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Tinh toan toi wu dwong kinh va cac yéu té6 anh hwdng dén
thong so toi wu cia voi phun thuy lwc

Pham Dtrc Thién *
Khoa Co dién, Trwdong Dai hoc M6 - Pia chdt, ViétNam

THONG TIN BAI BAO TOM TAT

Sﬁ(z trl;’?h'l 5 /6/2017 Thily lwc voi phun la dang dong tia dwoc tng dung réng rdi trong doi séng
an bai 15/6/20 va cong nghiép. Yéu cdu ddt ra khi nghién ctru dong tia lam thé ndo tdn dung
Chap nhan 20/7/2017 duoc toi da nang luong clia mdy bom dé hiéu qud ting dung cao nhat. Trong
bang online 28/2/2018 bai bdo nay, tdc gla thiét Idp va dwa ra cdc biéu thirc thé hién diéu kién toi
Tir khoa- uwu thuy lyc qua 10 voi phun, cu thé la thiét lap biéu thirc gidmdp qua 16 phun
Voi phun ton thdt ap sudt trong hé thong, sau dé thiét Iap cdc biéu thire xdc dinh dp
T6i wu thity Tuc sudt ma sat ti wu, gidm dp qua 16 phun toi wu, vdn téc chdt long qua, 16 phun
Thitv lwe done ti toi vy, dmmg kmh 16 phun t6i wu trén hai khia canh dé la t6i wu vé cong sudt
uy fwc dong tia thily lurc, t6i wu vé lyc va ddp ctia dong thily luc qua voi phun. Dng thoi xdc
dinh dnh huéng ciia cdc yéu t6 trong lwong rleng chdt I6ng, liu Iu'ang va dp
sudt mdy bom dén toz wu thuy Iuc qua 16 voi phun Trén co s& dé xdy dung

cdc hinh dnh cu thé vé méi twong quan ndy bang phdn mém Matlab.
© 2018 Trwdong Pai hoc M6 - Pia chit. Tt ca cac quyén dwgc bao dam.
1. Mé& dau tAc gia nghién ctru tdi wu dong thiy luc qua 16 voi

Trong cong nghiép noi chung, viéc st dung
voi phun thuy lwc ap dung kha rong rai, nhw: Thay
lwc cat d€ 1am sach bé mit vat, ct vat; voi phun
thiy lwc cit va x6i bun, dit d4 day séng phuc vu
cong tac nao vét hodc khai thac vat liéu; thay luc
voi phun dé son vét thé; voi phun thay luc trong
cobng tac chira chay; ... va nhiéu &ng dung khac.
Van dé dat ra phai gidi quyét do la khi cho trwéc
nang lwong cia may bom théng qua ap suitvaluwu
lwong lam thé nao dé tin dung dwoc tdi wu nang
lwong nay qua 16 voi phun thiy lwvc nhdm mang lai
hiéu qua trong trng dung. D€ giai quyét van dé nay,

*Tdc giad lién hé
E-mail: phamducthien@humg. edu. vn

phun theo hai khia canh: t6i wu vé cong sudt thuy
lwe va téi wu vé luc va dap cua dong chatlong qua
voOi phun, dong thoi nghién ciru sw dnh hwdng clia
cac yéu t6 dén sy ti wu nay.

2. Giam ap qua 16 voi phun

DéE tinh todn sy gidm 4p suit qua 16 voi phun,
ta phai str dung dinh ludt bao toan nang lwong.

Dong chay tir may bom dén voi phun moé ta
bang so d6 (Hinh 1), tir d6 ta co:

P, =Ap,+ P,. (1)

trong do: py- 4p suit may bom; pms- ap suit
ton hao do ma sat trong hé théng; Apv- Giam ap
qua 16 phun. Néu chon 2 vi tri mit cit 1 va 2 & dau
vao va dau ra ctia 16 phun, thi ta cé:
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Hinh 1. Sor d6 hé thong thily lwc dong chdy qua
voi phun.
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1- Ché hut 2- Bom

3- Pwdmg ong 4- vdi phun

Hinh 2. Hinh dnh mét s6 voi phun; a, b, ¢ - voi phun
cdt kim logi; d, e, f - voi phun str dung x&i va phd
ddt dd (Schlumberger Company, 2017).

