Ky thuat — Céng nghe NGHIEN CUU TRAO POl

PHUGNG PHAP GIANG DAY CAC BINH LUAT C0 BAN
TRONG THUY KHi KY THUAT TREN C0 SO
DINH LY VAN CHUYEN REYNOLDS

Thai Dodan Twong *

Tém tit: Thuy khi k¥ thuat 1a mot trong nhitng méon hoc co sé kha quan trong,
nhung ciing rat kho dbi voi sinh vién nganh Co khi dong luc, trong d6 c6 sinh vién
nganh k¥ thuét 6 t6. Chuyén tai kién thie gitp sinh vién hiéu dugc ban chat cac dinh
luat thuy khi ky thuat co ban va van dung linh hoat dé giai cac bai toan thyc té ludn
12 mong udc va dich dén ctia nguoi day va ngudi hoc. Bai bao trinh bay phwong phap
tiép can theo hudéng ddi tuwong trén co sé 4p dung dinh 1y van chuyén Reynolds dé
phan tich cac dinh luat thuy khi co ban va rat ra dugc cac phuong trinh déac trung
tuong ing theo cung mét cach tiép can, tuong ddi truc quan va dé hiéu, tir 46, van
dung két qua nghién ciru dé giai mot s6 bai toan minh hoa thuc té.

Tir khéa: Chat luu, dinh 1y van chuyén, thé tich kiém soat, mat kiém soat, dinh luét.

Abstract: Technical Fluid mechanics is one of the important subjects, but it
is also very difficult for students in the Department of Mechanical Engineering,
including students in automotive engineering. Conveying knowledge helps students
understand the nature of basic technical fluid mechanics laws and flexibly apply
solutions to practical problems that are always the desire and destination of teachers
and learners. This paper presents an object-oriented approach based on the application
of the Reynolds Transport Theorem to analyze basic technical fluid mechanics
laws and derive corresponding characteristic equations in the same way, relatively
intuitive and easy to understand. From there, apply the research results to solve some
practical illustrative problems.
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1. Pit van dé

Céc dinh luat ky thuat thiy khi co ban gdm: (a) dinh luat bao toan khéi luong, (b)
dinh luat bao toan nang luong, va (c) dinh luat bao toan dong lugng va tuong ung la
cac phuong trinh dic trung mé ta chiung. C6 nhiéu cach dé mo ta, phén tich va rat ra
duoc cac phuong trinh dac trung, nhu phuong phép giai tich vi phan theo hudng roi rac
hién tuong [1, 2, 3], hodc phuong phap thi nghiém dé chirng minh tryc quan r0i dan ra
cac phuong trinh, ma khong ching minh. Cac phwong phap trén déu 1am cho sinh vién
kho hiéu, kho theo ddi va mic du biét duoc cong thirc, nhung van dung lam bai tap
gip khé khin. Phuong phap nghién ctru dwa trén co so van dung dinh 1y van chuyén
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Reynolds s€ giup cho vi¢e hiéu va van dung cac dinh luat trén duoc thuéan loi hon.

Dinh 1y van chuyén Reynolds (Reynolds Transport Theorem) [4] dugc nha vat
Iy nguoi Anh Osborne Reynolds (1942-1912) trinh bay va chirng minh 1an dau vao
nam 1903 ap dung cho co hoc chit 16ng. Sau nay, cac nha bac hoc khic da tong quat
dinh 1y dé 4p dung cho cac nganh co hoc khac, nhung van giit nguyén tén ban dau dé
vinh danh nguoi da phat minh ra no.

Dinh 1y van chuyén Reynolds dugc phét biéu nhu sau: “Gid sir B la hé thong
dai dién cho mét dic trung tong qudt nao dé (nhw khoi lwong, ning lwo’ng hay dong
luong), va goi b =B, /m trong d6 m la khoi lwong, la dai luong dai dzen cho dac
trung tap trung twong vmg. Phirong phdp chuyén déi dao ham ciia ham sé tich phin
dwoc biéu dién nhir sau [5]:

dBi,

- =—mpde+”pb(Vn)dw (1.1

crv cS

Trong dé, p la khéi lwong riéng ciia vat chat; V la van toc van chuyén vit chdt
vao, ra khoi thé tich kiém sodt CV qua mat kiém sodt CS; dW, do la vi phan thé tich
trong long CV va vi phan dién tich trén mat CS.

