi mat chuén ndm ngang 0-0 1a z, va z, dp
suat thuy dong tai nhiing tam 4y 1a p, va p,. Trong dong chay déu dp suét thiy dong trén
mat cit u6t phan bo theo quy luat thuy tinh (xem §3-22). Trong ong (tic 1a dong chay c6
4p) thi 4p sudt tai trong tam c6 thé biéu thi qua cot nudc ap suat Proa P2 g trong tam

Y Y
mat cat, con trong kénh hd (tiic 1a dong chay khong 4p) thi dp suét tai trong tam do boi do
ngap sau cla trong tam. Ta goi 7, 12 Gng suét ti€p tuyén bi€u thi su ma sét trén don vi dién
tich, trén mat thanh ong hoac kénh.

Céc ngoai luc tdc dung 1én doan dong chit 1ong chay déu, chi€u theo phuong clia truc
dong la:

1. Luc khéi lugng: & day luc khoi luong duy nhat 1a trong luc G = yol, c¢6 diém dat tai
trong tam doan dong; hinh chiéu ctia né 1én truc dong chay la Gcos® = ywlcosO. Trong
dong chay déu khong c6 gia t6c, do do, luc quan tinh bang khong.

2. Lyc mat:

a) C6 dong ap luc P, = P,» va p, = p,m tdc
dung thing géc v6i mat cat udt; nhitng luc nay
song song véi phuong cla truc dong va hudng
vao ndi bo doan dong, con cac ap luc thuy dong
tdc dung 1én mat bén clia doan dong déu thiang
goc v6i truc dong, do d6 hinh chiéu 1én truc
dong bang khong.

b) Ngoai ra, & mat bén cta doan dong
dang xét con sic ma sat dat nguge chiéu chay,
bang tich s6 cla Gng suat ti€p tuyén 1, v6i dién
tich mat bén: 1)/, trong d6 y 1a chu vi uét.

Vi la chay déu, tiic chuyén dong khong c6
gia toc, nén téng s6 hinh chi€u cédc luc trén N
phuong truc dong bang khong: Hinh 4-1

PO - P,® - Tyx! + ywlcosO =0 4-2)
Trén hinh vé ta thay:
A
)
Sau khi thay cos bang céc tri s6 & (4-3) va chia cdc s6 hang clia phuong trinh (4-2)
cho trong luong G = yw! s& dugc:

Y v :T_OL_T_OL_ (4-4)
Y

cosO =

(4-3)
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Mat khdc, ta viét phuong trinh Bécnuiy cho hai mat cat 1-1 va 2-2:

2 2
o Vv o,V
AR 4 S AV . A A

+ h,
Y 2g Y 2g

Trong trudng hop dong chay déu 1a ¢6 dp, ta cé v, = v, va o, = o, do dé:

(Zl +&j - (Zz +p—2J =h, (4-5)
Y Y

Trong trudong hop dong chay déu 1a khong dp, ngoai v, = v, va o, = a,: ta cdn ¢
p, = p, Vi d0 sau trong tam cua hai mat cit déu bang nhau, do do:

(Zl + &j - (Zz + P_zj =7,-27,=h, (4-6)
Y Y

Mang nhiing két qua (4-5) va (4-6) thay vao (4-4) ta dugc:

rO_h

-0 _—d
YyR [
N 2 N R A A z 2 18 R g N N L2 A hd N
Trong dong chay déu, ton that cot nudc chi la ton that doc duong hy; vi ty s 7 la
do doc thay luc J nén:
Y _Rry 4-7)
Y

D6 1a phuong trinh co bdn ciia dong chdy déu, dung cho ca dong chay c6 dp 1an dong

chay khong ap. Phuong trinh nay dat méi lién hé gitta ton thit cot nuée doc dudng (qua J)

v6i stic ma sdt, cu thé 1a v6i ting sudt ti€p (qua t,). Su ton that cot nuée dé phu thudc vao
trang thai chay ctia chat l1ong ma ta s€ nghién ciu ky & ti€t ti€p sau.

Chi y ring tén thit cot nuéc clia dong khong on

— - dinh hoéc ctia dong 6n dinh khong déu rat kho tinh ra, nén

thudng phai gia thiét 1a c¢6 thé muon cong thic ton that cot

%‘C / nudc cuia dong chdy déu dé tinh.
//W / Nhan xét. Theo céch lap luan trén, d6i véi dong chay
-

déu ¢6 dp, phuong trinh (4-7) con ding cho phén cua dong

T chday déu c6 béan kinh r < r, (hinh 4-2, phan gach chéo).
Hinh 4-2 o} phan nay, ta goi t la Gng sudt ti€p, ban kinh thuy luc
duoc tinh bing R = % va theo (4-7) ta viét:
T r
—=J= 4-8
s (4-8)
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Doi véi toan 6ng ban kinh r,, ing suat ti€p la 1, ta viét:

T _ o
Y 2

Nhu vay, chia hai dang thiic trén vé doi vé, ta c6:

T T
To To
r
hoac: t=17— (4-9)
To

Vay: tng suat ti€p bién thién theo quy luat bac nhét trén mat cat 6ng; tai tam (r = 0),
ing suat ti€p bang 0; tai thanh 6ng (r = r,), Ung suét ti€p co tri sO cuc dai 1, (hinh 4-2).

Quy luat bac nhat nay ciing ding cho dong chay khong ap.

§4-3. HAI TRANG THAI CHUYEN PONG CUA CHAT LONG

1. Thi nghiém Rdynén: Trong thuc t€ ton tai hai trang thdi chay khic nhau cta chat
long nhét. Tuy theo trang thdi chay ma ciu tao ciia dong chay, su phan bo Iuu toc, su phan
b6 tng sudt ti€p, ton that nang lugng v.v... ¢6 nhitng quy luat khac nhau. Tir dau thé ky thit
19 nguoi ta da so bo bi€t c6 nhiing trang thai chay khac nhau nay (Haghen, nam 1839 va
1840; Mendélép nam 1880); nhung t6i nam 1883, nha vat 1y hoc Anh O. Raynoén méi
ching minh bang thi nghiém ring trong thuc t€ ton tai hai trang thdi chdy khac biét nhau
mot céch sau sic. D6 12 mot su kham phd 16n vé quy luat chuyén dong cta chat 16ng thuc;
lam cho mon thity luc c6 co s& dé phat trién manh mé Ién mot budc quan trong.

Thi nghiém Raynon trinh bay mot cich so luge
nhu duéi day (hinh 4-3).

Mot thiing A khé 16n chita nude, gan vao né c6
mot 6ng thly tinh dai T, c6 dudng kinh khong déi:
mot ddu 6ng nay cam sau vao trong thing A c¢6 miéng
vao hinh loa L dé cho nu6c di vio 6ng dugc thuan.
O dau kia cha 6ng c6 khéa B d€ diéu chinh luu lugng
di qua 6ng; phia dudi chd ra cua 6ng T dat mot thing
do luu luong. Phia trén thung A dat binh D dung nudc
mau ¢6 ty trong cla nudc; gan vao binh D mot ong
nho, & dau kia clia 6ng nhd nay ldp mot cdi kim dé
dan nudc mau tir binh vao 6ng, trén ong nho ciing ¢
khéa K dé diéu chinh luu luong nuéc mau.

Trinh tu thi nghiém nhu sau:
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Trudc hét, gitt muc nude trong thung A c6 dinh, khong dao dong. Bét ddu thi nghiém,
md khéa B rat it cho nudc chay tir thing A vao ong T. Doi sau vai phit dé dong chay trong
ong 6n dinh, m& khéa K cho nuéc mau chdy vao 6ng. Liic ndy quan sit 6ng thay tinh T, ta
thay hién 1én mot vét mau nho cang nhu sgi chi, diéu nay ching to rang dong mau va dong
nudc trong 6ng chay riéng ré khong xdo tron 1an vao nhau. Néu m& khoéa tir tir thi hién
tuong trén cé thé tiép tuc trong mot thdi gian nao d6. Khi d3 m& dén mot mic nhat dinh
(Iuu toc trong 6ng dat tGi mot tri s6 nao d6) thi vét mau bi dao dong thanh hinh séng. Tiép
tuc md khéa nira, vét mau bi dit doan, sau cting hoan toan hoa 1an trong dong nudc; lic nay
dong mau xdo tron vao dong nude trong ong (hinh 4-3a, b, ¢).

Trang thdi chay trong d6 céc phan tlr chit 16ng chuyén dong theo nhiing tang 16p
khong xdo tron vao nhau goi la trang thai chay tang.

Trang thdi chdy trong d6 cac phan tir chat 16ng chuyén dong vo trat tu, hdn loan goi
la trang thdi chay rai.

Thi nghiém mo ta & trén 1a thi nghiém vé su chuyén bién clia dong chay tir trang théi
chay tang sang trang thai chay roi.

Néu ta lam thi nghiém nguoc lai, tic 1a van khéa nho lai cho luu téc trong 6ng tir 16n
dén nho thi thdy dé€n mot ldc nao do, vét mau dang khong ro lai dan dan xuat hién va cuoi
cung hién 16 thanh s¢i chi mau, tic 12 dong chdy dang tlr trang thdi chay r6i chuyén sang
trang thai chay tang.

Trang thdi chay qua do tlr ting sang r6i hoac tir r6i sang tang goi la trang thai chay
phan gidi.

Luu t6c tng v6i dong chay chuyén tir trang thdi chay tAng sang trang thai chay r6i goi
12 luu t6c phan gidi trén, ky hiéu vi,,,. Luu téc, ing véi lic dong chay chuyén tir trang thai
chay r6i sang trang thdi chay tang goi 1a luu téc phan gidi dudi, ky hiéu v,

Qua thuc nghiém thay: vg,.. > Viaue-

Thi nghiém ching to: luu téc phan gidi khong nhitng phu thudc vao loai chét 1ong ma
con phu thuoc vao dudng kinh 6ng 1am thi nghiém. Vi vay, khong thé diing mot van toc
gidi han nao dé 1am tiéu chudn chung phan biét trang thdi chay cho moi loai chat 16ng hoic
v6i moi loai dudng ong dugc. Sau day l1a cach xac dinh tiéu chuin phan biét do.

2. Tiéu chudn phan biét hai trang thdi chdy

Dua vao két qua nhicu thi nghiém, Raynon da diing mot dai luong khong thd nguyén
dé dac trung cho trang thdi chay, d6 1a s6 Raynon, ky hiéu Re:

Re-Yd (4-10)

|4

trong d6: v - luu t6c trung binh mat cat;
d - duong kinh 6ng;

v - hé s6 nhét dong hoc.
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Trong biéu thic (4-10), dai luong chiéu dai c6 thé khic nhau: hoac 1a dudng kinh d,
hodc 1a ban kinh thiy luc R v.v... Néu cén phan biét dé tranh nham 14n, thi khi dung duong
kinh d trong (4-10), ta ky hiéu Re,, khi diing ban kinh thuy luc R ta ky hiéu Re.

S6 Raynon c6 thé coi l1a ty s6 gitta luc quan tinh va luc ma sdt nhét. Thuc vay, vi luc
quén tinh la:

du
F=p—W
1= P dt
va luc nhét la:
du
F,=nu—S
2 Hdn

(trong d6 W 1a thé tich, S1a dién tich) nén ty s6 giita ching:

du dn

7W i
ﬂ:pdt _dt VI
E, M@S vS

dn

10 rang biéu thi s6 Raynon.

Tri s6 Raynon tuong tng vdi tri s6 phan gidi tir chay tang sang chay rdi, hoac nguoc
lai tir chay roi sang chay ting, goi 1a tri s6 Raynon phan gidi, ky hiéu bang Re.

Ung V6i Vg, ta c6 Raynon phan gi6i trén:

VKtren d
A%

ReKtrén =

Ung v6i vy ta €6 Raynon phan gisi dudi:

Vidusi *d
Y

Rey s =

Trang thai chay ting v6i s6 Raynon Re < Rey,,; bao gio ciling la chay tang
Trang thai chay Re > Rey,,, bao gio cling la chay roi.

Trang thdi chdy c6 Regy < Re < Reg,e, €6 thé 1a chy ting hodc chay r6i, nhung
thuong 1a chay roi, vi lic nay trang thdi chay tang khong bén, chi cdn mot xdo dong nho
cling du lam cho n6 bién thanh chay roi.

Qua nhiéu thi nghiém ta thdy rang Rey,,, khong c6 mot tri s6 xdc dinh, thudng dao
dong tir 12.000 dén 50.000. Trai lai, Rey,,; d6i v6i moi loai chit long va déi véi duong
kinh khdc nhau déu c6 mot tri s6 khong déi va bang 2.320. Do do, Rey,,; duoc dung lam
tiéu chudn dé phan biét trang thai chdy. Ta coi rang khi Re < 2.320 s& ¢6 trang thai chdy
tang; khi Re > 2.320 s& c6 trang thdi chay roi.
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Dai v6i kénh dan, ta dung ban kinh thiy luc R thay cho dudng kinh d trong cong thic
(4-10): Rey = YR . Thi nghiém cho biét: khi Rey < 580, trang thai chay la chay tang; khi
v
Reg > 580, trang thdi chay la chay r6i. Trong thuc t€ cong trinh thuy 1gi, trir dong tham dudi
dat, tuyét dai da s6 dong chay trong ong, trong kénh, trong song thién nhién la chay roi.
Chi trong phong thi nghiém, khi 1am c4c thi nghiém mo hinh, c6 thé gap dong chdy tang.
Can chi y rang nhitng tri s6 Raynon phan gidi néu trén 1a ting v6i nhitng dong chay
déu trong 6ng va kénh.

3. Anh hudng ciia trang thdi chdy doi voi quy ludt tén thdt cot nudc

Trang thdi chdy rat quan trong doi v6i quy luat tén that cot nude. Khi t6c do chay
cang tang, su x4o tron clia cdc phén ti chat 16ng cang manh, do d6, chuyén dong cta chat
long cang gap nhiéu tr& Iuc hon. Vi vay, trong dong chay rdi, ton that nang lugng 16n hon
trong dong chdy ting va cang tang khi t6c do cang 16n. Ta nghién cttu quan hé gitta tén that
cot nuée doc duong h, va toc do trung binh v ting v6i mot loai chit 1ong nhat dinh, véi mot
ong tron nhat dinh. Trén 6ng tron dung dé thi nghiém (hinh 4-4), 1y mot doan dai / dat
gifta hai mat cat 1-1 va 2-2, & d6 ¢6 gan 6ng do dp; ting v6i mdi luu téc v ta do duge mot do
chénh muc nudc h, trong hai 6ng do dp. Ap dung phuong trinh Bécnuiy cho nhitng mat cit
1-1 va 2-2, ta viét dugc:

Y28 Y28

Vi dudng kinh 6ng d = const, nén dong chay 1a chay déu: v, = v,; o, = a,; vi 6ng dat
nam ngang, nén z, = z,. Vay phuong trinh trén viét lai thanh:

+ h,

h, = P1— P> LN i

Y — —

Tiic 1a ton that cot nuée A&,

bing do chénh muc nude & hai / /
ong do ap (hinh 4-4).

Trén d6 thi v6i truc tung c
biéu thi h, va truc hoanh bidu 2K
thi v, ta v€ dudng quan hé giita
h, va v trén co s& nhitng diém =
thi nghiém. — s — -

Qua hinh v€ (hinh 4-4a) ‘ v 0 o lgv
ta thé:y; Hinh 4-4

1,
VAR (Vo] LA

- Ung véi trang thdi chdy ting (Vv < Vi), duong biéu dién OA 1a duong thang di
qua goc:
hy = kv @-11)
trong do k, 12 hang so ty Ié.
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Nhu vay: trong dong chay tang tén thit cot nudc doc dudng h, ty 1¢ bac nhat véi luu
toc trung binh mat cat v.

- Ung véi trang thdi chdy r6i (v > vg,,), dudng biéu dién AD 1a mot dudng cong
c6 dang:

hy = k,v", (4-12)

trong d6 k, 1a hing soO ty 1&; m 1a s6 m{i, m = 1,7 + 2,0 trong doan AC, m = 2 trong
doan CD.

Nhu vay: trong dong chay réi tén that cot nudc doc dudng h, ty ¢ véi bac m chia luu
toc trung binh mit cit v, tri s6 m bién déi tir 1,7 dén 2.

- Trong khu VUC Vg5 < V < Viyen tON tai 2 doan AB va AC: doan AB tng véi truong
hop qua do tir chay tang sang chay r6i, doan AC ting véi truong hop qua do tir chay rdi sang
chay tang.

Néu 14y logarit hai v€ cta (4-11) ta dugc:

Igh, = Igk, + Igv. (4-13)

Trén hinh 4-4b, phuong trinh (4-13) biéu thi biang dudng thang EL, 1ap véi truc hoanh
mot géc bang 45°.

Néu 14y logarit hai v& (4-12) ta dugc:

Igh, = Igk, + mlgv. (4-14)

Trén hinh 4-4b, phuong trinh (4-14) biéu thi bi doan FS gém hai phan:

FM ¢6 1,7 < m < 2 va phan MN ¢6 m = 2. Sau day, ching ta nghién ctu cong thic
tong quét tinh tén that doc dudng trong dong chdy déu chung cho trang thdi chay tang va
chay r6i, chung cho chay c6 ap va khong ap.

Thi du I: Tim trang thai chay clia nudc trong 6ng c6 duong kinh d = 200 mm, luu toc
trung binh v = 1 m/s, hé s6 dong hoc nhét v = 0,01 cm?*/s.

Gidi: Ta tinh tri s6 Re theo (4-10); v6i v = 100 cm/s, d = 20 cm, v = 0,01 cm?/s, ta
tinh ra:
vd _ 100x20
Y 0,01

Vay trang thai chay la chay roi.

=200.000 > 2.320

Thi du 2: Tim trang thai chay cua diu trong 6ng cé duong kinh d = 150 mm, Iuu t6c
trung binh v = 0,3 m/s, hé s6 nhét dong hoc v = 0,28 cm?/s.

Gidi: Ta tinh tri s6 Re theo (4-10); v6i v = 30 cm/s, d = 15 cm, v = 0,28 cm?/s, ta
tinh ra:

Re= Y9 = 3015 600 < 2.320
v 028

Vay trang thdi chay la chay tang.
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§4-4. TRANG THAI CHAY TANG TRONG ONG

Trang thai chay tang dac trung boi s6 Raynon (Re < 2,320), néi chung, trong thuc t&€
it gap. NO chi xuét hién trong 6ng dan dau ciia mdy moéc, trong nudc ngdm dudi dat v.v...
Nhiéu van dé chdy tang c6 thé hoan toan gidi quyét bang ly luan.

Viéc nghién ctru dong chay tang khong nhiing giup ta tinh toan cic dong chay tang
khi can thi€t ma qua do, con gitp ta so sanh va phan biét sau hon dong chay tang véi dong
chay r6i, do do, c6 thé hiéu dong chdy réi dugc rd hon. Ta nghién citu dong chay tang vé
may mat sau day:

1. Sy phdn bo'luu toc trong dong chdy tang
Trong trang thdi chay tdng, ung sudt ti€p hoan toan sinh ra bdi tinh nhét cuia chat 16ng
va duoc xac dinh theo cong thitc ctia Niu-ton (1-7), viét & truong hop nay dudi dang:
T=-p—, 4-15
noo (4-15)
trong d6: p - hé s6 nhét dong luc;
u - luu toc cua 16p chat 1ong;
r - khoang céch tlr tam 6ng dén 16p chat long dang xét.
Chd ¥ riang luu t6c u cang tang khi cang ra gitta 6ng, tic 12 khi r cang giam, do d6,

o . du ’ . . N
bao gio cling c6 i < 0, cho nén, mudn cho t luon ludn duong, can phai dat dau trir phia
r

. du
truéc —.
dr

Mit khéc, ta da biét trong dong chay déu, theo (4-8):
T=yl- (4-8)
Y 2

Muon xac dinh quy luat phan bo luu toc u, ta so sanh (4-8) véi (4-15) va viét:
P
2 H dr
do dé:
du= —Y—err.
2p

Sau khi tich phan, ta cé:

u=-Preic (4-16)
4p
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Dé xac dinh hing s6 C, ta xét diéu kién bién gidi: tai thanh 6ng (r =r,), c6 u=0.

J
Vay: 0=-12 rg +C,
4p

do dé: C= Y—Jrg.
4

Thay vao (4-16) ta duogc:

u= z_it (2-r) (4-17)

Theo (4-17), ta thay rang su phan bo luu t6c trén mat cit cua dong chay ting tuan
theo quy luat Parabon (hinh 4-5): tai thanh 6ng u = 0, tai tam 6ng c6 luu toc 16n nhat
u,. bing:

P LA LA (4-18)
4p 16p
Vay cong thic (4-17) ¢6 thé viét duéi dang:
2
r
u=u,, |1- (—J 4-19)
To

Nhan day, ta xac dinh quan hé gitra luu toc trung binh v va luu toc cuc dai u,,,.

Trén mat cat uét cha dong chay tdng trong Ong trén, ta 14y mot dién tich vo ciing nho hinh

vanh khan dw, khoang céach tGi tam ong la r, tai d6 dong chay cé luu toc 1a u (hinh 4-5).

Luu lugng dQ di qua dow la:
dQ = udo,

dién tich dw tinh bang:

dw = 27rdr,
do dé: dQ = 2nurdr.
Luu lugng di qua toan mat cat Q bang: Hinh 4-5

rO rO
Q= de = jznurdr = 27:[ urdr
o 0 0
Thay u bing biéu thiic (4-17), ta duoc:

]

Q= 2n% E';(roz —rz)rdr

Ty o4 T
=Lyt =—"L1d 4-20
Q=377 = s (4-20)
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hoiac: Q=MIJd", (4-20")

y
128u

trong do: M =

Hé s6 M chi phu thuoc loai chat 1ong.

Cong thitc (4-20) hoidc (4-20°) biéu dién dinh luat Poazo (1840): luu luong cla
dong chay tang qua ong tron ti 1& v6i do doc thay luc va ti 1& bac 4 v6i duong kinh (hoac
ban kinh).

Chii y ring ta c6 thé kiém nghiém cong thitc Poazo bang thi nghiém mot céch kha
chinh x4c va bang cong thiic nay ta c6 thé 1am thi nghiém dé xdc dinh hé s6 nhét p cltia
chit 1ong can xét.

Dua u,,,, tinh theo (4-18) vao cong thitc (4-20) ta viét dugc:

max

2 Umax
Q=nry ——
2

Luu t6c trung binh tinh bang:

2 Umax
Ty — ok
Q0 2
® nrg
u
hoac: v= % 4-21)

Nhu vay, trong dong chay tang, luu toc trung binh bdang nita luu téc cuc dai; ta c6
thé viét:

N L LR 4-21°)
3 32u

2. Tén thdt doc duong trong dong chdy tdng
Tu (4-21°) c6:

hy= 2="v=Av, 4-22)

trong d6 A = % khong phu thudc v.
Y
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Cong thic (4-22) néi ring trong dong chdy tdng ton thdt cot nuéc doc duong ti 1é bdc

nhdt vdi luu toc trung binh dong chdy. Diéu nay phit hop véi thi nghiém, néu ¢ cong thic
2

2 2 A, A 2, BN R . A 2 A v
(4-11). Trong thuy luc, ton that cot nudc thuong dugc bieu thi theo cdt nude luu tdc B
g

Ta c6 thé nhan va chia (4-22) cho % , dong thoi thay y = pg:

32u R2u v2 641V
hd= —ZV: —2 — — V= —d——
pyd pyd 2 v vdd2g
A%
hoac:
2
b= IV (4-23)
Re d 2g
hoac:
0 V?
hy=A—-—
d d 2¢g (4-24)
trong do:
a2 (4-25)

" Re’

A goi la hé s6 ma sdt. D6 1a mot s6 khong thit nguyén, chi phu thuoc s6 Raynon ma
khong phu thuoc vao thanh ran. Chi ¥ ring trong dong chay ting, diu ta biéu thi tén that
cot nuée doc dudng bing cong thiic (4-24), trong dé, vé hinh thic, h, ti 1& v6i v2 nhung vé
thuc chat thi h, ti 1€ véi v, vi trong hé s6 A ¢6 v & mau so.

Cong thic (4-24) duoc goi 1a cong thitc Pdcxy. Ta sé thiy rang trong truong hop chay
161, ton that doc dudng ciing sé tinh bang cong thitc Ddcxy (§4-7), nhung khi d6 hé s6 A c6
tri s6 khac véi (4-25): cach tim s€ néi & §4-8.

