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TOM TAT

N6ng nghiép chinh xac yéu cau rai phan bén ding sé lwong, vi tri va thdi diém dé& nang cao hiéu qué canh tac,
tiét kiém tai nguyén va giam tac dong moéi trworng. Nghién clru nay xay dwng mé hinh ly thuyét mé phéng quy dao hat
phan bén sau khi roi khéi dia quay. Phwong phap dong lwc hoc va sé Runge-Kutta dwoc ap dung dé phan tich anh
hwéng cta hé sb can khang khi, kich thuwéc hat va khdi lwong riéng dén quang dwong di chuyén. Két qua cho thay,
hé sb can khong khi va quang dwéng di chuydn cé quan hé ti 1& nghich. Khi hé sb can ting tir 0,4 1&n 0,6, quang
dwong gidm tr 17,79m xubng 15,59m. Nguwoc lai, dweng kinh va khdi lwong riéng ctia hat cé quan hé ti 1& thuan voi
vi tri tiép dat. Khi dwong kinh tang tir 2mm lén 4mm, quang dwdng ting tir 13,98m Ién 20,79m. Khi khéi lwgng riéng
tang tir 1.200 kg/m? 1&n 1.800 kg/m?, quéng dwéng tang tir 15,59m 1&n 19,64m. Nghién ctru khang dinh réng thiét ké
hé thdng rai phan can tinh dén sy twong tac gitra cac thdng sb co ly tinh cta hat dé t6i wu héa hiéu qua phan phéi
trén ddng rudng.

T& khéa: Bia quay ly tdm, hat phan bén vé co, dong lwec hoc, théng sb co Iy tinh cla hat.
Dynamic Analysis of Inorganic Fertilizer Particles using Centrifugal Rotating Disc

ABSTRACT

Precision agriculture requires accurate fertilizer application in terms of quantity, location, and timing to enhance
cultivation efficiency, conserve resources, and reduce environmental impact. This study develops a theoretical model
to simulate the trajectory of fertilizer granules after leaving the spinning disc. The dynamics and numerical
Runge-Kutta methods are applied to analyze the effects of air drag coefficient, granule size, and density on travel
distance. The results show an inverse relationship between the air drag coefficient and travel distance. As the air
drag coefficient increases from 0.4 to 0.6, the travel distance decreases from 17.79m to 15.59m. Conversely, granule
diameter and density exhibit a direct proportionality with landing position. When the diameter increases from 2mm to
4mm, the travel distance rises from 13.98m to 20.79m. Similarly, when the density increases from 1,200 kg/m? to
1,800 kg/m3, the travel distance extends from 15.59m to 19.64m. This study confirms that designing an optimal
fertilizer spreading system requires considering the interaction between the physical and mechanical properties of the
granules to maximize distribution efficiency in the field.

Keywords: Centrifugal rotating disc, inorganicl fertilizer particle, dynamics, particle physical parameters.

chuyén va st dung (Nieuwenhuizen & cs.,

1. DAT VAN DE 2003). Tuy nhién, dé bén phan dang hat lam

Bén phéan 1a viéc 1am vo cung cin thiét dé
nang cao nang suit cdy trong va cai tao dudc
chat lugng d4at (Stewart & cs., 2005). Hién nay,
cac loai phan vd co dang hat ngay cang dudc st
dung nhiéu vi ching dé dang san xuit, van
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sao cho ding va hiéu qua thi can c6 phuong
phap boén hgp 1y (Zinkeviéiené & cs., 2021).
CAn chi y rang c6 rat nhiéu tiéu chi khi thuc
hién bén phén, tiéu biéu trong d6 la hai tiéu
chi sau day: DAu tién 1a cin bén ding loai


mailto:hanhnguyen@vnua.edu.vn

Nguy&n Thi Hanh Nguyén, Nguy&n Chung Théng, Emmanuel Piron, Denis Miclet, L& Tién Thinh