Phuong trinh (1.1) con duge goi 1a phuong trinh van chuyén Reynolds.

Néu thé tich kiém soat CV khong chuyén dong hodc khong bi bién dang, ky hiéu
dao ham & s6 hang thi nhat vé bén phai duoc dua vao trong dau tich phan va thanh
dao ham riéng. Luc nay phuong trinh van chuyén Reynolds c6 dang:

Bys _ j [ %( pb)dW + j [ pb(7 iiyde (1.2)

Muas

Comtrod volume

r .y : Ouliiuw lnﬂou
'.::I.:::fl B ! o 1 i1 < 90° > 9P
L] ]

M Ve = IVl Bl cos 8 = Voos &
e If < 0%, then cos @ > O (outllow),
T ",[ A If @ > 9%, then cos # < O {inflow),
Py ™ M= S ™ L If @ = WP, then cos & = (I (no flow).

=

|.|l |.||'|;|

Hinh 1.1. M6 hinh minh hoa dinh 1y van chuyén Reynolds

Néu ky hiéu B,,,, B,,, B,,, 14 tich phan s hang thr hai & vé phai, tich phan
trén mat chat 10ng chay vao, va tich phan trén mit chét 16ng chay ra, ta c6 mbi
quan hé (xem hinh 1.1):
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By = [[ b7 i).dw =Y pb(V ii)o-Y pb(V i) = B,,, - B, (1.3)
CS

out in

Nhin vao hinh 1.1 ¢6 thé nhan thdy 8,,, mang diu cong con B,, mang dau trir.

Trén co sé phuong trinh van chuyén Reynlds (1.1), (1.2), va tich phéan (1.3) cac
phuong trinh dac trung cho dinh luat thuy khi co ban dugc phan tich va chirng minh
cing mot cach tiép can theo hudng dbi twong kha truc quan va dé hiéu, tir dang tong
quat dén dang don gian.

2. Nghién ctru cac dinh luit thuy khi ky thuat co ban trén co sé¢ phuwong
trinh (dinh 1y) vin chuyén Reynolds

2.1. Pinh ludt bdo toan khéi lwong chit long

Dinh luat bao toan khdi lugng chat 1ong dugc phat biu: “Khoi heong ciia chait
Iong trong mot hé thong ludn la hang sé trong mét qud trinh”.

Dinh luat bao toan khéi luong duoc dac trung béng phuong trinh lién tuc, duoc
rut ra tir phuqng trinh van chuyén Reynolds (1.1) khi thay dai luong B ,=m_ va b
=1 theo so do:

dByys _d [[] pbaw + [[ pb(7 iydew
ft dt ;) | s |
B ¥ b=1 b=1

e |

dmy

S d a7
—r= jc [ Vj de+£ p(V iydew 2.1)

. . . . dB
Vi khoi lugng chat long trong mdt qué trinh 1a hang s6 nén % =0va
t

phuong trinh lién tyc (2.1) duge biéu dién dudi dang sau:

% [[[ paw + || p(7 i)de=0 (2.2)
cv cs
Tir phuong trinh (2.2), dinh luat bao toan khdi lugng duge phét biéu nhu sau:
“Téc dé bién thién cia khéi chat long bén trong thé tich kiém sodt CV céng véi toc
dé bién thién dong chdt Iéng chdy qua mdt kiém sodt CS bang 0.
Phuong trinh (2.2) tuong d6i kho hiéu va khé ap dung vao thuc té. Vi vay, ta
bién d6i n6 thanh hai dang (a) vi phan, va (b) tich phén, tiy vao muc dich sir dung.
(a) Phirong trinh bdo toan khoi heong dang vi phan (phwong trinh lién tuc):
Chuyén d6i tich phan mit ¢ s6 hang thir 2 ciia (2.2) sang tich phén thé tich theo
dinh 1y Gauss va luu y phuong trinh (1.2), ta viét (2.2) thanh dang:
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Dinh Iy Gauss: ” pViido= m. div(pV).dW (2.3)
cv

Tir d6 (2.2) & jjj%de+mczw(pV)dw 0:][[(—t+dw(p1/))dw 0 (24
cv cv cVv

Ton tai mot ham dudi dau tich phan dé:
op .. =
E+dlv(pV) =0 (2.5)

Phuong trinh (2.5) chinh la dang vi phan ctia phuong trinh lién tuc (2.4), duoc
str dung rat nhiéu trong cac bai toan xac dinh phan bd van tdc dong chat 1ong va
dugc két hop véi phuong trinh chuyén dong Navier — Stockes [6].