3. Hé 56 a trong ong chdy tdng: biét quy luat phan b6 luu t6c u trén mat cit u6t va biét tri
s0 luu toc trung binh mit cét v, c6 thé tinh hé s6 o theo (3-22):

Iu3d®
o="2
Vo
Thay u= Y—J (rg —rz); do = 27rdr:
4p
V= V—Jrg ;(o:nrg,
8u
taco: a=2 (4-26)
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Thi nghiém cho biét trong dong chay r6i o = 1,05 + 1; nhu vay trong dong chay tang
su phan bo luu téc trén mat cat rat khong déu so vdi su phan bo trong dong chay réi.
4. Tinh chdt chuyén dong xody ciia dong chdy tdng. Mdi thoat nhin, dé nghi ring dong chay
tang khong phai 1a chuyén dong xody. Nhung xudt phat tir dinh nghia chuyén dong xody
xdc dinh cdc thanh phéan o,, o, ®, cha vécto van toc géc quay o theo (3-57°), ta s& thay
rang dong chdy tang l1a chuyén dong xody.
Thuc vay, su phan b6 luu téc trong dong chdy tang trong ong la:
0w 0w = P2 (2, 2
u =0;u,=0; u, = ™ 1 —(y +z ) theo (4-17), cdc thanh phan cua vécto géc
u
quay theo (3-57) la:
ou. Ou
o, = l z__Y |-
2\ oy oz
_ 1(5% (o)A

® =—-—1, 4-27
Y2l ez ox 4p ( )

ou
o _1(_@& A,
Ox

) oy 4n

Vay o # 0, dong chay tang la chuyén dong xoay.
Phuong trinh vi phan clia dudng xody theo (3-52), bang:
dx _dy _dz
0, O, o, '

Trong trudng hop dong chéy tang trong ong, thay biéu thiic (4-18) vao, ta co6:

ody - o,dz=0,
L vJ
tac la: —(ydy+2zdz)=0.
4“(yy )

Sau khi tich phan ta dugc:
y'+2z°=C.
Nhu vay, duong xody la nhiing vong tron, dong tam véi truc ong.

Tém tét lai, trong dong chdy ting, nguyén nhan gay ra tén that cot nudc 1 tinh nhét
cta chat 1ong, tinh nhét ¢ tdc dung 1am su phan b6 Iuu toc trén mat cat ngang kha khong
déu, do d6 gay ra chuyén dong xody clia cac phan tlr chat 16ng; ton that cot nuéc ti 1é bac
nhat véi luu téc trung binh mat cat.

Sau day, ta nghién ctu su qua do cua dong chay tir trang thdi chay tdng sang trang
thai chay rai.
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§4-5. SUQUA PO TU TRANG THAI CHAY TANG SANG TRANG THAI
CHAY ROI

Ta nghién ctiu qud trinh chuyén bién ctia céc 16p chat 1dng tir trang thdi chay tang
sang trang thdi chay réi. Cac 16p chét 1ong giit trang thai chay ting bén viing véi nhiing s6
Raynon nho hon tri s6 Raynon phan gidi Rey, nhung khi vugt qua tri s6 Rey thi dong chay
tang tr& thanh khong bén vitng d6i véi mot su x40 dong nho. Qua trinh phét trién su khong
bén vitng d6 ¢6 thé so lugc gidi thich nhu sau: gid st ¢6 mot 16p chat 1ong chay ting & cdch
thanh ran mot khoang nhat dinh, do mot su xdo dong ndo d6 xuat hién su uén khdc nhe
nhang cua mot duong dong, tao thanh mot loat nhitng dinh 16i va ddy 16m cta duong dong
d6 (hinh 4-6a). Tai khu vuc dinh nhon, & phia trén dinh, khoang céach gitta cic duong dong
bé di (diém 1), luu toc tang lén, do d6, 4p luc giam di; tai phia duéi dinh, khoang céch giita
cac dudong dong tang lén (diém 2), luu toc giam di, do do, ap luc 16n 1én. Nhu vay, do chénh
ap luc gitta phan dudi va phan trén & ving dinh nhon s& cang ngay cang tang lén, do 16i cua
dudng dong cang phat trién. Trong khi d6, & ving ddy 16m
thi & phia trén day (diém 3), 4p luc tang 1én va & phia dudi
ddy (diém 4), 4p luc giam di; su khong can bang vé luc
xung quanh khu vyc ddy 16m ciing 1am cho d¢ 16m cua 4
dudng dong phét trién. Xu thé uon khic cua toan dudng
dong ngay cang manh (hinh 4-6b), cudi cung hinh thanh
nhitng xody A, B v.v... (hinh 4-6¢), dit han khoi 16p chat
long va bat vao dong chay mot cach vo hudng; nhiing
xody d6 lai phan chia thanh vo s6 xody nho hon, & cac 16p 7 Z
déu c6 hién tugng hinh thanh cdc xody 16n, xody nho nhu /_\/_\-/
trén lam dong chay mat dan tinh chat chay thanh 16p ma b)
tr& nén bao gébm vo s6 xody nho di dong hon loan, tuy

nhién déu c6 xu thé xuo6i dong. D6 1a sy mat bén viing cua

16p chéy tang dé chuyén sang chay roi. Z : =
Nhiing yéu t6 sau day cé anh huong dén do bén /—\/\—/
viing cua 16p chay tang: )
g cua 1op chay ng Hinh 4-6
.  du_ du o s  Lha 2
- Gradién luu toc d—; néu v = 0, titc toc do O cac I6p déu bang nhau thi khong thé
y y

. N . du : s
sinh ra nhiing xody duoc; . cang 16n thi cang c6 kha nang sinh ra cic xody;
y

- Khai lugng don vi va do nhét cua chat 1ong; gia st chat 1ong bi xdo dong, rd rang
néu khoi lugng don vi p cang 16n thi cang dé hinh thanh céc xody; ngugc lai, néu do nhét p
cang 16n thi cang can tr& sy hinh thanh cdc xody. Chd y vé tinh nhét ¢6 dic diém sau day;
gia st chat long khong cé tinh nhét, nhu vay khong c6 gradién luu toc va ciing do do,
khong hinh thanh cidc xody dugc; suy luan nhu vay thi thdy & tinh nhét c6 su thong nhat
mau thuln 1a: tinh nhdét 1 can nguyén gay ra su hinh thanh céc xody nhung tinh nhét dong
thoi lai c6 tdc dung han ché nhitng xody d6 phat trién.
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- Thanh rin ¢6 tac dung han ché€ su xdo dong, khoang cach y ctia 16p dang xét dén
thanh ran cang nho thi sy xdo dong cang yéu, tinh bén vitng cta 16p chay ting cang tang.

Do d6 muoén biét tic dong clia ngoai gidi s€ lam cho nhitng xdo dong trong chat 1ong
ti€p tuc phat trién Ién hay dan dan tiéu diét di, can phai xét su quan hé giita bén yéu t6 n6i

. du .
trén: —, p, uvay.
dy

H. Rao-xo dé nghi chi tiéu bén vitng ¢ cia mot 16p chay tang nhu sau:

2 du
py v
6= —2, (4-28)
n
¢ cang 16n, thi cang kém bén viing, nguoc lai yi

cang nho thi sy bén viing cang ting cudng. Tiéu chuin
nay c6 cdu tao giong s6 Raynon.
Ta thay ¢ sat thanh ran, y = 0 nén £ = 0; O rat xa
. . du . .
thanh ran v =0 nén € = 0; nhu vay, ton tai moOt tri s0 — —|— — — \Cpmax
y
cuc dai ¢, 6 mot noi nao d6; & noi do, su bén viing g
cta 16p chay tang 1a kém nhat. Con c6 hinh thanh céac 0 ’
xody hay khong, thi con phai xem tri s6 { ¢6 16n hon tri

56 phan gi6i ¢, cdn phai x4c dinh (hinh 4-7). Hinh 4-7

Ta c6 thé suy dién bing ly luan dé xac dinh vi tri y dng véi tri s6 £ = £, va x4c
dinh Cmax‘
1. Tinh y: Ta lap biéu thic cla £ theo (4-28). Mudn vay, phéi xac dinh j_u . Ta da biét
y
trong Ong tron, chay tang, su phan bd luu téc theo (4-17):
u= il (rg —rz)
4p

Vay gradién luu toc la:

du _ ¥, dr

dy 4p  dy
vi r=r,—Yy, nén:

d

dr_ |

dy
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N du Y
—_— = r J—
dy = > (r,—y)

Biéu thic ¢ viét thanh:
du
il dy _ yp!
L= ——=—5y(H-y. (4-29)
[ 2u

dg

Ta tim tri s6 ¢,,.; muon vay, 1y dao ham ¢ do6i v6i y va dat -~ =0, giai ra dugc:
y

y= %ro. (4-30)

Vay trong dong chay tang & Ong tron, tai noi cach thanh 3 1, 16p chat long c6 khuynh
hudng sinh ra nhitng xody nudc dau tién.

2.Tinh &, va C:

Thay y = %ro vao (4-28), ta c6:

2
J (2 2 2 J
Cmax = % (gfoj (I'O _Eroj = —'%I’g (4-31)

Ta c6 thé viét lai biéu thic ¢, dé 1am xudt hién s6 Re. Mudn vay, chid ¥ rang luu téc
i J 1
trung binh v theo (4-21) viét thanh: v = g—rg , va dung duong kinh d = 2r,, ta viét lai (4-31)
w

nhu sau:

16 p( ) 8§ vd 8
Com= — 2 == p = ZRe (4-32)
27 p\ 8u 27 w27

Ta da coi ring dong chay ting chuyén sang r6i khi Rey = 2.320; vay chi tieu {; 14y
bang (., €O tri s6 bang:

8 8
= = —Rey = —. 2320 = 680.
CK C.:max 27 K 27

Vay véi £ > Cx = 680 thi mot sy xao tron nho nao tr bén ngoai vao ciing c6 kha nang
giy ra xody nudc, lam dong chay tang chuyén sang chay roi.
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§4-6. TRANG THAI CHAY ROI TRONG ONG

Ching ta nghién ctu dong chay réi vé nhitng mat sau day:
1. Luu toc thuc, luu téc trung binh thoi gian, luu toc mach dong. Dong ndng ciia dong chdy roi

Khi dong chdy chuyén sang trang thdi chay réi, moi trudng chét 16ng coi nhu day cac
phén ti chét 16ng chuyén dong hén loan, nhung néi chung c6 xu thé di xuoi dong. Luu t6c
diém phu thuoc thoi gian va thay déi ca vé tri s6 1an phuong huéng.

wy(t;) "

Neéu goi u;, u,, ujz laluu toc tai mot
diém c6 dinh M Iic t,, t,, t;, ta ¢6 hinh 4-8.
Nhiing luu t6c nay goi 1a luu téc ticc thoi

wy(t,)

y V_Vl_(fl) hodc luu toc thuc. Nhu vay, thuc chat cta
M chuyén dong r6i 12 mot chuyén dong khong
Hinh 4-8 6n dinh.

Néu dung dung cu do ludng riéng dé do thanh phin u, doc truc 6ng cta luu téc tic
_)
thoi u cla cac phan tlr cht 16ng di qua M trong mot khoang thoi gian nao do, (tic 1a do
dugc cdc tri s6 uy,, U, Uy, V. v...) 161 V& 1én d6 thi u, ~ t (hinh 4-9), ta v& dugc mot dudng
cong rat phtc tap, khong thé ding phuong trinh todn hoc dé biéu dién dugc (& day ta dat
truc x tring véi truc 6ng, hudng theo chiéu chay).
Néu xét trong mot thoi gian rat ngan thi

thdy su bién déi ctia u, c6 tinh chét ngiu nhién,

X |mm/s '
Jr\;\/’ A/wv\ A_ l”&/\(\‘hﬁ | |

khong theo mot quy luat nao. Nhung xét trong W YY Tk VI
mot thoi gian tuong doi dai T, thi thdy u, bién doi A | — B
c6 quy luat, né tang, giam xung quanh mot tri sO UX| Ty
. P . LT . T
khong doi u, . Nguoi ta goi uy 1a luu t6c trung o — "] I
binh thoi gian. Tri s6 i xac dinh béi cong thuc: ts)
Hinh 4-9
T
f u, dt
- 0
u, = — (4-33)

tiic 12 bang ty s6 gifta dién tich hinh chit nhat OABI va thoi gian T. Néu ta nhan hai v€
(4-33) cho do thi c6 thé viét:

T
Tu, do = j u, dodt . (4-34)
0
Biéu thic (4-34) néi ring thé tich chat 16ng di qua dién tich dw trong thoi gian T tinh
theo u,, thanh phan chiéu Ién phuong x cua luu téc thuc va tinh theo luu toc trung binh thoi

gian u, 13 bing nhau.

148



Hién tuong thay déi luu toc khong ngimg xung quanh mot vi tri trung binh thoi gian
cta luu toc 12 hién tuong mach dong luu toc. Hién tugng mach dong dugc giai thich bang
su x40 tron hon loan cta nhiing phin tir chat 1ong. Hiéu s6 gitta luu toc tic thoi (luu tée
thuc) va luu téc trung binh thdi gian goi 1a luu téc mach dong. Néu xét theo phuong x, luu

toc mach dong u'x tinh bang:
X (4-35)

Luu t6c mach dong u;( c6 thé duong hodc am: ta s& chitng minh ring tri s6 trung
binh thoi gian cta luu toc mach dong biang khong, nghia la:

u'X:O

Thuc vay, theo (4-35), ta c6:

1t 1f—. 1.
¥£uxdt=$£uxdt+¥£uxdt

Theo (4-33), s6 hang & v€ trdi viét thanh ;; s0 hang tht hai & v€ phai viét thanh u;(
Pang thic trén day cé dang:

= |

x = Uy +u,.

Do dé: u, =0

bi doi véi hién tuong mach dong cua luu toc, dong ap luc cling ¢6 hién tugng mach
dong, n6 biéu hién & su Ién xu6ng khong ngiing clia muc nudc trong 6ng do 4p quanh mot
vi trf trung binh thoi gian:

p=p +p, (4-36)

trong d6: p - dong ap luc tic thoi; 5 - dong ap luc trung binh thoi gian; p’ - mach dong
dong 4p luc, c6 thé duong hodc am.

Dong chdy r6i thuc chét 1a dong chdy khong 6n dinh rat phiic tap; dé tién hanh dugc
viéc nghién cttu nhitng quy luat chuyén dong ctia dong chay réi, ngudi ta thay thé” dong
chdy roi thuc bang dong chdy roi trung binh thoi gian, trong d6, nguoi ta khong nghién citu
luu t6c thuc u ma nghién cttu luu téc trung binh thoi gian u. Néu luu toc trung binh thoi
gian U khong phu thudc thoi gian thi ta c¢6 dong chdy roi trung binh thoi gian 6n dinh
(hinh 4-10). Néu u phu thuoc thoi gian thi ta ¢6 dong chdy roi trung binh thoi gian khong
on dinh (hinh 4-11).

Dong chdy trung binh thoi gian néu trén (dong chay tudng tuong) goi 1a mdu dong
chdy Rdynon - Buxinetsco, do O. Raynon (nam 1895) va J. Buxinetsco nam (1897) dé nghi.
Dai v6i mau do, cac yéu t6 thay luc nhu luu tdc, ap luc..., cac duong dong, quy dao v.v...
déu mang tinh chat trung binh thoi gian.
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Dai v6i dong chay r6i (trung binh thoi gian) déu (c6 dp hodc khong 4p) thi dudong
dong ctia né 1a nhitng dudng thang song song. P6i véi dong chay réi (trung binh thoi gian)
ddi dan, duong dong clia né 1a nhitng dudng gan nhu thang va gin nhu song song vé6i nhau.
Nhu vay, trong nhitng dong trung binh thoi gian néi trén, ta c6 thé chia dong chay thanh
nhitng dong nguyén t6 hoac nhiing I6p chat 16ng ndm giita nhitng dudng dong. Nhitng dong
nguyén t6 d6, nhitng 16p d6 cling nhu nhitng dudng dong d6 - can nhac lai mot 1an nita - 1a
nhiing dong nguyén td, nhitng 16p cling nhu nhitng duong dong trung binh thoi gian.

u
u u =f(t)
u
0 t 0 t
Hinh 4-10 Hinh 4-11

Nhu vay, cho dén nay, ching ta da dua ra ba khdi niém Iuu t6c, can tém tat lai va
phan biét ching.

a) Luu toc thuc u tai diém dang xét trong dong chay la toc do chuyén dong thuc t&
cuia phén tir chat 16ng khi di qua diém d6. Luu t6¢ thuc & cac diém khac nhau thudng khéc
nhau. Trong dong chay tang, luu toc¢ thuc d6 can ban khong c6 mach dong. Con trong dong
chay r6i n6 c6 mach dong. Nguoi ta c¢6 thé ghi lai luu t6c thuc (thudng 12 mot thanh phan
cua luu téc thuc) bang nhitng phuong phép hién dai, thi du bang phuong phdp quay phim,
cic phuong phdp ghi dao dong v.v...

b) Luu toc trung binh thoi gian U tai diém dang xét 12 mot luu téc tudng tuong, ting
v6i diém d6 clia mit cat; & nhitng diém khdc nhau Iuu toc trung binh thoi gian c6 thé khéc
nhau, vi khai niém trung binh & day 1a néi do6i véi thoi gian, chit khong phai néi véi dién
tich mat cat uét. Trong dong chay ting, khong ¢6 mach dong nén khong ¢ su khac nhau
gitta luu toc thuc va luu toc trung binh thoi gian. Con trong dong chay roi thi luu toc trung
binh thoi gian (khong mach dong) khic han Iuu toc thuc (c6 mach dong); biéu thiic cho Iuu
toc trung binh thoi gian la:

T
J. udt
u=29
T

Tri s6 cua u do dugc bing 6ng Pi-td trong phong thi nghiém, bang luu toc k€ trong
do dac thlly van v.v... Chd y ring dé c6 duoc tri s6 tuong doi chinh xdc, can phai dé dung
cu do tai diém céan xét trong mot thoi gian nhat dinh, du lau. Thi du quy pham do dac thuy
van yéu cau dat luu toc k& & nhitng diém gan ddy song trong 5 + 10 phiit, & gin mat tu do
trong 1 + 2 phiit.
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¢) Luu toc trung binh mdt cdt v cling 12 luu t6c tudng tuong ing véi toan mat cat udt,
né c6 tri s6 nhu nhau tai tit ca cac diém trén mat cat vi khai niém trung binh & day 1a néi
v6i mat cét. Biéu thiic cho luu toc trung binh mat cat la:

J udw
v=o_Q (3-5)
® ®
RO rang luu lugng tinh theo luu téc trung binh mat cét cling bang Iuu luong thuc cha
dong chay. Khdi niém luu toc trung binh mat cat v chi ding cho mat cét uét phang hoic coi
duoc nhu 12 phang (xem lai §3-6). Luu toc trung binh mat cét v x4c dinh theo (3-5).

Chiing ta hay xem xét dong nang ctua dong chay roi.

Nhu da biét, trong phuong trinh Bécnuiy, dong nang ciia mot don vi trong lugng chit
2

16ng dugc biéu thi béi s6 hang O;L , trong d6 o 1a hé s6 stra chita dong nang, duoc tinh
g

theo (3-22). Hé s6 a phu thudc su phan b6 khong déu clia van toc trung binh thoi gian u
trén mat cit ngang cta dong chay.

Gia st ta ¢6 hai dong chdy trong hai kénh lang tru nhu nhau, c¢6 luu lugng Q bang
nhau, do sau h nhu nhau, do d6 van toc trung binh v bing nhau (hinh 4-12). Hai dong chay
nay c6 thé con c6 nhitng van toc trung binh thoi gian tai nhitng diém tuong Gng A va B
bang nhau: az u_B , (hinh 4-12a va a’). Nhung n€u mot dong c6 do r6i cao hon thi dong
nang cua noé phai 16n hon (hinh 4-12b va b’).

Ta c6 thé coi ring dong ning clia dong r6i bao gom hai thanh phan: dong ning tinh
theo van toc trung binh thoi gian va dong nang tinh theo van téc mach dong u’.
’ X . y av?
Néu trong truong hgp dong chay tang dong nang dugc biéu thi boi s6 hang 2a
g
trong dé o - hé s chita dong nang, chi tinh dén su phan phoi khong déu cua van toc trén
mait cit udt, thi & trudng hop dong chdy roi, dong niang phai dugc bi€u thi bdi s6 hang

2
c

, trong do:

o, = o+ o 4-37)

a, - hé s6 stra chita b6 sung, c¢6 tinh dén mach dong luu toc doc & cdc diém trén mat
cat uGt.

Tri s6 o, chi tinh khi c6 do roi 16n, diéu nay c6 thé x4y ra & mot s noi, thi du & sau
nhiing noi ma& rong dot ngot.

Nhu vay, do mic do mach dong khac nhau, nén d6 phan bd van téc trung binh thoi
gian u trén mit cit uSt & hinh 4-12(a) va (a’), phai c6 hinh dang khdc nhau.
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A - — — — o4y - B
Ua
a) a)
(udx o x
Un /fh(u‘ m /mm _ _%_W@mem;
\( U'x Z_ £ . z
0 b) Gz O b)
Hinh 4-12

2. Ung sudt tiép trong dong chdy roi

Trong dong chay r6i, do su xdo dong, cac phan tlr chat 16ng di nhanh roi vao khu vuc
cdc phan tir dang chuyén dong cham hon va ngugc lai, cidc phan tir dang di cham roi vao
khu vuc céc phan tir dang chuyén dong nhanh hon. Khi d6, cdc phan tir di nhanh s& thiic
ddy céc phén tlr di cham phai chuyén dong nhanh lén va nguoc lai, cac phan tlr di cham sé&
kim ham cdc phén tir di nhanh phai chuyén dong cham hon. Theo miu dong chay trung
binh thoi gian Raynon - Buxinetsco thi su x40 tron ndi trén ctia cac phan tir chit 16ng c6 thé
coi nhu su xdo tron tir I6p chat 16ng nay sang 16p chit long khac (khai niém 16p & day 1a néi
cac 16p cua dong trung binh thoi gian) va tic dung 16i di, hdm lai cta céc phan tir chat 1ong
c6 thé coi nhu téc dung 16i di, ham lai giita cdc 16p chat 16ng khac nhau. Nhu vay, két qua
cua su x4o tron cac phan tir trong dong chay rdi 1a tao nén tdc dung 16i di, ham lai gitta cac
16p chat 16ng, giéng nhu rdc dung ciia ing sudt tiép gitta nhitng 16p d6. Stic ma sét trong
nay, do su roi ciia dong chay gy ra, goi la stic ma sat roi va ing sudt tiép tuong tng goi la
ling sudt tiép roi. Nhu vay sic can thuy luc do ma sét roi tao nén trong trudng hop dong
chay r6i, khac véi sic can thiy luc trong truong hgp dong chay tang, khong truc ti€p phu
thudc tinh nhét gitra cic 16p.

Buxinétsco (1887) biéu thi ting suat tiép roi t
dong chay tang:

tuong tu nhu Gng sudt ti€p nhdt trong

61

d
T =N (4-38)
dy
trong d6 1 - hé s6 nhét roi, phu thudc chi yéu vao cu tao roi ctia dong chdy thay dai tir
diém nay sang diém khdc trong moi trudng chay.

Viét lai phuong trinh chuyén dong Navié-Stoc (3-106) clia phan tir chat 16ng thuc,
nhung trong dd, cdc thanh phan t6c do va dp suat déu tinh d&€n mach dong (phuong trinh
nay duogc giang trong gido trinh co hoc chat long, goi la phuong trinh Raynon), Raynon
(1895) chitng minh ring tng sut tiép roi biéu thi theo:

T = — PUylly (4-39)

152



trong d6 u'x , u'y la luu t6c mach dong theo phuong doc dong chay (x) va phuong ngang

dong chay (y), u'xu'y la tri sO trung binh thoi gian cua tich s u'x va u'y.
Hai biéu thic trén (4-38) va (4-39) chua gidp ta gidi quyét van dé phan bo luu t6c

trén mat cit ngang.