phan, méi loai cay trong c6 nhu cau dinh dudng
khéac nhau, vi vay can chon loai phan v6 cd phu
hgp (nhu dam, 14n, kali..) theo giai doan phéat
trién cta cdy; tha hai 1a cdn bén ding lugng
phéan, tuan thu liéu lugng khuyén cao dé tranh
bén qua nhiéu, giy ddc cho ciy va lang phi
phéin bén (Stewart & cs., 2005; Nieuwenhuizen
& cs., 2003). Viéc nghién ctu ché tao dudgc
may/thiét bi bén phan dam bao dudgc ca hai yéu
t6 nay 1a khong don gian. May, thiét bi can lam
viéc v6i nhiéu loai hat phan vd co ¢6 hinh dang,
kich thuée, khoi lugng khac nhau, @& dam bao
tiéu chi s6 mot. Tiép d6, dé dam bao tiéu chi s6
hai, may, thiét bi can cac thong tin co 1y tinh
cua hat phan cting nhu liéu lugng bén dé lam
cd s6 tinh toan. C6 thé néi ring, day 1a mot bai
toan phtic tap do cin tinh toan thiét k& thiét bi
¢6 thé lam viéc phu hop véi nhiéu d8i tugng
nghién ctu khac nhau.

Hién nay, c6 mét vai nghién ctu phat trién
may bén phan v6 co dang hat da dudge dé xuét. 0
khu vuc chau A, co giéi héa trong khau bén
phan con don gian, chi phi th&p. Park & cs.
(2018) cho biét 6§ Nepal hién st dung cic may
rai hat phan bén gin trén 16ng nguc ctia ngudi
néng dan, phudng phap nay cing da dem lai su
thay d6i nang sudt va hiéu qua hon so véi
phuong phap ap dung bing tay truyén thong.
Tuy nhién, rd rang con rit nhiéu diém han ché
nhu stic ngudi chi c6 thé mang duge khéi lugng
khéng 16n, bé rong lam viéc nho do téc do quay
nhd. Tai Viét Nam, mot may gieo két hop bén
phan cling dia dugc tac gia Nguyén Chung
Thong & cs. (2021) dua vao nghién ctiu va san
xuét thi nghiém da cho két qua véi ning suit
té6t hon. Tuy nhién, cac phuong phap nay van
con don gian, c6 nhiéu han ché& vé thoi gian,
cong stc lao ddong va hiéu suit cong viéc. Do dé,
viéc 4p dung mot phuong phap méi tiét kiém
thoi gian, stic lao dong, chi phi hgp 1y ma van
dem lai néng suét cao, 1a diéu vo cung cin thiét
(Yinyan & cs., 2018).

Mot trong nhiing phudng phap dang dugc
st dung phd bién chinh 1a rai hat phan vo co
biang may rai dia quay ly tAm (Van Liedekerke
& cs., 2006). May rai dia quay ly tdm dudgc s
dung rong rai ¢ hau hét cac nude chau Au va
chau My (Villette & cs., 2005). Véi cac thiét ké&

ban diu, may chi c6 mét dia quay. Tuy nhién,
sau d6 cac thiét k& da dugec mé rong ra c6 hai dia
quay d6i xting, giip tang bé rong lam viéc cua
may (Przywara & cs., 2020). B6 phan quan
trong nhat cia may rai dia quay ly tAm chinh 1a
dia quay véi cac canh gat dudc gén 1én bé mit
dia (Villette & cs., 2012). Cac canh gat sé déng
vai tro 12 bo phan tao gia téc cho cac hat phan
vo cd trén dia quay khi di chuyén doc theo cac
canh gat. Sau khi di ra khéi diém cuéi cta canh
gat, v6i cac gia téc ban dau d6, cac hat dugc
phéng ra xa va c¢6 quy dao chuyén dong nhu la
vat ném xién. Cudi cuing, cac hat phan bén tiép
da't va két thic quy dao. Phuong phap nay duge
st dung rong rai vi c6 nhitng uu diém vugt troi
nhu bé rong lam viéc 16n (tu 18-40m), kich
thude nhd, cdu tao don gian, chic chin va san
xuit day chuyén dé dang (Aphale & cs., 2003;
Cool & cs., 2017).