(b) Phurong trinh bdo toan khéi lirong dang tich phan:

Ta xuét phat tir phuong trinh van chuyén (2.1) va thyc hién 14y tich phan sé
hang thir hai trén hai phan cta mat kiém soat CS (xem hinh 2.1): mit dong chay

vio (in) vi mit dong chay ra (out) va ky higu 27C”
trinh (2.2) dugc dua vé dang:

- %jﬂpdw, tir 46 phuong

dde+z,0‘Vn‘a) Zp‘Vn‘a) 0= WMer Zp‘Vn‘ =l dile (2.6)
out

Ky hi¢u m = p‘V n‘ = p. V.o, trong 40V, =V i =V .cos@ véi cosd 1a cosin chi
phu:omg ctia véc to phap tuyén véi mat kiém soat, phuong trinh lién tuc (2.6) duoc
viét duéi dang:

dmCV Zm Zm (2.7)

out

Y
@ Fixed y
f control
\ volume JJ
b -~

Hinh 2.1. M6 hinh minh hga phwong trinh lién tuc
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D@ dang nhan thay rang, khi chit 16ng chay vao mit kiém soat CS (in) thi 6 > 90°
thi cosf< 0 va khi chat 1ong chay ra tir mat kiém soat CS (out) thi 0 < 0 va cos > 0.
Piéu nay phu hop véi dau cia cac sd hang ciia phuong trinh (2.6).

Néu dong chét l1ong 1a dong dimg (6n dinh), khong nén duge (p = const) va chi
xét cho mot dong nguyén tb voi hai diém vao (in) va ra (out) (xem hinh 2.1), phuong
trinh lién tuc duoc rat gon nhu sau:

my, =my,; =V, @, =V,

out in™in outa)

out

(2.8)

Phu:(mg trinh lién tuc dang (2.8) cho thay mdi quan hé giira van téc va dién tich
tiét dién dong chay cho dong nguyén t, duoc sir dung rong rai va thudng xuyén
trong cac bai toan thyuc té [1,2,3,35].

2.2. Dinh ludt bdo toan nang luong chit long

Pinh ludt bao toan ning luong dugc phat biéu: “Nang lheong ciia hé thong kin
chita chat long khéng dwoc ti tao ra ciing khong ti nhién mat di, chiing chi bién déi
trr dang nay sang dang khac”.

bac trung cho dinh ludt bao toan nang lugng lé phuong trinh Becnuli, duoc bién
dbi tir phurong trinh van chuyén Reynolds (1.1) néu thay thé B,,=E,va b= e, theo
so do sau:

dBys
dt

|

j [[ pbdw +[[ pb(7 i))d e

Vl, CSl,

B =E b=e b=e
y: l y l' f l' f
dE
7 Ijjpede+££pef (V n)ydw (2.9

Trong do, E_ la nang luong cua hé thong, con e, la nang luong don vi khéi luong
ctia dong chat long luan chuyén tir thé tich kiém soat CV qua mat kiém soat CS.
Theo dinh luat nhiét dong luc hoc, nang lugng don vi dugc tao thanh tur

entalpy (ky hiéu h), x4p xi bang 4p ning (ky hiéu £) & qua trinh dang nhiét trong
Yo,

2
chat 16ng, dong ning (ky hiéu V—) do chat 16ng chuyén dong, thé ning (gz) do
chat 16ng ndm trong truong trong luc:

2

e/ =%+V7+gz (2.10)

Néng lugng bén ngoai =0, +W, , bao gdm ning lugng do trao ddi nhiét
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(0,,) v6i chat 1ong trong thé tich kiém soat CV, nang lugng do cong co hoc (W,,)
do quat, may nén, tuabin,.. tac dung 1én thé tich chat long.

