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Tom tit - Trong tu nhién cac hat vat li¢u roi thuong c6 hinh dang
bat ky, kich thuge khong dbng nhét, din dén kh¢ khan trong viéc
tinh toan truyen nhiét, truyen khi hay thlet ké sdy céc hat nay trong
16p s6i. Dé giai quyet duoc van dé nay, cin phai xem xét va dua cac
hat vt liéu roi vé dang hat twong duong hinh cau thong qua xéac dinh
kich thudc hat két hop véi viéc xac dinh cAu tinh cta chiing. Noi
dung bai bao trinh bay cach xac dinh duong kinh trung binh cta hat
dudng RS bang phuong phép sir dung rdy tiéu chuén va di xac dinh
duogc kich thude trung binh cua hat (dm) 6 gia tri 1a 0,892mm. Bai
béo ciing da st dung két qua vé& gia tri cAu tinh (¢) cia hat duong RS
dugc chinh tac gia da thyc hién trude d6 co gia tri bang 0,85, nén da
x4c dinh duoc dudng kinh trung binh cia hat duong RS quy vé hat
¢6 hinh dang twrong dwong hinh cdu c¢6 dudng kinh (dp) 12 760um,
dién tich trao dbi nhiét, 4m cta hat (ap) bing 2,94.10° m2,

T khéa - Vit liéu 161; duong kinh hat; hat cAu; hat twong dwong
cau; dién tich hat; say tang sdi xung khi

1. Gioi thi¢u

Ngay nay k¥ thuat sy khéi hat vat liéu roi ty nhién,
hodc sau so ché trong 16p hat s6i dang dwoc Xxem la mot
trong so cac phuong phap sdy hién dai cho chat luong san
pham sy cao hon han céc phuong phép sdy thong thuong
khéc [1]. K§ thuat sdy 16p hat s6i néi chung duoc g dung
rong rai trong trong linh vuc san xuét vat liéu dugc, hoa
chat, thuc pham [2].

Dé siy duoc khdi hat vat lidu roi trong 16p hat sdi va
duy tri dwoc qué trinh s6i 6n dinh trong sudt qua trinh sy,
yéu cau phai cip duoc mot dong tac nhan la khong khi
nong vao 16p hat theo hudng vudng goc voi bé mat 16p
hat say tir dudi Ien thong qua ghi d& hat cua may say dat
dugc gia tri véan tbc can bang cua khéi hat (V) [4] hay
con goi 1a van tdc 16p hat sdi t6i thiéu (minimum velocity)
(Vimr) [5].

Tir gié tri van tc 16p hat sdi tdi thleu (Vi) tiép tuc tang
thém luu lucmg khi vao khéi hat, van tbc khdi hat s& s0i 6n
dinh tai gia trj van toc si hop ly (Vi) [3, 5]. Viée say hat
trong 16p hat s0i n6i chung va sy trong 16p hat si cap khi
kleu xung cuing déu phai bao dam tuan thu theo nguyen tac
cép khi n6i trén thi san pham sdy méi dat dugc chat lugng
t6t nhat, thoi gian say nhanh nhét va tiét kiém dugc ning

Abstract - In nature the solid bulk of material are usually
arbitrary, the particle size is often not uniform. This property
leads to calculation difficulty of heat and mass transfer as well as
difficulty in calculation of drying these particles in a fluidized
bed. To solve this problem, one must consider and get these solid
bulk of particles into the spherical equivalent by determining the
mean diameter combined with the sphericality of there particles.
The article presents an standard sieve method to determine the
mean diameter of the RS particles (dm) is 0.892mm. The paper
also uses the result of the sphericity of the RS sugar particles that
is performed by the author himself who defined its value (¢) is
0.85 to calculate the average diameter of the RS sugar particles
which is equivalent to a spherical particle has diameter (dp) is
760um and its surface area (ap) is 2.94e-6 m2,
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particle; surface area of a particle; pulsated fluidized bed drying

lwong nhiét va ning lugng dién cta quat cap khi néng cho
qua trinh say [6].