Tuy nhién, do chuyén déng trong khéng khi
theo quy dao vat ném xién, véi van toc ban dau
nhat dinh, cac hat phan v6 co chiu luc can cta
khéng khi. Luc can nay c6 anh hudng rat 16n téi
kha n#éng bay xa cua cac hat. Hon thé niia, luc
can khong khi phu thudc rat nhiéu va kich
thude va hinh dang cta hat phan vé co (Tran-
Cong & cs., 2004; Villette & cs., 2010). Véi cac
hat phin v6 c¢d ¢6 hinh thu gbéc canh, nhu phan
bén KC1 (do phuong phap ché tao nghién nhd ti
cac khéi 16n), luc can khong khi déng vai tro rat
quan trong va cadn dugc nghién c@u chi tiét
(Mando & cs., 2010; Ding & cs., 2018). Do 4o,
trong nghién ctu nay, nhém tac gid dé xudt xay
dung md hinh nghién c@u ly thuyét va mobd
phong dong luc hoc ciia hat phan bén v6 cd st
dung nguyén ly dia quay ly tdm, dac biét cho
giai doan quy dao ngoai khong khi. Cac thong s6
co 1y tinh cta hat s& dudc xem xét nhu khéi
luong riéng, kich thudc, hinh dang, hé s6 can
khong khi, cing cac dnh hudng ctia ching téi
quéng duong di chuyén cta hat.

Muc tiéu nghién ctiu la xay dung mé hinh ly
thuyét mé phong quy dao chuyén dong cta hat
phan bén vo cd sau khi roi khoi dia quay, nham
phan tich anh hudng ctia cac yéu t& nhu hé s
can khéng khi, kich thuéc hat va khéi lugng
riéng dén quang dudng di chuyén cta hat. Qua
dé, nghién cttu huéng dén viéc t6i vu héa hiéu
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qua rai phan, gitip nang cao hiéu suit canh tac,
ti6t kiém tai nguyén va giam thiéu tac dong dén
mdi trudng.

2. PHUONG PHAP NGHIEN CUU
2.1. Poi tugng nghién cttu

2.1.1. May rai dia quay ly tim

D61 tugng nghién ciiu dau tién 13 may rai dia
quay ly tam. May c6 gin hai hoéc nhiéu canh gat
quay trén bé mit dia theo cac huéng ngude nhau
dé tang toc va ddy cac hat ra ngoai theo mot vong
cung (Hinh 1 cho so d6 dia quay ly tdm, canh gat
va dong cap lidu) (Villette & cs., 2005). Hat phan
v6 co dudc dua tit binh chita xudng dia thong qua
mang dan nhd trong luc, sau d6 canh gat dang
chuyén dong quay tiép xuc, gom cac hat, tang téc
doc theo canh gat va ném hat ra ngoai tai vi tri
diau miii canh gat. Cac hat dugc ném ra ngoai
v6i cac van toc thong thuong trong khoang
15-50 m/s, tuy theo van téc vong quay cua dia
quay (trong khoang tu 600 t6i 1.100 vong/phiit)
(Przywara & cs., 2020). Néu van toc khi ném xién
cta hat 16n, hat sé di dudc quang duong xa hon.
Tuy nhién, nhu da dé cap, luc can khong khi sé
phtc tap hon do thdi gian di chuyén nhiéu hon.
Do dé, cac yéu t& bat dinh s& xuit hién véi tan
suét cao hon va khién cho viéc uée tinh chinh xac
quang duong di chuyén trd nén khé khin hon,
chua tinh dén cac yéu t& moéi truong bén
ngoai nhu gié, d6 doc ciia canh ddéng, thoi tiét..
(Cool & cs., 2016; Abbou-Ou-Cherif & cs., 2017;
Abbou-Ou-Cherif & cs., 2019).