Tuong ty nhu cac muyc trudc ta lay tich phan sé hang thir hai bén phai cua (2.9)
trén phan c6 dong chét 16ng chay vao (in) va phan c6 dong chit 10ng chay ra (out)
ciia mat kiém soat CS (xem hinh 2.2), nhan duoc:

dE
Lo _ L[ pesaw + Y sine; - Y e, 2.11)
dt dt v out in '
.{jp,‘.‘!%{':--i-fh} ey
\.'Lf X
%‘I Fiad \-.
i controd
\ volume J

Hinh 2.2. M6 hinh minh hga phwong trinh bio toan niang lwgng
Néu hé thong khong c6 trao ddi nhiét va khong co cong co hoc tac dung va dong
chay 1a dong dimng, chat 1ong khong nén duoc, phuong trinh (2.11) duogc trd thanh
dang:

2 2
ZM(£+V—+gz)=Zﬁ1(£+V—+gz) (2.12)
in P 2 out 2

Phuong trinh (2.12) 14 phwong trinh Becnuli cho toan dong chit 1ong chay vao
va chay ra tir thé tich kiém soat CV thong qua bé mait kiém soat CS.

Néu chi c6 mot 16i chay vao (ky hiéu 1) va mot 16i chay ra (ky hiéu 2), sau khi
chia hai vé cho g, phuong trinh Becnuli cho dong nguyén td, chit long 1y tudng,
chay dung c6 dang:

2 2
ﬂ+i+21:&+V—2+22 (2.13)
y 2g y 28

2.3. Dinh ludt bao toan dong lugng
Dinh luat bao toan dong lugng dugc phat biéu nhu sau: “Tt (5ng cdc ngoai luc

ZF tac dung 1én mét hé thong chdt long bang toc dg bién thién dong lwong theo
thoi gian ciia hé thong dé”.

DPinh luat bao toan dong luong, duoc dac trung bé‘mg phuong trinh bién thién
dong luong, duoc rat ra tir phuong trinh van chuyén Reynolds (1.1), néu thay
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By = mV , b=V theo so dd chuyén doi sau day:

dBys d -
sz = jcﬂ pbdW + g £ pb(V ii)dw

ByowmV  bEV b3V

l dmV l d l
SF - L [[ pyamw + gg oV .(V.iiYde (2.14)
Tién hanh 13y tich phan s6 hang thir 2 bén vé phai trén hai phan c6 dong chay

vao (in) va va dong chay ra (out) ciia mit kiém soat CS, ta dua (2.14) vé dang (xem
hinh 2.3):

S-S jCjVj pTdW +3° iV - p (2.15)

out in

2
Trong do, £ = L(LJ 12 hé s6 hiéu chinh sy thay d6i dong lugng so véi gia
: 3 .\ Vrp
tri trung binh.

Néu chi c6 mot dong chat 16ng chay vao va chay ra khoi thé tich kiém soat CV,

va dong chay 1a dong ding, phuong trinh bao toan dong luong dua vé dang don gian,
hay sur dung:

S F =i(ByVy - BY) (2.16)

il mv o 1"||
my "\‘\‘ll -
O ma

i control

\ volume
L " T

Sy

& \
i = -
& 7$ 3

;.l_.m 'I.";
EF = mifVa- #0

Hinh 2.3. M6 hinh minh hga phwong trinh bao toan dgng lwong
Xét truong hop khong co ngoai luc (nhu khdi lugng, ap suét, va phan lyc) tac
dung 1én vt trong chiéu chuyén dong — vi du tinh hudng phd bién 4p dung cho tau
vil tru hodc vé tinh. Liic ndy, d6i vdi mot thé tich kiém soat v6i nhiéu 16i chay vao va
chay ra, phuong trinh (2.15) dugc rut gon thanh dang:
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dmCV
dt

0= +ZﬁmV Z,BmV (2.17)

out

Phuong trinh (2.17) dic trung cho dinh luat bao toan dong lugng, dugc phat biéu
bang 101 nhu sau: “Trong truong hop khéng c6 ngoai liee, toc dé bién thién dong
lirong ciia mot thé tich kiém sodt bang hiéu giita cdc toc do bién thién dong chdt long
chay vao va chay ra”.