Dé xéc dinh dugc van tde khi cip cho khéi hat sdy dang
vat liéu roi s6i t6i thiéu (Vmr), YU cdu cin phai c6 budc
thuc hién xac dinh dugc duong kich hat sdy (dp), ngoai ra
tir gié tri kich thudc hat duge xac dinh s€ cho phép tinh
duoc dién tich bé mat trao ddi nhiét va trao d6i Am cia mot
hat va ctia khoi hat trong 16p hat sdi [5, 7].

Trong pham vi bai bdo nay, tac gia trinh bay phuong
phép xac dinh duong kinh trung binh cua hat duong RS, tir
khéi hat duong RS trude khi thuc hién tinh toan thiét ké
mo hinh may sy tang sbi xung khi dang nghién ciru du
kién nang suat md hinh la 2kg/mé.

2. Vat liéu va phwong phap
2.1. Co 56 |y thuyét

Thyc hién Xét mot khoi hat vat liéu dé ¢ trang thai tu
nhién, cac hat vét liéu nay luén chiu mot luc hap dan, ching
Iug‘)n dinh 1an nhau vé} ching Iuﬁr) chiu moét gia tri trong lyc.
Dé céc hat trong khoi hat c6 thé gidn ra va ching chuyén
sang trang thai linh dong thi can phai tac dong vao khoi hat
mot dong khi co gia tri bang vén toc toi thi€u Vit (M/s) hay
con goi la van toc can bang (Vb) [4]:
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V :V _ 4 g'dp(pp_pf) (1)
mf b 3Cd 2

Trong d6: dp — dudng kinh hat cau, m; p, — khdi luong
riéng ctia hat c6 dang cau, kg/m3; pr— khdi luong riéng cua
khong khi, kg/m3; Cq — hé s tro Iyc. Theo [3], truong hop
Re <0,4:

24
=7 2
"= Re )
Trudng hop 0,4 < Re < 500:
10
Co=7m= ©)

JRe

Hay theo [3] gié tri van toc dong khi qua 16p hat sbi tbi
thleu Vit (M/S) dugc tlnh theo phuong trinh (4) véi hat quy
vé tuong duong hat cau

me =
pipd

Trong dé: ¢ — ciu tinh cia hat; d — dudng kinh hat c6
hinh dang bét ky, m; g — do6 nhét dong luc hoc, Pa.s;
Re —chuén s6 Reynolds hat xac dinh theo cac ché do khi
théi qua khdi hat. Theo [3], Re < 10 khi dong khi qua khéi
hat 1a chay tang (larminar flow in voids), Re > 10% dong
chay rdi (turbulent flow in voids) va 10 < Re < 108 |a dong
chay cuia khi qua khdi hat theo chay qua do (Transition to
turbulent flow in voids).

Nhu vdy néu hat vét liéu roi ¢6 dang hinh cau thi thong
s6 hinh hoc cua hat dé dang duoc xac dinh khi biét dudng
klnh cta hat. Thyc té trong tu nhién cling nhu trong san
Xuat, quy trinh cong nghé lai khong thé tao ra dugc hat cau,
hau hét cac hat déu c6 hinh dang bét ky. Do vay, bit budc
khi tinh toan phai quy kich thudc khéi hat sdy vé kich thudc
trung binh va tinh toan lai duong kinh hat duwa trén hé sd
cau tinh (¢) cua hat [3,5,7]

Theo [3] mot hat bt ky khéng c6 dang hinh cau, nhung
s& duge xem la hat trong duwong cau khi x4c dinh dugc “cau
tinh ¢ ciia n6. Theo [3], tinh cau cia hat dugc dinh nghia
va xac dinh theo phuong trinh (5).

(4)

Diean tich khoai caau coll cugng thea tich voui hait
Dieén tich bea maét cula hait

f=

()

Theo [4], tac gia da dua ra khai niém hé s6 hinh dang ciia
hat, ky hiéu 1a K va dugc xac dinh theo phuong trinh (6).