2.1.2. Phan vé6 co dang hat

D61 tugng nghién ctu tiép theo 14 phan bén
v6 cd dang hat. Phan v6 co dang hat dudc s
dung rong rai trong nong nghiép va lam vucn.
Su tién lgi, dé st dung va kha ning cung cap
chat dinh dudng gidi phéng cham khién né trd
nén phd bién. Nong dan thudng st dung phan
bén dang hat dé bén trén dién rong, dam bao
phan phoi dong déu cac yéu t6 thiét yéu nham
thac ddy cy trong phat trién khde manh va t6i
da héa niang suét cdy trong. Trong nghién ctu
st dung phan bén cho may gieo két hgp véi bén
phan cua tac giad Nguyen & cs. (2021) da dé cap
dén st dung loai phan bén téng hgp NPK dang
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hat, cham tan dé bén cho dau tuong. Pé dam
bao cho viéc bén phan bang may dat hiéu qua
thi mét s6 dic diém cta phan vo co dang hat
nhu: cac thong sd vé hinh dang va s6 do kich
thuéc 1a nhiing théng tin can thiét. Ching
cling dudc néu ra trong nghién ctu cua Le &
cs. (2018) khi tim hiéu trén 45 loai phan vé co
khac nhau va chi ra rang cac hat phan bén vo
cd ¢6 hinh dang hat khic nhau tit rat géc canh
dén gan nhu hinh ciu. D61 v6i cac loai ure thi
¢6 hinh cau, trong khi kali lai c6 hinh dang géc
canh bat thudng. Kich thuéc cac hat phan bén
v6 co c6 ¥ nghia v& mit nong héa anh hudng
truc tiép t6i toc do hoa tan ciia phan trong nudc
ngam trong d4it, c6 y nghia trong viéc bao
quan, van chuyén chung. Kich thudc céc hat
phan bén vo co dude nhic t6i trong nghién ctu
cia Nguyén Hoa Toan & cs. (2019) 1a khoang
1-3,35mm theo quy dinh tai M§ ¢ mdt s6 nudc
chau Au va Nhat Ban 1a khoang tit 2 dén 4mm.
Kich thudce cac hat phan vd co duge xac dinh
cht yéu dua trén thi nghiém sang tiéu chuén
trong TCVN 2230:2007. T nhiing co sd tai liéu
tham khao trén, nhém tic gia lga chon tap
trung vao phéan bén vé co dang hat dé st dung
trén may rai dia quay ly tdm dé 1am rd cac tinh
chat dong luc hoc cia chung (Bang 1).

2.2. Phuong phap nghién citu

V6i cdc miéu ta vé qua trinh hoat dong cta
may rai dia quay ly tAm & muc 2.1.1 cho thay
quy dao chuyén dong cta hat ngoai khong khi
tuan theo mé hinh ném xién, dugc trinh bay sd
d6 héa nhu Hinh 2 (Aphale & cs., 2003). Pay la
mo6 hinh nghién cttu dugc ing dung trong vii khi
quan su (Xian & cs., 2023), dat d4 bay trong qua
trinh phun trao ndi lda (Stojadinovié., 2011), va
cham (Xie & cs., 2024), nghién cttu pha hay vat
liéu (Zhang & cs., 2023).

Tiép sau day, bai bao sé chi ra mé hinh xay
dung, bao gbm phuong trinh chi dao, diéu kién
bién, diéu kién ban dau, cach gidi s6, hoi tu giai
s6 va kiém chiing so sanh két qua. Chuyén dong
ctia hat trong khong khi theo mé hinh ném xién
dugc biéu dién theo dinh luat 2 cia Newton nhu
sau (Cool & cs., 2016) (trong nghién céu nay,
cic anh hudng cua gié, thoi tiét, @6 doc ctia canh
dong khong dude xét t6i):
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Hinh 1. So d6 dia quay ly tam,
canh gat va dong cap liéu, cing cac quy dao cia hat sau khi ra khéi dia quay

Bang 1. Tong hgp théng tin hinh dang kich thuéc
cuia phan bon vo co tiéu biéu (Nguyén Hoa Toan & cs., 2019)
Hinh anh minh hoa Kich thwéc (mm)
24,5

Loai phan Khéi lvong riéng (kg/m®)
Phan uré hat duc 1.000-2.000

U ré hat trong 1.000-2.000 1-2,5
Phan lan 1.000-2.000 2-4
Kali 1.000-2.000 2-5
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Hinh 2. M6 hinh ném xién ctia hat véi quy dao chuyén dong trong khong khi

mx—tzr +r (1)

Trong dé m (kg) va ~ (m/s) lan lugt 1a khoi

lugng va van téc ctia hat, t 14 bién thdi gian, r,

14 trong luc va r., la luc can khong khi. Trong

d
lyc duge tinh nhu sau:

ro=mxg )
Luc can cua khong khi duge tinh nhu sau

(Olieslagers & cs., 1996; Grift & cs., 1997;
Dintwa & cs., 2004; Villette & cs., 2005):

a B _50“ XA, %P, X“ﬁn R @)