Néu chon thé tich kiém so4t 1am mot vat ran (h¢ vat cd dinh), chuyén dong trong
khong gian, va coi khéi luong vat ran hau nhu khong dbi thi s6 hang thir nhat cta
phuong trinh (2.17) sé 1a Iyc day cia dong khi:

d(V)bod
Fygy = Mo, Apogy = Moy, ——— Zﬂ V=Y BV (2.13)

out
3. Cac bai toan minh hoa
3.1. Ung dung phwong trinh lién tuc gidi bai todn thdo nwdc tiv binh chira
Tinh thoi gian thao nudc tir binh chira tir 40 caohy = 1,2 m xuéng docaoh, =
0,6 m. Biét duong kinh thung chira 1a D, = 0,9 m, dudong kinh 16 thoat 1a D, =

0,15 m (xem hinh 3.1). Gia thiét quy luat thdo nudc tuan theo cong thirc V =/2gh ,
h 14 chiéu cao ctia nudc thay doi, do tir tam 16 thoat, g 13 gia tdc trong truong.

s

Hinh 3.1. M6 hinh minh hga thao nwéc tir binh chira
GIAI
Gid thiét: 1. Nudc khong bi nén. 2. Khoang cach tir ddy binh dén tam 18 bé qua.
3. Gia tdc trong truong g = 9,81 m/s2.
Phén tich: Theo dinh luit bao toan khi luong:

dm . .
%:mm_mout’ (31)

Trong do, m;, =0 (khong c6 nudce chay vao), m,, =(pV®),, = p2gh.o

2
D2 7D
mey = pW = th, Q= il ;ank , = 4jet
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Thay céc biéu thtc lién quan vao (3.1) ta nhan duoc:

2 7TD2
d(pQh) _ ~par2gh = L7 Puanc PEDny dh _ PTLjer hah (3.2)
dt 4 dt 4
Tu do6 suy ra:
i D _dh (3.3)
Djzet \J2gh

Léy tich phan tr t=0,h=h, dén t =T, h = h,, ta duoc:

.[T tank J'h dh tzank \/%_\/E (3.4)
0 et\/— Djzet Vg/z

Thay s ta dugc: T = 0.9° \/_ \/_ =757 s=12,6 ph
0,15 /9.81/2

Ban ludn: Néu thao tir dd cao ban dau h, dén d6 cao h, = 0 thi tinh dugc thoi
gian thao 1a 43,1 phut. Nhu vay, thoi gian thao nude nira binh dudi 1au hon ntra
binh trén. Pidu d6 dugc 1y giai 1a do téc d thao nudc giam dan khi giam d6 cao
muc nudc.

3.2. Ung dung phwong trinh Becnuli hiit xing trong binh dw triv ciia 6 t6

Trong mdt chuyén di du lich dén bién (p,,, = | atm =101,3 kPa), mdt 6 t6 con
bi hét xdng va can phai hit xang tir binh dy trit trén xe vao can xing ngoai (xem
hinh 3.2). Ong hut dugc b tri nhu trén hinh v& ¢6 duong kinh 5 mm. Bo qua ma
sat trong 6ng hit. Xac dinh (a) thoi gian tdi thiéu hut thé tich W = 4 lit xdng ra
ngoai tir binh chira vao can xing, (b) 4p suét cua xing o diém 3. Khoi luong riéng
cua xang la 750 kg/m?>.

Gasoline 4
‘.\-‘i'p‘ml!i.rlg ."'I:

2m
i { &
Y R
il 0.75 m
ol

Hinh 3.2. M6 hinh minh hoa hut xiang tir binh du trir
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GIAI

Gid thiét: 1. Dong xang 1a dong dimg va khong nén, 2. B6 qua su thay doi tiét
dién xang trong binh trong qua trinh hut. 3. Khoi luong riéng cta xang p = 750 kg/m’.

Phén tich: (a) Ap dung dinh luat Becnuli tir diém 1 dén diém 2, lay diém 2 lam
chuan (z,=0,v,=0, p,=p,=p,,):

2 2
ﬂ+£+2 =&+V—2+z (3.5)
y o2 Uy 2
V2
T dosuyra:  z =2L:> Vy =428z =+/2.9,81.0,75 =3,84 m/s
g

Luu luong xing qua 6ng hut:

2 2
0= Vz.% = 3,84.”'0’%= 7,53x10°m’ /s =0,0753 Us
Thoi gian hut 4 1it xang: =4 53,1s
00,0753

