TS. Nguyén Thi Bdy - PHBK tp HCM -Bai Gidng CLC

CHUONG 1

MO PAU

I. GIGI THIEU MON HOC CO LUU CHAT

; chat 16n
Doi tugng nghién ciu: Chat khig

Pham vi nghién cifu: — cdc qui luit cia luu cht & trang thdi tinh va dong.

Muc tiéu nghién citu : Nhim phuc vu trong nhiéu linh vuc :

>Thiét k&€ cdc phuong tién van chuyén : xe hoi, thu thiy, mdy bay, hda tién...
»>Xay dung: nhu cdp, thodt nu6c, cong trinh thiiy 16i (cong, dé, hd chita, nha mdy
thily dién ..), tinh to4n thi€t k€ ciu, nha cao tang...

»>Thi€t k& céc thiét bi thly lyc : mdy bom, tua bin, quat gié, mdy nén..

»Khi tugng thiy vin : du bdo bao, li lut, ..

>Y khoa: m6 phdng tudn hoan mdu trong co thé, tinh todn thi€t k& cdc mdy trd tim
nhin tao..

>Trong cudc sdng hiing ngay, ciing cAn rat nhiéu ki€n thitc cd badn vé CLC. Vi du:
Luyc hiit gitta hai doan tau dang chay song song nhau, ndi 4p suit,...

Phan biét luvu chat :

>Luc lién két gitta cdc phan tif nhd — C6 hinh dang phu thudc vao vat
chura.

»Khong chiu tdc dung clia Iyc cit, Iuc kéo — Luu chat 1a mdi trudng lién tuc.
»Dudi tac dung cua luc kéo — Luu chat chdy (khong gitt dugc
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TS. Nguyén Thi Bdy - PHBK tp HCM -Bai Gidng CLC

II. CAC TINH CHAT VAT LY CG BAN CUA LUU CHAT
2.1 Khoi lugng riéng, trong lugng riéng, ty trong, thé tich

riéng: ) =1000kg/m’
>Khoi lugng p=lim AM (kg/m’) Vi Pn g/m 3
riéng: A0 AV du: P =1,228kg/m
>Trong lugng Y =pg (N/m’); (kgf/m’); lkgf=98IN
riéng: v, =981.10°(N/m’)
2 8 = £ ~ 3 ’Y
»Ty trong: > Né€u xem g=const thi: d=—
n Tn
2 V = 1
»Thé tich riéng: B E
F*Lyc hit trdi dat (F* F* ). Su thay d01ng theo vi @6 va do cao:
F: Lyc ly tam (F,F,) F
F* - F.= G: luc trong trudng = Mg F
Tai xich dao (=0°): g=9,780 m/s? 5
Tai vi tuyén ¢=50° : g=9,810 m/s2 s
Tai viing cuc: £=9,832 m/s?

g cling thay ddi theo chiéu cao z,

z cang 16n, g cang gidm do luc hit So do luc hat Trai dat, lyc ly tim va

cla trai dat Ién vat gidm trong luc
2.2 Tinh nén dugc: e __dV/V,
> HE sd nén P B, = dp
1. D6i véi chdt long:
. Suitdan hdi K: dp dp
K=-V,— K=p—
gy Hay dp

K . =2,210°N/m?

mide
> K thuong ditng cho chdt 16ng, hau nhu la hing sé, rdt it phu thudc vap dp sudt va
nhiét do

»Hau hét cdc loai chdt 16ng rdt khé nén nén dugc xem nhu Lo luu chdt khong nén

> Mot dong khi chuyén dong vdi van téc nhé thi su thay doi khéi lugng riéng khong
ddng ké nén van dvoc xem la luu chdt khong nén.

> Khi dong khi chuyén dong vdi van toc 1on hon 0,3 lan van téc dm thanh (khodng
100 m/s) thi mdi xem la luu chdt nén dugc

2. Déi vdi chdt khi, xem nhu la khi ly tuéng: — pV =RT  Hay: p=pRT

»Trong truong hop khi nén ddng — pV = const
nhiét:

Luu y: Trong cdc cong thiic trén, dp sudt p la dp sudt tuyét doi
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Vidu 1: Nbi 4p lvc gbm phan tru tron c¢6 dudng kinh d=1000mm, dai 1=2m; ddy
va nip c6 dang ban ciu. Ndi chita diy nu6c vdi dp sudt p, Xéc dinh thé
tich nuéc can nén thém vao ndi dé ting dp suit trong ndi tir p,=0 dén
p;=1000at. Bi€t h¢ s6 nén cla nudc 1a B=4,112.10° cm?/kgf=4,19.10-1°
m?/N. Xem nhu binh khong gidn nd khi nén

Gidi:

Goi V, ; p, 12 thé tich va 4p sud't nuSc & trang thai dau; d€ sau khi nén
co:

V,; p, 1a th€ tich va 4p sudt nudc & trang thdi sau;
Nhu vay sau khi nén thém nudc vao, thé tich nuéc V, trong binh chinh

12 thé tich binh: . )
V, = in(%) +(g) nl = 2.094395m °

I
- > 3
d )
_AVIV, _ AVIV, =AY BrApY,
Ap Ap B,Ap—1
Thé s vao ta dugc: AV =V, -V, = -89.778lit

Ta c6: B, =

Vay cAn nén thém vao binh 89.778 lit nudc

2. Dau mé dugc nén trong xi lanh bﬁr{g thép thanh day ti€t dién déu nhu
T hinh vé. Xem nhu thép khong dan hoi. Cot dau truGe khi nén 1a h=1,5 m,
va muc thuy ngin ndm & vi tri A-A. Sau khi nén, dp sudt ting tir O at 1én
50 at, thi myc thuy ngan dich chuyén 1én mot khodng Ah=4 mm. Tinh suit
Gidi: dan hdi cda ddu md

nu’(’)'(; prnes S B 1
Ih

Thép—~

N

Hg

_AV/V, _ SAh/Sh _ Ah
Ap Ap Aph

=544E-10 m’/N

By =

:K:Bi=1.84E+09 N/’

p
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Vidu 3: Mot binh thép c6 thé tich ting 1% khi 4p suit ting thém 70 MPa. 0]
diéu kién chuin, binh chita ddy nuéc 450 kg ( p,.=1000kg/m?). Biét
K, =2,06.10° Pa. Tim khdi Iugng nu6c can thém vao (§ diéu kién
chuin) d€ ting 4p suat trong binh 1én 70 MPa.

Gidi cdch 1:

450 .
Thé tich binh lic ddu Vj, tinh nhy sau: Ve =To00 ~ Om

0,45 m? ciing chinh 1a th€ tich nudc ban dau trong binh § d.k chuin.

Goi V, ; p, 1a thé tich va dp sudt nudc & trang chuan; dé sau khi nén tr§ thanh
V,; p, (1a thé tich va 4p sudt nudc & trang thdi sau);
Ta co thé 1y ludn dugc V, chinh la thé tich binh lic sau:
V, =V, +1%V; = 0.4545m’
A K.V,
Tacs:  K=-V,—P =V =—"1 =0.470487m’

(VI_VO) K —Ap

Nhu vay, thé tich nuSc ciAn nén thém vio binh (tinh véi diéu kién chudn): 13:

AV =V, -V, = 0,470487 — 0,45 = 0.020487m °

Tuong dng vdi khoi lugng: AM =20.48744kg

Mot binh thép c6 thé tich ting 1% khi 4p suit ting thém 70 MPa. O didu
kién chudn, binh chita diy nudc 450 kg ( p,.=1000kg/m?). Biét
K =2,06.10° Pa. Tim khdi lugng nudc can thém vao (§ di€u kién chuin)
dé ting 4p sudt trong binh 1én 70 MPa.

Vidu 3:

Gidi cdch 2:
) . vV _ 40 =0.45m’
Thé tich binh lic ddu Vy tinh nhu sau: B~ T000 o™

Goi V, ; p, 12 thé tich va 4p sudt nudc trong binh & trang ban diu; V,=V,
V, ; p, 1a thé tich va 4p sudt nu6c nudc trong binh & trang thdi sau;
Nhu vay sau khi nén trong binh con rdng mot thé tich 1a:
AV, =(V, - V) +1%V; =-AV +1%V,
A -V, .A A
Ta c6: K=V, 2P Ay =20y ~ Yo BP jory 00197911
AV K K
AV 1a th€ tich phan réng ma ta can bd sung nudc thém vio binh tng véi dp suit p,
D& tinh thé tich nu6c AV, tuong tng d6 véi di€u kién dp suat p,, ta can tinh lai mot
lan nita qua sudt dan hoi K: Ap AV = KAV, AV, =0.0204874%
AV, -AV, K—-Ap
Nhu vay, thé tich nuSc cAn nén thém vio binh (tinh véi diéu ki¢n chudn Dy :la:

AV, =0.020487m’
Tuong tng v6i khdi lugng: AM = 20.48744kg

K=-AV,
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Vidu 4:| Nén khi vao binh thép c6 thé tich 0,3 m3 du6i 4p suat 100at. Sau thdi gian bi
rd, 4p suit trong binh con lai 90 at. B3 qua su bi€n dang ctia binh. Tim thé
tich khi bi r0 ¢ng v6i d. kién 4p sudt khi trdi p,=lat. Xem qud trinh nén 1a
ding nhiét

Gidi

Goi V, ; p, 12 thé tich va dp suat khi trong binh & trang chuéin ban dau;
V,; p, 1a thé tich va 4p sudt cling ciia khéi khi d6 & trang thdi sau;

Ta c6: V,p, =Vip, =V, :E:0.3.’>3333rn3

b,
(V,-V)=AV la thé tich khi bi ma't di (vi binh chi con chita lai V), ting véi dp suat 90 at :

Dé tinh thé tich khi AV, tuong Gng d6 vé6i di€u kién dp sudt p,, ta cin tinh lai mot
lan nita :

_ AV.p,
P

AV =3m’

a

Vi du 4a: (xem Baitdp+2.xls, SV tu gidi)

Mot binh gas ban dau c6 khdi lugng M = 15 kg ¢6 4p suat du po = 500 kPa . Sau
mot thoi gian s dung , 4p suat du trong binh con lai p = 300 Kpa. Biét v6 binh
gas c6 khdi luong 5 kg va khong bi thay ddoi khi 4p suat thay d6i. Tinh khéi
lugng gas da sur dung trong thoi gian trén

M p0,Kpa

pl, Kpa

Mvo

Mgaz0

Mgazl

Mgazsudung

15

500

300

5

10

6.656078

3.34392242
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2.3 Tinh nhét:

du
. ‘p _n_n, =
Chdt léng Newton chdy tang = Dinh ludt ms nhdt Newton: E H dn
]
u:[kg/(m.s);N/(sm?); Pa.s, poise];1poise = 0,1kg /(m.s) ]u
Hor2e. . 4,2
v ==:[m*/s;stokes];1st=10""m"/s % V4
p A V4
Nhu vdy luc ma sdt nhét s& tinh bang  F, =1A
. ; ’ _
Tinh chdt cua hé s6 nhot - . .o e A e 5
He s& nhét ohu thude vio nhiet dA/'Ch"‘t long: u giam khi nhiét do tang
© 50 MMCL PAT IO Va0 MMELEN Chat khi:  u tang khi nhiét do ting
Chitlong: u tang khi p ting

Hé s6 nhét phu thudc vao ap suat: ) ) )
' PR P SURE] i ki ukhong déi khi p thay di

A

Chdt Iéng Newton va phi Newton

Hau hét cdc loai Ivu chit thong thudng nhu nudc,
xidng, dau ... déu thda min cong thitc Newton, tuy
nhién c6 mot s6 chat 18dng (hic in, nhwa néng chay,
dau tho ..) khong tuin theo cong thitc Newton dugc
goi 1a chat 16ng phi Newton, hodc d6i véi chat
16ng thong thudng khi chdy & trang thai chdy roi
cting khong tuin theo cong thitc Newton.

Vi du . x 1A . .
5. Pudng 6ng c6 duong kinh d, dai 1, dan dau v&i hé s6 nhon p, khoi lugng
" |riéng p. Dau chuyén dong theo quy luit sau:
u=ady-ay? (a>0; O<=y<=d/2). Tim lyc ma sit cia diu I&én thanh dng
Gidi

Chon truc toa do nhu hinh vé&, xét 16p chat 1dng bat ky c6 toa
dd y (16p chat 16ng nay cé dién tich 1a dién tich mit tru c6
dudng kinh (d-2y)). Ta c6:

2':/13—;:,11(—2ay+ad)

Tai thanh 6ng: y=0; suy ra:
r=u(ad)

Nhu vay luc ma sdt ciia ddu 1én thanh 6ng 1a:

I:ms =7A= (ﬂad )(Iﬂd) = ﬁﬂald 2
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Phan tich lyc tdc dung 1én 16p chdt 16ng bat 1y
c6 toa do n nhu hinh vé, ta cé:

TS. Nguyén Thi Bdy - PHBK tp HCM -Bai Gidng CLC

TAm phing dién tich A trudt ngang trén mit phiang trén 16p dau bdi tron
c6 bé day t, hé s6 nhét u v6i van tdc V. Tim phan bd van téc 16p dau
theo phuong phdp tuyé&n n ctia chuyén dong

F=F,= Ayd—u:> du :Ldn:u :Ln+C
dn Au Au
Tai n=0 ta c6 u=0, suy ra C=0
Tai n=t ta c6 u=V, suy ra: V = Lt —~F = VA_'U
Au t
Thay vao trén ta ¢ dugc bi€n thién u trén n theo quy luat tuy€n tinh:
Vv
u=—n
t

Nhin xét thdy ving sudt tiép t=const trén phuong n

Gidi

Bay gid tAm phing chuyén ddng nhd luc trong
trudng G chi€u trén phuong chuyén dong:

TAm phing dién tich A=64 cm?: ning G,=7,85N trugt trén mat phing
nghiéng géc o=12°trén I6p dau bdi tron c6 bé day t=0,5mm, v6i van tdc
déu V=0,05 m/s. Tim hé s6 nhét p cia 16p dau va cong sudt d€ kéo tim
phing ngugc doc v6i van téc néu trén. Cho y,,,=8820 N/m3

Gsmma=F,

& A,ud—uz(Gp + yA(t —n))sin &

G .
= du= —p+£}sina—7/sma n}dn

Au_ .k
o :[_uﬁ}mn_w“_w
Au  p uo 2
Tai n=0 ta c6 u=0, suy ra C=0

S , G , sina t?
Tain=tta c6 u=V, suy ra: V:{_‘Huﬁ}smat—y Y

Au uo2

G, 7t |. 2
= Uu=|——+——|sinot =2.56Ns/m
AV 2V
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Pé kéo tim phing ngugc 1én vdi van toc
V=0,05 m/s, ta cAn tic dong vao tAm phing mot
luc ngugc 1én theo phuong chuyén dong cé gid
tri bing F,:

F,=Gsmna+F,, < A,ug—uz F, =G sina —A(t—n)sina
n

F. -G _sina —jAtsina inaot? i
V= P 7 tJrMA‘San[t :>Fk:—VAﬂ+Gsinoz+—7Asmat
Au 2Au t 2

Th& cong thic tinh p vao ta duge:  F, =2Gsina + yAsin ot

Nhu viy ta cAn mot cdng suat 1a :

N =V.F, =V(2Gsina + jAsinat)= 0.164W

Vi du
8: Mot loai nhét ¢6 p, pu chay déu trén mit phﬁng nghiéng 1 géc a so véi
mat phazlng ngang. Tim bé day t ctia 16p nhét.
Giai

Chon hé truc toa do nhu hinh vé. Xét luc tdc dung 1én mdt 16p vi phan chit 18ng

can bing, Gtoa doy :

du :
Gsina=F,, < A/J% =y(t-Yy)sina

=du :(wma (t—y)jdy
7]

B ysinat® 3 ysinat®

= Uy =l P 24

Ta biét ring tai y=0 thi u=0, tai y=t thi u=V; nén:

2N

ysina

=>t=

MG PAU 8



Vi du

Gidi

TS. Nguyén Thi Bdy - PHBK tp HCM -Bai Gidng CLC

Mot truc c6 dudng kinh d=10cm duge giit thing ding bdi mot 6 truc dai
1=25cm. Khe hd ddng truc c6 bé day khong ddi bing h=0,1mm dudc boi
tron biing dau nhét c6 u=125cpoise. Truc quay véi toc dd n=240 vong/ph.
Tim ngdu lyc cidn do & truc gy ra va cong suit tiéu hao.