Trong dé6 C, 14 hé s& cdn cua khong khi
(khong thid nguyén), A, (m?) la dién tich mat cit
ngang cua hat vuéng géc véi chiéu chuyén dong
, Po 12 khoi lugng riéng ctua
|I Il la

ctia vecto van téc ~
khoéng khi (tai nhiét dd khoang 20°C), va

d6 16n vecto van toc
Thay cong thic (2) va (3) vao cong thic (1),
ta c¢6 phuong trinh cht dao ctia quj dao ném
xién hat:
mxiz——(} xA xp ><||'” - S (4)
d 2 ¢ ¢ 0 -

Phuong trinh (4) 1a phuong trinh vi phén
dong luc hoc ctia hat trong khong khi. Bing cach
chiéu phuong trinh (4) 1én 3 truc ctia hé toa do
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Dé cac Oxyz, ta rit ra hé phuong trinh rdt gon
chuyén dong ctia hat theo tiing phuong nhu sau:

dVX

ST =_%Cd XApxpoxuﬁu

dv, 1 -
m x m :—ECdxApxpox"' i

dv

z

T _%Cd XA, xp X"ﬁu

mxg

z

(5)
Trong do6: v,, v,, v, lan lugt 1a van toc tuong
ting theo 3 phuong x, y, z ciia hat.
Diéu kién ban dau dé giai hé phuong trinh
(5) nhu sau:

|—Y —| I—‘7 —I
t=0;" - (6)

0 vop oo y0

{ZO J [Vzo J
Trong d6, X,, Yo, Zo VA Vg, Vi, V,0 1an lugt 14 vi
tri ban dau va van téc ban dau cta hat, tai thoi

y0»

diém t = 0. CAn chd ¥ ring cac thong s6 ban dau
nay hoan toan c6 thé xac dinh, vi thoi diém t =0
trang véi thoi diém hat bat dau ra khéi dau mii
ciia canh gat. Dya vao thoéng s6 hinh cta cia
may, c6 thé xac dinh dugc cac vi tri ban dau.

C6 thé nhan thdy rdng théng qua hé
phuong trinh vi phéan (5), quy dao chuyén dong
cua hat trong khong khi phu thudc vao 3 nhém
thong s6 chinh sau day:
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- Théng s6 cd 1y tinh ctiia hat: bao gom khéi
luong, kich thude, dién tich mét cit ngang, hinh
dang ctia hat (hé s6 can khong khi);

- Van téc cua hat tao bdi canh gat: van téc
ban diu ngay tai thoi diém ra khéi cac ddu mut
canh gat;

- Thong s6 méi trudng: gia toc trong truong
va khoi lugng riéng ctia khong khi, dudc coi 1a
héng s6.

Can chd y rang v6i mbi loai phan vé co, cac
thong s6 co ly tinh thay d6i, dan t6i quy dao
chuyén dong thay d6i, méc du c6 cung diéu kién
bién va diéu kién ban dau. Loi giai s6 va hoi tu
cho hé phuong trinh (5) dugc trinh bay & cac
muc tiép theo, cung v6i cac két qua khao sat
tham so.

3. KET QUA VA THAO LUAN
3.1. Ldi giai s6 va hoi tu

Hé phuong trinh (5) cung cic diéu kién ban
dau (6) 1a phi tuyén bac hai va do d6 khong cé
10i giai gidi tich thudn tdy. Phuong phap sé
Runge-Kutta (Dormand & cs., 1980; Shampine
& cs., 1997) do d6 da duge dé xudt dé giai hé
phuong trinh nay. Day 14 mot phuong phap sb
duge st dung dé giai cac phuong trinh vi phan
thuong bing cach x&p xi nghiém tai cac diém roi
rac. Nhom nghién ctiu da st dung phan mém
Matlab, ham ode45, &é giai hé phuong trinh vi
phan trén (The MathWorks Inc, 2018). Cac buée
thoi gian At dugc chia khéo sat trong khoang ti
le-6 t61 1 (s), v6i bude 1a 5e-5 (s). Hinh 3 thé
hién biéu d6 hdi tu tinh toan cho bude thoi gian
At va cho thoi gian tinh toan trén may tinh CPU
Intel(R) Core(TM) i5-9400 CPU @ 2,90GHz,
16Gb RAM. Cé thé nhan thay rang, budc thoi
gian cang nhé thi quing duong di chuyén sé
duge tinh cang chinh xéc, tuy nhién thoi gian
tinh toan sé& nhiéu. Khi budc thoi gian 16n hon
mot gia tri xac dinh, cac 161 giai sé tré nén bat
dinh véi cac yéu t6 ngiu nhién. Do d6, dam bao
dudc hai tiéu chi 1a tinh toan hoi tu va thoi gian
tinh toan ngin, budc thsi gian At = 0,005(s) da
duge Iua chon lam gia tri t6i vu. Buédc thoi gian