(b) Tinh p, bang cach st dung phuong trinh Bécnuli tir diém 2 dén diém 3 (z,=
0’ p2 - patm’ VZ - V3):

2 2
&+Vi+zz=&+ﬁ+z3, (3.6)

y 2g y 2g
Suy ra

pa%z%hg = P3 = Pam — 773 =101,3x103 —750.9,81.2,75 =81,1x10> Pa=81,1 kPa
Ban lu@n: Thoi gian hit xang thuc té s& nhiéu hon do trong dng hut ¢6 ma sat.
Ap suét & diém 3 nho hon ap sudt khi quyén nén 13 ap suat chan khong. Néu do chénh
vi trf gitta diém 1 va 3 qué 16n, 4p sudt & 3 s& roi xudng ap suit bao hoa, dan dén xing
bi hoa hoi timng phan tao thanh tai.
3.3. Ap dung dinh ludt bién thién déng lwong gidi bai todn bay xuéng tiép cin
mot hanh tinh cua tau vii tru

Tau vii tru c6 khoi luong m, =12.000 kg, tiép can mot hanh tinh ngoai trai dat
voi van toc 800 m/s (xem hinh 3.3). bé giam tbc do tiép can, dong co tén lura cua

tau khot dcf)r}g v6i ludng phut Mg,s =80 kg/s & van tbe {/gas =’3000 m/s trong thoi gian
5 s theo chiéu giam d¢ cao cua tau. Bo qua su thay doi khoi lugng cuia tau, tinh (a)
gia tdc cua tau trong 5 s, (b) su thay ddi van tde cla tau, va (c) luc déy can thiét tac
dung 1én tau.
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Hinh 3.3. M6 hinh minh hoa gidam d¢ cao tau vii tru

GIAI

Gid thiét: 1. Dong khi chay 13 6n dinh va mot chiéu. 2. Chuyén dong cua tau vii
try 1a khong ding. 3. Khéi lvgng nhién liéu nho hon nhiéu so véi khéi lugng cua tau.
4. Loa phuyt dugc thiét ké sao cho hé sd hiéu chinh B~=1.

Phan tich: (a) St dung phuong trinh bao toan dong luong (2.17):

ﬁth =m,d = 7an j = me _MVout s Vin =0, Vo = Vgas’ m= mgas> my = Mpogy (3.7)

Tu do lyc day cua dong khi:

mgas 80

2
Fy=my.a, =0—mgy Veyg = a, = —Tt.Vgas =~ 12.000 (+3000) =20 m/s

(b) Thay d6i vén tdc:

dV, =a,dt = AV, =a, At=(-20).5=-100 m/s
(¢) Luc déy can thiét tac dung 1én tau:

Fyp = 0=y Vg = 0—80.3000 = ~240000N = —240kN

Dau “-“ ctia luc F, chira rang luc day tac dung lén tau theo hudng nguoc voi
chiéu giam d6 cao x cua tau khi tiép can hanh tinh.

Ban ludn: Néu tau duoc ¢ dinh trén gia thir & mat dét thi no phai co trong luc
240 kN (khoang 240 tin) dé giir tu thé can thiét khi ludng khi chay phut ra.

4. Két luan

Tu két qua nghién ctru phan tich va xéac dinh cac dinh luat thuy khi k¥ thuat co
ban va cac bai toan minh hoa, c6 thé rat ra mot sd két luan sau:

- Cac phuong trinh dic trung cho dinh luat thity khi twong (mg duoc bién doi tir
mot phuong trinh duy nhét 13 phuong trinh van chuyén Reynolds;
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- Cac phuong trinh dic trung déu c6 cting mot dang (mot hinh thirc), dugc mo
ta bang cung mdt mo hinh, chi khac nhau & cac dai luong thiy khi twong tmg khi
chuyén ddi tir phuong trinh van chuyén Reynolds;

- V&i cach tiép can theo hudng ddi twong di trinh bay & bai bao nay, viéc day
va hoc cac dinh luat thuy khi co ban dugc tryc quan va tuong minh hon cac phuong
phap chtng minh cb dién truyén thong;

- Céch tiép can trén co thé ap dung linh hoat, kha dé trong day va hoc mén Thay
khi k¥ thuat nganh Co khi dong luc va k¥ thuat 6 t6, lam co s¢ dé giai cac bai toan
thiy khi trong thuc tién./.
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