2
K= [d—pj =0,207a v *? (6)
d\/ PP
Trong do; dp, dv — duong kinh tuong duong hat cau theo
dlen tich mat va theo thé tich, m; a, — dién tich bé mit hat,
m2; v, — thé tich cua hat, m3; va khi d6 dwong kinh mot hat
bét ky (d) khi quy vé hat céu str dung phuong trinh (7):

d, =124.K3v, @)
Thé tich cta hat hinh cau (vs) duoc tinh:
7d?
v, =—2 8
=% (8)

Trong do6: ds— dudng kinh cua mét hat cau. Nhu vay
dién tich bé mit as ctia mot hat cau dugc tinh theo phuong
trinh (9):

a, =4r [%j 9

Trong khi d6 theo [3], tir phuong trinh (6) c6 thé tinh
dién tich bé mdt mot hat don bat ky (ap) duoc dua ve tuong
duong hat cau va duogc tinh theo phuong trinh (10)

2
a =70 (10)

S
Trong d6: a,— dién tich hat twong duong hat cau, m?; d
— duong Kinh ctia hat ¢6 hinh dang bét ky, m; ¢— cau tinh
cua hat dang xét.
Bing 1. Hé s6 hinh dang ciia hat lgcft ky trong fur nhién va
trong cong nghé ché bién [4]

Hinh R i o .
dang hat Tron | Goéccanh | dai kim | ban méng
K 13 1,52 1,72 2,33

Theo [3] tiéu chuan ciia Anh BS 4359 cung cép cac gia tri
cau tinh mt sb hat dién hinh trong tw nhién va trong ché bién.

Bing 2. Cau tinh mét s6 hat trong t nhién va
trong cong nghé ché bién [3]

Loai hat Céu tinh Loai hat Céu tinh
Cét 0,92-0,98 Hat nhom 0,3-0,8
Than (nghién) 0,8-0,9 Hat x(c tac 0,4-0,9
Bo6t mica 0,28 D4 voi 0,5-0,9

Trén co so dit lidu co dwoc cau tinh cua hat theo Bang
2 hoic tinh ¢ theo phwong trinh (4) bang phuong phap thuc
nghiém két hop voi viée xac dinh kich thudce trung binh
bang phuong phap sang ray ta c6 thé xac dinh duoc thong
s6 hinh hoc cuia bat cir loai hat ndo, d chdng ¢6 hinh dang
bat ky. Viéc xac dinh kich thudc trung binh khdi hat nay
duoc thuc hién nhu sau:

Can mot lwong nho trong khéi hat vat liu roi rdi tién
hanh phan loai kich thuéce chiing qua mot loat cac sang ray
tiéu chuan voi cc kich thude 16 sang ray ciia mdi sang ray
da biét. Phan khi lugng mau hat dugc giir lai do 16n hon
kich thudc cta 16 ray duoc can Ién s& co gia tri 1a (m;) sau
do lay gié tri cua (m;) chia cho khéi lugng mau ban dau
mang vao phan tich, gia trj cta ty sé ndy dwoc goi la (X)),
sau cuing st dung phuong trinh (11) dé tinh ra kich thuéce
trung binh cua hat [3]:

-1
d, =(2(x /d;))
Trong d6: d; 1a gid tri trung binh cong cua kich thuéc
hai 16 k& nhau ctia sang ray um; xila ty so gitta khoi luong
hat con lai trén ray tinh theo khoi lugng (gam), va khoi hat
mau lay phan tich ban dau ciing tinh theo gam.

