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TINH TOAN SU PHAN BO CUA HAM LUQNG KHONG KHi TRONG
DONG CHAY HO TREN CAC CONG TRINH THAO NUGC

PGS. TS. NGUYEN CHIEN
ThS. PHAM NGUYEN HUNG

TOM TAT: Tinh toan phan b ham khi trong dong chay hé 1a co so dé xac dinh hop 1y
chiéu cao thanh long dan, kiém tra khi thyc & day va thanh bén long dan, tinh toan do
phong xa cua tia dong sau miii phun.... Trong bai gioi thi¢u co so thiét 1ap cong thirc phan
bd do ham khi trong dong chay. Mot chuong trinh tinh toan twong ung da dugc lap va sur
dung trong vi du ¢ cudi bai. Phuong phap va chuong trinh da néu dugc dé nghi ap dung
tinh toan cho cac dong chay hé c6 luu tde 16n.

1. Pt van deé.

Hién nay ching ta dang x4y dung nhiéu céng trinh thuy loi, thuy dién voi cac cong
trinh thdo nudc cd6 quy mo 16n, cdt nudc cao, luu tdc trén mat tran doc nude dat toi trén
30 m/s. V&i cac dong chay hd c¢6 luu toc 16m s& c6 hién twong tu ham khi, tirc 1a khong
khi ty dong xam nhap vao dong chdy qua mat thoang. Dong chay véi mirc do ham khi
cao c6 thé gy ra nhitng anh huong khac nhau dbi voi cong trinh nhu 1am muc nude dang
cao, tran ra khoi 10ng dan; lam giam tdm phong cia cc tia phong xa sau miii phun, do d6
kéo ho x6i lai gan chan cong trinh. Ngoai ra, sy duy tri mot ham luong khong khi nhat
dinh & 16p dong chdy sat thanh lai c6 tic dung giam kha ning pha hoai thanh 1ong dan do
khi thuc [1]. Vi vay trong tinh toan thiét ké cac cong trinh thao nudc, viéc xac dinh buc
tranh phan bd ham khi trong dong chay dé danh gia dung dén cac anh hudng ciia nd dén
su lam vi¢c an toan cua cong trinh l1a rat can thiét.

Trong bai bao nay s& xem xét cac van dé lién quan dén diéu kién ham khi va phan bd
ham luong khong khi trong dong chay ¢6 luu tdc cao.

2. Gi6i han bit dau ham khi.

Piéu kién bat budc dé khong khi xdm nhap vao dong nudc 1a khi giéi han cta 16p
bién r6i cham dén mat thoang. Qua trinh ham khi cling chiu anh hudng ctia: mach dong
lru toc dong nude, luu tée ¢ kha niang pha v& cac song nho xuat hién trén mat thoang,
trong lyc tdc dung Ién cac bot khi do dong nudc cudn vao va lén giot nudc trong khong
khi, lyc cang mat ngoai ngan can su pha vo mat thoang, do thé thuy luc cua bot (téc do
ndi 1én cua bot trong nudce tinh).

S6 luong 16n cac yéu t6 anh huong dén hién twong ham khi néu trén da gay kho khin
cho viéc dua ra mot tiéu chudn xac dinh su bat ddu ham khi (tiéu chudn bat dau ham khi)
v6i yéu cau phan anh dugc anh huong cia cac yéu t mot cach du tin cdy. Viée tim ra cac
quan hé thuc nghiém du tin cdy ciing hét sic kho khin do tinh phtrc tap cia cac nghién
clru ngoai trdi, con trén mo hinh thi khong thé dong thoi tuan thu cac twong tu trong luc,
luc cing mit ngoai va stc can thuy luc. Do vi tri ma cac nhiéu r6i thoat ra trén mat
thoang phu thudc vao chidu sdu dong chay, con su phd v cic song trén mit thoang lai
dién ra do lyc tac dung tir phia mdi truong nude nén tiéu chuan bat dau ham khi can phai
chura dai luong chiéu sau dong chay va binh phuong luu téc cia dong chay. S6 Frut (Fr)
1a mot dai luong t6 hop cua hai dai luong nay.