u=125cpoise=1,25 poise=1,25dyne.s/cm2=0,125 Ns/m2

Chon hé truc toa do nhu hinh vé. Xét mot 16p chdt long & toa do y tinh tit thanh

rdn, ta im moment luc ma sdt ciia I6p chét Iéng nay:
Mm::zA(|’+h—y):2;z1(|r+h—y)2y%E
Khi truc quay 6n dinh thi M, =M, =const y
M ( 1
du=— d(r+h—
I Izﬂﬂlk(wh—y)zJ (r+h=y)
=>Uu= M ! +C
2zl (r+h-vy)
Tai y=0 M M | |
X S —u= -
thi u=0: 2z (r+h) 2md\r+h—-y r+h v
Tai y=h thi u=V= ar= mr/30: ==X M1 1
30 2mul\r r+h y
72l r*(r +h)
Suy ra moment ma sdt: M = =6.156166Nm

Cong sudt tiéu hao:

15

N=FV=For=M.wo=M 3—”8:154.72\7\/

Dé don gidn, ta xem phdan bé" vdn toc theo phuong y la tuyén tinh, liic dy:

_ zymlr?

M=z A.r= ,u%rﬂ.Z.rl.r - ~ 6.168503Nm
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Vi du 10- | Khe hd bé day t gitta hai dia tron dudng kinh d nim ngang cling truc
dugc bdi tron bing dau nhét ¢é p,p. Mot dia ¢d dinh, mot dia quay
vGi toc do n vong/ph. Tim ngiu lyc cdn va cOng suit.

Chon hé truc toa dp nhu hinh vé. Xét mot vi phén l6p chdt long hinh vanh khuyén
day dr 6 toa dj y tinh tit dia c6 dinh & dudi, luc ma sdt tdc dung lén vi phéan nay la:

du

dF,. . =dA=pu—27ardr

dy
Pay la chuyén dpng tuong doi giita hai tim phdng ngang, nén ta chdp nhin duoc
quy ludt tuyén tinh ciia vdn téc theo phuong y:
27p0 r’dr

=dF, = ,ua)TrZﬂfdl’ =

2
THD 34y

r
Suyra: —=dM  =dF,.r= ,uszﬂrdr.r =
d/2
Nhu vy moment ma sdt: M = j

4
2num Fdr = 2num v

0 t 4
_ 7nuad®
960.t
A ~ 32,44
Cong sudt . N:M.a):M@:”n’ud
30 28800t

2.4 Ap suat hoi:
La 4p sudt hoi trén bé mit chi't 18ng kin. Khi téc dd bdc hai clia cic

phan tif lvu chat bing tdc d6 ngung tu thi trén bé mit luu chi't dat
téi dp sudt hoi bdao hoa.

>Ap sudt hoi bao hoa ting theo nhiét dj
Vidu 25 °C, pyz, noa i@ nuéc 1a 0,025 at=0,25 m nude
§ 100°C, pyso noa CU@ nUGe 1a lat=10mnude
> Khi dp sudt chdt long < Ap sudt hoi bdo hoa = chdt léng bdt diu soi (hod khi).

Vi du c6 thé cho nudc s6i & 25°C néu ha dp suit xudng con 0,025at.

> Trong mét s6 diéu kién cu thé, hién tuong Cavitation (khi thiic) xdy ra khi dp sudt
chdt long nhé hon P,

do hoa
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2.5 Sitc cing bé mit va hién tugng mao din:

Xét lyc hiit gitta cdc phan tif chat 1dng va khi

trén bé mit thodng:

Fii < Fous. = con luc thita huéng vao chét long,;

=lam bé mdt chét Iéng nhu mang méng bi cing ;

—=Siic cing bé mdt o : luc cing trén 1 don vi chiéu dainim trong bé miit
cong vudng géc vdi dudng bat ky trén bé mit

— hat nuédc cé dang cdu

/ hién tuong mao dén \

yn>F, ——0,<<<Fp<F,____, Fyp,

F

A

III. CAC LUC TAC DUNG TRONG LUU CHAT

__—~Noilye - AR
" Ngoai e —— Luc khoi — (il‘:’gfl‘i 310 — NS0 pAV
) F = (FX > Fy’ Fz)

Vi du vé luc khoi:
»Luc khoi 1a Iyc trong truong G : F,=0, F=0, F=¢g
»Luc khéi la G+F (theo phuong x): F,=-a, F,=0, F,=g
»Luc khoi 1a G+F

. —r2 —r2 —
ly tAm ° Fx_('0 X, Fy—CO Y, Fz_'g

-~ .. AF,
. R o = lim
 Luc mit — Cuong do ___, M0 AA
Iwe mat G=(r,0,

>Khi Ivu chit tinh: 1=0— p = ¢,: Ap sudt thuy
tinh
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