Ap,+P,~P,=-P,, (2)
Trong d6: p1, p2- p suat & dau vao va dau ra
cda voi phun; pme- ton that 4p suit qua voi phun.
Dong chdy qua 16 phun ngin c6 thé bd qua
Pmsy, d0ng thoi gidm ap qua voi phun chinh 1a do
thay d6i dong nang . Vi vy, cong thirc (2) co thé
viét thanh:
AP, = P,- P, =35V-vD)  (3)
Tuy nhién, v; rat nho so v&i vz nén cé thé bo
qua v; (theo nguyén tic viét phwong trinh can
bang ning lwong) (V6 Xuan Minh va nnk., 2009).
Do vay, giam ap qua voi phun la:

Y 2
AP, =55 Ve (4)
hay:
_ Y\ 2
Apv - 2g Vra (5)
V6i: vie- van toc chat 16ng chay ra khoi voi
phun (thay thé v;).
Tl cOng thikc (5) bién ddi, ta duoc:
2
V= [S2 AP, (6)

Thong thwong van téc chat long ra khoi voi
phun nho6 hon van tdc tinh toan. Theo céng thirc
(6) dong chay qua voi phun c6 ton thit 4p suidt ma

sat nhit dinh. D€ diéu chinh sw khac biét nay, ta
dwa vao cong thirc (6) hé s6 diéu chinh C, c6 gia tri
nho hon 1 ( C4 goi 1a hé s6 can). Cac trwong hop
théng thuong Cy = 0, 95 (Jamal |. Azar, G. Robello
Samuel, 2007), cac trwong hop dac biét Cq xac
dinh riéng. Cong thirc (6) tré thanh:

2
V.= cd,/7gApv 7

Néu goi A 1a dién tich cta voi phun, Q 1a luu

lwong chit 16ng thi:
Q
== 8
Vi= (8)

Néu thay vao cong thirc (7) rit theo 4p, , ta
dwoc:

;Q 2
 2gAC?

Cong thirc (9) sir dung dé tinh giam ap qua 16
phun.

Ap,

3. Ton that ap suit ma sat trong hé thong

Tén that 4p sudt trong hé thong thiy luc dan
ra voi phun dworc gia thiét va tinh toan nhw sau:

- Hé thong c6 mot cap dwong kinh ong d,
chiéu dai l;

- Dong chdy trong 0ng la chit 16ng Newton.

Ton thit 4p suit ma sat dwoc tinh theo cong
thirc PAc xi:

I v°

= Ay —— 10
Prns 7d29 (10)

Trong d6: pms- ton thit 4p suit ma sat trong
hé thong; A-hé s6 ma sat; y- trong lwgng riéng chit
16ng; v- van toc chit 1éng trong 6ng dan; d- dwong
kinh 6ng; I- chiéu dai 6ng; g- gia toc trong trweong.
Hé s6 ma sat tinh theo khu vyee strc can (chay tang,
chdy roi thanh tron, chay réi it nham va chay roi

thanh nham).
Thay van téc theo lvu lwong:
IQ?
Prs =84 9rid® (11)

4. Tdi wu thuy lwc voi phun

Muc tiéu cua t6i wu thiy lwc qua voi phun la
xac dinh cac gia tri cia mét s6 thong sd thuy luc,
ma véi cac gia tri dé sy lam viéc hiéu qua cda voi
phun 14 t6t nhat.

Vé mat tw duy, néu cho triréc mét nang lwong
(nang lwong ciia may bom), lam thé nao dé ma cac
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thong s6 thuy lwc qua voi phun c6 gia tri 1ém nhat.
biéu dé dong nghia véi viéc néu ta tim dwoc cong
sudt thuy lwc ctiia dong chat 16ng qua voi phun 16n
nhat, luc va dap cta dong chat 16ng qua 16 phun
16m nhit thi sy t6i wu thuy lwc cda dong chit 1ong
qua voi phun dwoc thyc hién.

4. 1. Cong sudt thuy Iwc ciia dong chdt léng
qua voi phun Ién nhdt, vdn téc chdt Iong va
dwdng kinh 16 phun téi wu

Pwa cong thirc (1) vé dang cong thirc cong
sudt thay lwc, ta cé:
Py Q = pms Q +4py. Q (12)
hay:
Hy = Huns + H, (13)
trong do: Hy- Cong suat thly lwc may bom;
Hps- Cong sudt thuy lwc do tén thit 4p suit ma sat;
H,- Cong suit thay lwc do gidam ap qua voi phun.
Luic dé, ta cé:
H,= (pb' pms)- Q (14’)
DEé don gidn va c6 thé xac dinh dwoc cong suit
thuy lwc 16m nhat cia dong chat1ong qua voi phun,
ap sudt ton that do ma sat pms dwoc mo ta nhw sau
(Jamal etal., 2007):
Pre = CQ” (15)
trong d6: C- hang s6, phu thudc vao dic tinh
chdy, dic tinh hinh hoc hé théng dan chat1éng; o
- s6 mii dong chay.
Logrit hoa 2 vé cong thirc (15), ta dwoc:
9 P =1gC +1gQ~ (16)
Do thi logrit 1a dwong thang c6 do décla o .
Vi vay, néu trén do thi c6 2 diém i (pms, Q1), J (Pmsj
Q;) dwoc biét, thi d6 d6c & ctia dwong thang duoc

xac dinh:
Pooei
| msj
g( Amsij

a=—""F (17)
(%)