Poranto (1926) giai thich su xuat hién 1, bing su trao déi dong lugng giita hai 16p

chat 16ong nhu sau:

61

Trong dong chay & ong phang, ta ldy y
hai 16p chat 16ng ké nhau, mot 16p cach

thanh rdn mot doan y, 16p kia céach y + Ay —

(hinh 4-13). Céc phan tlr chat 16ng lién tuc > : u+ o I

theo mach dong luu toc u'y ma ra vao, cat AN NS NN NN
V,

WA % 75552 tossvaass A1)

ngang mat phan chia hai 16p, nhung do tinh
chat lién tuc cua chat long, khoi lugng cua
mdi 16p trong lic d6 van khong déi. Nhung
dong lugng ctia méi 16p déu cé bién dai.
Pong lugng giam di & 16p c6 toc do 16n va
tang 1én & 16p c6 tdc do nho. Gia s cé6 mot
phan tir chét 16ng tir 16p thi nhét (toa do y)
lot vao 16p thit hai (toa do y + Ay), truéc

Hinh 4-13

khi lot vao, phan tir d6 c6 luu toc trung binh thdi gian theo phuong truc 1a u. Ta ky hiéu
con dudng ma phan tlr da di dé “hoa minh” véi chat 16ng trong 16p thit hai bang I’. Gia thiét
rang doan I’ thang géc véi phuong chay chung. Tai vi tri ma phan tit nay coi duoc 1a da hoa
minh v6i chat long trong 16p thit hai, luu toc trung binh thoi gian theo phuong truc s€ khac
di mot dai lugng bang:

—0U. (4-40)

Trong thoi gian At, khoi luong chat 1ong Am di qua mot dién tich A® cua mat phan
chia la:

Am = pAm‘u;,‘ At,

trong do

uy‘ la tri s6 tuyét d6i cua luu toc mach dong, s& di viét nhu vay vi Am la mot
sO duong.

Tu d6, dong lugng trong 16p thi hai s& c6 su bién thién bang:
d

AK = Am <2 = pAm‘u'y‘Atﬂl’.
dy dy
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RO rang 12 sy bién thién vé dong lugng cla 16p chat 16ng dang xét — theo dinh luat
dong luong, phai biang xung lugng I clia luc tdc dung Ién mat phan chia hai 16p 4y; xung
luong I bang tich s6 luc bén T = 1,4 Ao tdc dung 1én mat bén nhan véi thoi gian At:

I[=14A0. At, (4-41)
trong d6 1,4 12 Gng suat ti€p roi. Ta c6 thé viet AK = I, tifc la:
| du
pA®|uy | ALET = 7 AwAL, (4-42)
dy
Tur do, ta bi€u thi @ing sudt ti€p trén mat phan chia hai 16p theo:
1, du
T =plu,|l’—. 4-43
=Pl (4-43)
Ta so sdnh (4-43) va (4-39) thi thdy rang:
u,|="r du (4-44)
dy

Bai vi khé do dugc dai lugng u'y Poranto da dua ra gia thuyét rang luu téc mach dong

theo huéng ngang u'y cling ¢6 do 16n twong tu nhu luu toc mach dong theo hudng doc u'X ,

titc 1a ty 1é véi dai luong [?J , tifc 1a:

y
u, =kP [EJ , (4-45)
dy
trong d6 k 12 hang sd ty Ié.
Nhu vay:
t= pkl”[d—“} ,
dy
hoac:
i
T = pl’ (—“J : (4-46)
dy

trong dé I* = kI’*; Poranto goi dai lugng [ 12 do dai duong xdo trén. Cong thic (4-46) biéu
dién tng sut ti€p sinh ra do su xdo tron roi dugc goi 1a phuong trinh Poranto. Ta nhan

thay rang gradién cua cac luu toc trung binh thoi gian d_u cang 16n bao nhiéu thi tng suat
y
ti€p cang 16n bay nhiéu.
Lién hé dén cong thic (4-38), ta c¢6 thé suy tir cong thiic (4-46) trong d6 hé s6 nhét
r6i M ¢6 thé biéu thi boi:
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(4-47)

Trong chuyén dong roi, su ma sat do tinh nhét ctia chat 16ng ciing van ti€p tuc xdy ra;
ting sudt ti€p do ma sit nhét gay ra & day ky hiéu bang t,,, tinh theo cong thiic Niuton
(1-7); vay tng sudt tiép tdng quat 1a:

T T+ T 1 pl{d—“J . (4-48)

Biéu thic nay cho thdy tng sudt ti€p trong dong chdy réi gébm c6 hai thanh phan:
phan ma sat nhét (s6 hang thit nhat) va phan ma sat r6i do su xdo tron cac phan tlr chat l1ong
tao nén, kéo theo su truyén dong luong di ngang dong chay (s6 hang thit hai).

Chiing ta nhan thdy rd rang s6 hang thit nhat ty 1& vé6i bac nhit cta luu tée, con s6
hang thit hai ty 1&€ v6i binh phuong luu téc. Trong trang thdi chay tang, khong c6 su xdo
tron, do d6 s6 hang thi hai biang khong; vi thé, ting sudt ti€p va do d6, ca tén that cot nude
doc duong trong trang théi chay tang déu ty 1é v6i bac nhat cta Iuu toc. Khi trang théi chay
r6i phat trién manh, s6 hang thi hai 16n hon s6 hang thit nhat rat nhiéu 14n, c6 thé bd khong
tinh tri s6 ing suat do ma sat nhét, do do, ung sudt ti€p ty 1& v6i binh phuong cta luu toc.
Néu c4 hai s6 hang cting 16n thi két qua 1a tng suét tiép tong cong ty 1& véi luu téc theo mot
bac lily thira m nao dé trong khoang:

l<m<?2.

Biéu thiic (4-46) c6 thé dung dé suy ra quy luat phan bg luu toc trén mat cit ngang
trong dong chay réi. Trude khi lam viéc suy dién ndy, cdn xdc dinh nhiing diéu kién chay
r6i ma ta nghién cttu trong tiét nay. D6 1a: a) dong chay réi xay ra & bén trong nhiing thanh
ran (trong 6ng, trong kénh hd v.v... chit khong phai 1a dong chay r6i bao quanh vat ran);
b) miic do roi da phat trién ddy du. Diéu kién tha nhat c6 lién quan dén sy hinh thanh “I16p
mong chdy tang” doc theo thanh rin va tinh chat “do nhdm™ ctia thanh; diéu kién thit hai c6
lién quan dén “tang bién gi6i” va “doan dau” ctua dong chay.

Tiép day ta nghién cttu mdy van dé c6 lién quan dén hai diéu kién dé.
3. Lop mong chdy tang; cdc thanh nhdm va tron thiiy luc

Nhu ching ta da biét, trang thai chay r6i dugc dac trung bdi su xdo tron cac phan tir
chat 16ng. S6 Ray-non cang 16n thi sy xdo tron xay ra cang manh, nhung sy xdo tron do
phan b6 khong déu trén mit cit ngang ciia 6ng, song hoic kénh. O cang gan sat thanh,
nhitng chuyén dong ngang clia céc phan tir cang vap phai nhiing ranh gidi rdn nén gap
nhiéu khé khan, vi thé, cang gan sat thanh ran, dong chay cang c6 xu thé chay thanh ting
16p khong xdo tron véi nhau, do d6, hinh thanh dong chay tang trong mot 16p mong (hinh
4-14) goi 1a Iop mdng chdy tdng. Ranh gi6i ciia 16p mong chay tdng chua duge xac dinh
thuc rd rang. Nhu vay, trong dong chdy roéi, khong phdi toan bo chdt long la chuyén dong
réi, ma & sdt thanh bao gio ciing ¢é lop mong chdy tang. Khu vuc chay r6i duge goi 1a 16
roi (hinh 4-14).
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a) ChéyF\Z

hay ri

Loi rdi

-

Ldp mdng chay tang sat thanh
Hinh 4-14

Do day §, clia 16p mong chay tang ¢6 thé tinh nhu sau:
- Trong 16p moéng chay tang c6 do day J, ta gia thiét luu t6c phan bo theo duong
thang, tic 1a: u _du , trong do:
t
y - khodng cdch ké tir thanh ong, theo phuong thang géc vé6i thanh 6ng;
u, - luu toc tai y = §,.

- Trong pham vi 16p mong chay tang, theo (4-9), ta thdy rang:

T Iy —
T=T, — = 1:0(—0 yj = to(l—lj R Ty
To To To

vay ta co:
0 M dy p 6t s
hoac:
To_ W
p 8,
Ta dat:
w= [0 (4-49)
p

va chi y rang dai luong /T—O c6 thit nguyén téc do LT, duoc goi 1a luu toc dong luc.
p
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u
d=v—+
u?
hoac:
U usd (4-50)
U v

trong d6 N la s6 khong thit nguyén, cé cau tao nhu s6 Raynon; theo thi nghiém cua
Nicuratso thi N = 11,6 (theo céc tac gia khac thi N nho hon).

Tir (4-50) ta c6:
_ Nv _ 116y

= 4-51)
U U

5,

Cht y ring c6 thé suy §, tir phuong trinh co ban ctia dong chdy déu:
10— gRJ.
p

Tur phuong trinh nay ta cé:

w= |2 = [RT, (4-52)
p

do do6 viét dugc:
11,6v  232v
VeRJ  Jegd)

Néu thay J bang tri s6 suy tir cong thic Dacxy (4-24):

5, =

joha Ay
[ d2g’
ta co:
0, = 32,8d . (4-53)
Re\/x

Dé c6 khai niém vé do 16n cta §,, ta xac dinh tri s6 cta J, trong trudng hop dong nudc
chdy déu trong 6ng véi luu téc trung binh v = 1 my/s, hé s6 nhét dong hoc 1a v = 0,0101 cm’/s,
A =0,02, ap dung cong thic (4-53) ta co:

s _ 3284 _328v _ 328x00101
" Redh v 100~/0,02

=0,023 cm.

Nhu vay do day cua 16p mdng chay tang rat nho.
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Viéc xédc dinh bé day cua I6p mong chay tang can thi€t cho su phan loai cdc thanh rian
ra thanh nham thuy luc va thanh tron thuy luc. Viéc phan loai d6 ti€n hanh nhu sau.

Mot vat lieu bat ky khong duoc tinh ché can than luon luon cé bé mat nhim. Cic miu
26 ghé phan b khong déu hodc it, hodc nhi€u, chiéu cao trung binh cdc mau A goi 1a do
nhdm tuyét doi, c6 thé 1ay 1am dic trung dinh luong clia do nham. Tuy nhién, dai lugng nay
khong thé ddnh gid hoan toan tic dung can trd ciia do nhdm, bdi vi rd rang c¢6 anh hudng
ctia hinh dang, s6 luong va su sap xé€p tuong hé cac mau go ghé.

Ta c6 thé néu lén rang tic dung ctia d6 nham cua thanh ran doi véi siic can thay luc
phu thudc nhiing yéu t6 sau day cua thanh nham:

a) Do cao ciia miu g6 ghé A, vao ¢& phan s6 cia mm; d6 1a do nham tuyét doi,
nhu da biét;
A

b) Ti s6 gitta do cao cia mau A va dudng kinh d hoadc ban kinh r ctia 6ng: % (hoac —j
r

dé6 1a do nham tuong doi;

c) Hinh dang cla nhitng miu: anh hudng cua
nhitng m4u nhon va miu uén khic dén tdn that cot nudc v
la khac nhau tuy cuing mot do cao va mot tri s6 Re.

a)
D6 1a do cau tao cua thanh nham. Nhiing cdu tao 7AN

tinh thé (gang, thép, xi-mang) thudng tao nén nhing
mau nhon; nhitng cau tao bang kinh hoac ¢6 tinh nhdt, Vv |

déo (thuy tinh, chi, bi-tum, chat déo) thudng cho ta /L/L/
nhitng mau nham lugn séng. RS rang stc can & 6ng c6 b)

thanh rin nhiéu mau nhon (hinh 4-15a) s& 16n hon stc 777777777777,
can & 6ng c¢6 mat thanh uén séng (hinh 4-15b). Hinh 4-15

d) Su phan b6 nhiing g6 ghé trén mat: thua hodc day (hinh 4-16a va b), nhiing khoang
cach déu hoac khong déu trén mat... (hinh 4-16¢ va d).

Theo (4-53), chiéu day 16p mdng chay tang J, cang bé, néu mic do chay roi cang 16n,
nghia la chiéu day 16p moéng giam déng thoi vé6i su ting s6 Raynon. Vi thé, c6 thé ¢6 nhiing
su tuong quan dudi day gitta I6p mong chay tang va do nham tuyét doi:

WW

a)

WWW

A\

Hinh 4-16
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L6p mong chay tang che kin hoan toan nhiing chd 16i cua cdc mau gb ghé (3, > A):
dong chay r6i khong ¢ tic dung qua lai truc ti€p v6i mat nham cua thanh ran, dong
chat long chay doc theo 16p mong chdy tang. Su ton that cot nudc doc dudng khong phu
thuoc do nhdm cua thanh. Trong trudng hop nay, thanh ran goi 1a thanh tron thity luc
(hinh 4-17a).

Néu chiéu day 16p mong chay tdng bé hon do nham tuyét doi (3, < A) va do d6
nhitng mau gé ghé nho ra tir dudi 16p mong chay tang thi thanh rin goi 1a thanh nhdm thity
luc (hinh 4-17b). Trong trudng hop nay, & sit thanh céc 16p chat 1ong phai u6n khiic dé
vuot qua nhitng dinh g6 ghé, do d6 tao ra kha nang hinh thanh nhiing xody nudc bit khoi
cac 16p chat 16ng gan thanh rin, di chuyén vao 16i r6i (vé kha nang hinh thanh xody nudc,
xem lai §4-5). Cang nhiéu xody nudc nhu vay sinh ra va di vao 18i réi thi stc can cang 16n,
ton that cot nude cang nhiéu; vi vay & dong chay c6 thanh nham thiy luc, stic can 16n hon &
dong chay c6 thanh tron thuy luc.

Chii y rang do nham cta thanh rdn 1am tang ma st dong chay theo cdch ndi trén chit
khong giong su ma sdt ngoai gifta hai mat nhdm cua vat ran.

~ > >~ ~
N AN ™ g = ~ 0~ ~ Chay r6i
(2% N

‘ AT A AT -~ ~ o~ ~ ~ Ldp mong
[ L6p méng Chay tang
o8 chay tang

L P77 777777

a) b)
Hinh 4-17

R& rang 1a quy luat tén that cot nuée doc dudng trong dong chay réi phu thuodc tinh
chat thanh ran 1a tron hay nhdm. Can nhan manh ridng khéi niém thanh tron, thanh nham la
khai niém thuy luc chi khong phai khdi niém thuén tdy hinh hoc. Khai niém d6 1a tuong
doi: cling cung mot do nham tuyét doi, trong trudng hgp ndy, thanh réan 1a tron (thudng khi
Re kha nho), trong trudng hop khac, thanh ran lai 1a nhdm (thudng khi Re 16n).

4. Doan ddu ctia dong chdy. Tang bién gidi

Gi4 thiét ¢6 mot bé chita nudc kha 16n, ta dat mot 6ng din nudc dai, mit cit hinh
tron, n6i v6i bé d6, dudng ong c6 hinh cong rat thuan cho dong chdy (hinh 4-18). Ngay tai
mat cat ddu tién cua 6ng, cdc phan tir chat 16ng c¢6 toc do trung binh thdi gian bang nhau,
d6 phan bo luu téce 12 hinh chit nhat. Cang di vao sau trong 6ng cac phan tir gan thanh ran
cang chuyén dong cham, do d6 d6 phan bo luu toc thay déi tir mat cat no sang mat cat kia.
Ké tir mot mit cat nhat dinh, d6 phan bo luu téc mdi tré thanh khong déi doc theo dong
chay déu. Doan dai trén dé xay ra su qua do cta d6 phan bd luu tée tir hinh chit nhat sang
dang 6n dinh goi 1a doan ddu dong chdy. Thi nghiém chiing to trong 6ng c6 dong chay roi,
doan dau dong chay c6 do dai 1, bang:

1, = (25 + 50)d, (4-57)

trong do6 d 1a duong kinh 6ng.
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Téng bién gidi chay réi dang phat trién
Tang bién ?i(’i chay tang Ldp méng chay tang st thanh

%\ Loi r6i
P §_/ — = __d]

\l Doan dau L gq l=—D0ng r6i chdy déu  —=
Chay thé

Chay xoay
Hinh 4-18

Trong doan [,, nay, nghién cttu d6 phan bg luu D
toc trung binh thoi gian cha ting mat cat ta thay c6 u
thé chia d6 phan b6 lam hai khu vuc, mot khu & phan u A B c +
gitta ong c6 toc do bang nhau va mot khu & ving thanh é 5
ong c6 t6c do thay déi; doc theo dong chay thi mién
lap badi khu ¢6 t6¢ do bang nhau bé dan va két thic tai 9
mat cit cudi cuing ctia doan diu; cdon mién lap boi Hinh 4-19

7. 2

céc khu c6 t6c do thay déi phat trién 1én va hét doan dau thi phat trién hoan toan, mién nay
goi 1a tdng bién gici, dong chay & mién nay l1a dong c6 xody. Khong di sau vao 1y luan vé
tAng bién gidi, & day ta chi néu lén rang, trong ting bién gidi lai c6 hai viing c¢6 trang thdi
chay khac nhau: mot viing rdt mong sat thanh bao gio cling chay tang goi 1a tdng bién gidi
chdy tdng, vung con lai goi l1a tdng bién gidi chdy roi.

Bé day cua tang bién gidi 8 & khu vuc doan ddu dong chay nay cé thé tinh so bo
nhu sau:

Cdch 1: D6 la khoang cdch & tir thanh rdn dén noi ma van téc u bién déi rat it,
khoang 1% (hinh 4-19a).

Cdch 2: Ta xé4c dinh mot dudng thing ABC song song v6i thanh ran, phan chia d6 thi
phan bd van toc thanh hai dién tich bang nhau OAB va BCD (hinh 4-19b); khoang cach & tir
thanh ran dén duong ABC 1a bé day ctia tAng bién gidi.

Sau doan dau ctia dong chay déu chi con ¢6 tang bién giGi chay tdng ma ta goi la ldp
mong chdy tdng va tang bién giGi chay roi ma ta goi 1a 16 roi.

Dai véi trudong hop dong chay déu trong kénh hd, cdu tao cua doan du cling tuong tu
nhu trén.

Chd y ring & dong chdy tang, ciing c6 khdi niém vé doan ddu dong chay nhu da néi
& trén (hinh 4-20); thi nghiém cho thdy c6 thé xdc dinh do dai doan dau clia dong chay
tang theo:

l,,=0,065Re d (4-55)
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Dong chay tang v

u=0 =
- T d
; u=0 >~
de U max ]

Hinh 4-20

Su phan b6 luu téc trong dong chay réi ma ta trinh bay ti€p theo day 1a néi cho dong
chay roi, chuyén dong déu, c6 ciu tao r6i da phat trién, tic 1a & sau doan dau dong chay.

5. Su phdn bo luu toc trong dong chdy roi

Chiing ta xét biéu thiic ting suit ti€p (4-46), viét cho 6ng tron c6 ban kinh r,:

o plz (EJ ,
dy

trong do:
y=TI,—T.
y 12 khoang céch tir thanh ran dén 16p chat 1ong & cdch tam mot doan .

Biéu thiic (4-46) c6 thé viét thanh:

T4 (4-56)
pdy
0 day [ 1a do dai duong xdo trén. VE do dai [, c6 nhiéu gia thuyét.
Thi du:
- Theo dé nghi ctia Cicman:
— | -
P Gy (4-57)
dy dy

- Theo dé nghi cua Xatkévit:

=2y [1- (4-58)
To

- Theo thi nghiém ctia Nicuratso (1930) lam & ong tron, & nhitng noi gan thanh rin:
(y <0,1r):

[=0,4y. (4-59)
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- Poranto dé nghi:
I=&y. (4-60)

Hé s6 @ (kapa) & nhiing cong thiic trén dugc goi 1a hang s6 thong dung. Theo Poranto,
hang s6 & 1a mot tri s6 c6 dinh. Ngay nay ta da biét o rang trong nhitng dong khdc nhau,
& c6 khéc it nhiéu ma khong hoan toan c6 dinh trong pham vi mat ct.

Néu sur dung cong thiic (4-60) cua Poranto, cong thiic (4-56) viét lai thanh:

L (4-61)
P dy

Theo Poranto, & 1an can thanh ran c6 thé coi ring t = 1, do do:

\ﬁ N \/E - (4-62)
p \p

trong d6 nhu da biét theo (4-49), u. goi 1a luu toc dong luc. Chi ¥ ring u. khong biéu thi
mot luu toc ¢b y nhia vat 1y nao.

Pem két qua (4-62) dua vao dang thuée (4-61), ta c6:

=&y —. (4-63)

Tl nay vé sau ta viét u thay cho u tic 1a luu t6c trung binh thoi gian. Tich phan
phuong trinh (4-63), ta dugc:

u= Yy +C, (4-64)
&
tiuc la toc do trung binh thoi gian ciia dong chay roi phan bo theo quy luat 16garit cua

khoang céch y ké tir thanh ran.

Thi nghiém cta Nicurdtso chiing minh ring c6 thé suy rong biéu thiic (4-64) cho toan
dong chay, Poranto da viét ra biéu thic phan bo luu toc trén toan mat ct nhu sau.

Trén truc 6ng, tic 1a & chd y =1y, luu téc s€ cuc dai:

0. = %lnro +C. (4-65)

max

Trir vé€ d6i vé, hai dang thiic (4-64) va (4-65) duoc biéu thi vé do thiéu hut luu toc:

U, —u= % (Inry — My). (4-66)

max
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Tir d6 biéu thiic vé do thi€u hut tuong déi luu t6c viét thanh:

Uy —u _ 1 mio (4-67)
U & y
Do thi€u hut luu tée u,,,- u tuong ting v6i doan BC trén do phan _Z 5
b6 van téc (hinh 4-21). Cong thic (4-66) va (4-67) duoc nhiéu thi ¢ lk
nghiém xdc nhan, nhiing cong thic d6 chi rd rang hinh dang cua (5
phan FK trén dudng cong phan b6 van toc la khong déi véi mot / Una
duong kinh 6ng cho trude, khong phu thuoc luu lugng va do nham Fp U
cua thanh ran. Nhu vay dinh luat phan bé su thi€u hut twong doi cua y
van toc diém 12 giéng nhau d6i véi tat ca cdc dong chdy r6i trong _&
ong. D6 la dinh luat logarit cia do thi€u hut luu toc tuong doi (4-67).
Uy
Thay &= 0,4 vao cong thic (4-67), ta cé:
Uy — U Iy ’ E A 0
max — -0 _
w0y @69 Hinh 421

D6 phan b6 luu toc trén mat cit clia dong chay roi duoc biéu thi trén hinh (4-13).
Trong khu vuc ctia 16p mong chay tang luu téc tang 1én rat nhanh gin nhu theo quy luat
duong thang (ndi chat ché thi & day Iuu toc phai phan bo theo parabon, phit hgp véi trang
thdi chay tdng). O phan chinh clia dong chay r6i (dudng cong 2), luu téc phan bs déu hon

2 7 2 A b A Z,° 7 hid A Z u by s
la & trang thai chay tang (duong cong 1): néu vdi trang thai chay tang c6: —M% =2 thi véi
v

7 * 2 A 2 A z 2 A LN N M M A N Z, N 2 ~ u .2
trang thai chay rdi, ti s6 d6 nho hon rat nhi€u va khi tri s6 Re cang 16n thi ti s6 —2% giam
v

cang nhiéu.

S8 Raynon 2700 10° 108
, . u
Ti 56 —max 133 1,66 111
Vv

Bang nhitng s6 liéu trén ching ta chiing minh duoc riang: trong dong chay r6i, néu do
roi cang 16n thi su phdn bo luu toc trén mdt cdt cang cé khuynh hudng binh qudn héa. Nhu
da néi & trén, diéu do c6 thé cit nghia bang hién tuong xdo tron phan tir chit 16ng: cdc phin
tir ¢6 toc do 16n khi 1an vao 16p chay cham hon s€ ¢6 khuynh huéng lam 16p chay cham
tang toc do 1én va ngugc lai. VGi Re — oo, su phan bo luu tdc tién téi phan bo déu, ma su
phan b6 déu ctia luu t6c 12 dic tinh c6 thé ¢6 dugc & dong chat 1ong khong nhét, dong thoi
ciing la dic tinh cta chuyén dong thé; nhu vay khi do réi cuc 16n, c6 thé coi su phan bo luu
toc nhu trong chuyén dong ctia chat 1ong ly tudng hoic trong chuyén dong thé.
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Van dé phan b6 luu toc trén mat cat ngang clia dong chay roi tuy da dugc nghién ctu
nhiéu trén co s& két hop 1y luan va thuc nghiém va da dat dugc mot s6 két qua quan trong,
nhung con ton tai rat nhi€u cau hoi chua dugc sang td, thi du nhu vé su xac dinh do dai xdo
tron [, vé su quy dinh khoang cdch y dé quy luat phan bo luu t6c theo logarit bat dau cé
hiéu luc, vé anh hudng ctia d nhdm dén quy luat phan bo do...