nay sé dugc st dung cho cac khao sat s6 trong
cac muc tiép theo.

3.2. Kiém chiing va so sanh

Dé kiém chiing, 16i giai cta nghién ctu nay
da dudc so sanh véi Cool & cs. (2016). Cac két
qua so sanh dugc thé hién trong Bang 2. Sau
loai hat phan bén da dudc khao sat, bao goém
Trop, NPK18, ENTEC, PK, CAN va NPK15.
Céac hat phan nay dudc san xuat bsi nhiéu nha
may khac nhau va cé cac thanh phan khac
nhau, cung v61 d6 la cac hinh dang, kich thuéc
va khoi lugng riéng ciing khac nhau. Quing
duong di chuyén cta cac hat trong nghién ctu
nay va Cool & cs. (2016) dugc thé hién trong
Bang 2, ciing véi su so sanh sai s6 theo phan
tram. C6 thé nhan thdy ring d6i v6i hat phan
Trop, NPK18, ENTEC, PK, CAN va NPK15, két
qua cta nghién ctiu nay tuong dong véi Cool &
cs. (2016), v6i cac sai s6 nho hon 5%. Su sai khac
x4y ra 1a do trong thuc t& cac hat c6 hinh dang
khéc nhau, nén hé s6 can khéng khi khéac nhau.
Tham chi cung moét loai phan bén, cling ¢ cac
dai hé s6 can khong khi khac nhau.

3.3. Khao sat tham s&

P& khao sat tham s6, nhéom tac gia thuc
hién mé phdéng quing dudng di chuyén ctua hat
phan véi dia quay ly tAm ndm ngang va canh
gat c6 phuong di qua tAm cta dia quay. Khoang
cach ti tAm dia quay téi ddu miii ctia canh gat
12 0,4m. DAu miii ctia canh gat é d6 cao 1m so
véi mat dat (Hinh 2). Nhim muc dich khao sat
anh hudng cta cac tham s, gia st rang van toc
va vi tri ban diu cua cac loai hat 1a giong nhau
(dia quay 800 vong/phut).

3.3.1. Anh huéng ctia hé s6 can khong khi
DAu tién, anh hudng cta hé s6 can khéng
khi duge thé hién théng qua Hinh 4 va Bang 3,
véi cac hé s6 can khong khi thay d6i tir 0,4; 0,48
téi 0,6. Cac hat c6 cung dudng kinh 3mm va
cung khéi lugng riéng 1.500 kg/m®. Quéing
duong di chuyén cta cac hat 1an lugt 1a 17,79m;
17,75m va 15,59m. Céc hat c6 cting van tdc ban
ddu 44,12 m/s. Van t6c tai vi tri tiép d4t cta cac

311



Phan tich déng lwc hoc clia hat phan bén vo co st dung dia quay ly tam

hat 1an lugt 1a 10,55 m/s; 9,41 m/s va 8,26 m/s.
Quan sat cac két qua nay, c6 thé thay rdo rang
quéang duong di chuyén thay d6i d6i véi cac hat
phéan bén ¢6 hinh dang khac nhau. Pang cha y,

nhiing hat c6 hinh dang tron c6 khoang cach

bay xa nhét. Su chénh léch nay nhdn manh méi

tuong quan quan trong gitta hinh dang hat va

hé s6 can khong khi.
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Hinh 3. Khao sat hoi tu tinh toan cho budc thoi gian
va thoi gian tinh toan sit dung CPU Intel(R) Core(TM) i5-9400 CPU @ 2.90GHz, 16 Gb RAM
(truc hoanh biéu dién thang log)