Vi viy, tai mot s6 gia tri lwu lwong cho truée
Q1, Qz, .., tinh toan dwgcc pms, Pmsz, .. SO mii dong
chay o dwoc xac dinh.

Sau khi mo ta 4p suat ma sat theo lwu lwong,
thay cong thitc (15) vao cdng thire (14), ta co:

H, = p,Q-CQ"" (18)

T cong thirc (18), ta thdy cong suit thuy lwc

cta dong chat 16ng quavoi phun phu thudc nhiéu

vao Q va la ham s6 cia lwu lwong Q.

Vi vy, néu thuc hién dao ham cong thikc (18)
theo Q va cho bang 0, ta c6 gia tri cong suat thuy
lwc cia dong chit 16ng qua voi phun 1ém nhat:

dH
g~ P -(@+dcQ =0 (19
Khi :
Pms = C.Q"
thi:
pb _(a+1) pms =0 (20)
hay:
p —L p 21
ms CZ+1 b ( )

Van dé can nguyén ma Hy dat lém nhat dé la

d?H

1
(0 tai Py = m P, .Nhuvay, t6i wu thuy

lwc voi phun sé dat dwoc néu ton thit 4p suat ma
sat trong hé thong dwoc duy tri & gia tri t6i wu la:
1
pmstu a +1 pb (22)
Khi c¢6 ap suat ma sat tdi wu, ta ¢ gidm ap qua
voi phun toi wu la:
a

AP, = —— (23)
pvtu +1 pb

Tlr cong thirc (7) va céng thirc (23), ta c6
dwoc van toc t8i wu qua 16 phun voi phun:

20 o
= C —_—
Vvtu d v a+ 1 pb (24)
Dién tich 16 voi phun t8i wu:
Au= TQ (25)

vtu

Néu goi dw 1a dudng kinh voi phun thay luc

t0i wu, ta co:
%w=2Jéu (26)
T

Cac cong thirc (22), (23), (24) (25), (26) la cac
cong thirc toi wu vé cong suit thay luc cia dong
chat1éng qua voi phun.

4. 2 Phan Iwc dong va ddp ciia dong chdt Iong
qua 16 phun Ién nhdt

Luc va dap thuy luc b&i dong chat1ong qua 1o
phun dwoc xac dinh theo dinh luat 2 Newton
(Kostic, Hartnett, 1984) hodc theo phan lwc dong
tia (Jamal et al., 2007; Smalling, Key, 1979):
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F = BQ,/Ap, (27)

trong d6: B - hé sé xac dinh boi, B=C, 2r
g
Tt cong thie (12) va (15), co:
Ap, = p, —CQ" (28)
Thay cong thic (28) vao coéng thirc (27),

dwoc:
F =BQ4p, —CQ“ (29)

Ap suit ctia bom dwoc mo ta:
H,
Pp = (30)
Q

Thay cong thirc (30) vao cong thirc (29):

F =B,/QH, —CQ“*? (31)

Lay dao ham cong thirc (4. 35) theo Q va cho
bing 0, ta dwoc:

dF _ 1 (H, —(a+2)CQ"")

dQ 2 [QHb _ CQa+2

=0 (32)

Cong thirc (32) = 0 dong nghia vai tir s6 bang

0:
p,Q-(a+2)p, Q=0 (33)
Tir d6, ta c6 ton thit ap sudt ma sat toi wu :
1
pmstu = a+ 2 pb (34)
Giam &p qua voi phun téi wu:
P =22 35
vtu o+ 2 b ( )

Tlr cong thirc (7) va céng thirc (35), ta co
dwoc van tdc t8i wu qua 16 phun voi phun:

2 +1
g o D

—c, |22
Vi d y a+2 b

Dién tich va dwong kinh 16 voi phun t6i wu
duoc xac dinh theo cong thirc (25), (26).