Tir mot s6 16n cac tiéu chuan thuc nghiém vé bat dau ham khi do N.B.Ixatrenco thuc
hién khi d0 nham tuong ddi cua long dan Atd&=A/R=0+0,1 va d6 ha thap muc nudc bang
3,5m, 6ng d3 nhan duoc tri sé Frat va luu tc phan gidi tuong tmg véi lac bat ddu ham
khi nhu sau [3]:
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A

Fr, =45(1 _E)M (1)
Ve =67 gR1-2) 2)

Trong do: R: Ban kinh thuy luc ctia dong chay khong ham khi; A: do nham tuyét

d6i. Khi str dung cong thie (1) va (2) co thé lay A=A, .

Biéu thtrc thyc nghiém dua trén s liéu thi nghiém trong phong va ngoai trdi do V. C.
Boropcop nhéan dugc 1a [4]:

Frk/cosy =0,7/1 3)

Trong d6: w 1a goc nghiéng ciia day 1ong din; A hé sd sirc can doc duong.

Tac gid Voinhit-Xianogenxki di nhan duoc biéu thic tinh toan qua con duong li
luan, c6 sir dung tai liéu thi nghiém dé hiéu chinh. Gi6i han bat dau ham khi thé hién &
dang Iuu tdc phan gidi (V).

V. =6,631+8,7 R?/é )1\/gR cosy(l1+ 0’2021 1)x (€))
hoiic 14 s Frat phan gi6i (Fry): — & — 44 , 5)
cosy 87, 1330
1+—=)" -
C We

trong d6 C 1a hé sb Sédi.
Bi€u thurc nay cho phép chi ra &nh hudng cua stc cang bé mat dén sy phat sinh ham
khi thong qua s6 Vébe: We=pRV* /o , & ddy o 1a hé so strc cdng mat ngoai trén hinh 1.

I Fr
| 5 e )
IgWe 5 cos¥ 7 : * (470
Cc=10 ° _ .o 1/ . - R R ; 5
op— C=100 40 4.0/, /(4:3) Hinh 1: Anh hwong cua swc cang
N ® S W,
be 30 e (4-7%/ . ‘ ‘
A g0 5 /Z}/O /" mdt (soé We) dén tri so Fr twong irng
° 5 ° ez < A N ,
& (464 Lo, khi bat dau ham khi.
4 o 20 // 7 ¥id
5 o S / / Khéng co
o ° 10 b ham AT Hinh 2: Tong hop cac tai liéu thi
— nghiém vé sw bat dau ham
3 r e A gala
0 ki So Tign 3 0 25 50 75 1/
lg(Frp/cos #) cia cdc tdc gid khdc nhau.

Biéu thirc (5) dugc thé hién ¢ dang biéu do. Trén hinh 1, & ving A, khi C=10 va
Fr/cosy <10, voi moi tri s6 cua lgWe s& khong phat sinh ham khi. O ving B ham khi
phat sinh khi C>100. Mién ty dong mé hinh vé anh huéng cua strc cing mit ngoai dén
qua trinh ham khi twong tmg véi tri s6 We=10*. Trén hinh 2 cho thdy so sanh céc sd liéu
thi nghiém va do dac hién truong vé su bat dau ham khi véi cac duong cong
Fr/cosy =f(1/1).

Sy phén tan ciia cac diém cho thdy viéc danh gid su bt dau ham khi bang con dudng
thi nghiém 1a chua du hoan thi¢n, va kh6é ma chon dugc mot biéu thirc tinh toan tin cay
nhat. Vi vdy di dé nghi phuong trinh dudng thang phan chia mién cac diém thi nghiém
thanh ving ham khi (I) va vung khong ham khi (II).

Fr, =0,38Cosy /A (6)
Ve =+/0,38gRCosy | A (7)
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Khi Fr=V"/gR < Frg va V <V thi ham khi s& khong xay ra. Vi tri bat diu ham khi xac
dinh boi giao cua duong cong biéu thi quan hé luu tdc va chiéu sau xay dung theo (7) voi
dudng cong luu tdc tinh todn V~L. Sau khi v& duong mat nude trén mit déc nudc hodc
tran, véi luu toc V da x4c dinh, s& tim duoc vi tri bit dau ham khi.