Bang 2. Bang két qua so sanh kiém chiing véi Cool & cs. (2016)

Thoéng sb / Hat phan bon Trop NPK18  ENTEC PK CAN NPK15
BPuwdng kinh twong dwong (mm) 2,425 3,53 3,005 2,305 3,455 3,565
Do tron tria 0,8865  0,8895 0,909 0,9135 0,9655  0,9645
Hé sb can khong khi Cy 0,7840  0,7707 0,6997 0,6854  0,5271  0,5296
Khéi lwgng riéng (kg/m®) 2.020 1.840 1.690 2.220 1.790 1.910
Van tbc ban dau (m/s) 35 35 35 35 35 35
Cao dd ban dau (m) 1 1 1 1 1 1
Géc ném xién ban dau (°) 10 10 10 10 10 10
Quang dwong di chuyén (m): két qua trong (Cool & cs., 2016) 12,9 14,73 13,56 14,41 18,09 18,68
Quang dudng di chuyén (m): két qué clia nghién cru nay 12,36 14,76 13,53 13,76 17,73 18,60
Sai s6 (%) 4,2 -0,2 0,2 4,5 2,0 04
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Bang 3. Cac théng s6 dau vao cho khao sat anh huéng ctia hé s6 can khéong khi

Trwong Loai hat Buong kinh  Khéi lwong rieng  Hé sbcan  Quang duong Van téc Van téc tai vi tri
hop S hat (mm) hat (kg/m®) khéng khi (-) di chuyén (m) ban dau (m/s) tiép dat (m/s)
1 C6 hinh dang twong déi 3 1.500 0,4 19,79 44,12 10,55
tron tria
2 Cé hinh dang trung gian 3 1.500 0,48 17,75 44,12 9,41
3 C6 hinh dang géc canh 3 1.500 0,6 15,59 44,12 8,26
.d_.-"
e Amm
v=3mm F=1500kgm” A=Imm
,;-]Sulhh;_-l-,11 Cd =048 =1 500kg m1L
Cd =06 e . .1. d=04
] 2 4q 6 ] 10 |2 14 16 I8 20 22 24
X (m)
Hinh 4. Anh huéng ctia hé s6 can khong khi: quy dao bay trong khong gian
cua 3 loai hat v6i hinh dang khac nhau: tit géc canh t6i tron tria
Bang 4. Cac thong s6 dau vao cho khao sat anh huéng cta kich thude hat
Trwdng Loai hat Buong kinh  Khéi luong riéng hat  Hé sécan  Quang duong Van téc Van téc tai vi tri
hop N hat (mm) (kg/m®) khéng khi (-)  di chuyén (m) ban dau (m/s) tiép dat (m/s)
1 Cé hinh dang 2 1.500 0,48 13,98 44,12 7,44
2 trung gian 3 1,500 0,48 17,75 44,12 9,41
3 4 1.500 0,48 20,79 44,12 11,13
=2mm &=3mm O -
g=1500kg'm” p=1500kg/m 1500ke/m™
Cd=048 Cd=0.4% Cd=048
0 2 4 6 8 10 12 14 [ I8 20 22 24
X {m)

Hinh 5. Anh huéng ctia dudng kinh ctia hat:
quy dao bay trong khong gian ctia 3 loai hat c6 cac dudng kinh khac nhau
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Bang 5. Cac thong s6 dau vao cho khao sat Anh hudng ctia khéi lugng riéng

. . Puwong kinh  Khéi lwong riéng Heé sb can Quang dudng Van téc Van tbc tai vi tri
Truong hop Loai hat hat (mm) hat (kg/m°) khéng khi (-) di chuyén (m) ban dau (m/s) tiep dat (m/s)
1 Co hinh 3 1200 0.48 15.59 4412 8.26
dang
2 trung gian 3 1500 0.48 17.75 44.12 9.41
3 3 1800 0.48 19.64 44.12 10.47
=i =3mm b =3mm
p=1200kg/m” | #~1500kg'm” 1 g00kg/im”
Cd=048 Cd=0x%8 Cd = 0.48
] 2 4 6 8 10 14 16 I8 20 22 24