(36)

5. Tinh toan mo phéng t6i wu thuy lwc qua 16
voi phun va cac yéu té anh hwéng dén thong
s0 tdi wu

5. 1. Thudt todn mé phéng

Bdng 1. Théng s6 dir liéu co s6.

A ol oA 12 R (o oA ae Ap suat may | Trong lwong riéng
Thong s6| PO nhét | Dwdng kinh dng | Chiéu dai 6ng | Lwu lwong bom chit 16ng
Giatri |0,0101 St 34 mm 50 m 151/s 10 at 9810N/m3

Bdng 2. Puwong kinh voi phun t6i wu theo trong lwong riéng chdt Iong.

Trong lwgng riéng, N/m3

9500 | 9810 [10500| 1100011500 (12000

Puwong kinh 16 phun theo t6i wu cong suit, mm.

22,2 | 22,4 | 22,8 | 23,0 | 23,3 | 23,5

DPuwong kinh 16 phun theo t8i wu lwc va dap, mm.

22,0 | 22,2 | 22,6 | 22,8 | 23,1 | 23,3
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20

9000 9500 10000 10500 11000 11500 12000 12500

—o— Téiuu theo cong sudtthly luc  —e— Téiuwu theo luc va dap

Hinh 3. D6 thi biéu dién quan hé gitta trong lwong riéng chdt I6ng véi dwong kinh 16 phun toi uu.
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Bdng 3. Puwong kinh voi phun t6i wu theo lwu lwong chdt Iong.
Luwu lwgng chitléng, 1/s. 5 10 15 20 25 30
DPuwong kinh 16 phun theo t8i wu cong suit, mm. 12,9 | 18,3 | 22,4 | 25,8 | 28,9 | 31,6
Pudng kinh 16 phun theo t6i wu lwc va dap, mm. 12,8 | 18,1 | 22,2 | 25,6 | 28,7 | 31,4
Bdng 4. Pwong kinh voi phun t6i wu theo dp sudt mdy bom.
Ap suit may bom, at. 2 6 10 14 18 22

DPuwong kinh 16 phun theo t8i wu cong suit, mm. 33,5 | 25,4 | 22,4 20,6 | 19,3 | 18,4
Puwdng kinh 16 phun theo t6i wu lwc va dap, mm. 33,2 | 25,2 | 22,21 20,4 19,2 | 18,2

30
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21
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15

12

0 5 10 15 20 25 30 35

—e— Téiuu theo cong suatthily luc —e—Téiuutheo lycva dép

Hinh 4. D6 thi biéu dién quan hé gitra luu lwong

37
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28

22
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16

chdt Iéng véi duomg kinh 16 phun t61 wu.

10 15 20 25

—e— Ta6iwu theo céng suat thiy luc —a— Toiuwu theo luc va dap

Hinh 5. D6 thi biéu dién quan hé gitva dp sudt mdy

bom véi dwong kinh 16 phun toi uu.

Buéc 1: Nhip cac dai lwong: dé6 nhét chit

16ng, trong lwong riéng chitlong, dwong kinh 6ng,

dé nhdm tuyét déi cua dng, chiéu dai 6ng, luu

lwong dong chay, ap suat may bom;

Buwdrc 2: Tinh cac thong s6 dong chay:

dién tich mat cat wét, s6 Reynol, ...;

Budc 3: Tinh hé sd ma sat;

Buwdc 4: Tinh ton thit 4p suit ma sat;

Buérc 5: Tinh chi s6 dic trung dong chay;
Tuy theo tiéu chuln téi wu, ta cd cac bude tiép

theo:

- T6i wu theo cdng suit thay luec.
Budrc 6: Tinh 4p suat ma sat t6i wu theo cong

thtrc (21);

Budrc 7: Tinh gidm 4p t6i wu qua 16 phun theo
cong thirc (22);

Buéc 9: Tinh tiét dién t6i wu 16 phun theo
cong thirc (25);

Buérc 10: Tinh dwong kinh 16 phun t8i wu theo
cong thirc (26);

- T6i wu theo lwc va dap day

Buéc 11: Tinh 4p suit ma st t6i wu theo cong
thirc (34);

Buéc 12: Tinh gidm 4p t8i wu qua 16 phun
theo cong thitrc (35);

Budc 13: Tinh tiét dién t6i wu 16 phun theo
cong thirc (25);

Buéc 14: Tinh dwdngkinh 16 phun t6i wu theo
cong thirc (26).