3. Phin b6 @9 tip trung khi theo chiéu siu dong chay.
3.1. Két cdu cua dong chdy co ham khi. ) i

Quan sat qua trinh ham khi trén mat tran hay déc nudc, c6 thé phan thanh cac doan
nhu saE

—_— —

Hinh 3: Sw thay déi cdu tric
dong
chady theo chiéu dai dong nwéc

- Poan dau dai 1;: 161 cia dong khong nhifu va mat thoang khong nhiéu. Trén mit

phang thang dung, chiéu rong cua 15i theo hudng chay giam dan do sy phat chuyén

ctia 10p bién rdi phat sinh ¢ day déc nudc hay mit tran. Chiéu sau dong chay cang 16n
thi doan du cang dai.

- Poan dau tao séng I,: ma trong gidi han cua no, trén mat thoang phat sinh va mo

rong cac song dang vay, téc do lan truyén cac séong nay khong phu thudc vao trong

luc.

- Poan chuyén dong khong déu ctia dong ham khi dai I;: ma ¢ dau ctia n6 bat dau co

khong khi xam nhép vao dong chdy. Su tron khi vao dong chay dugc gia tang theo

chiéu dai ciia doan dén mot gidi han nhét dinh.

- Poan chuyén dong déu ciia dong ham khi dai 1,: trén d6 mirc do ham khi va ciu trac

nude-khong khi duoc 6n dinh. Dong chay trong doan nay 1a déu.

Heé s6 chira khi S (d9 tap trung khi) 1a ti sb gitra thé tich khong khi dw so voi thé tich
ctia hon hop nude-khi dwey trong mot thé tich phan t6. Hé s chira nude Sy (do6 tap trung
nuoc) la ti s6 gitta thé tich nudc dwy va thé tich hdn hop nude khi dwey trong thé tich
phan tb dang xét. Khi S=0, Sy=1,trong thé tich phan t6 chi c6 nudc. Nguoc lai, khi S=1,
Sx=0 thi chi c6 khong khi. Ty 16 ham khi £ 1a ti 18 thé tich khong khi dw d6i voi thé tich
nuédc dwy trong mot thé tich phan t6. Cac dai luong S, S, 8 dic trung cho dong chay tai
mot thoi diém nao d6, chung 1a nhimg dic trung cuc bo. Cac dic trung tich phan cua
dong ham khi tai mot mit cat nao d6 da cho trén toan chiéu sau ciia né hay trong gidi han
cua

Theo chiéu sau cua dong chay ham khi, ngudi ta phan biét cac ving nhu sau (hinh
4a):

- Viing nude (gan day)—vung 1: tai day khong c6 khong khi. Khi khong khi xam nhép

dén tan day thi vang nay khong con.

- Vung nude-khi-vung 2: nudce chira cac bot khi.

- Vung khi-nude-vung 3: khong khi co6 chira cac hat nudc.

Dong chay ham khi dugc xet nhu la mot méi truong 2 16p. Vi tri cua cac mat phan
chia cac mién nudce-khi va khi-nude duge xac dinh boi khoang cach tinh tir day y=h,,.
Trén mat phan chia, h¢ sO chtra khi & mién nude-khi $=0,5+0,85 va gradien cua né dat
chi s6 cuc dai (hinh 4b va 4c).
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b okniss00e YA
]
— hp khi S=Sp ~
I S i s T O D O e = . A s X ,
% P A Hinh 4: So do dong ham khi
// khong ap (a), va dac trung
phan
0 0204 06088 ds/dy bo d¢ tap trung khong khi (b,
a) b) c) c).

Su phan bd lién tuc ctia khong khi trong nudc ciing nhu cta bui nudc trong khong
khi khong cho phép xac dinh 1 rang chiéu sau cua dong chay ham khi. Bién trén ctia né
gi61 han phan chia moéi truong khi-nude va dong khong khi 1 pha la mot mat c6 vi tri
tuong doi, phu thudc vao quan niém vé gi6i han trén ctia mién nay, vi du twong tng voi
S=0,9; 0,95; 0,99... (hinh 4b).