Ngoai quy luat phan b6 luu t6c theo ham sé 16garit nhu da néi & trén cling con nhiéu
deé nghi khdc, thi du quy luat s6 mii. Cdcman (nam 1921), trén co s6 nghién ciu 1y thuyét
da dé nghi d6i vé6i ong tron:

1

r \m
u=u, |1-—]| .,
Iy

trong do: r,, - ban kinh 6ng;
r - khodng céch tir tim mat cat uét dén diém xét van toc u;

m - mau s6 clia s6 mil, phu thuoc s6 Raynon Re,.

C6 thé xdc dinh m theo bang sau:

Re, 10* 10° 3.10° 10°
m 7 8 9 10

Theo A. D. Ansun (1956), quy luat nay con dung dugc cho 6ng nham, né€u s6 mil
duoc tinh theo:

1 oo
m

Hé s6 A s€ dugc néi dén & §4-7.

Phuong huéng hién dai cua su xdc dinh quy luat phan bo luu téc 1a nghién ctu cau
tao roi cua dong chay.

6. Su phdn chia 3 khu vuc trong dong chdy roi

Su phan bo luu téc trong 16p mong chdy ting c6 thé suy dién dé dang bang cach thay
trong cong thiic (4-50) u, bang u va thay J bang y. Ta duogc:

us

u= —y. (4-69)
v
Tai ranh gidi cta 16p mong chay tang va phan con lai cua dong chay, nghia la tai noi
y = 0, (b€ day cua 16p mdng chay ting), van toc u co tri s6 dac biét u, = EF (hinh 4-21); &
d6 u, bi chi phoi boi hai quy luat:

- Quy luat (4-69) vé su phan bd van téc trong 16p mong chay tang c¢6 do day &:

u?

u=—y. (4-70)
v
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- Quy luat logarit vé do thi€u hut Iuu toc (4-68) diing cho phéan con lai clia ddong chay:

Umax 78 _ 575 lgr_O‘

U y

Cho y = & vao hai cong thiic nay thi ta duogc:

2
u, = s
Y
va: Smax 70 _ 5,75 lgr—o.
Us )

Loai 8 & hai biéu thitc vira méi dat dugc ta c6:

2
U,
u,, =u, +5,75u.lg—2.
uv

Maiit khac, tlr (4-68), taritratri s u_,:

max *

u,..=u+575u, lgr—0 .
y

Tir (4-73) va (4-72), ta viét:

2
U+ 5,750 lg2 = u, +5,75u, lg 0
y ulV
hoic: — = 57550 4575 lg(
U U y
hoic:  — =2 457576 45756 %Y
U Us ul A%

u*y u*l‘o

voyy

J

Vi nhitng tri s6 Raynon 16n hon 10°, ta c6 thé coi la:

bl + 5,75 lgE = const = 5,5,
U ul

khi d6 quy luat logarit vé su thi€u hut Iuu t6c c6 dang sau day:

M o55+5,7501g %Y
U A%

Nhu vay tiy theo do 16n ctia biéu thic khong thit nguyén 4

thanh 6ng dén trung tdm (hinh 4-21):

4-71)

4-72)

(4-73)

(4-74)

(4-75)

ta phan biét ba khu tu
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a) < 10; khu 16p mong chay tang; tinh nhét cé tac dung wu thé€ so véi tinh roi.

U*y
v

O day quy luat phan bo van téc cho boi cong thiic (4-70):

2
u= 2y (4-70)
A%
hoac: B0y
U A%

biéu thi boi dudng cong (A) & do thi trén hinh 4-22. D6 phan bo luu t6c biéu dién boi
dudng thang DF trén hinh 4-21.

b) 10 < =Y < 30; khu qud do. O day tinh nhét va tinh r6i téc dong déng thdi, nhiing
v

ing sudt tiép ma sat nhét u = — va ma sat 161 pu,u, c6 cung mot do 16n (lan can diém F

dy
& hinh 4-21). Ta ¢6 ui = f(“zyj. Kntsen va Kétdo (1958) dé nghi cong thic cho khu
nay la:
Y1150 %Y 305, (4-76)
U A%

biéu dién bing duong thang (C) & d6 thi trén hinh 4-22.

u

u
20| 7

< C
5 ///v B
L~

10 P
5

1 oy

A~ r an ~a Aann 1)
Hinh 4-22

o) Y 5 30 ting v6i phdn chii yéu ciia dong chiy (phan FK trén hinh 4-21). O day
A%

dnh hudng cla tinh nhét khong dang ké so véi anh hudng ctia do r6i. Su phan bo van toc &
day tuan theo quy luat logarit vé su thi€u hut luu toc.
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Smax 78— 5751970 .

U y

hodc: - =55+5,75lg 2y
U A%

biéu thi bdi dudng thing (B) (hinh 4-22).

Trong thuc tién ky thuat, thudng phéi xdc dinh tén that nang lugng clia dong chay.
Do6i v6i dong chay tang, c6 thé dung 1y luan di tir quy luat phan b6 luu toc trén mat cét
ngang ma tinh ra hé s6 A, réi suy ra t6n thit cot nudc theo cong thitic Pdcxy. Doi véi dong
chay r6i, chua c¢6 kha nang lam duoc nhu doi v6i dong chay tang, ma chi yéu phai dua vao
thi nghiém dé xac dinh hé s6 A trong cong thiic Pacxy. Quy luat bién thién clia A trong
dong chay roi duge Nicurdtso phat hién ra (1932 - 1933), da dua viéc nghién ctiu sy tén
that nang luong trong dong chay roi phét trién 1én mot budc méi.

§4-7. CONG THUC TONG QUAT PACXY TiNH TON THAT COT NUGC
h, TRONG DONG CHAY PEU - HE SO TON THAT DOC PUONG
A - THI NGHIEM NICURATSO

a) Phdn tich nhiing yéu t6 dnh hudng dén iing sudt tiép tai thanh rdn trong dong chdy roi
va suy dién cong thiic tong qudt Ddcxy

Nghién cttu bang thi nghiém dong chay r6i trong 6ng tron c¢6 dudng kinh d, do nhdm
tuyét doi cua thanh ran A, luu toc trung binh v, v6i chat 16ng c6 khai luong don vi p va hé
s0 nhét p, ta thdy ro rang 12 Gng suat ti€p tai thanh ran 1, phu thuoc tat ca nhiing yéu t6
trén, tic la 1, 1a ham s6 cla nhitng bi€n s6 doc 14p ndi trén:

T, = f(v, d, A, p, W.

Xuat phat tit nguyén tdc dong nhdt vé thir nguyén cta Fuarié (1882) phét biéu riang
mot phuong trinh bi€u thi mot méi quan hé vat Iy ndo d6 giita mot s6 dai lugng phai dong
nhét vé thit nguyén, tic 1a thi nguyén ctia mdi v€ cuia phuong trinh phai nhu nhau, ta thay
10 rang vé& phai khong thé 12 téng s nhitng dai lugng khac nhau dé dugc ma bét budc phai
la tich so, tuc 1a:

T, = Cv'd peuiA° (4-77)
trong d6 C 12 hing s6 khong thit nguyén; a, b, ¢, d, e 1a nhitng s6 mii chua biét.

Viét thit nguyén cla ting dai lugng rdi thay vao phuong trinh (4-77), ta dugc:

a c d
M (LY MY (MY
= (?J = (Lz) (LT) L
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S6 mii ting véi céc thit nguyén co ban M, L, T & hai v€ phai bang nhau, do dé:
UngvéiM: l=c+d,
Ung véi L: -l=a+b-3c-d+e,
Ung v6i T: -2=-a-d

Giai a, b, ¢ theo d va e, ta dugc:

To — CVZ-dd-d—epl-dudAe’

e
hoac: 1,=C L (—) pve,
vdp d

2
hoac: 1, =1, [ﬂ, éj p—, (4-78)
p o d 2
d
véi Re = vep , ta co:
[
A V2
t,=f,| Re, — |[p—. 4-79
0 1( de 5 ( )
. A
Goi: V=1 (Re, Ej , (4-80)
cong thic (4-79) dugce viét lai nhu sau:
v2
To=l|JP?- (4-81)

Trong dong chay déu, theo (4-7):
T, = YRJ.
Ta c6 thé thay tri s6 d6 cla T, vao (4-81) va dugc:

2
YRJ = Up V? (4-82)

. h . , N )
Biét rang J = Td , sau khi thay tri s6 d6 cua J vao (4-82), ta c6:

V2

Ly (4-83)
R 2g

=V
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boi véi ong tron, R =Z , ta co:

I v?
h, =4y — —. 4-84
d wdzg (4-84)

Goi A = 4, ta dugc:

[\S)

h,=2 (4-85)

o~
#1

trong d6 A 12 hé s6'ma sdr khong thi nguyén, xdc dinh chil yéu bang thi nghiém. Cong thic
(4-85) goi la cong thiic Pdcxy, tim ra nam 1856.

Dé tién dung cong thitc Pacxy cho nhitng dong chay déu trong nhitng tiét dién khong
tron, ta thay dudng kinh d trong cong thiic 4y bang béan kinh thiy luc R theo d = 4R; ta co:

2
b= (4-86)
4R 2g

Cong thic Ddcxy dudi dang (4-85) va (4-86) 1a cong thic tdng quat tinh tén that cot
nuéc doc dudong cho dong chay déu, ding cho ca dong chay tang 1an dong chay réi. Nén
nhé lai rang trong trudng hop chay tdng, ta cling da suy dién ra cong thic Dacxy (4-24),
trong d6 hé s6 A dugc tinh bang ly thuyét theo (4-25).

b) Hé so'ton thdt doc duong A
Khi suy dién cong thic (4-85), ta da goi A = 4y ma s dugc xdc dinh theo (4-80).
Vay:

A
= —_ -
f, (Re, dJ (4-87)

tic la hé s6 ma sat doc duong Dacxy cua dong chay roi phu thudc s6 Raynon va do nham
tuong do6i. Ta da biét trong truong hop chay tang thi:

64

tang =
Re

A (4-25)

con A, duge xdc dinh bang thi nghiém.
¢) Thi nghiém cua Nicurdtso

Muc dich ctia thi nghiém Nicurdtso 12 x4dc dinh cu thé quy luat bién thién clia A ma
biéu thitc chung da dugc néu ra du6i dang (4-87).

Nicuratso da cho cdc ong ¢6 duong kinh khac nhau mot do nhdm xac dinh bang cach
boi vao phia trong cac thanh 6ng mot thit son khong tham nudc va dé cho day 6ng mot loai
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cat da duogc lua chon c6 do thod xac dinh. Cat dinh vao thanh; dgi sau khi son ciing lai, thi
d6 cat thira ra. Goi A 1a dudong kinh trung binh clia céc hat cdt, r, 1a ban kinh cla ong,
Nicuratso da cé dugc nhiing 6ng c6 do nham tuong doi A va do nham tuyét doi A. Nhiing
To

ong nay dung dé thi nghiém vé ton thit cot nuéc doc dudng. Muon theé ta cho nudc chay
qua ong véi cac luu luong khac nhau tic 1a véi cac luu tée trung binh v khac nhau va tng
v6i moi truong hop v, do muc giam sit cua cot nude do dp hy trén mot doan dai xédc dinh /,
doan dai nay khong 18y & pham vi doan dau [, = (25 + 50)d (xem cong thic (4-57)), r6i
tinh nhiing tri s6 tuong ing cua hé s6 ma sat A tu cong thitc Pacxy (4-14):

2
b=l Y
d 2g
h
trdératra: A= —dﬂ.
A~

Nicurdtso da ghi lai nhitng két qua thi nghiém trén mot biéu d6 cé truc hoanh do 1a
IgRe, truc tung do 1a /g100A (hinh 4-23).

Trén biéu d6 nay, nhiing két qua thi nghiém lam véi nhiing 6ng ¢6 ciing mot do nhdm
tuong doi dugc ghi lai bang cung mot loai ky hiéu (chd § ring nhitng 6ng d6 c6 thé c6
duong kinh d khac nhau va do nham tuyét doi A khac nhau).

1g(1001)
1,1 o\) i
*
1,0 o
9% }
0,9
0.8 %ﬁ ! E rO
: “»ﬁ) i N ¢TI GoP| —-= 16
07 A
’ RPT e 0|2 B P00 §PO | 30,6
Ny { Mﬁ: IS i
] O, d
0,5 8 |§§’4%8£E@ g@%%é‘%sp i i
B d (-b q ~
TS Pyl 12
’ \ o ocdo @ dRe | 252
i LR S S
| D B30T [ F
0,2 | _

2,528 3,032 343638 4042 44464850 52 545658 60 2R
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Phan tich biéu d6 nay, ta c6 thé chia 1am nam khu vuc:

1. Pudng thing AB: khu chdy tdng. Nhing diém thi nghiém trong trang thdi chay
ting déu nim trén dudng thang nay. Chiing ta nhan thdy ring & day gap tat ca cdc dang diu
hiéu, diéu d6 c6 nghia 1a trong trang thdi chdy tang, hé s6' ma sdt A khong phu thudc vao
do nhdm ciia ong, tic 1a A = f(Re). Theo dudng AB, ta thiy A giam di khi Re tang 1én. M6i
quan h¢ giita A va Re dugc biéu dién bing cong thic (4-25) di tim duogc bang 1y luan khi
nghién ctru dong chay tang: A = ﬁ

Re

Nhu vay thi nghiém Nicurdtso xdc minh dugc su ding din ctia dinh luat ma sat nhét

Niuton va clia su phan tich 1y thuyét vé trang théi chay tang trong 6ng.

2. Mot s6 16n diém nam 16n xon giita dudong thang AB va diém C: khu qud do tir chdy
tdng sang chdy roi. Nhitng diém nay dng véi thi nghiém khi dong chay qua do tir trang théi
chay tang sang trang thdi chay r6i. D6i v6i viing ngin nay chua xdc dinh duoc mot quy luat
nao ca.

3. Buong thang CD: khu chdy réi 6ng tron thity lic. Puong thang nay ting vé6i nhitng
thi nghiém 1am cho nhiing thanh 6ng tron thiy luc. Ching ta nhan thay ring vi nhitng diém
tuong ung vdi nhiing 6ng c6 do nham tuong dé)'ié kh4c nhau déu nim trén dudng thing

To
do, nén rd rang trong nhiing ong tron thity luc, hé s6'ma sdt A chi phu thudc vao sé Raynon
va khong phu thuéc vao dé nhdm tic L = f(Re). Ta c6 thé giai thich diéu nay tir khdi niém
ong tron thuy luc: thuc vay, vi 16p mong chay tang c¢6 do day 6t 16n hon do nham tuyét doi
A trong 6ng tron thily luc, nén nhitng 16p chét long chdy gin thanh ran déu trugt trén 16p
mong chay ting ma khong chiu anh hudng cta do nham. Tuy nhién khu vuc cta cic s6
Raynon tng véi thanh tron thiy luc cang hep khi do nham tuong doi cta thanh cang 16n.
Theo biéu do, v6i nhitng ong c6 dd nham tuong doi 1a — = 1/500, khu vuc nay la CD. Con
To
doi véi nhitng do nham tuong doi 16n hon thi du doi véi — = %0 thi khu vuc nay lai hep
To
hon, chi con lai CP. Puong thang CD duoc goi 1a dudng thang Boladiut, biéu thi cong thiic
Boladiut ma ta s€ ndi & tiét sau.

4. Khu vuc gifta duong thang CD va dudng cham cham EF: khu chdy réi ong nhdam

. A
thuy lyc. Trong khu vuc nay A phu thudc vao sé Re va vao do nham: ) = f [Re, —j .Trong
To
truong hop thanh nham thiy luc 16p mong chay tang khong bao pht dugc cdc mau nham,
nén céac 16p chit long phai chay bao quanh nhitng méau, tao nén nhitng xody nudc, do dé
tang thém stc can: vi vay do nham c6 anh hudng dén stic can. Thuc vay su phu thudc ctia A
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. oz A o . . .o A
vao A dugc biéu hién 6 cho tng v6i moi loai — c¢6 mot dudng riéng; thi du doi véi—= 30
I I
0 0

. 1 o iex

c6 duong MK va doi véi A = 550 c6 duong LN, con su phu thudc vao Re duoc biéu dién
To

bang do cong va tinh chat khong nam ngang ctia cic dudng nay.

5. Nhitng diém twong ting v6i thanh hoan toan nhdm thiiy lic déu nam sang bén phai

duong EF: khu stic can binh phuong luu téc. Trong khu vuc nay tat ca cac duong A = f [Re,éj

To
déu ndm ngang, nghia 1a khi thanh hoan toan nham, A khong phu thudc vao Re ma chi phu
. A : » 1 s
thuoc vao do nham tuong doi é: A=f (—J V6i Re 16n nhu vay, do day cua 16p mong
To To

chay tang rat nho so v6i do nham, nén & khu vuc gin thanh dng stic can tao nén bdi sy ma
sat nhét gitta cac 16p chét 1ong nho hon rédt nhiéu so véi stic can tao nén bdi su sinh ra cac
xody nudc khi bao quanh cdc mau nham; vi thé anh hudng ctia Re d6i v6i A c6 thé bd qua

AL . .
so v6i anh hudng cia — d6i v6i A. Lién hé dén cong thitc Dacxy, do A khong phu thudc
To
Re, ta thdy h, ti 1& v6i v*, cho nén khu vuc ndy thuong duoc goi 1a khu vic siic cdn binh
phuong tic 1a sic can ti 1& v6i binh phuong Iuu téc. Khu vuc nay con goi 1a khu mo hinh tu
dong (s€ nghién ciu trong phan 1y luan mo hinh).

Su biéu thi cdc quy luat nay 1a cong trinh khoa hoc quan trong clia Nicuratso. Céc
quy luat nay c6 thé ting dung cho su chuyén dong clia cc loai chét 1ong khac nhau, nhu
dau hoa chang han. Tuy nhién, nhitng thi nghiém ctia Nicuritso méi chi duogc tién hanh véi
do6 nham nhan tao (cat), nén khi dp dung nhiing k&t qua cua thi nghiém nay vao cic 6ng
thuong dung trong thuc t€, can phai than trong: do nham cta cac 6ng do Nicuratso lam thi
nghiém déu cing mot loai (cat déu hat), trong khi d6 thuc t€ cdc loai do nhdm c6 thé 1a
khéac nhau (d6 nhdm trén mat bétong, mat go, dd, mat gach v.v...). Nam 1938 nha nghién
ctu Liénxo Degioda da cong bo nhiing két qua tuong tu nhu két qua cta Nicuratso lam doi
vGi nhitng kénh hé ¢6 do nham nhéan tao.

Trong nhiéu nam tir 1940 dén nay nhiéu nha khoa hoc da nghién citu cdc quy luat t6n
that cOt nuGe trong cac ong su dung trong thuc t€, ¢ do nham tu nhién (6ng thép, gang va cic
ong khac). Vé mat dinh tinh, két qua cua cic tac gia nay ndi chung 1a tuong tu véi nhitng
két qua ctua Nicurdtso. Tuy nhién, cling thay dugc su khac nhau can ban: & cac 6ng c6 do
nhdm tu nhién, céc duong A = f(Re) trong khu vuc thanh nhdm (& biéu d6 Nicurétso, dé 1a
khu vuc gifta dudng thang CD va duong chdm EF) khong nang cao 1én ma déu di xuéng.

Trén hinh (4-24) biéu dién do thi Colobortic va Oaito, ghi lai nhitng két qua thi nghiém
lam véi nhitng 6ng ¢6 do nham tu nhién. Trén do6 thi d6, c6 nhiing duong chadm chdm giGi

: 560

han khu stic can binh phuong; vi trf cua dudng d6 dugc xdc dinh theo Re;gip,pn = = v6i
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Re > Re;iéihan thi siic can 12 & khu binh phuong, A = = 13 do nham tuong déi. O Lién Xo

el

(cli) G. A. Murin, F. A. Sévélép ciing dat dugc nhitng d6 thi tuong tu.

A
0,080 e = T
0,070 BiEmY 0,040
0,060 e 03¢ |-H
= 1
0,050 Tt
’ RS SN 0.015 | H
N\ 1l 1
0,040 Y =N 0,010 |1
n 0.00: - N " _ ﬂ
SRS L. 006 DUONG Regh = =
N
0.030 N NS T
I111
AN HH
0,023 i 0,0020 4
R mam
S= 0,0010 1
0,020 Si IS =
= Ss 000
S )
0,015 NI 00000
N NN i
0,012 NN T 0,0001
I s NAEL 0,00005
0,010 N 0.000005 HHH
0,009 ST T o000l Vg
8 [Trt=11 1 Rd=7
23456810 2 3456810 2 34568 10 23 456810 2 3456810
Hinh 4-24

Tu nhitng su khéo sét trinh bay tom tat & trén, ta thay khi giai quyét nhiing van dé
thuc té€, can lua chon ding hé s6 A (hay C) ma hé s6 nay lai dong thoi phu thudc vao trang
thdi chdy va trang thai tron, nhdm thuy luc ctia thanh rdn nhu da néu & cong thic (4-73).
Dudi day 1a nhitng cong thitc xdc dinh hé s6 A va hé s6 C dung dé tinh tdn that cot nudc
doc duong.

§4-8. CONG THUC SEDI - CONG THUC XAC PINH NHUNG HE SO
A VA C PE TINH TON THAT COT NUGC DOC PUONG CUA
DONG CHAY PEU TRONG CAC ONG VA KENH HO

1. Cong thirc Sedi

Trong dong chdy déu, viéc xédc dinh luu téc trung binh mat cét v 1a rat quan trong.
Tu cong thic Dacxy (4-86):
2

hy=A— —

o~
oQ
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/ /h
taratra:v= 87g \/ﬁ Td,

hoac: =C+vRJ]|, (4-88)

trong do, C - hé so Sedi,

8g
C=—=. 4-89
k (4-89)
Cong thic (4-88) goi la cong thic Sedi, mot cong thitc rat quan trong trong thuy luc
hoc. Hé s6 Sedi c6 thit nguyén can s6 bac hai cua gia toc (\/; /s) va dugc xdc dinh bing
thi nghiém.

Biét luu lugng Q = ov, ta c6 thé viét:

Q= wC+/RJ|. (4-90)

Cong thic (4-88) va (4-90) duoc st dung rong rai trong thuy luc va dac biét cho dong
chay déu trong kénh hd (xem chuong VIII). Nha k§ su Phap Sedi tim dugc cong thic d6
bang phuong phdp thi nghiém nam 1775, khi nghién ctu dinh luat dong chay trén song.
Lic dau ong nghi ring heé so C 1a dai lugng khong ddi va cho né bang C = 50+/m /s. Sau
d6 ong nhan xét ring dai lugng C phu thuoc nhiéu yéu t6: do nhdam, dang hinh hoc va kich
thudc mat cat ngang cuia 1ong song va cdn phu thudc vao ca luu toc dong chay.

Chiing ta nhan thay ring cong thiic Pacxy va cong thiic Sedi ¢ thé suy dién ra nhau.
C4 hai déu biéu thi méi quan hé giita luu toc trung binh ctia dong chdy véi tén that cot nudc
doc duong do ma sat gy ra. Mudn st dung nhiing cong thiic d6, can biét cach tinh céc tri
s6 ctia hé s6 A va C.

Mot 1an nifa chiing ta nhdn manh rang bdi vi hé s6 A 1a hé s6 khong thit nguyén, nén
c6 thé st dung cong thiic Pacxy trong bat ky hé thong don vi nao; con dai lugng C c6 thit
nguyén 1a can s6 bac hai cla gia t6c, nén chi c6 thé st dung cong thic Sedi trong hé thong
don vi diing dé biéu thi C. C4c tri s6 C déu tinh thanh vm /s, nén khi 4p dung cong thiic
Sedi, can phai biéu thi luu téc v thanh m/s, gia téc trong luc thanh m/s®, ban kinh thiy luc R
va do dai [ thanh mét; lic dé tén that cot nude ciing do biang mét.

2. Nhiing cong thirc xdc dinh hé so6 Ddcxy A
a) Trang thdi chdy tang:
Dai v6i trang thai chay tang trong ong tron, ching ta da ¢4 cong thiic:

_6_A

A= = —. 4-91
Re Re ( )
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Khi cdc mat cat ngang 6ng khong tron, tir s6 sé& hoi khdc véi 64. Theo Idobétso d6i
vGi mit cat hinh vuong A = 57, doi v6i tam gidc déu A = 53, d6i v6i hinh vanh khin va khe
h& phéng A = 96.