5. 2. Nguyén tdc tinh todn mé phéng

Qua trinh tinh toan mo phéong dwgc thyc hién
bang 1ap chwong trinh trong phin mém Matlab
(Tran Quang Khanh, 2012; Phan Thanh Tao,
2004). Sw mo6 phong dwogc thuc hién dwa trén
trwong hop dit liéu co sé trong Bang 1.

DE tinh cac théng s6 t6i wu. Khi chay chuong
trinh tinh todn mé phdng, cic théng so6: trong
lwong riéng chat1éng, lwu lwong, ap suadt may bom
1an lwot dwoc thay doi. Cac théng sé con lai theo
gia tri dir liu co s&. Két qua chay chwong trinh
tinh todn mo phong thé hién phan dudi.

5. 3. Két qua tinh todn mé phong sw dnh
hwéng cia cdc yéu té dén dwdorng kinh téi wu
16 voi phun
5.3. 1. Anh ciia trong lwong riéng chdt Iéng

XAc dinh su thay d6i ciia dwong kinh 16 phun
t6i wu theo c6 trong lwong riéng khi chay chwong
trinh tinh todn mo phong ta thay ddi tir gia tri
9500N/m3 dén 12000 N/ms3. Tir két qua ta thiy
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trong lwong riéng chat 1ong ting lam dwong kinh
t6i wu ting. Puong kinh t6i wu theo lwc va dip nhd
hon dwong kinh t6i wu theo cong suit.

5.3. 3. Anh huéng ctia dp sudt mdy bom

Nguorc lai so véi hai thong s6 trén, khi cho ap
suidt may bom ting (tir 2 dén 22at) lam dwong
kinh t6i wu gidm. DPwong kinh t6i wu theo luc va
dap nhd hon duwdng kinh téi wu theo cong suit.

6. Két luin

Bang ly luan 16 gic toan hoc thiét 1ap dwoc
dwong kinh t8i wu 16 voi phun thdy luc theo hai
khia canh d6 la t6i wu vé céng sudt thay luc va toi
wu vé luc dip cua dong chat1dng qua voi phun. Dai
lwong nay phu thudc cac yéu to do 1a trong lwong
riéng chit long, lvu lwgng bom va ap suit may
bom.

Bang tinh todn moé phong thiy rang thong s6
trong lwong riéng chat 16ng, lwu lvgng bom ting
lam dwong kinh t6i wu tang, con ap suit may bom
tang lam dwong kinh t6i wu gidm. Puong kinh t6i
wu theo luc va dap luén nho hon dwong kinh téi
wu theo cong sudt.

Tai liéu tham khao

Jamal, ], Azar, G. Robello S, 2007. Drilling
Engineering. Tulsa, Oklahoma, USA.

Kostic, M., Hartnett, J. P, 1984. Predicting
turbulent friction factor of non - newtonian
fluids in non-circular ducts, in. comm heat
mass transfer. 345-352.

Phan Thanh Tao, 2004. Gido trinh Matlab. Trudng
Dai hoc Bach khoa - Pai hoc Pa Nang, Da Ning.
Schlumberger Company, 2017. Smith bits
product catalog.

Smalling, D. A, Key, T. A., 1979. Optimization of jet
bit hydraunic using impact pressure. Paper
SPE 8440, Presented at the 54t annual fall
technology conference. Las Vegas, USA.

Tran Quang Khanh, 2012. Gido trinh Co sé Matlab
ttng dung. Nha xudt ban Khoa hoc va Ky thuit.

V6 Xuan Minh, Vwong Lan Van, Pham Dtrc Thién,
2009. Thuy lwc co sé. Trueong Pai hoc M6 -Dia
chat, Ha Noi.

ABSTRACT

Optimizing diameter of hydraulic nozzle and researching the
influence of prameters on optimal hydraulic nozzle’s performance

Thien Duc Pham
Faculty of Electro - Mechanics, Hanoi University of Mining and Geology, Vietnam.

Hydraulic nozzles are widely used in industry as well as human life. The hydraulic energy could
be converted to mechanical energy (momentum force) by using a hydraulic nozzle. Due to nozzle
resistance theflow energy is lost. Therefore, taking high efficency is necessary. This paper presents
the equations to optimize hydraulic nozzle. The equations illustrate the pressure dropon nozzle and
friction pressure loss along conduit and other equations for calculating pressure drop, friction loss
relatively on an optimal nozzle. Based on those equations, author suggests the equations to
determine the optimal diameter also pressure loss and velocity on an optimal nozzle. Further, author
research the influence of fluid specific gravity, the flow rate and the head static on the optimal nozzle
performance.