_ Nhu vay, duong kinh hat ¢6 hinh dang bat ky duoc quy
vé tuong duong hat cau dugc tinh theo phuong trinh (12)
[31, [5].

d,=¢d,

(1)

(12)

Trong d6: dp— duong Kinh cua hat twong duong cau,
mm; dm — duong kinh trung binh cta hat dugc xac dinh
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bang phuong phap sang ray, mm; ¢— cau tinh cua hat.
Theo [3] dién tich khoi hat ma céc hat c6 hinh dang bat
ky nhung dugc quy vé hat tuong duong cau va dugc tinh
theo phuong trinh (13):
A= >,
44,
Trong d6: Vp—thé tich riéng ciia khoi hat trang théi tu
nhién, m%kg; dn —dudng kinh trung binh cua khoi hat tinh
toén theo phuong trinh (11) bang phuong phap sang ray, m;

(13)

m.
dl m
d. ®
ds [ ms
d4 77777777777777 [ o T e m.
ds ms
ds -— Mme

Hinh 1. Phan tich cac kich thude khdi hat vt liéu roi bang
sang ray tiéu chudn [3]
2.2. Dung cu thi nghiém
Ong nghiém c6 thang chia vach; Can tiéu ly k¥ thuét sb
hiéu Ohaus PA214 do nhay 0,0001g; Bo sang thi nghiém
tiéu chuan Haver & Boecker dugc nhép khau tir cong hoa
lién bang Puc cd kich thude 16 0,25mm — 1,5mm.

Hinh 2. Cac dung cu do phuc vu thi nghiém xac dinh Kich thuéc
hat dwong RS

3. Két qua va thio luin
3.1. Xac dinh kich thwéc hinh hoc hat dwong RS irng
dung sdy I6p sbi xung khi

Xeét cho truong hop xac dinh kich thudc hat duong RS
sau cong nghé ly tm tai nha méay duong Casuco (Can Tho)
c6 khdi luong thé tich pp, = 889 kg/m? (gia tri nay duoc
chinh nhém téc gia thyc hién thi nghiém va hién dang trong
giai doan chd cong bd trong mot bai bao khoa hoc khac).
Theo [8] da cong bd, ddi vai loai hat duong RS ¢6 dudong
kinh hat 0,2mm — 0,85mm c6 khi lugng thé tich cua hat
1a 833 — 880 kg/m?® va khéi lugng riéng 1a 1579 kg/me.

Bing 2. Két qua Xac dinh dwong kinh trung binh ciia hat diong RS sir dung sdy tang s6i xung khi

Co Kich tl{u(’yc 1?) réy_ . . .

ray ‘trunq bmp F?a hai | mau my mau Mz | mau Ma Xi1 Xi2 Xi3 Xia/di Xi2/di Xis/di
(um) sang ray' ké tiép nhau (9) (9) (9)

di (um)

1500 1 0 0 0 0 0 0 0 0
1200 1350 2,1411 2,0987 1,9977 | 0,022 | 0,021 | 0,020 | 1,597.10° | 1,564.10° | 1,482.10°
1000 1100 20,5723 | 21,2014 | 18,105 | 0,207 | 0,213 | 0,181 | 1,883.10* | 1,939.10* | 1,648.10*
800 900 63,944 62,1994 | 63,0042 | 0,644 | 0,626 | 0,631 | 7,152.10* | 6,951.10* | 7,010.10*
600 700 11,6466 11,511 | 13,9175 | 0,117 | 0,116 | 0,139 | 1,675.10* | 1,654.10* | 1,991.10*
400 500 1,0352 2,4088 | 2,8361 | 0,010 | 0,024 | 0,028 | 2,084.10-5 | 4,846.10° | 5,680.10°
300 350 0 0 0 0 0 0 0 0 0
Téng 99,3392 | 99,4193 | 99,8605 1,108.10° | 1,119.10° | 1,137.10°

Tién hanh 1iy ngéu nhién mot khdi hat duong RS trong
bao duong va dem cn lay du khdi lugng 1a 100 gam. Sir
dung bo ray c6 day kich thudc 16 ray thir ty tir 0,3 mm —
1,5 mm va thuc hién sang rdy phan loai cac loai kich thudge
hat, sau d6 tién hanh can timg khéi hat con nam trén ray
(hat khdng con lot xudng dugc) va thuc hién cac phép tinh
dé tim ra céc gia tri ;.