D6i v6i mat cat khong tron can phéi tinh s6 Re theo biéu thiic:

vd 4

Re = R
v

trong d6 d,, goi la dudong kinh tuong duong, tic la mot dai lugng bac nhat nao dé
dugc chon tuong duong véi dudng kinh.
Dai v6i hinh vuong c6 canh a ta c6: d = a; d6i v6i hinh tam gidc déu d,,= 0,58a; doi
v6i hinh vanh khan va khe hé phang c6 chiéu rong 12 a thi d ,= 2a.
Nhiing tri s6 da cho nay 1a chinh xac doi v6i dong chay c6 ap.
A ) 24
baoi véi kénh hé: A = ——. (4-92)
ReR
b) Trang thdi chdy roi trong cdc thanh tron thiy luc:
Khi Re < 100.000, cong thic Boladiit (1912) la thich hop (duong thang CD trén do6
Nicuratso hinh 4-23):

0,316
Mron = RellA” (4-93)

Khi Re > 100.000 (nhung véi diéu kién thanh tron), ding cong thiic Conacop (1947):

1

A >
(1,8/gRey—1,5)

(4-94)

tron

deéi v6i Re < 100.000, cong thic nay ciing cho nhitng két qua tot. Cac tri sO tinh A theo
(4-94) ¢6 thé tra phu luc 4-1. D6i v6i 6ng tron ngudi ta con ap dung cong thic Nicurdtso
(1933):

= 21g(Reg \Ayen | - 0.8, (4-95)

tron

thich hop cho Re = 5.000 + 3.000.000; va c6 thé mé rong cho ca Re > 3.000.000.

¢) Trang thdi chdy roi trong khu thanh hodan toan nhdm thity luc, coéng thitc Poranto -
Nicurdtso:

Dua trén thi nghiém cua Nicuréitso, Poranto dé nghi cong thic sau day goi 1a cong
thiic Poranto - Nicuratso:
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1
vV }\’nhém

thich hop cho thanh hoan toan nhdm, vira dung dugc cho do nhdm nhan tao, vira dung duoc
cho d6 nham ty nhién; cong thic nay tng véi cac duong cong & khu vuc thanh nham thuy
luc trén d6 thi Nicuratso (hinh 4-23) va trén d6 thi Colobortc — Qaito (hinh 4-24). Tri s6 do
nham A tra & phu luc 4-2 (coi A = A,), hoac tra & bang 4-1.

d d
=2lg—+ 1,14 =2Ig| 3,71— 4-96
gh g( Aj (4-96)

d) Khu vuc thanh nhdam:
C6 thé dung cong thitic Antosun (1952):

0,25
po=0.1 LA46A 10077 (4-97)
d Re

0.25
= ﬁj . 4-97°)

hoac: A=0,11| —+
d Re

Cong thitc Antosun (4-97°) & khu vuc thanh nhdm thuy luc dan dén cong thiic

Sifrixon:
A= 0,11 ‘{/% ) (4-977)

Cong thiic ndy c6 thé dung thay cho (4-96) trong diéu kién : % < 0,007.

A tra theo bang 4-1.

Bdng 4-1
Tén vét liéu lam 6ng A(mm)
Ong thép mai 0,065 = 0,1
Ong thép dung chua ¢ 0,10+ 0,15
Cing gang mdi 0,25+1,0
Ong gang da diing 10+15

e) Cong thitc Coloboriic (1939) diung cho 6ng c6 dé nhdm tw nhién: D6i v6i khu vuc sic
can binh phuong trong 6ng c6 do nhdm tu nhién, nhu vira néi & trén, c6 thé ding cong thic
Poranto - Nicuratso (4-96).

Dai v6i khu vuc thanh nham thay luc trong 6ng ¢6 do nham tu nhién, Colobortc dé
nghi (1939):
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A
i:—zzg w 251 (4-98)
3,7 Rey A

trong do A4 1a d0 nhdm tuong duong.

Do nham tuong duong A, 1a d6 nhdm tudng tugng cuia mot thanh 6ng c6 méu gbé ghé
déu va phan bg déu, sao cho trong khu vuc siic can binh phuong tri s6 A & thanh 6ng tudng
tuong nay bang tri s6 A ¢ thanh ong ¢ do nhdm tu nhién. D6 nhdm tuong duong duoc xdc
dinh nhu sau: xét trang thdi chdy & khu vuc binh phuong siic can, bang thi nghiém va diing
cong thitc Pacxy (4-85), x4c dinh A; roi dung cong thic (4-96) dé xdc dinh A; d6 1a A,

Néu giam A, dén s6 khong thi cong thic (4-98) dan t6i cong thic (4-95), néu tang
Re, dén vo cuc thi dan t6i cong thic (4-96).

Bang cho nhiing tri s6 A, xem & phu luc 4-2. Trong nhiing nam gan day, cé nhi¢u
cong trinh nghién citu cho biét nhitng tri s6 A ciia ting loai 6ng. C6 thé tim nhiing tri s6 A &
céc s tay thay luc.

g) Nhdn xét bo sung: Trong truong hop ong thép va 6ng gang da sir dung, tri s6 A c6 thé
tinh theo cong thic kinh nghiém cua Sévélép:

e Vé6iRe, >9,2.10° (khu binh phuong stic can):

_ 0,021 0,021

A JOE ~ Vg (4-99)
e Vé6iRe, < 9,2.10° (khu truéc stic can binh phuong):
15100 1 )"
A== + (4-100)
d Rey

trong do d — tinh ra m.

3. Tiéu chudn gidi han cdc khu vuc thanh tron, thanh nhdm, khu sitc cdn binh
phuong

a) Theo chiéu day cua I6p mong chdy tang:
O trén chiing ta da dua ra cong thic tinh chiéu day 16p mong chay tang:

_32,8d

t_Re\/x

Theo d6 thi thi nghiém ctia Nicuritso, diém cu6i ctia khu thanh tron x4c dinh boi
cong thic:

)

(4-53)

177



%Rex/xES (4-101)
va diém dau ctia khu hoan toAn nham, tic 12 khu stic can binh phuong dic trung béi:
%Re\/i = 200. (4-102)

Do d6 so sanh (4-101), (4-102) v6i (4-53), ta thay ting véi thanh tron
S, > 4A,
ung v6i thanh nham hoan toan:
5 <2
6
Khu thanh nham, khi:
1 A
Z<_< 6. (4-103)

t
b) Theo cdc sé Raynon gidi han:
bl) Véi nhitng s6 liéu ding dé lap d6 thi Nicurdtso (hinh 4-23), ta c6 thé lap mot do
<A e
thi khéac véi cac toa do 1a 1 21g£ va lgu— (hinh 4-25). Dang chu y la tat ca cac
NOY A v
diém thi nghiém déu nam trén cting mot dudng thing.

Phan tich nhitng s6 liéu thi nghiém do, ta thay:

o
3.0 | ;)Q
2.5 o
E < _ | Kq;u bj;rb pb]f[n‘ng
20/ 1 B RO o ¥
5 OTha_nh cd do nhdm fon
1.5 L
® A=
® - 30,0
1.0 @ = 60,0
® - 126,
05 252,
. | 1g UV
v
0 A N o A~ 1 ¢ AN N A 7K

Hinh 4-25
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U*A
v

< 3,55, nhitng diém thi nghiém nam trén dudng

WA\ .
1. Khi lg 22 < 0,55 titc 1a khi
v

[1Y-¢

thang “6ng tron”.
Biét rang theo (4-52):

U*:\/EzﬂgRJ,
p

ma theo cong thic Sedi (4-88):
v=C+RJ,

ta c6 duoc quan hé giita luu t6¢c dong luc u. va luu toc trung binh mat cit v nhu sau:

o= e

, 8
hogc chd y dén C= |22 (4-89)

A
ta co: u. = g—kv = \/ZV. (4-104)
\j 8g 8

. 4 9 N . 2 2, u A
Thay tri s6 clia u.. vao bat déing thic —— < 3,55, ta duoc:

A%
(VAN _ VWA Ad <3.55,
v J8 vd
) A
hoac: Re \/XE < 10. (4-105)

Néu trong biéu thic ndy ta thay A bang cong thic (4-93) & thanh tron, thi dugc:
d 8/17
Re,,, <27 (ZJ (4-106)

2. Sau khi c6:

u:A

A
> 1,83 hoic 22 > 67,6,
A% A%

lg

ta s& dat tri s6 cho noi bit diu khu binh phuong stic can:

Re,, ~ 191 14 (4-107)

Jr A
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d
hoac Re,, ~21,6C- (4-108)

trong d6 C la hé so Sedi.

3. Trong khoang

355< M8 676
A%
o d 8/7 1 d
wicla 27| S| <Re<191—.%, (4-109)
A Jr A

ta c6 khu quéa do tur thanh tron sang thanh nham trong d6 A vira phu thudc s6 Re, vira phu
thuoc do nham tuong doi.

b2) St dung d6 thi Coloboridc va Oaito h. 4-24, ta chid y dén hai duong chdm chdm
dung dé tdch riéng ra khu stc can trudc binh phuong ma dac trung 1a:

A =f(Re,A),
trong do: A = é
d

S6 Raynon tuong tng v6i khu d6 nam trong giGi han.
(Reg)gy < Reg < (Reg)gy

Trong truong hop:
4000 < Rey < (Reg) g,

ta c6 khu vuc 6ng tron, pht hgp vé6i quy luat A = f(Re).
Trong truong hop :

Rey > (Reg)g,

ta c6 khu vuc binh phuong, phu hop v6i quy luat A = f(Z ).

Theo Atosun, nhiing tri s6 Re gi6i han (Reg );gh va (Red);h c6 thé tinh gan ding theo
nhitng cong thitc sau day:

.10
(Reg)gh ~ = (4-110)
A
.« 500
(Req)y~ == (4-111)
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Str dung nhiing cong thiic vira néu, ta c6 thé gidi quyét van dé:

a) khi nao ong cho trudc coi dugc 1a ong tron va lic d6 c6 thé tinh todn ma khong can
xét dé€n do nham;

b) khi ndo 6ng cho trudc coi dugc 12 & khu binh phuong stic can va ldc d6 c6 thé
khong can xét dén so Re.

Ta ciing con ¢6 thé sit dung nhiing cong thiic sau day dé xdc dinh nhiing gi6i han
thanh tron (Reg)g, va gi6i han thanh nhdm (Rey)g, -

c¢) Theo luu téc gidi han

Tir cong thiic (4-108), ma ta viét lai nhu sau:

V—d: 21,6Cg
Y A

ta c6 thé tinh dugc tri s6 luu téc gi6i han khu stic can binh phuong:
v=21,6~C
A
Gia thiét v = 1,31 mm?/s, ta c6:

0,00002824(m'*)

v (m/s) = Am)

.C(m%’ /s)

Vé6i nhiing tri s6 A (mm) nhu sau:
A = 0,45 d6i v6i ong thép méi,
A = 0,50 do6i v6i ong gang mdi,
A = 1,35 d6i v6i 6ng “thudng”,
ngudi ta da 1ap bang 4-2 d€ tinh v,,.

Bdng 4-2

Budng kinh 6ng, mm

Loai 6ng 50 100 200 300 400 500 600 | 1000 | 1100

Tri s6 vy, (M/s), bat dau khu binh phuong

Gngthépmsi | 28 | 32 | 35 | 37 | 38 | 39 | 40 | 42 | 45
Gnggangmai | 25 | 28 | 31 | 33 | 34 | 35 | 36 | 38 | 40
Ong “thuong” 08 09 1.0 11 11 12 12 13 13
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Thi nghiém chiing té trong nhiéu trudng hop, dic biét d6i véi nhiing loai 6ng
“thudng” (tic 6ng da sir dung mot s6 nam van con tot), khong ¢6 su phan biét 16n 1am gitta
A va },,, cing nhu gita C va C,,, (nhitng cong thic tinh A va C la nhiing cong thic dung
cho khu binh phuong va khu thanh nhdm, ky hiéu b.p). Bang 4-3 cho thay diéu do.

Badng 4-3
Loai & A C
oai ong P -
kb.p Cb.p
Thép mdi 1,10 0,95
Gang mai 1,22 0,91
“‘thudng” 1,03 0,98

Tuy nhién déi v6i nhitng 6ng dic biét, su phan biét nay c6 thé 16n.

Thi du: cho mot ong thép hinh tru han nguyén khoi, da sit dung nhung con t6t. Puong
kinh 6ng d = 120 mm; chiéu dai / = 500 m. Tinh t6n that cot nudc doc dudng, néu dong
chay 1a dau hoa c6 luu lugng Q = 40 //s va hé s6 nhét dong hoc clia dau hda & nhiét do
t=15Cva v =0,027 cm?/s.

Loi giai: DO nham ong, tra & phu luc 4-2 1a A = 0,04 mm. Do d6 d6 nham tuong doi

A 004
d 120

A= = 0,00033.

Luu t6c trung binh:

4 4% 0,04
v= ‘g: =354 m)s.
nd?  3,14x0,12
S6 Re:
Re,= Y4 3312 ) o0 409,
v 0,027

Ta tinh cac tri s6 Raynon gidi han theo (4-110) va (4-111):

, 10
(Rey),, ===3. 10%,
d/gh A

500

(Rey)o, = — =1,51.10°.
d/gh A
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Vay rd rang
(Reg)gn < Rey < (Reg)gy »

do d6 dong chay la & khu thanh nham.
Trén do thi (4-25) c6 thé trara:
A =0,0186.

Ta c6 thé dung cong thiic Antosun (4-97):

— 100" 0 )7
A=0,1|1,46A+—| =0,1/1,46-0,00033+————| =00183.
Re, 1,57-10
Tén that doc dudng:
2 2
hy =2 Y 20,0186 x 20 3% _ 49 5 m cot ddu héa.
d2g 0,12" 2x9,81

4. Nhitng cong thiic kinh nghiiém xdc dinh hé so Sedi C. D6i v6i dong chay r6i & khu
stic can binh phuong, ngudi ta hay diung cong thic Sedi, tir d6 suy ra tén that cot nudc;
hé s6 Sedi c6 tht nguyén, tinh ram /s , ban kinh thuy luc R tinh ra mét.

Cong thic ¢6 dang s6 mil.

a) Cong thiic Maninh (1890):

1
C=—RY (4-112)
n

trong d6 n - hé s6 nham, n < 0,020; R - ban kinh thay luc, R < 0,5m.

Cong thiic nay cho két qua tot doi véi 6ng va kénh hé. Bang phu luc 4-4 cho nhiing tri
s0 C tinh theo cong thic nay.

b) Cong thitc Pho6ccorayme (1923):

c=1r” (4-113)
n

Cong thic nay thich hgp d6i v6i cac kénh dat trong trang thai t6t véi n > 0,020
(khong co, khong sap 16, khong c6 da 16n).

c¢) Cong thic Pavolopski (1925):

C= lRy (4-114)
n

trong d6 y = f(n, R) 1a s6 mii, phu thuoc do nham va ban kinh thay luc.
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Cong thiic ny dé ra trén co s& nghién ctiu tdng hop cdc cong thiic trude. Cong thiic
nay dung ca cho 6ng va kénh hg, véi R < 3,0 + 5,0 m.

Cic tri s6 clia hé s6 nhdm n c6 thé tim & phu luc 4-3. S6 mil y duoc x4c dinh theo
cong thic day du:

y=2,5vn-0,13-0,75vR (+/n-0,1) (4-115)
Trong thuc t€ Pavolopski thdy rang c6 thé ap dung cong thiic gidn don:

—1,5vn khi R<1
y=15Vn khi m} (4-116)

y=1,3v/n khi R >1m

’ 9 N > L 1 1 ~ z J
Céc tri sO tim dugc cua y thudng nam trong gidi han 1 nhung ciing c6 thé cho y

. . e 2 - . - 1 1 - 9 ~ , ’ , ’ g
ngoai giéi han doé, cé thé lay céc tri so6 3 va 7 Céac két qua cling kha chinh xac, néu lay
. . . .. 1L 1 1 1 1
cdc tri s0 y bang cic phan s6 don gian c6 mau sd nguyén, nghia la 3138 7
A. M. Latusenc6p dé nghi 14y y theo bang dudi day bao gdm phan 16n nhiing diéu kién thuc té:

Bdng 4-4
Loai kénh R<1m R>1m y
Kénh c6 d6 nham bé 0,015<n<0,018 0,015<n<0,020 1/6
Kénh ¢6 d6 nh&dm trung binh 0,018 <n<0,025 0,020 <n <0,030 1/5
Kénh c6 do nham Ién 0,025 <n<0,035 0,030 <n<0,040 1/4

Cong thic Maninh (4-112) va cong thitc Phodccorayme (4-113) 1a nhitng trudong hop
riéng cta cong thiic Pavolopski (4-114).

Thuong thudng trong khi tinh toan, nguoi ta khong tinh dai lugng y roi tinh C ma
ding cdc biéu d6 sin c6 cho C, nhitng bang bi€u d6 dé dugc lap ra theo cong thiic
Pavolopski v6i s6 mi tinh theo cong thic day da (4-115) (xem phu luc 4-5).

Cong thiic khong ¢6 dang s mii. Sau day giGi thiéu vai cong thic:

d) Cong thitc Gangghilé-Ciitte rit gon (1869):

23+l

C= 23?] , (4-117)
I+—=

JR

trong d6 n - hé s6 nham xac dinh theo bang, xem phu luc 4-3.

184



Cong thic nay ding cho song va kénh dao. Mot s6 chuyén gia cho rang viéc dp dung
cong thiic nay déi véi R > 3m c6 co sé hon 1a cong thic Pavolopski.

e) Cong thuc . I. Agorotskin (1949):
C=17,72(k + IgR), (4-118)
trong d6 k - thong s6 vé do nham cta kénh, k c6 quan hé vé6i n nhu sau:

1 0,05643

= = 4-119
17,72n n ( )

Tri s6 k, xem phu luc 4-3.

Dé tién viéc tinh todn hé s6 C, trong cdc s6 tay thlly luc c6 nhiéu bang tinh sin hoic
do thi.

§4-9. TON THAT COT NUGC CUC BO - NHUNG PAC PIEM CHUNG

Cho dén nay ching ta da nghién cttu sy tén thit cot nudc trong dong chay déu ma ta
goi 12 ton that cot nudc doc dudng. Nguyén nhan vat ly cha su ton that d6 1a siic ma sat
gilra cac phan ti chat 16ng do tinh nhét va sy x4o tron r6i tao nén; tinh chat tron nham thuy
lyc cta thanh ran va mic do roi cta dong chay 12 hai yéu t6 ¢6 anh hudng 16n nhat dén sic
can d6i v6i dong chay, loai stc can nay con duge goi la siic cdn bé mdt.

Su tén that cot nuée diac biét 16n & nhitng noi ma dong chdy thay ddi dot ngot vé
phuong huéng, vé dang mat cit udt, tic 1a tai nhitng noi ma nhitng dudng dong va nhiing
mat cit uét déu cong, (thi du tai nhitng noi uén cong, mdé rong, co hep mat cat mot cach dot
ngot), 6 nhitng noi c6 nhitng vat chuéng ngai cho dong chay (thi du & cho ¢6 ctra van, ¢6
dap v.v...); ton that cot nudc tai nhitng noi nay goi 1a tén that cuc bo, sic can loai nay goi la
suc cdn hinh dang.

Sau day ta nghién citu hién tugng vat Iy cta tén that cuc bo, ta chi xét tén that trong
trang thai chay roi.

Tai nhitng noi ¢6 t6n thét cot nudc cuc bo thudng xdy ra nhitng hién tugng sau day:
su hinh thanh khu nuéc xody, su tich khoi thanh ran, su ting cudng mach dong luu toc va
ap luc, su phan bo lai luu toc trén mat cét v.v... Nhitng hién tugng d6 lién quan chat ché véi
nhau va thudng xay ra cing mot ldc. Ta xét hai trudng hop cu thé: trudng hop dong chay
md& rong dot ngot va truong hop dong chay co hep dot ngot.

1. Truong hop dong chdy mo rong dot ngot (hinh 4-26). Tai khu vuc dong chay mdé
rong dot ngot ABCD c6 thé thay 16 hai khu: khu dong cht abCD va khu nudc xody, gom
hai noi aAC va bBD, hai khu d6 c6 ranh gi6i 1a mat phan chia amC va bnD.
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Khu nudc xody Khu dong chi

Mat phan c3
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— Boancokhu  _L pogn sau khu

nudc xody nudc xody

Hinh 4-26

"n

Khu dong chu 1a khu dong chay di xuoi, ¢6 luu luong Q,,,, bang luu luong Q trude va
sau khi m& rong dot ngot: Q. = Q; khu nudc xody la khu c¢6 nudc vira chay ngugc vira
chay xuoi, luu lugng chdy xudi Q’,,,; bang luu lugng chay nguoc Q’ e @ Qvuoi = Q npuee-
Tinh theo nhitng dai luong trung binh thoi gian thi khu nudc xody coi nhu khong tham gia
vao su chuyén dong cuia dong chi; dong thoi trong khu d6 ¢6 mot “dudng luu téc bang
khong” aC va bD, trén d6 luu téc trung binh thoi gian bang khong. Mdt phdan chia amC va
bnD la mat tudng tuong, cd gid tri trung binh thoi gian; khai niém vé mat phan chia dua
vao khdi niém khu dong chi va khu nuéc xody, rat ¢ ich cho viéc phéan tich nhi€u hién
tugng thuy luc & ving mé rong dot ngot. Thuc té thi cac phan tir chat 1ong & hai khu da xam
nhap 1an nhau rat manh liét xung quanh vi tri cia mat phan chia, 1am cho mat nay khong én
dinh, khong bén viing, lién tuc c6 nhiing sy uén cong tiic thoi va cuc bo; theo thuyét truyén
dong lugng clia Poranto thi ¢6 thé coi ring su xdo tron manh liét xung quanh vi trf ctia mat
phan chia tao nén tng sudt ti€p tuyén 16n & khu do; mat khac sy uon cong tic thoi va cuc
bd cuia mat phan chia la nguyén nhan sinh ra nhitng xody nudc tir ¢& 16n phan thanh nhiing
¢ nho, bt vao dong cht va bi cudn di hoac bit vao khu xody, gdy nén su xdo trOn cang
tang cuong; do d6 sinh ra nhitng mach dong 16n vé luu téc va dp luc trong hai khu, chu yéu
trong khu dong cht. Nhu vay, mdt phdn chia la khu vuc tdp trung ton thdt ndng luong tai
nhitng noi mo réong dot ngot.

Su hinh thanh khu nuéc xody 1am cho mach dong ap luc va luu toc tang 1én dot ngot,
dong thoi lam cho do phan bd luu téc trung binh thoi gian bién dang rat manh. Trén mot
doan dai nhit dinh trong khu vuc mé rong c6 qua trinh sau day dién bién theo chiéu dai do:
Cac mach dong 4p luc va luu t6c ndy sinh ra, phat trién manh mé va yéu dan cho t6i khi
nhitng mach dong d6 trd thanh nhitng mach dong cuia dong chay déu; trong khi d6 d6 phan
b6 luu toc dang tir dang phan bo trong dong chay déu, bi bién dang dot ngot roi cudi ciing
hoi phuc lai dang phan bé trong dong chay déu. Vay trong khu vuc mé rong dot ngot, cé
thé chia thanh hai doan dai: mot doan tir noi bat dau dén noi két thiic mat phan chia dugc
goi la doan khu xody (AB - CD), doan tiép theo tlr noi két thic mat phan chia dén noi ma
d6 phan b6 luu toc trung binh thoi gian va do 16n cia mach dong luu toc va ap luc da c6 lai
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nhiing dac tinh cua mach dong binh thuong trong dong chay déu goi 1a doan sau khu xody
hoac doan qud do (CD - EF). Do nhitng mach dong néi trén, dong nang ctua dong chay &
mat ciat CD 16n hon khd nhiéu so v6i dong nang & mat cat EF.

ez

B
)
L] \
Z Diém tach roi s

Diém tach roi

A

Hinh 4-27

bi kem theo su hinh thanh nhitng khu nuéc xody va su taing cuong mach dong thudng
c6 hién tuong dong chay tdch roi thanh rdn. Hién tuong nay thuong xay ra trong hai trudng
hop: a) trudng hop bién dang dot ngot cia thanh rdn, 1am dong chay khong thé chuyén dong
bam theo hinh dang thanh rin, ma do quén tinh phai tach khoi thanh réan; khi d6 diém téch
101 thudng thudng & chd c6 bién dang dot ngot, thi du trudng hop mau gb ghé & thanh ran,
truong hop long dan mé rong dot ngot (hinh 4-27a va b); b) trudng hop dong chdy bao quanh
vdt rdn: néu vat ran cé dang bién déi dot ngot thi trd vé truong hop trén: néu vat ran c6 dang
bién d6i tir tix thi sat thanh rén bao gid ciing hinh thanh I6p bién gi6i chdy ting st thanh ma
do day ngay mot tang doc theo chiéu dai cta vat ran (hinh 4-28); khi bao quanh vat ran thi
do 16p chay tang sét thanh ngay mot day nén ap luc & viing d6 ngay mot tang, dong chay
cang & gan thanh ran chay cang cham, dén mot chd nhat dinh thi luu téc & gan thanh ran
bang khong; diém & vat ran tng v6i chd u = 0 goi 1a diém tdch roi, ngay sau d6 dong chay
dot ngot uon cong, tach khoi thanh ran tao nén dong chu va mat vat ran 1a khu nudc xody
(hinh 4-28). Nhitng hién tugng dong chay tach roi khoi thanh, hinh thanh khu nuéc xody,
tang cudong mach dong luu toc, dac biét dé xay ra & nhiing khu mé rong, & d6 dong chay c6
gia toc am tdc 1a chdy cham dén, 4p luc tang dan. Tai khu do, theo quan diém hién dai, mat
phan chia 12 noi sinh ra x40 tron manh mé, do d6 1a noi tap trung tén that nang lugng.