3.2. D§ tdp trung khi trong ving khi-nwoc.

S phu thudc vao tan sé va chiéu cao ban cac hat nuéc vao khong khi tir mot don vi
dién tich mat nay 1én cao do dang xét. Chiéu cao ban cac hat nudc duoc tinh tr mét phan
cach va thay doi tr y*=0 dén y*=Y*,,,,. Bang thi nghiém x4c dinh duoc rang tan sb ma
cac hat nu6e xuyén qua cac mat dang cao y* khac nhau tuan theo lut phan bb mat do tan
suat chuan va co thé bidu dién bang ntra dudng cong phan bd mat do tan suat.

oy L _%(y;*)z
JO) gy (8)

Trong d6: y*=y-hp;o tri s6 quan phuong ctia khoang cach ma cac hat nuéc ban ra

tinh tor maf phan cach.

S$=0.99

*

y

0= [ (y)ay*=05 S=1f (y*)ay*
1 ”

S 1-8 »

. S=S“/7,/' L T ) LRI ) "2\ Hinh 5: Dé lgp cong thirc phin
bo T - Son=1-8n cach 7 S 5
K5 £ ,/ g /’/ £ A~ , ‘ N
/ Vs 1s o0 7 1| tdp trung khi trong dong ham

"/ . Son 1-Sn_ On khi.

° a) b) o) 1. S = f(y) trong mién khi-
nuoc

2. S = f{y) trong mién nuéc-

Trén hinh 5a biéu thi dudng cong tap trung khi theo chiéu sau dong ham khi phu
hop véi do tap trung khi trén bé mit cia nd S=99%. Trén hinh 5b duong cong phan bd
nudc trong gidi han cia mién khi- nuéc. Do tip trung nude Sy & do cao y* bat ki ty 18
v6i dién tich giéi han boi duong cong phin bd nim phia trén cao d6 di cho:

Q* = J- f(y*)dy * (hinh 5b, c). Tt d6 x&c dinh dugc dg tap trung khi S trong vung khi-

nudc nhu sau:

B S T AR S N
21-5,)  oyarl y[‘”“{ 2(0) }dy )
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Phuong trinh nhan duogc cho phép xac dinh do tip trung khi S ¢ mién khi-nudc tai
khoang cach y* bét ky tinh tir mat phan cach, khi da biét d6 tip trung khi Sp & cao d6 mat
phan cach va o.

3.3. D§ tdp trung khi trong viing nwoc-khi.

Dua vao 1y thuyét khuyéch tan cua vat chat do dong roi, néu d6 tho thuy luc cua cac
bot khi bang khong, con mach dong luu tdc theo chiéu sdu dong chay nhu nhau thi do tap
trung khi s€ phan bé déu theo chiéu sau, do chuyén doi cua khong khi hay mot chét tan
khac khi chuyén vi réi dién ra tir mién c6 do tap trung cao dén mién c6 do tap trung thap
Con trong truong hop chung thi do cac bot khi ndi 1én va mach dong luu téc phan b
khong déu theo chiéu sau nén d6 tap trung khi ciing thay di theo chiéu sau.

yi dlk
U'x=L==
B ) + "
o Lu=fy
Uy
) . ) . ! Hinh 6: Dé riit ra phuong trinh
I
" / b —'1 b U trao doi roi.
y
a) / b) c)

Phuong trinh phan bd d9 tap trung khi S theo chiéu sau ddi v6i mién nude-khi:

K
S = S,W(ﬁj (10)

Trong d6: K = w/(ByU.)

Cac cong thuc (9) va (10) kha phu hop burc tranh phan bd do tap trung khi theo
chiéu sau dong ham khi deu nhung khong thé st dung chung dé xac dinh gia tricua S vi
ching con chira cac an so- tri s6 clia S & cao dd mit phan chia Sp va chuan phan tan cac
hat nude trén mat tu do.

4. Tinh toan d¢ tap trung khi trong dong ty ham khi.

V.P.Troixki dé nghi cong thirc kinh nghiém dé tinh phan bd d6 tap trung khi theo

chiéu sau trong mién nudc-khi nhu sau:

§=S, exp{—K( —lﬂ (11)
hp

Con trong mién khi- nude thi phan bd d6 tap trung khi tinh theo (9) véi viée xac
dinh trudce cac tham so6 chua biét Sp, hp, K va o theo céc cong thure trong bang 1 dua vao
mot trong cac to6 hop sau:

R 1,2 S5 0,25

P=(;) (Ej Fr (12)
__ E 1,2 é 0,25_r

P‘(%] [EJ F (4

2
Trong do6: Fr - (w: goc nghiéng cua day long dan);s = 3,30 +Atd : Pac
gRcosy U.

trung do nham cta day va thanh 1ong dan; A« : D6 nham tuong duong; U, = +/gRi : Luu

toe dong luc; R: Ban kinh thuy luc;

L= — —=

Cac tris6 P,R,0,Fr la cac dai lugng P, R, &, Fr noi trén cua dong chay c6 chiéu
sdu 40 nao d6 (sau day goi la chiéu sdu dan xuat) h= &h,, cua mién nude-khi. Tri s6 hy 1a
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chiéu sau phan gi6i cua dong khong ham khi. Hé s6 & ban dau xac dinh theo phuong

trinh :

-1
6,45(1 + %j

b

h3

0,125 7 2,875
PR

-0,975
=§1,375(1+ thfj

b

(14)

Trong d6: h- Chiéu sau dong chay khong xét ham khi; b: Chiéu rong 1ong dén; s :
Tinh theo R va Ux cua dong khong ham khi;
Sau khi xac dinh & va tinh h=&k, , néu 4 > h thi tinh P theo (12) cho dong khong

ham khi. Néu / < & thi tinh P theo (13). Néu két qua P > 280 thi chiéu sau dan suit tinh

lai theo cong thurc:

1,5
4,03(1 + %j
b

h4,5

0,125 7. 4,375
5O

b

-1,4
:§2,875[1+ 2hk§} b

(15)

Theo tri s6 P hay P tim dugc, xac dinh cac dai luong : @,g , R/ E, Sp, K, o/h
theo cac cong thirc bang 1.
- Tu R/R,, o/h tinh dugc ¢ trén x4c dinh dugc céc tri $6 R,, o.

- Xéc dinh h, theo cong thirc : hp = bRp_ (mat cat chit nhat).
b-2Rp
- Xac dinh chiéu sau phan cach : hp = lh—pS_
—op

Bing 1: Cac cong thirc xac dinh tham sé trong (9) va (11) dé tinh dong chay ham khi.

Dai lugng P=P<40:h =h 40< P <71 71< P < 280 P >280
S 0,00219P" 0.00219P” | 0,0922P""" 0.3470P"
S SE,S Sg’s 0.2951—30,167 0’562P0,05
- ~1 —0,2 —0,2 —0.1
R/R, ~ 0.507P 0.507P 0.891P
S 0 5 —-0,333 —-0,333 —-0,25
% : 1-1.62P 1-1.62P 1-1.01P
K 390p 3907 " 1035P " 4.03p "%
o/h 0,00875P 0.0631P" " 0.0631P" " 0.147P""

5. Thuét toan va chwong trinh tinh.
5.1. So dé thudt todn (hinh 8)
5.2. Chuong trinh tinh

Chuong trinh dugc viét bang ngon ngit Pascal.
6. Vi du ap dung cho déc nuée dwong tran Cira Dat
6.1. 86 ligu tinh todn

So dd dap tran va ddc nude nhu trén hinh 9. Chiéu dai déc nuéc Ly = 220m (trén
mit bang); d6 dbc i=0,2; PO nham vé mat n=0,017 (Ay = 0,5mm). Mat cit ngang doc
hinh chit nhat B = 67,0m. Cao d6 ngudng tran: 97,0m; cao d0 dau doc: 85,0m. Luu !u’o’ng
xa va cac myc nudc twong tng nhu trén bang 2. Yéu cau tinh toan xac dinh phan bo ham
khi theo chiéu sau dong chay ¢ cac mat cat khac nhau.