X (m)

Hinh 6. Anh huéng ctia khéi lugng riéng cua hat:
quy dao bay trong khong gian ctia 3 loai hat c6 cac khoi lugng riéng khac nhau

3.3.2. Anh huéng ctia kich thuéc hat

Tiép theo, anh hudéng cta kich thuéc hat
dugc thé hién thoéng qua Hinh 5 va Bang 4, véi
cac kich thudc duong kinh thay déi tu 2, 3 t6i
4mm. Céac hat c6 cung hé s can khong khi 0,48
va cung khéi lugng riéng 1.500 kg/m® Quéang
dudng di chuyén cua cac hat 14n lugt 1a 13,98m;
17,756m va 20,79m. Cac hat c6 cing van toc ban
dau 44,12 m/s. Van téc tai vi tri tiép dat cua cac
hat 14an lugt 1a 7,44 m/s; 9,41 m/s va 11,13 m/s.
Céc hat ¢6 duong kinh 16n hon ¢6 xu hudéng di
chuyén xa hon. Diéu nay c¢6 § nghia trong nong
nghiép, d#ic biét trong viéc bén phan st dung
nguyén ly dia quay ly tdm. Khi xem xét cac hat
phan c6 hinh dang dong nhat, dudng kinh cang
16n thi pham vi phén tan cang rong.

3.3.3. Anh hudng cta khéi lugng riéng
cua hat

Tiép theo, anh hudng cta khéi lugng riéng
ctia hat dugc thé hién thong qua Hinh 6 va
Bang 5, v6i cac khéi lugng riéng thay déi tu
1.200, 1.500 t6i 1.800 kg/m?. Cac hat c6 cung hé
s6 can khéong khi 0,48 va cung kich thudc duong
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kinh 3mm. Quing dudng di chuyén caa cac hat
lan lugt 14 15,59m; 17,75m va 19,64m. Cac hat
c6 cuing van toc ban dau 44,12 m/s. Van toc tai
vi tri tiép dat ctua cac hat lan lugt 1a 8,26 m/s;
9,41 m/s va 10,47 m/s. D& thdy rang cac hat
phan c6 khéi lugng riéng 16n hon thé hién kha
ning di chuyén 16n hon, tuong tu nhu anh
hudng cua kich thuéc hat.

4. KET LUAN

Trong nghién cu nay, nhém tac gid da xay
dung mé hinh nghién ctu 1y thuyét va moé phong
dong luc hoc hat phan boén vé c¢d st dung nguyén
ly dia quay ly tdm, dac biét cho giai doan quy dao
ngoai khéng khi. Phuong phap s6 Runge-Kutta
da dugc st dung dé gidi hé phuong trinh dong luc
hoc ciia hat ciing véi cac diéu kién ban dau vé vi
tri va van tdc. Loi gidi thong qua phuong phap
Runge-Kutta da duge khao sat tinh héi tu, véi
buéc thdi gian t61 vu At = 0,005 (s). Loi giai da
dugc kiém chiing so sanh véi nghién ctu da céng
bé, cho thay sai s6 nhé hon 5%, véi sau loai phan
bén vb co khac nhau. Tiép d6, cac thong s6 co 1y
tinh ctia hat d3 dugc khao sat anh hudng téi
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quéang dudng di chuyén nhu hé s§ can khong khi
(hiéu Gng nghich), kich thuéc (hiéu Gng thuén),
khéi lugng riéng (hiéu Gng thuan), cing cac anh
hudng cta ching t6i quang dudng di chuyén caa
hat. Cu thé 13, khi hé s6 can khong khi thay déi
tit 0.4, 0.48 t6i 0.6, quang dudng di chuyén cta
cac hat 1an lugt 14 17,79m; 17,75m va 15,59m.
Bén canh d6, khi cac kich thuée ducng kinh thay
déi tir 2, 3 t6i 4mm, quing duong di chuyén cua
cac hat 1an lugt 1a 13,98m; 17,75m va 20,79m.
Cubi cung, khi cac hat c6 khéi lugng riéng thay
déi ti 1.200, 1.500 t6i 1.800 kg/m?, quéng dudng
di chuyén cta cac hat 1an luot 1a 15;59m; 17;75m
va 19;64m.
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