Diém tach roi

Hinh 4-28

2. Sau day la xét trudng hop dong chdy co hep dot ngét (hinh 4-29). Pac diém cua
dong chay co hep dot ngot 1a c6 mot doan co hep tir 1-1 dén C-C, trong d6 luu toc tang dan,
ap luc giam dan va mot doan mé rong tir C-C dén 2-2, trong d6 luu t6c giam dan, ap luc
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tang dan. O doan dau hién tuong téch roi khoi thanh chi y&u 12 do su bién déi dot ngot clia
hinh dang thanh ran va do dé sinh ra khu xody nho; nhiing khu xody nay dat & viing téc do
ngay cang tang lén nén mat phan chia én dinh va bén vitng hon va c6 nhitng uén cong tic
thoi va cuc bo it hon so v6i mat phan chia & doan mé rong dot ngot; do dé & doan co hep,
su trao d6i phan tir chat 1ong giita khu dong chu va khu xody, su ndy sinh ra nhiing xody
nho trén mat phan chia déu khong nhiéu va khong manh bang so véi doan dong mé rong;
nhu vay & doan co hep tén that niang luong it hon rat nhiéu. Tréi lai, & doan m& rong tir C-C
dén 2-2, tén that nang lugng rat 16n so v6i doan trén, su phan tich giéng nhu da néi &
truong hop mo rong dot ngot. Vay déi véi su co hep dot ngot, 1on thdt cot nudc cuc b tdp
trung vao doan md réong. Chi y rang so d6 chay khi co hep dot ngot vé& nhu so d6 chay khi
md& rong dot ngot ma chi can ddi chiéu clia cdc duong dong 1a vé& khong ding (hinh 4-30).
Vi hai khu nudc xody a khong 16n nhu v€ trén hinh ma chi la hai viing kha nho.

1

Hinh 4-29 Hinh 4-30

Déng dac biét chi y 1a tai nhitng noi co hep dot ngot (bao gom ca doan co hep va
doan m& rong), c6 mat cét co hep 1a mat cat & d6 luu toc ¢ tri s6 16n nhat, dp luc nho nhat,
nén & viing co hep dot ngodt cé hién tugng ha thap ap luc; tuy theo tdc do tai noi co hep ma
ap luc d6 c6 thé ha thap t6i mitc gay ra chan khong, tham chi gay ra hién tugng héa khi,
kém theo d6 la hién tugng mach dong dp luc va mach dong luu téc rat 16n. Nhitng hién
tuong do tao nén nhiing stic can 16n cho dong chay, ngoai ra su khong 6n dinh cta dp luc
thap con kéo theo su rung dong cua thanh ran. Chinh vi vay ma thong thudng & clra vao
nhitng 6ng ngdm, nhitng hAm nudc, phai dat 6ng thong khi dé han ché su ha thap ap luc va
lam giam rung dong (hinh 4-31).

_, Budng cot nude do ap

‘ ong ;hong khi

i
¥

W khi
Cénh a— V=

cong

I}
T

Vil
V4
Hinh 4-31 Hinh 4-32
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Dong chay tai nhitng noi ¢6 tdn that cuc bo 1a dong chdy bién déi dot ngot rit phic
tap, chua dugc nghién ctu nhiéu. Dé so bo phan tich nhitng yéu t6 vat 1y, c6 thé coi hién
tugng ma rong va hién tugng co hep 1a hai hién tugng co ban, phan tich nhu da trinh bay
trén va van dung dé nghién ctiu nhitng trudng hop khéc. Can néi thém ring & nhitng ving
c6 ton that cuc bo thudng xdy ra dong chdy thir cdp bén canh dong chay chinh, thi du: dong
chay ngang & noi uén cong cua song va tao nén tinh trang bd boi, bd x6i (hinh 4-32), dong
chay ngang & noi uén cong cua 6ng (hinh 4-33), nhitng dong chay ngang thit cap d6 hop
v6i dong chay chinh thanh dong chdy xodn.

Thanh trong
2
~ <
Thanh ngoai
Hinh 4-34

Khi dong chay uén cong, (hinh 4-34) nhiing phan tir chit 16ng chiu tic dung cua luc
ly tam (quén tinh), do d6 & thanh rin phia ngoai dong dp luc tang lén va & phia trong dong
ap luc giam xuong (truong hgp o6ng). Diéu nay dan dén cot nudc luu toc giam di ¢ phia
ngoai va tang lén & phia trong, gay ra su bién dang ctia d6 phan bé luu tdc (su phan bo lai
cta luu toc).

Dé tién tinh toan, ngudi ta gia thi€t ring tén thit cot nudc cuc bo coi nhu xdy ra tap
trung vao mot mit cit dién hinh nhat, chon trong doan dai c6 nhitng dic trung clia su tén
that cuc bo.

Dé xdc dinh t6n thét cuc bo ngudi ta thudong dung cong thiic Vétsbatso:

V2

hc = C.:c 2g s (4_120)

trong d6 ¢, - hé s6 tén that cuc bo, thuong thuong xdc dinh bang thi nghiém v — luu téc
trung binh, 1dy & mat cit trudc hodc sau noi tén that cuc bo, tiy theo cdch xdc dinh &
Trong nhiéu truong hop thuc t€, dong chay & nhitng chd cén tinh tén that cuc bo la dong
chay r6i thudc khu stic can binh phuong, do dé hé s6 £, khong phu thudc Re (tic 1a khong
phu thudc v va v) ma chi phu thudc dang hinh hoc ctia ché c6 tén that cuc bo.

Sau day ta xét trudong hop xéc dinh hé s6 . bang 1y luan, d6 1a truong hop mo rong
dot ngot.
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§4-10. TON THAT CUC BO KHI ONG POT NGOT MO RONG -
CONG THUC BOOCPA

Gia str ta ¢6 dong chat 1ong trong doan 6ng c6 mat cit md rong dot ngot dién tich o
sang Q (hinh 4-35). Thi nghiém cho thdy nhiing duong dong khong luon theo thanh md
rong cua Ong, gifta thanh md rong clia 6ng va mat cit ngoai cua dong chl gidi han bai
nhitng dudng dong ac-bd hinh thanh mot khu vuc ddy chat 16ng chuyén dong vong quanh
tai chd goi 1a khu xody.

Khu xody dai mot quang [’, trong pham vi doan [’ nay, dong chdy khong thé coi 1a
déi dan dugc. Do d6 su md& rong dot ngot cia dong chay, trong doan I’ phat sinh ra mach
dong luu toc rat 16n, mach dong nay tit din & sau doan I’, trén mot doan [”’; t6i mat cét 2-2
célu tao mach dong dugc hoi phuc lai nhu 6 dong chay réi binh thuong.

V& hai mat cat 1-1 va 2-2 gi6i han khu ta xét (hinh 35). Dong chay tai 1-1 va 2-2 1a
ddi dan nén c6 thé viét phuong trinh Bécnuiy:

2 2

hyy= |z, + 2L+ 2| | P2 0% (4-121)
voo2g voo2g

trong d6 h,,, bi€u thi t6n that vi dot ngot mé rong.

Dé xéc dinh nhitng tri s6 bén vé€ phai clia phuong trinh (4-121), ta p dung dinh luat
dong lugng cho doan dong ABCD, mit kiém tra 12 mat ABCD gi6i han doan dong dé.

Hinh 4-35
Ta viét phuong trinh dong lugng (3-45) theo phuong s cta truc ong:
F, = pQ(opV, - 0y vy),
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F, 12 hop luc nhitng hinh chi€u 1én truc 6ng cua cic ngoai luc tic dung lén doan dong
ABCD. Nhiing ngoai luc d6 gom:

a) Pong 4p luc & mat cat 1-1 ¢6 thé coi 1a phan bo theo quy luat thiy tinh, vi trong
khu dong chay a-b, cdc dudng dong déu song song va trong khu nudc xody a-A, b-B chat
16ng di dong rat cham coi nhu ding tai chd. Goi p, 1a dong dp sudt tai trung tdm cua mat
cit 1-1 va coi 4p suat & moi diém trén mat cit 1-1 cling déu bang p,, ta c6 ap luc trén mit
1-1 bang:

P, =pQ,

p; dat theo phuong s, c6 ddu duong.

Dong 4p luc 6 mat cat 2-2, cling phan bd theo quy luat thiiy tinh va bang:
P, =p)Q,

trong d6 p, 1a 4p sudt tai trong tAm mat cit 2-2 va coi 4p suat & moi diém trén mat cit déu
bang p,.

P, dat nguoc phuong s, c6 dau am.
b) Trong luc G ctia doan dong ABCD, chiéu lén phuong s, ¢6 biéu thic:
GcosO = yQlcosd = yQ(z, — z,),

trong d6 0 1a géc 1ap béi truc ong va duong thang ding.
Géc 0< g nén hinh chi€u Geos0 nam theo phuong s, c6 dau +.

¢) Stic ma sat doc thanh 6ng coi khong dang ké vi doan dai / tuong d6i ngén.

d) C4c phén luc ctia thanh 6ng, thang géc véi truc ong nén hinh chiéu lén phuong s
bang khong.

Nhu vay:
F, =P, — P, + GcosO = (p, — p,)2 + Gcos®.
Su bién thién dong luong AK tinh nhu sau:

a) Pong luong khoi chat 16ng di vao mat kiém tra 1a pQa,y, v, mang ddu am; géc chiéu
1én phuong s 1a 6, nén van giit ddu am.

b) Pong lugng khéi chat 16ng di ra khoi mat kiém tra 1a pQa,v, mang dau duong;
g6c chiéu lén phuong s 1a 6 nén véan gitt ddu duong.

Nhu vay:

AK = pQay,v, — pQaty vy
theo (3-43):

PQ(0L,V, — 0y V) = (p; — P2 + Geoso.
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Thay Q = v,Q2 va thu gon phuong trinh trén ta c6:

PV, (0Vy — 0 Vi) = Py — Pr + Y(2) — 2y).

Thay tri s6 d6 vao (4-121):

2 2
b = Y2(@Va —GoiVi) | Vi %pV)
dm — .
g 2g 2g

Thi nghiém cho biét tri s6 clia o, va clia o déu gan bang nhau va gan bang 1 nén c6
thé viét:

_ 2
h,, = M (4-122)
2g

Néu goi hiéu s6 v, — v, 1a “do hut luu t6¢” khi dong chay m& rong dot ngot, ta c6 thé
phat bi€u két qua trén nhu sau:

“Tén that cot nudc cuc bo vi dong chdy md rong dot ngot biang cot nude cuia “do hut

luu toc”. Pinh luat nay goi l1a “dinh ludt Boocda”.

Cong thic Bodeda c6 thé viét theo cot nudc luu t6c trude chd md rong v, hodc sau
ché mé rong v,

v 2V2
hodac: h,, = (—1—1] -2

. Q
Ung dung phuong trinh lién tuc v,® = v,Q hodc N2 , taco:

\D) (O]
2 9
By = [ 1-2 | L
Q) 2g

Viét theo dang téng quat cta tén that cot nudc cuc bo (4-120), ta c6:

2
' v
hdm = Cdm i

2
hodc: hy, = Qém ;—2

trong d6 hé so tén that cuc bo vi mé rong dot ngot 1a:

2
' 0]
Cam = (1—5j ) (4-123)
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2
Cam = (9 - 1} (4-124)

()

Cong thic Bo6eda cling dung cho trudong hop long dan 1a kénh ho.

§4-11. MOT SO DANG TON THAT CUC BO TRONG ONG

Sau day l1a mot s6 trudng hop thudng gip vé tén that cuc bo trong 6ng; nhitng hé s6
ton that cuc bo déu tim duoc bing thi nghiém. Nhitng hé s6 dudi day déu dung véi luu t6c
tai mat cat dat sau noi ¢6 tén that cuc bo (theo chiéu chay).

1. Co hep dot ngot (hinh 4-36)

®
Cch = 0,5 (1 - aj

2. Miéng vao 6ng

Sac mép (hinh 4-37) £, = 0,50

Mép tron, thuan €0 = 0,20

Mép vao rat thuan  §,, = 0,05
| N | ‘
|

— L " -

vl N1 V2
| I
] |

Hinh 4-36 Hinh 4-37

3. Miéng ra cua 6ng (hinh 4-38) (dung vdéi luu téc truGe chd mé rong):

o)
a 1-—
“=(5)
Néu Q kha 16n so v6i o, thi {,= 1.

4. Noi 6ng tron uon cong

a) Uon dot ngodt thanh géc a (hinh 4-39); quan hé gitra { va a, khi d, = d, (ding véi
d < 50mm):

o 30° 40° 50° 60° 70° 80° 90°
C 0,20 0,30 0,40 0,55 0,70 0,90 1,10
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o Q
Hinh 4-38

K

Hinh 4-39

b) Uon dot ngot thanh géc o = 90° (hinh 4-40); quan hé gitra £ va d:

d(m)

0,20

0,25

0,34

0,39

0,49

g

1,70

1,3

11

1,0

0,83

¢) Uon dan dan thanh géc o = 90° (hinh 4-41); { =f (rﬁoj :

3,5
£=0,13+ 1,85 (rij :
R

trong do, r, - ban kinh 6ng; R - ban kinh cong cua truc ong.

|
|
| o
|

!
L______I@_
Hinh 4-40 Hinh 4-41
Tri s6 ¢ cho trong bang sau day:
% 0,1 102 |03]|041]05)06]|07]081]09]| 10
0,13 | 0,14 | 0,16 | 0,21 | 0,29 | 0,44 | 0,66 | 0,98 | 1,41 | 1,98

Néu o # 90° thi bang trén van c6 thé dung dugc bang cach nhan ¢ & bang d6 vé6i

5. Clta van phang trong 6ng tron (hinh 4-42)

d-—h
H(T

J

(0]

90°



118

2/8

3/8

4/8

5/8

6/8

7/8

0,07

0,26

0,81

2,06

5,52

17,0

97,8

6. Van mot chiéu 6 6ng hit cia bom, ¢6 kém theo luGi ngén rac (hinh 4-43)

Co6 thé dung tri s6 € tuy theo dudng kinh d ctia 6ng hit nhu sau:

dmm | 5 | 75 | 100 | 125 | 150 | 200 | 250 | 300 | 400
c 10 8 7 6.5 6 5 45 4 3
|| 1

Q00

) Qé \ 00O0

ree 0o o

|
Hinh 4-42 Hinh 4-43

Néu khong c6 van mot chiéu ma chi ¢6 luéi:

=5+

6

Hinh 4-44

7. Khoéa nuée (hinh 4-44). Hé s6 £ phu thuoc goc mé a cho boi bang sau day:

0
o

5

10

20

30

40

50

60

70

80

G

0,05

0,29

1,56

5,47

173

52,6
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Chuong V

DONG CHAY RA KHOI LO VA VOI - DONG TIA
A -DONG CHAY RA KHOILO VA VOI

§5-1. KHAI NIEM CHUNG

Trén thanh binh chita chat 16ng ¢6 khoét mot 16, dong chét 1ong chay qua 16 goi 1a
dong chdy ra khdi 16; voi 1a mot ong ngan dinh lién vé6i thanh binh chita, dong chat 1ong
chay qua voi 1a dong chdy ra khdi voi. Ly thuyét vé dong chay qua 16, qua voi 12 co s& cho
su tinh todn thuy luc vé cong 14y nuGe, cong thdo nudc, au thuyén, may phun dao dat, voi
chita chay v.v...

Tén that nang lugng ctia dong chat 16ng chay qua 16, qua voi chi yéu 1a do khic phuc
stic can cuc bo tai ngay noi c6 16, ¢6 vdi; do d6 ton that cot nudc hau nhu hoan toan 1a tén
that cuc bo.

Theo tinh chat ctia dong chdy khoi 16, ¢6 thé phan loai 16 nhu sau:
1. Theo do cao e cua 16 so v6i cot nuGe H tinh tir trong tam cua 16, ma phan ra: 16
nhé, 16 to (hinh 5-1).
A H N 1N x ? . N A pe . 7z R 9 X 9 A
a) Néu e < 10 thi goi la [0 nho. Ta coi rang cot nude tai cic dieém cua 16 nho déu

bang nhau va bang cot nude H tai trong tam cta 16.

7
1 5>(3-4)e

Hinh 5-1
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b) Néue > % thi goi 1a /6 ro. Cot nudc tai phan trén va phan dudi cta 16 to c6 tri s6
khac nhau r6 rét.
2. Theo do day cuia thanh 18, ¢6 thé phan ra 16 thanh méng va 16 thanh day;

a) Néu 16 ¢6 canh sac va do day & cua thanh 16 khong anh hudng dén hinh dang cua
dong chay ra thi 16 goi 1a [0 thanh mong;

b) Néu do day & > (3 + 4)e, anh hudng dén hinh dang dong chay ra thi loai 16 nay goi
12 16 thanh day.
3. Theo tinh hinh ndi ti€p ctia dong chdy ra, c6 thé chia thanh:

a) Chdy tu do: khi dong chay ra khoi 16 tiép xudc véi khong khi.

b) Chdy ngdp: khi dong chay ra khdi 16 bi ngap dudi mat chat 1ong.

¢) Chdy nita ngdp: khi mat chat 16ng tai phia ngoai 16 ndm & trong pham vi d¢ cao 16.

§5-2. DONG CHAY TU DO, ON PINH QUA LO NHO THANH MONG

Dong chdy khéi 18, khi cot nuée tdc dung H khong déi, 1a mot dong chay 6n dinh, tic
1a luu t6c, 4p luc déu khong thay doi véi thoi gian.

Khi chat 16ng chay ra khdi 16, 6 ngay trén mat 16, cdc dudong dong khong song song,
nhung cdch xa 16 mot doan nhd, do cong clia cac dudng dong giam dan, cac duong dong trd
thanh song song v6i nhau, dong thoi mat cat udt cha ludng chay co hep lai; mat cit d6 goi
12 mdit cdt co hep. Vi tri mat cat nay phu thudc hinh dang cta 16; doi véi 16 hinh tron, mat
cat co hep & cach 16 chimg mot nira dudng kinh 16. Tai mat cét co hep, dong chdy c6 thé coi
1a dong d6i dan; ra khoi mat cit co hep, dong chay hoi md rong ra va roi xuéng dudi tac
dung cua trong luc.

Ta can tim cong thic tinh Iuu lugng cua 16.

Lay hai mat cét: 1-1 & mat tu do trong thiing chita va C-C tai mit cét co hep ctia dong
chdy ra, ta chon mat chuén nim ngang 0-0 di qua trong tam cua 16 (hinh 5-2) roi viét
phuong trinh Bécnuiy cho mot diém dat tai mat cat 1-1 va cho diém dat tai trong tam C-C:
2

H+ 2oy =0+p—"‘+&+hw, (5-1)
Y o 2g Y 22
trong d6 H 1a cot nuée ké tir trong tam cia dién tich 16, v, 1a luu toc trung binh tai mat
cit 1-1, v, 1a luu t6c trung binh tai mat cat C-C; h,, 1a ton that ctia dong chdy di tir 1-1 dén
C-C, & day chu yéu 1a t6n thét cuc bo qua 16:

2
Vo

2
h, =(=%
2g
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” /29 .
1 v 1
HOH Q\\W
\
\l“ C
AR VC
)
gl <
/00 c
/
01
f/
Hinh 5-2

2
oV
bat Hy=H +—-2

thi phuong trinh (5-1) viét thanh:

2

VC
Hy= (o, +0)—,
2g

Do d6 luu toc trung binh tai mat cit co hep C-C la:

Ve = 1 V 2gH0 ’
o, +G
hoac:
v, =+/2gH, (5-2)
trong d6 ¢ 1a hé s6 luu toc cua 16:
B 1
P+
viao, = 1, nén:
o= (5-3)
JI+C
Luu luong Q chay qua 16 la:

Q:Vc . = @, V2gH0 ’

trong d6 w, 12 dién tich ctia mat cét co hep.

Dit ¢ 12 hé 56 co hep tiic 12 ti s6 dién tich mat cat co hep va dién tich 16, ta ¢6

0]
= —*¢
[0}

(5-4)
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Vay luu luong la:

Q =¢ew,/2gH, = pow/2gH, (5-5)

trong d6 p = @g 12 hé s6 luu luong cua 16. Nén chi ¥ ring, ¢ 16 nho thi hé s6 luu lugng p
chui yéu bién déi theo hinh dang ctia 16, con it ¢c6 quan hé véi cot nuée H.

Nhiing cong thiic (5-2) va (5-5) néi trén 1a nhitng cong thiic co ban ctia dong chdy 6n
dinh, tu do, qua 16 nho thanh mong. Ti€p day ta thao luan dén cac loai co hep cua dong
chdy qua 16 nhé va céc dang cua dong chay ra.

1. Cdc loai co hep ciia dong chdy ra khoi 16. Ta thiy rd su co hep ctia mit cit dong
chay ra khoi 16 c6 anh hudng rit 16n dén luu lugng. Céc phan tir chat 1ong chay doc thanh
binh chita, r6i chay vé 16 theo mot dudng cong c6é do cong nao do.

Néu dit 16 sat ngay mot canh ctia thanh binh thi dudng dong tuong ting 1a mot duong
thang va bo phan dudng dong chiy & bién gi6i dé ctia 16 khong c6 co hep. Nhu vay ta cé
thé chia ra (hinh 5-3a):

a) 16 co hep toan b¢ khi trén chu vi 16 déu ¢6 co hep hodc nhiéu hoac it (16 1, 16 2).

b) 16 co hep khong toan bo khi ¢6 mot phan nao do trén chu vi 16 khong co hep (16 3,
16 4).

So véi co hep toan b thi khi co hep khong toan bo, hé s6 luu lugng tit nhién tang
1én. Theo Pavoldpski, hé s6 luu luong 1, khi c6 co hep khong toan bo tinh theo cong thiic:

W= u (1 + 0,4Ej, (5-6)
X

trong d6 p 1a hé s6 luu luong khi ¢6 co hep toan bo va dong thdi hoan thién; p 1a do dai
bién gidi 16 trén d6 khong co hep; y 1a toan bo chu vi 16.

Néu 16 khoét & chd kha xa cac canh cta thanh binh chita va xa mat cit tu do thi do
cong cua cdc duong dong 12 16n nhat va dong chay sé& co hep vé moi hudng, khi dé ta goi 1a
co hep hoan thién.

Su co hep goi 1a khong hoan thién néu vi tri cta 16 dat gan cdc canh binh chita hoac
mit tu do, sao cho canh binh chita hodc mat tu do anh hudng khong nhiéu dén do cong cic
dudng dong (cu thé 1a gidm miic do co hep).