Bdng 2. Muc nuée va luu lwgng xa dic trung qua tran

Qx4 max (m’/s)
8.200,0

Tan suit (%)
0,1

MNTL (m)
119,05

MNHL (m)
40,49

TT Truong hop
1 | Xali thiét ké
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2 | Xa 1 kiém tra 0,01 121,33 43,05 11.487,0

Nhap sb liéu
L.hd.b.m.n.A.v.i.O
v
Vé dwong matnwdc
(h, V, Fr,..)~L

¢ 40 60 80 100 120 140 160 180 200 220

L(m)

—+— V(P=0,1%) —=— Vk(P=0,1%) = &= V(P=0,01%) —*— Vk(P:0,0l%)‘

Ténh gio tri phon
gioi

Hinh 10.a. Phin bé vin toc doc theo doc

(Vk~L)<(V~L)
hoac
(Fre ~L)<(V~L)

Ct phot sinh h(Im khé
trong dflng chay K}K_mg [ = b)) ——h = b —K—hs99%)
— — phot
Xoc dinh mét phén sinh | frinh 10.b. Quan hé céc chiéu sau dic
0i6iP. P hp. Sp. hUm | yyeng voi chibu dai déc nude véi
khd | op=0,1%)
Ténh phon b hi im ggﬁg 47 EEEEEEE
khé mién khg-nwée hA by —
y v 21 .
Ténh phon bOhiim | || Luwu 31 L
khé mién nw&e-khé két 2 ] .

0O 01 02 03 04 05 06 07 08 09 1

—+—S-h(xa 1d 0,1%) —=—S-h(xa 1a 0,01%)
- -A- -h(xa i 0,1%) —>— h(x4 1i 0,01%)

Hinh 10.c. Phén bé ham khi theo chiéu
sau
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Hinh 8. So dé thugt todn tinh ham khi trong long dén hé dong chdy tai mt cit cuéi doc nwéc
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6.2. Két qud tinh todn

Béang 3. So sanh d¢ sdu dong chay ham khi theo cac cong thirc tinh toan

Q=1500 m’/s Q=5000 m’/s Q=10000 m*/s
TT ho=0,74m ho=1,55m ho=2,37m
\% h hs | hw | V h hs | hi \Y% h hs | hu

(m/s) | (m) | (m) | (m) |(m/s) | (m) | (m) | (m) | (m/s) | (m) | (m) | (m)

276 081 1.32] 1.03] 41.5 1.8 2.75| 2.55 503 297 4.18| 446

283 079 131 ] 1.02| 424 | 176 | 2.72| 2.51 514 290 | 4.13 4.4

289 | 0.77 1.3] 1.00| 434 1.72| 2.69| 2.47 52.6 | 2.84| 4.08 | 4.33

296 | 076 | 1.29]| 098 | 444 | 1.68| 2.67| 243 53.8 | 277 403 | 4.26

[ I S RS I | NS

2971 0.75] 1.29| 0.98 451 1.66 | 2.65| 241 543 ] 2.75] 4.01 | 424

7. Két luan.

1. Khi thiét ké cac dudng tran, ddc nude véi dong chay co luu tde 16m, cAn phai tinh toan
kha niang tu ham khi va anh huong ciia n6 dén sy ting do sau dong chay va giam tam
phong cua cac tia dong sau miii phun dé c6 bién phap xir 1y thich hop.

2. Phuong phap tinh toan phén bb do ham khi néu trong bai nay 1a su két hop giira phan
tich ly luan va quan tric, do dac thuc nghiém d3 dugc tién hanh & cic nudc tién tién.
Phan mém tinh toan duogc gidi thiéu ¢ ddy cho phép dat duge két qua nhanh véi do chinh
xéc can thiét cta bai toan k¥ thuat.

3. Vi cac dong chay co do xiét cao thi can tinh toan do siu dong ham khi theo phuong
phap duoc néu trong bai.

4. Véi cac long dan co i < 40% thi khong khi xdm nhép tir mit thoang (tw ham khi) rat
kho khuyéch tan dén day, do d6 khong co tac dung ting kha nang chéng khi thuc. Vi vay
can phai xét dén cac bién phap cong trinh dé dan khong khi vao day 1ong din (xem [5]).
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Abstract

THE CALCULATION OF AIR-ENTRAINMENT DISTRIBUTION IN OPEN-CHANNEL
FLOW

The calculation of air entrainment distribution within an exposed flow will make it a
background to determine properly height of channel wall, to check cavitation conditions
in its bottom and lateral walls of the flowing channel, to calculate the length of the jet
trajectory, etc ... In this article, background and basis on which the equation to calculate
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the air entrainment distribution within an exposed flow was established are described and
explained. A corresponding programme has been also established and applied, see
example shown at the end of this article. The said methodology and programme have
been recommended for application in calculating exposed flow having high velocity.
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