Thi nghiém ching to:

a) Co hep hoan thién xay ra khi khoang céch cua canh 16 dén bat ky mot canh nao
cta thanh binh déu khong nho hon ba 14an kich thude theo phuong tuong ting cua 16, thi du
16 1 & hinh (5-3a): L, > 3b, va L, > 3b,.

b) Co hep khong hoan thién xay ra khi khoang cach tir bat ky mot canh 16 nao dén
mot canh thanh binh chda nhé hon ba 1an kich thudc theo phuong tuong tng cua 16 tic 1a 16
cang gan mat thanh binh thi su co hep cang yéu di, thi du 16 2,3, 4, trén hinh 5-3a, c6:

L, < 3b, hoac L, < 3b,.
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Khi su co hep 1a co hep toan bo, nhung khong hoan thién thi hé so6 luu lugng ., s€
16n hon hé s6 luu lugng p ting véi lic co hep toan bo va hoan thién:

2
By = {H%{%} } (5-7)

trong dé o la dién tich 16, Q 1a dién tich c6 ti€p xdc véi chét 16ng cua thanh binh trén dé
c6 khoét 16.
| 1

1

RS —
T __ \
4 1_J. _'_ \\\
b,
- 1
—
b2 ;
/
._|_1—+'|0T|’ _I_ |--2 Ol
ko7 L, \

| 1 1 f .
kh h
2) ong co hep

b)
Hinh 5-3
Doi véi dong chay tu do ra khoi 16 tron, khi co hep toan bo va hoan thién, thi cac tri
s0 hé so tén that cta 16 £, hé s6 luu téc @, hé s6 co hep € va hé s6 luu luong p vé co ban 1a

. ST . s . v.d [
cac hang s0; doi véi 16 tron thanh mong d > lcm, véi Re =——> 10°, H = 2m (ddi véi
v

nuGe) chuing ta ¢ nhiing tri s6 sau day: £ = 0,05 + 0,06 ; € = 0,63 + 0,64; ¢ = 0,97 + 0,98;
p = 0,60 + 0,62, trung binh 18y p = 0,61. Nhitng tri s6 nay nén nhé. Nguoi ta thuong dung
16 nho, thanh mong dé do luu lugng.

2. Hinh dang cuia dong chdy tu do ra khdi 16. Quy dao cua dong chay ra khoi 16 khoét
trén thanh ding c6 thé tinh theo céch sau day: ta 1y trong tam clia mat cét co hep C-C 1am
goc toa do (hinh 5-4), luu toc trung binh & d6 1a v,; ta coi dugc rang phan tir chat long
chuyén dong theo quy dao clia mot vat ran roi ¢ toc do ban ddu v,; phuong trinh ctia quy
dao chuyén dong nay da duoc nghién cttu trong co hoc chat ran; n6 c6 dang:

X =Vt

L
=—gt
y 2g

(5-8)

trong d6 v, = ¢ /2gH,, , t 12 thdi gian can dé phan tir chét 10ng di t6i diém (X, y): loai t & he
(5-8), ta co:
x* = 4¢’Hyy. (5-9)
D6 1a phuong trinh parabon va quy tich dong chay ra khoi 16 1a mot parabon.
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Dai vdi 16 tron nho, khi ¢ = 0,97 thi:
x* = 3,76 Hyy. (5-10)

Can chi y ring mat cét ctia dong chdy ra khoi 16 nho thanh mong bién déi hinh dang
mot cach lién tuc, chu yéu do muc do co hep vé ciac phuong hudng khong nhu nhau, dong
thoi do tac dung cua stic cang mat ngoai. Thi du dong chay ra khoi 16 hinh tron ¢6 mat cét
bién dang thanh hinh elip, ra khoi 16 hinh vuong dong chay c¢6 mat cét bién thanh hinh tdm
canh, r6i hinh chit thap; tu 16 tam gidc, mat cat dong chdy bién thanh hinh chit Y (hinh 5-4b).

, Z, D

: 2 Q) p),

a) b)
Hinh 5-4

§5-3. DONG CHAY NGAP, ON PINH, QUA LO THANH MONG

Khi ¢ sau 16 ¢6 mat tu do ctia chat 16ng nam cao hon 16, dong chay ra khoi 16 bi ngap,
ldc d6 ta c6 dong chay ngap. Cot nudc tic dung bang hiéu s6 cot nude & thuong luu véi ha
luu. Do d6, d6i v6i dong chay ngap khong can phan biét 16 to 16 nho.

D6i v6i dong chdy ngap 6n dinh ciing dung phuong trinh Bécnuiy dé tim cong thic
tinh luu lugng. Ta lay hai mat cét 1-1 va 2-2 khd cdch xa 16, tai hai mat d6 dong chay phu
hop véi diéu kién chay ddi dan (hinh 5-5), 14y mat chuédn 12 mat phang nim ngang di qua
trong tam O cua 16 va gia dinh luu t6c trung binh tai mit cét 2-2 ¢4 thé bo di duoc. Phuong
trinh Bécnuiy viét cho mat cat u6t 1-1 va 2-2 1a:

ho+ Po Mo Py (5-11)
v 2g Y
avy
trong do: 2—0 12 cot nude Iuu toc tién gan; h,, 1a tdng s6 ton that cot nude khi chat 1ong
g
qua 16, tinh theo luu t6¢ v, tai mat cit co hep C-C va hé s6 stic can X:
2
v
h, = —=.
X
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Sau khi thu gon ta c6:

2 2
av v
hy —h,+ —2=>(-=<.
et o ng
hoac:
2 2
av v
H+—% =H,= > (=<,
2g ‘ C2g
trong d6 H 1a hiéu s6 cot nude clia thuong va ha luu, H = h, — h,; do dé:

L
VC_@@

2
oM

— \f-—

!
‘| B

<

—_
[\S)

Hinh 5-5

bat = ¢ thi duoc:

1
V2.6
Ve=0 2gH0 .

Ciing nhu 6 trén, hé so6 co hep la:

C

()

eE=

Vay luu lugng qua 16 bi ngap la:

Q=0yv, =c0p,2gH, .
hoac: Q=pm,2gH,,

trong dé p 1a hé s6 luu luong cua 16 bi ngap, p = £o.
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2
4 ¢ Z N Y A . X v N g A N A LN 2
Ton that cot nude h,, bao gom ton that khi qua 16 §2—C va ton that vi dot nhién mo
g

rong do chd dong chat 16ng tir mét cit co hep chay vao bé nudc & ha luu WC;—VZ)Z ;Viv, =0,
. .oV )
nén ton that dot nhién mo rong bang 2—°
v? v?
Vay: hﬁZéi =E+1) Z, (5-13)
do d6 hé s6 luu toc bang: ¢ = ! (5-14)

JI+E

Nhu vay hé so luu téc 6 16 bi ngap (5-14) va hé s6 luu t6c khi chdy tu do qua 16 (5-3)
bang nhau: & hai truong hop, hé s6 co hep ¢ khong khac gi nhau, do d6é cong thic dong
chay ra khai 16 khi chdy tu do va khi bi ngap giong nhau ching nhitng vé hinh thitc ma hé
s0 luu lugng p can ban giéng nhau. Khac nhau cht yéu & chd khi chdy ngap H 1a do chénh
cot nuéc thugng luu va ha luu néu khong ké dén luu téc trung binh & mat cit thuong va ha
luu; con khi chay tu do H 12 cot nuée ké tir trong tam cua 16.

§5-4. DONG CHAY TU DO ON PINH QUA LO TO THANH MONG

OL\/()2
2g
{ . |1
1 = |
H, Hi H h
e = dh Y |
| I |

Hinh 5-6

O 16 to, cot nudc tai bo phan trén va bo phan duéi cia 16 ¢6 tri s6 khdc nhau 16n. Ta
phan chia mat cat udt cha 16 to thanh nhiéu giai ndm ngang, cao dh, & d6 dong chay qua
nhitng giai vi phan &y dugc coi 1a ddong chay qua 16 nhd va nhu vay 16 to 1a do nhiéu 16 nho
hop lai. Ta nghién cttu mot thi du: d6 1a trudong hgp 16 to hinh chit nhat.

Ld to hinh chit nhat rong b, cot nude tic dung Ién trong tam ctia mot vi phan dién tich
16 to 1a h (hinh 5-6) va gia thiét hé s6 luu lugng di qua vi phan dién tich d6 l1a p’. Dung
cong thiic luu luong chay qua 16 nho thanh mong ta c6:
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dQ = w /2gh (bdh). (5-15)
Luu lugng chay qua 16 to 1a:
Q=b j w'\/2ghdh
H(]]

hoac:
_2 '( 3/2 3/2)

trong d6 p 1a hé s6 luu lugng ctia 16 to va gia dinh bang tri s6 trung binh ctia vo s6 hé s6 luu
luong p’ cua 16 nho.

Goi H, 1a cot nudc cla trong tam 16 to, vay:

2H,

e (5]
va Hy, =H,— = =H,|1- :
01 0 2 0( 2H0J

trong d6 e 1a do cao cta 16.

Thay vao hé thitc (5-16), cé:

2 R 3/2 R 3/2
_“ 3/2 _ - _
imimrfii] ]

Khai trién theo nhi thic Niuton s6 hang trong ngoic vuong:

2 3
=—ub\/_H”2[[1 = % © L. J_

2 2H, 4H? 16 8H}

3 e 3 €2 1 el
—1-=. + —. -
2 2H, 8 4H2? 16 8H}

_2 erw[_.LL.(iﬂme\hgﬁH[l% (LH

H, 64

2
QF[—H | 519
0

trong d6 w la dién tich 16 to.
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2

Vi luong 9_6(Hij rat nho so v6i 1 nén c6 the bo di. Vay cong thitc luu luong chay
0

tu do qua 16 to thanh mdng hinh chit nhat 1a:

Q= po+2gH, (5-19)

Suy luan theo cach trén, d6i v6i 16 to hinh tron ta cling di téi cong thic cé dang giong
nhu cong thic (5-19), nhung tri s6 p khac.

Thi nghiém ctia Pavol6pski cho nhitng tri s6 p ting dung vao 16 to nhu sau (bang 5-1).

Bdng 5-1. Hé 56 luu luong u cualo to

Loai I6 u
- L loai trung, dong chay co hep déu dan vé moi phuang, khong c6 tm dan nudc: 0,65
- L6 loai to, dong chay co hep déu dan vé moi phuang, nhung la co hep khong hoan
. 0,70
thién:
- L6 khoét & day, khong co hep & canh day, su co hep vé cac phuong khac co anh )
A 0,65+ 0,70
huong ro rét:
- L6 khoét G day, khong co hep & canh day, su co hep vé cac phuang khac co anh ]
) 0,70 + 0,75
hudng vira phai:
- L6 khoét G day, khong co hep & canh day, su co hep & hai bén rat hoa hoan: 0,80 + 0,85
- L6 khoét & day, khong co hep & canh day, su co hep & cac phuang khac rét bé: 0,90

Thi du 1: Tim lIuu luong qua mot cong hinh chit nhat c6 bé rong b = 2,5 m, do md ctua
cénh cong a = 0,8 m, chiéu sau & thuong luu h = 2 m (hinh 5-7).

i

Hinh 5-7

Giai: Trong tam cua 16 chiu tac dung ctia cOt nuGe H bang:

08 _
2

H=h-2=2_ 1,6m
2
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Nhu vay ti s6 % = (1)’5 =0,5> 0,1, ta phai coi 16 cong dang xét 1a 16 to. Theo bang

5-1, ta c6 thé chon u = 0,85. V6i H, ~ H, tinh Iuu lugng theo cong thic (5-19), ta duoc:

Q=0,85%x0,8%x2,5x 443 x4/1,6 =9,8m’/s

§5-5. DONG CHAY NUA NGAP, ON PINH, QUA LO TO THANH MONG

Vén dé nay chua duoc nghién citu ddy da. Trong cdc siach tham khdo c6 hai loai
phuong phdp tinh luu luong chay qua 16 nlra ngép.

Bdng 5-2. Bdng cho tri sé ciia hé s6 ngdp o 0 trong 16 thanh mong niia ngdp

Hi/H,

0 0,1 0.2 0,3 0.4 0,5 0,6 0,7 0,8 0,9 1,0
h./H,

0 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00
01 | 099 | 099 | 099 | 099 | 098 | 098 | 098 | 098 | 098 | 097 | -
02 | 098 |09 | 097 | 097 | 096 | 09 | 095 | 095 | 094 | - -
03 | 097 | 09 | 096 | 095 | 093 | 092 | 091 | 091 | - : -
04 | 096 | 095 | 093 | 092 | 090 | 08 | 087 | - - : -
05 | 094 | 092 | 090 | 087 | 084 | 082 | - - - : -
06 | 091 |08 | 08 | 08 | 076 | - : - - : -
07 | 086 | 08 | 076 | 068 | - : : - - : -
08 | 078|071 | 058 | - - : : - - : -
09 | o062 | 043 | - - - : : - - : -
10 | 000 | - - - - : : - - : -

Mot phuong phép la chia thanh hai bo phan:

1. Mot bo phan trén tinh theo chay tu do, luu luong 12 Q; TEL— T

2. Mot bo phan dudi tinh theo chay ngap, luu luong 1a Q,; 1

11
H,
Sau dé6 tinh Q theo: = —L— —
Q= Q1 + Qz- l 1‘1

AEEEELEEEL,
Mot phuong phép khac do Pavolopski dé nghi la 377;777777777,,77777

dung cong thic: Hinh 5-8

Q= opw,/2gH, (5-20)
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2

trong d6 o 1a hé s6 ngap; p 1a hé s6 luu luong khi chay khong ngap; H,=H + O;ﬂ ,Hlado
g

chénh myuc nudc & thuong luu va ha luu. Tri s6 clia ¢ tim bang phuong phdp thi nghiém

H, h . . H, -H .
xem & bang (5-2), c = f —L —n Trong nhiéu truong hop, néuh, < —2 1 ¢6thé tinh
nhu dong chay khong ngap.

§5-6. DONG CHAY KHONG ON PINH QUA LO NHO THANH MONG

Khi dong chdy qua 16 ma mat chat long thay ddi trong binh chita thi sinh ra dong
chay khong 6n dinh. Dong chiy khong 6n dinh 12 mot trong nhitng van dé phic tap cua
thily Iuc. O day chi nghién ctu dong chay khong én dinh khi do cao ctia mat chét 1ong
trong binh chia thay doi tir tir tic 1a trong thoi gian rat ngan, c6 thé coi la mat nuée cian ban
khong thay déi; nhu vay trong thoi gian rat ngin c6 thé ing dung cong thitc chay 6n dinh
qua 16 nho thanh moéng. Sau day ta nghién ctru may trudng hop don gian.

Ta goi Q = f,(t) 1a luu lugng chay qua 16 ra khoi binh chita, q = f,(t) 1a luu luong chay
vao binh chita; h = f3(t) 1a cot nuée doi vé6i trong tam 16 va Q = f,(h) 1a dién tich mat tu do

trong binh chita. Luu lugng chay qua 16 tinh theo: Q = nw+/2gh,, .

Ta chia khoang thoi gian 16n T ra nhiéu thoi doan vo cling nhd dt, tng v6i moi thoi
doan, cot nu6c tdc dung h, coi nhu khong déi, do d6 trong thoi doan dt, thé tich chat 16ng
chdy ra khoi binh chia Qdt, thé tich chdy vao binh chia la qdt va thé tich tang 1én hodc
giam di trong binh chita 1a Qdh.

Ta quy udc rang luu lugng chdy vao binh chita 1a s6 duong (q > 0) va chdy ra khoi
binh 12 s6 am (Q < 0). Téng s6 dai so thé tich chat 16ng chdy vao va chay ra bang su bién
thién thé tich clia binh chia trong thoi doan dang xét:

qdt — Qdt = Qdh,
do do:
dt = ng (5-21)
q —

Phuong trinh vi phan nay cho phép ta gidi quyét cdc bai toan dong chdy khong én
dinh qua 16, két hop véi nhitng phuong trinh cho biét quy luat cu thé cua q, Q va Q.

Ta xét 3 truong hop riéng sau day:
1. Mt nuéc thuong luu bién doi, dong chdy tu do qua 16 nho

Gia thiét 1a chat 1ong chay qua 16 nho vao khong khi, ta phai tinh thoi gian T, , cin
thiét dé€ muc nudc trong binh tir vi trf 1-1 dén vi tri 2-2 (hinh 5-9).
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Bai todn nay c6 thé giai dugc trong trudng hop q # 0. Tuy nhién dé gian don viéc
trinh bay, ta gia thiét rang q = 0.

Ta c6 thé viét lai phuong trinh (5-21) nhu sau:

dt= _ fdh (5-22)
—po4/2gh
Tich phan phuong trinh (5-22) tir h, = H,, d€n h, = H,,, ta tinh ra dugc thoi gian T, ,:
T dn
T, = -
Hy, ~HO 2gh,

Bai todn c6 thé giai hoan toan néu biét rd biéu thic toan hoc clia ham s6 Q = f,(h) va
Qdh

e

Dé don gian viéc tinh todn, gia thiét rdng Q = const, (hinh 5-9) va khong can tinh luu
toc tién gan v, (v, = 0), tic 1a coi h,, = h, ta dat duoc két qua sau day:

néu tinh ra dugc tich phan J

Néu H, = 0 thi cong thic (5—23) thanh:

i,

T, = ——= j T J_<J_ JHy). (5-23)

T, = , (5-24)
HO4/2g
hoac:
20QH
T, = ———. (5-24%)

Hoy/2gH,

Trong cong thic (5-24°), QH, 1a thé tich chat 1ong chay ra khoi binh chita, con
nw,/2gH, 1a luu lugng qua 16 duéi cot nude H, giit khong déi. Vay cong thic (5-24°) biéu
thi thoi gian can cho chat 16ng, duéi tdc dung ctia cot nuéc H, khong déi, s& chay ra khoi 16
mot thé tich 1a 2QH,. Do dé c6 thé két luan ring: khi cot nu6e thay déi, thoi gian can dé
thdo can binh chia c6 tié€t dién hinh tru bang hai 1an thoi gian can thiét dé thdo ra mot thé
tich tuong duong nhung dudi tic dung cuia cot nuéc khong déi.

Néu binh chita khong phai la hinh tru ma c6 hinh dang bat ky, thi du trong truong hop
hé chifa, thi trén co s& x4c dinh duge Q = f(h) (chang han xéc dinh bing cach tric dac dia
hinh), ta tinh ra dugc nhiing thoi doan At theo (5-22) véi nhitng Ah tuong tng (chon Ah du
nho dé€ coi Q nhu 1a hing s6):

QAh

po4/2gh

va cO dugc: T =3 At.

At=
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2. Mdit nuéc thuong luu khong doi, mdt nudc ha luu thay doi (hinh 5-10)

Ta phai tinh thoi gian T,, cin thi€t dé muc nuéc & ha luu dang tir vi tri 1-1 dén vi trf
2-2. Viét lai phuong trinh (5-21), trong d6, d6i véi binh chita ha luu ma ndi, ta c6:

Q=0, q=pow4/2g(H, -h)

V2
V, Vo
B k- | x
! fdh | ! ——F———
* - —1— 2 N 2
d
H
2 1 ‘
h 2 i 1 ‘ Hp 1
H
ol - _i __ _.(DA_ -0 l ~ ]; 2
— W71~
Hinh 5-9 Hinh 5-10
Do do:
dr=— b (5-25)

hoy/2g(H, -h)

Tich phan (5-25) tir h= H, dén h = H,, ta c6 duoc thoi gian T, , phai tim:

H,
T, = [ 2 (5-26)

i1, hoy 2g(H, - h)

Dé don gian viéc trinh bay, gia thiét Q = const (hinh 5-10), ta c6:

H,

dh f ¢ dh(H; - h)

e B ezt N e RS R

Gia thiét lic ban dau thdo nudc vao ha luu H2 = 0 va ta dé cho muc nudc ha luu
1én ngang muc nudc thuong luu tdc 1a H, = H, thi thoi gian cin thiét cho ddy binh chia ha
luu bang:

_20/H,  20H,

12 = -
Ho/2g  poy2gH,

So sénh (5-27) va (5-24°), ta thdy rang: cung & diéu kién H, va Q nhu nhau, thoi gian
can dé thdo can va chdy ddy binh chita hoan toan giéng nhau.

(5-27)
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3. Mdit nuéc thuong va ha luu déu thay doi (hinh 5-11)

A dg B
i ! !
H, h H
% } ! dz, !
ol 7
Q, Q,
Hinh 5-11

Ta ¢6 hai binh chita A va B thong nhau bang 16 c6 dién tich o, cot nudc trén 16 & binh
A 1a z,, 6 binh B 1a z,; khi nuéc chay qua 16 thi mat tu do & A ha xuéng va mat tu do & B
tang lén, do d6 do chénh cot nudc z, — z, = h tdc dung vao 16 cling giam dan cho dén khi
muc nudc & hai binh chita cao bang nhau, thi chat 16ng khong chay qua 16 nita. Ta tim thoi
gian T, , can thiét dé cho muc nu6c & A va B ngang nhau.

Ding vé phia mot binh, thi du binh B ma néi, thi cong thic (5-21) viét thanh (d6i véi
binh B, chi ¢6 luu lugng vao titc q # 0, khong ¢6 luu lugng ra tic Q = 0):

Q,dz,

dt= ———— (5-28)
Ho4/2g(z; - Z5)
Vih =z, — z,, cong thic (5-28) viét thanh:
dt = Qydzy (5-29)

Hm,/2gh .

Thé tich chat 16ng b6t di & binh A bing thé tich chat 16ng tang 1én & binh B, trong
cung mot thoi gian:
—Qdz, = Q,dz,. (5-30)

Vi z, giam di khi t tang lén, do d6 dz, 1a s6 am, nén phai dat dau (-) truc dz, dé vé
trdi dang thitc (5-30) thanh s6 duong.

Nhu vay:
Q
—dz, = —2dz,. 5-31
1=, 9% (5-31)
Ta lai c6:
Q Q +Q
dh=dz, - dz, = —(—2+1de2 :—#dzz.
Q Q

1 1
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Tu d6 rat ra:

Q
dz,= ———L—dh.
Q +Q,
Thay tri s6 dz, trén vao (5-29), ta duoc:

Q+Q, poy2gh

Dé don gian viéc tinh todn, gia thi€t Q, = const, 0, = const, nhu vay c6 thé tich phan
(khi t=t,, h = H,; khi t = t,, h = H,):

QQ, 1 'fdn
Jd_ Q+Q, o 2g.[ ’

Q,Q,
T, = 2 5-32
o, uw \/— (VH; =yH3). (5-32)

Gia thiét lic t = t,, H, = 0 tiic 12 muc nudc hai binh ngang nhau, cong thitc (5-32)

viét thanh:
T, = 2Q,Q, \/H—l
Q, +Q, Hﬂ)\/z—g
Néu tiét dién ciia mot binh rat 16n so v6i binh kia thi cong thic (5-33) tré thanh (5-27):
20VH
hoy2g

T1»2

(5-33)

T, =

§5-7. DONG CHAY QUA VOI

Voi la mot doan 6ng ngdn, gdn vao 16 thanh mdng, ¢é do dai khodng vai ldn duong
kinh 16; chat 1ong chay qua voi thuong sinh ra co hep & chd vao voi, sau d6 md rong ra va
chay day voi. Khoang khong gian gitta mat ngoai dong chay tai chd co hep va mat thanh
voi 1a mot khu nuéc xody, dp luc nho hon dp luc khong khi nén & d6 hinh thanh chan
khong. Tri s6 chan khong 16n nho tuy theo cot nude tac dung vao voi. Vi trong voi ¢6 sinh
ra chan khong nén luu lugng ctia voi thong thudng 16n hon luu lugng cua 16; d6 1a dac tinh
co ban cua voi; chid y rdng voi chi ¢6 dac tinh trén, khi chat 10ng chay ddy voi.

Nguoi ta thuong phan voi lam ba loai:

1. Voi hinh tru tron: tiy theo vi tri gan voi ma chia voi lam voi tru tron gan ngoai
(hinh 5-12a), voi tru tron gan trong (hinh 5-12b).

2. Voi hinh nén: hinh nén c6 thé mé rong hodc thu hep theo phuong chay; tir d6 c6
thé chia Iam voi hinh n6n mé& rong (hinh 5-12¢) va hinh nén thu hep (hinh 5-12d).
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3. Voi hinh dudng dong (hinh 5-12e).

[iHf A |
1] ﬁ‘ R !'.'{
i ﬁ\] | T I
| i
NI
a) b} €)
Hinh 5-12
aVy Voi hinh tru tron gdn ngoai (hinh 5-13)
Pa 2g N SN o . U 2 N
/ con goi la voi Venturi - 1a mdt 6ng thang hinh
1 1 tru tron, dai / = (3 + 4) d, d 1a duong kinh voi.
Ta goi cot nudc tai trong tam mat cit ngang cua
Hy 1 voi 1a H. Ta 1dy mat ca“i,t 1-1 di qua mat ty do
2 trong binh chita va mat cat 2-2 tai cho ra cua voi,
c lP“ mat chuin 12 mat ndm ngang di qua trong tam
Ve cua 2-2. Vi€t phuong trinh Bécnuiy cho mot
0 - ~"  diém & 1-1 va cho diém trong tam clia 2-2:
—'— p, avy p, O,V
H+ 2+—="24+—=—+h,, (5-34)
Hinh 5-13 Yo o2 v 2g
trong d6 v 1a luu téc trung binh tai mat cat 2-2; dat:
2
Hy=H+ 20
2g
ta co:
2
Hy= 2" th,
2g
Tén that nang Iuong h,, do: tén that & thanh 16 tinh theo luu t6c v, tai mat cat co hep:
2 2

¢ ;—C; ton that vi dong nudec ty mat co hep dot nhién md rong dé chay ra ddy voi: {, ;—
g g

2
va ton that doc dudng: Xé;— Vay:

v2 v2 I v?

h,=§ —=+( —+A——. 5-35
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Ta biét rdng hé s0 siic can vi md rong dot ngot 1a:

2 | 2
® —€
o2 ] (=2
®, €
. N A P - < N 2 v
€1a hé so co hep, o, la dién tich mat cat co hep; vi v.o,=ve,dodé v, = —.
€
Thay cac tri s6 trén vao (5-35), ta co:

_ 5 )
hW: C_1+ 1_8 +}\’£ V_ ,
g2 € d|2g

do dé:

lay o, = 1 va dat:

1

2
\/az +C1+(1_8j +kl
82 € d
thi v =0,2gH, . (5-37)

Cuoi cung, cong thitc luu lugng viét duge dudi dang:

Q=vo=90,2¢gH, = pw,2gH, . (5-38)

Dong chay ra khoi voi, tai noi ra khong c6 hién tuong co hep, vi thé, hé sé co hep tai
16 ra clia voi bang 1; nhu vay hé s6 luu t6c ¢ va hé s6 luu lugng p ctia voi bang nhau.

=9 (5-36)

Tur hé thic (5-36) va (5-38) c6 thé thdy: khi do dai / chia voi tang lén thi ké cling

tang theo, két qua lam p giam di, va nguoc lai / ngin thi p tang; nhung / phai ngin c6
giGi han vi diéu kién lam viéc ctia voi 1a khu vuc chan khong khong bi pha hoai; néu voi
qud ngén thi dong chdy trd thanh qua 16, p cling giam. Ngudi ta nghién ciu ra rang p 16n
nhat khi do dai / cua voila /= (3 +4)d. 6ng ngan nhu vay mdi goi 1a voi.
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Theo tai liéu vé chay qua 16: £, = 0,06, ¢ = 0,64, lay é =3 va A = 0,02 thi theo
(5-36) c6 thé timra p = ¢ = 0,82.

Néu so sanh cong thic luu lugng chay qua voi (5-38) va cong thic luu lugng chay
qua 16 (5-4) ta thay hai cong thic hoan toan giong nhau, hai cong thitc 4y khac nhau chu
yéu & tri s6 ctia hé s6 luu luong: s = 0,61, ;= 0,82. Nhu vay p; gap 1,34 1an p; .

Néu trong cong thiic vé hé s6 Iuu téc cla voi (5-36), ta thay € = 0,64, A = 0,02,
o, = 1, thi muén cho p = ¢ = 0,61, ta phai c6 é ~ 55. Vay luu lugng qua mot 6ng dai bang
55 1an duong kinh 6ng van bang luu luong qua 16. Néu 6ng ngén hon thi luu lugng 16n hon.

Tiép day 1a tinh tri s6 chan khong trong voi. Ta 1y mat cét 1-1 va c-c (hinh 5-13) r6i
viét phuong trinh Bécnuiy:
v2

O JSNCAT R SCR T (5-39)
Yy 22 v 2g

trong do: p, 12 dp luc tai mat cit co hep c-c, h;v 1a ton that cot nude tir 1-1 dén c-c tic 1a tén
2 avy

that qua 16 ¢, ;—C; goi Hy=H + Sy va —=v, dong thoi ldy o, = 1, thay ca vao (5-39),
g g €

<

sau khi thu gon c6:

pa_pc:( 5 Q)__HO
Y € 2g
2

v
Goi h,, 1a do cao chan khong va tur (5-37) rit ra: 2—: (szO, ta thay vao biéu
g

2
h, = Pa"Pc _ [(1 + gl)(gj - I}HO
Y €

véi: £, =0,06, e = 0,64, = = 0,82, ta co:
h, = 0,75H,. (5-40)

Hé thic (5-40) cho thdy do cao chan khong trong voi phu thuoc H va c¢6 tri sO
kha 16n.

thuc trén:

Dé thdy ro thém tdc dung cua chan khong trong voi doi v6i luu lugng cluia voi tir
(5-39) ta viét:

aCVC h H + pa pC

2g 2g Y
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2
Vi h', = ;/—C , trong d6 ¢, 1a ton that chdy qua 16, ta viét:
g

V2
((X‘c + C.:l)g = HO + hck?

hodc v6i o, = 1 va tlr (5-3) ta viét duoc:

1
Vo= ———+/2g(Hg +hyy) = 954/2g(Hy +hy )
J1+§

do dé:
Q=v.o, =V, € =¢ Qo5 28(Hg +he) = smg28(Hg +hy ) (5-41)

RO rang 1a so véi cong thic luu luong qua 16 (5-5), cong thic (5-41) cho thiy Q,,; > Qs
do tac dung ctia chan khong.

Ta thay rang néu tang H, thi do cao chan khong h, tang 1én; do d6 luu luong cling
tang lén; nhung ta khong thé tuy tién ting H, duoc vi tri s6 chan khong c6 gidi han, xdc
dinh boi tri s6 dp luc boc hoi; néu chan khong trong voi qua 16n, tic 1a dp suit tuyét doi &
khu chan khong qué nhd, thi c¢6 kha nang khong khi bén ngoai chui qua 16 ra ctia voi ma di
vao khu chan khong va pha hoai chan khong. Muén voi lam viéc duoc thi tri s6 chan khong
trong voi khong dugc 16n hon tri s6 chan khong gidi han, tinh bang 7 m; theo (5-40) thi cot
nudc ¢ tac dung cua voi H, khong duge 16n hon gidi han:

7

H,=——=9m.
%075

Do d6 hai diéu kién ddy du cho voi hinh tru tron gan ngoai c6 thé 1am viéc dugc binh
thuong va on dinh Ia:
DI=3+4)d,

2)h, < 7m hodac Hy < 9 m. v

|
i

Dung vdi hinh tru gin ngoai, ta c6 thé
tang lIuu luong dugc 32% so v6i dung 16 nho
thanh mong.

=)

Thi du: Dé thodt nudc qua mot cai dap, ngudi

ta dat mot 6ng ngan hinh tru tron (hinh 5-14) c6 )
duong kinh d = 1,0 m, dai / = 4,0 m, tam Ong & Hinh 5-14
cdch mat nuéc thugng luu H =3 m. Tinh luu lugng.
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Gidi: Vi [ = 4d nén ta c6 thé coi 6ng ngan d6 nhu voi hinh tru tron gan ngoai. Hé s6
luu lugng cua voi bang u = 0,82.

Theo (5-38) ta co6:
Q = pw+2gH = 0,82 x %x 12 x 4,433 = 4,35 ms.

ViH = 3,0 m < Hg,, = 9 m nén chan khong trong voi dugc bao dam khong bi phd hoai.

Cdc loai voi khdc: Mbi loai voi ¢6 dac tinh riéng. Voi hinh tru tron gén trong, con goi
12 voi Bodeda (hinh 5-12b) ¢6 khu vuc chan khong véi [ > 3d, ¢6 tén thit nhiéu hon voi
Venturi. So v6i 16 nho thanh moéng, voi nay tang luu lugng duge 15%. Voi hinh nén mé
rong (hinh 5-12¢) giong nhu voi hinh tru tron, ciing sinh ra chan khong & mat cit co hep va
tri sO chan khong tang 1én khi géc cua hinh nén tang 1én; n6é c¢6 nang luc cho mdt lugng
nudc tuong doi 16n chay qua, nhung luu toc tai 16 ra tuong d6i nho. Do d6, voi hinh nén mé
rong dung cho chd nao can chan khong 16n, thi du nhu: bom phun, thang mdy thuy luc
v.v... va dung cho ché nao cén luu t6c & 16 ra twong do6i nho, thi du: khi cu 1am mua nhan
tao. Voi hinh nén thu hep (hinh 5-12d) dung dé tang luu t6c & 16 ra, do d6 tao nén dong tia
c6 dong nang 16n, thi du: dung lam voi phun trong may dao dat thuy luc, lam voi phun
trong may tuabin thiy luc ki€u xung kich, 1am voi phun chita chdy. Voi hinh dudng dong
(hinh 5-12¢) c6 stic can nhd nhat, cho nén ¢4 hé s6 luu lugng to nhat va dong tia ¢ 16 ra c6
dong nang 16n nhat.

Ta c6 thé so sdnh dong niang cuia dong chdy ra khoi 16 va ra khoi cdc loai voi.

Luu luong qua 16, voi, nhu da biét, biéu thi béi:
Q= po2gH, ;

Luu toc qua 16, voi biéu thi boi:
v=0.2gH, .

Dong nang ctia dong chay ra khoi 16, voi tinh boi:

2 2
mv \'% 0]
B= = f'T B % J2eH, ¢°. 2gH, = no’yoH,2gH, .

Vay véi nhitng tri s6 y, ®, Hy bang nhau thi kha nang thodt nudc va dong nang cua
dong chay qua 13, voi phu thuoc p va pe’. Tir nhitng tri s6 ghi trong bang 5-3, ta thdy muoén
c6 dong chay mang dong nang 16n, ta dung voi hinh nén thu hep va voi hinh duong dong,
hoic ¢6 thé dung 16 nho thanh mong; muoén c6 dong mang dong nang nho, ta dung voi hinh
nén maé rong.

216



Bdng 5-3. Bdng so sdanh ndng luc cong tdac cua 16 thanh mdng va cdc loai voi

Hé s6 Hé s6 Hé s6 Hé s6
Loai voi va 16 ton that co hep luu t6c luu luong o
o € ® M

L6 tron thanh mdng 0,06 0,64 0,97 0,62 0,583
Vi tru tron gan ngoai 0,50 1,0 0,82 0,82 0,551
Vi try tron gan trong 1,0 1,0 0,707 0,707 0,358
Vai hinh non md rong 40~30 | 10 045-050 | 045-050 | 0091
(6=5"+T7°
Voi hinh nén thu hep
(0= 13°24) 0,09 0,98 0,96 0,94 0,894
Voi hinh dudng dong 0,06 1,0 0,98 0,98 0,913

Chii y: Céc tri s6 trong bang 1a néi cho mat ct 16 ra ctia voi.

B - DONG TIA

§5-8. PHAN LOAIL TiNH CHAT DONG TIA

1. Pinh nghia: Dong chat 1ong c6 kich thudc hitu han, khong bi gidi han bdi nhiing thanh
ran, chuyén dong trong moi trudng chat 16ng cling loai hoac khéc loai, dugc goi 1a dong tia.

Nguoi ta phan biét dong tia ngap va dong tia khong ngap.

Dong tia ngdp 1a dong tia chuyén dong trong moi trudng chat long cling loai hoac
trong khong gian day nudc. Thi du: dong nudc tir nhitng voi dat ngam dudi mat nuGe trong
song phun ra dé khuay nhiing phu sa lang dong.

Dong tia khong ngdp 1a dong tia chuyén dong trong moi trudng khi. Thi du: nhitng
dong tia cua voi chita chdy, cia mdy phun mua, ciia cac ong phun.

Dong tia ngap da dugc nghién citu tuong d6i nhiéu so vdi dong tia khong ngap.

Trang thai chay trong dong tia c6 thé 1a chay ting hodc chdy roi, nhung thudng
gap trong thuc t€ 1a trang théi chay réi. Dudi day ta chi dé cap dén trang théi chiy rdi cua
dong tia.

2. Dong tia ngdp: Dong tia, chay vao moi truong chat 16ng cung loai hoac trong nude, do
d6 ma sat v6i chat 1ong xung quanh ma m& rong dan ra roi tiéu tan vao moi trudng chéat
long. Trong qud trinh dong tia m& rong, nhitng phan tir chit long & moi truong khong
chuyén dong, ti€p xic v6i dong tia, bi 16i di theo; do d6 mot khéi luong chat 1dng nhat dinh
bi thu hdt vao chuyén dong.
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Mt cét qud do

Hinh 5-15

Cau tao clia dong tia, dua vao su phan tich d6 phan bd luu toc trén nhitng mat cét
ngang cua dong tia, bao gébm (hinh 5-15):

a) Khu 161 hodc khu toc do khong doi, bat dau tir mat cat ddu & miéng voi, nho dan va
két thic & mat cat tai d6 chi ¢ toc do ¢ truc dong tia bing toc do u, tai mat cat dau; trong
pham vi khu 161, t6c do moi diém déu bang u,. Pudng gi6i han khu 15i 1a dudng néi cdc
diém gidi han ctia mién c6 t6c do khong déi bang u,. Thi nghiém chiing minh ring dudng
gi6i han nay 12 mot duong thang.

b) Khu tdng bién gidi 1a khu c6 toc do lién tuc bién déi cho t6i noi c6 t6c do bing
khong. Puong néi cdc diém toc do bing khong 1a dudng phan chia; dudng phan chia nay
cling c6 tinh chat ctia dudng phan chia da dugc miéu ta & §4-6. Thi nghiém ching t6 duong
phan chia 12 mot dudng thang: trén thuc t€ c6 su trao ddi nhitng phan tir chat 16ng bang
mach dong giita khu tang bién gidi va moi truong chat 16ng xung quanh duong phan chia.

Theo chiéu dai clia dong tia, c¢6 thé chia lam hai doan:

a) Poan ddu, tt mat cat ddu dén mat cat qua do tdc 1a mat cat két thic khu 16i; trong
pham vi hai dudng phan chia & doan du, c6 hai khu: khu 15i va khu tang bién gidi.

b) Poan co bdn, tit mat cat qua do trd di, trong pham vi hai dudng phan chia, doan co
ban chi bao gdm tang bién gidi; toc do tai truc dong tia giam dan.

Giao diém cua hai dudng phan chia goi 1a diém cuc cta dong tia.

Vé tinh chat dinh lugng cha dong tia, ¢6 thé néu Ién mot s6 két qua nghién ctu chi
yéu nhu sau:
a) V€ su bién thién cua téc do trén truc dong tia. Trong doan dau, t6c do giit khong
ddi va bang toc do u, tai mat cat dau: trong doan co ban, thi nghiém chiing t ring téc do u,
trén truc dong tia & cach mat cat dau /, bién thién theo quy luat hypécbon:
const ugd
e

u, = )

l )
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trong d6: d,, - dudng kinh ctia dong tia & mat cét ddu;
¢ - hé sd thi nghiém.
Trong nhitng dong tia khong khi phun vao khong gian day khong khi:
- Theo nhiing thi nghiém cta Milovit: ¢ = 6,
- Theo nhiing thi nghiém cta Aboramovit:
o= 0.48 i (5-42)
(0,07 +0,08) + 0,14570

Trong nhitng dong tia phun nudc vao khong gian day nudc:
- Theo nhiing thi nghiém cua Conovaldp:

oo 0145 (5.43)

d
0,05+0,14570

b) Trong trudng hop phan b déu t6c do ¢ mat cat dau, 4p luc trong dong tia bang dp
luc cia moi truong xung quanh. P6 1a mot két luan quan trong lam co s& nghién ctu cho
nhiéu van dé vé dong tia chdy ngap.

3. Dong tia khong ngdp: Xét mot dong tia nude, khong ngap, tir ong hinh tron ra, phun vao
khong khi, ta c6 thé chia dong lam 3 phan (hinh 5-16):
- Phan lién két chdt: Trong phan nay, dong tia con git nguyén hinh tru: cc hat chat
16ng van lién két chat nén chat 1ong van lién tuc, khong c6 nhitng khu bi khong khi 1an vao;
- Phan roi rac: Trong phan nay, su lién tuc cua chat 16ng bi pha hoai, dong tia m&
rong, bat dau c6 nhitng hat nudc 16n;

phan lién két chat Phan roi rac

Hinh 5-16

- Phdn mua bui: Trong phan nay, dong tia gdm nhiing hat nudc rat nho, riéng biét.

Trong thuc t€, dong tia khong ngap c6 thé dung vao nhitng yéu ciu khdc nhau nhu:
ding dong tia dé pha v& dat (sing thuy luc), khi d6 str dung phan lién két chat; dung dong
tia dé chita chdy, khi d6 cidn mot dong tia c6 ban kinh hoat dong I16n va sic xung kich
manh; dung dong tia lam mua nhan tao dé tudi, khi d6 st dung phan mua bui ctia dong tia.
Muo6n phét trién phan lién két chit clia dong tia, can phai ding nhiing loai voi dac biét
nham lam gidm su r6i chia dong chdy va loai trir tinh chat chuyén dong xoén ctia dong chay
& miéng voi. Mu6n phét trién phdn mua bui va rit ngan phan lién két chat ctia dong tia, can
dat nhitng bo phan chia dong & voi.

219



Sau day 1a mot vai cong thic tinh todn vé dong tia khong ngap, chi yéu dua vao két
qua thi nghiém:

a) Daoi v6i dong tia phun ra thiang ding (hinh 5-17a), do cao clia doan lién két chat Hy
tinh tir miéng voi phun, tinh theo:

(5-44)

a) b)
Hinh 5-17

2
. . <. , 2 1A v ,\, A 2 N <.
Trong d6: H - cdt nudc tai miéng voi, co thé lay H = 2—; v - toc d0 6 miéng voi;

y - hé s0 thi nghiém, phu thudc duong kinh d cta voi:

v- 0,00025
d+1000d°

d tinh ra mét; H. - do cao ctia dong tia, tic khoang cach tir miéng voi dén noi ma dong tia
khong phun 1én cao hon nita dugc:

H .
1+yH’

C:

[ - hé s6 thi nghiém, phu thuoc H, tinh theo bang 5-4.

Bang 5-4
(tl'nhHr(; m) 7 9,5 12 145 | 17,2 20 229 | 245 | 268 | 305
B 0,840 | 0,840 | 0,835 | 0,825 | 0,815 | 0,805 | 0,795 | 0,785 | 0,760 | 0,725
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b) D6i v6i dong tia phun nghiéng (hinh 5-17b), con it nghién ctu; trén co s& thi
nghiém nguoi ta két luan rang:

- Khi géc nghiéng 0 cia tia phun doi véi mat nam ngang bién déi tir 0° dén 90°:
1) bé dai ctia doan lién két chat R, khong ddi va bing do cao ctia dong tia khi phun thang
ding He; R, = Hg; 2) khoang cach tir miéng voi dén hét doan mua bui R, cang ngan lai va
c6 thé tinh theo cong thiic kinh nghiém R, = kH. trong d6 k 1a hé s thi nghiém, phu thudc
goc nghiéng 0, tri s6 k cho bai bang 5-5.

Trong nhiing gido trinh chuyén mon, thi du gido trinh vé cap nudc, vé thuy nong va
thi cong co gidi... s& ¢6 nhitng cong thiic cho phép tinh todn sau hon vé céc dong tia.

Bdng 5-5

6 0 15° 30° 45° 60° 75° 90°
k 1,40 1,30 1,20 1,12 1,07 1,03 1,00

§5-9. NHUNG PAC TINH PONG LUC HOC CUA DONG TIA

Ta nghién ctu tdc dung twong hé gilta dong tia va vat ran dat chan dong tia. Dong
phun ra tir miéng voi hodc miéng 16, X0 vao mot vat ran dat trong doan lién két chit clia
dong tia. Trudc hét ta nghién cttu trudng hop vat ran diing ¢6 dinh; dong tia X0 vao vat ran
lién chia thanh hai nhdnh di theo mat vat ran (hinh 5-18). Dong tia ¢6 hinh tru, truc N - N,
Tam chan bi dong tia x6 vao lién tac dung lai vio dong tia mot phan luc R.

]
2

1
+m 1V

Hinh 5-18

Ta viét phuong trinh dong luong cho doan dong tia giGi han boi mat cét vao O-O va
nhiing mat cét ra 1-1 va 2-2, dong lugng trong mot giay tai nhitng mat cat d6 1a m,v,, m,v,,
m,V,; hinh chi€u cta nhiing vécto dong luong d6 1én truc N-N 1a myv,, m,v,cosa.;, m,v,cosa.,,
trong d6 o, va a, 1a nhitng géc lap badi nhitng vécto dong luong tai 1-1 va 2-2 véi truc N-N
va ta c6 my=m, + m,.
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Xung luc tic dung vao doan dong tia d6 la R, hinh chi€u ctia né lén truc N-N la
Rcosf, trong d6 B 1a géc 1ap bdi vécto phan luc R va truc N-N. Vay, theo dinh luat dong
luong, ta co:

m,v,coso,, + m,Vv,Cosa, - myv, = Rcosp. (5-45)
Ta ding phuong trinh nay dé nghién cttu mot so trudng hgp riéng.
1. Trudng hgp vat chan 1a mot tim phang dat thang géc véi truc N-N (hinh 5-19). Khi
déo,=a, = g, B = m; tir phuong trinh trén, ta viét lai:
-myv,=-R (5-46)

Vay R = myv,, tiic 12 phan luc clia tim chan phang dat thang géc véi truc dong tia
bang dong luong trong mot gidy ctia khoi lugng chét 1ong x6 vao vat chan.

2. Trudng hop vat chan 1a mot mat cong, nhitng vécto dong luong 1ap véi truc N-N

nhitng géc o > g (hinh 5-20) va phan luc R cta vat chan lap v6i N-N géc B = .
Ap dung (5-45), ta c6:

m,v,cosa, + m,v,cosa, - myv, = - R. (5-47)

Néu mit cong ctia vat chin ¢6 hinh d6i xdng, tic o, = o, = a, B = 7, thi cong thic
(5-47) viét thanh:

R =mgv, - 2m,v,cosa, (5-48)
hoac (vim v, = %movo):

R =mgv(1 - cosa).

MaVa

Hinh 5-19 Hinh 5-20

Néu vat chan c6 hinh hai ban c4u hodc hai nira hinh tru tron d6i xing, thi o = =
(hinh 5-21) va ta cé:

R =2 mv,. (5-50)
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Trén hinh 5-19, ta c6 hinh dang thudng thay & tdm 1a chan ctia banh xe cong tdc cua
tuabin phun tia tu do (tuabin xung kich).

Dé lgi dung dong ning cta dong tia, ta c6 thé cho dong tia tdc dung vao vat ran di
dong. Gia str dong tia c6 van toc v,, vat rdn dudi tdc dung ctia dong tia c6 toc do u cing
chiéu vé6i v, thi van téc tuong d6i ctia dong tia v4i vat ran bang (hinh 5-22):

W=V, -u (5-51)

Néu vat ran di dong 12 mot tim phang, khoi luong chat 16ng x6 vao vat ran bing
pwv,, di chuyén véi toc do tuong d6i w, nén dong luong bang pwv,w tic pav,y(v, — u).

Hinh 5-21 Hinh 5-22
Xung luc P tic dung vio tdm phang d6 bang:
P = pavy(v,—u), (5-52)

va sinh ra mgt cong sut la:

M =Pu= L avy(v, — uu. (5-53)
g

Ta c6 cong suat cuc dai khi:

dM

— =v,—2u=0,
du

tic 1a khi:
u= -0 (5-54)
Lic doé tri s6 cong suat cuc dai la:

Vo) Vo _ POVG
2 4

Mmax: pmVO(VO _7 - =
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Biét ring dong nang trong mot gidy clia dong tia bang:

2 3
Vo pwvy
E,, = pov, 2 = P20
an = POV > >
ta thay:
1
M_._=—E,.
max 2 dn

Nhu vay d6i v6i tdim chan phing, ta chi c6 thé nhiéu nhat 1 1i dung mot nira dong
nang ctia dong x0 vao tdm chan di dong.

Néu tdm chan di dong c6 hinh cong ma toc do ra cua cidc nhanh dong tia lap véi
phuong cua truc dong tia nhitng géc o (hinh 5-20) va néu a, = o, = a, thi véi toc do cla
tdm chén bang u, 4p dung cong thiic (5-49) trong d6 ta thay v, bang van toc tuong doi w, ta
tinh duoc luc P tac dung vao tdm chén:

P= povy(v,—u)(1 —cosa), (5-56)
va tinh ra cong suit M:

M = Pu = pov,(v, — u)(1 — cosa)u. (5-57)

~ ~ ~ . 2 n ™ . L. Vv
Nhu da thay o trén, ta cé thé dat cong suat cuc dai M, v6iu = 70 :

3
M, = %(1 _ cosa) = B, 17 COS® (5-58)
2

max

Néu o = 180°, thi:
Mmax = Edn' (5-59)

Vay néu tdm chén hinh cong ¢6 o = 180°, thi cong suat dat dugc s& gdp 2 lan cong
suat & tim chan phang. Chinh vi vay nhiing tuabin xung kich hién dai thudng c6 nhitng tim
chéan hinh cong loai nay.
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