Minh hoa cho c&ch x&c dinh (di) va (xi) tai truong hop
tinh cho kich thudc trung binh ciia sang ray thir nhat va thir
2 tai Bang 2 nhu sau:

d, = %(1500 +1200) =1350m

X, =2,1411/100 = 0,022

Tién hanh tuan tu cho dén 15 ray trung binh cubi cling
ta duoc két qua trinh bay trong Bang 2.
V6i 3 1an do trén 3 mau ngau nhién va thiét 1ap cac gia

tri mf)iv lan do trén Bang 2, két hop sir dung phuong trinh
(11) dé tinh ra duong kinh trung binh (dm) cua khoi hat
duong RS da lay mau.

d, =(X(x/d))" =ﬁ

Trong d6: gia tri 1,21.10° la gia tri trung binh cong cua
3 mau do xi/di (xem Bang 2)

Lay 5 mau duong RS nguyén liéu ngiu nhién ¢ cac bao
duong nguyén liéu khéc va cung thuc hién cac thi nghiém
tudn ty nhu trén va ciing Xac dinh dwoc dwong kinh trung
binh ciia hat nim trong khoang 892um, trong do6 két qua
sai sb gitra Cac l4n < 3%, dugc chap nhan.

Trén Bang 2 gié tri d1,d»,ds.dg 1a kich thude trung binh
clia cac sang ray ké nhau, Xis, Xiz, xizlaty sé giit khbi luong
hat nam trén sang ray va khdi lugng mau dua vao sang phan
loai ban dau [3].

=892um
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Hinh 3. Phan b6 kich thuéc hat dwong RS

3.2. Tinh todn xac dinh dwong Kinh hat va dién tich bé
mdt ciia mgt hat dwong RS

Uu thé ctia phuong phap sy vat lidu roi trong 16p soi
S0 véi cac loai phuong phap sdy khac 13 hiéu suat truyén
nhiét, truyén 4m cao do tac nhan siy tiép xdc bao quanh
toan bo dién tich bé mat hat sdy, dac biét mot phan ning
luong nhiét cia siy duoc ding dé 1am gia nhiét hat siy
ngay giai doan say dau tién [6, 7]. Nhu vay, van dé xac dinh
dién tich bé mat hat sdy ciing nhu xac dinh dién tich trao
d6i nhiét va trao d6i am khdi hat trong 16p soi rat ¢ ¥ nghia
trong viéc xac dinh dong hoc cuia qué trinh siy.

Tu phuong trinh (12) ta xac dinh duong kinh cta hat
duong RS dugc quy vé hat twong duong cau khi gia tri kich
thudc hat trung binh (dm) nhan thém tri cau tinh (4). Trong
bai bao nay thira nhan gia tri cau tinh cua hat duong RS
duoce chinh tac gia bai bdo da xac dinh dugce ¢= 0,85 (cach
tinh xéc dinh gi4 tri cdu tinh hat duong RS dugc trinh bay
trong mét bai bao khac).

d, =¢d, =0,85.0,892=0,76mm

Dién tich bé mit cua hat duong RS khong phai hinh cau
cd duong Kinh trung binh dn dugc xac dinh theo phuong
trinh (10) v&i cau tinh ctia hat dwoc thira nhan ¢=0,85. Ta
xac dinh dién tich cua mot hat duong RS twong duong hat
cau c0 gia tri la:

a - zdy  3,14.(892.10°°)?
) 0,85
) Khoi hat duong RS cép vao budng sy tang sbi cap khi
ki€u xung gom hon hop cac hat c6 kich thude khac nhau,
nhung hinh dang giong nhau, thi tong dién tich bé mat ctia
hat, As dugc tinh theo phuong trinh (13) [3].

_ Gia st tinh cu thé cho mot may sy tang s6i xung khi
sy duong RS c6 nang suat 500kg/ mé. Ta cdng nhéan ket
qua duong kinh trung binh hat duong RS c6 gia tri
dm = 892 um & trén va thira nhan cac két qua thuc nghiém
clia tAc gia da xac dinh cau tinh hat duong RS ¢ = 0,85,
khdi lwong thé tich cta khéi hat p, = 889 kg/m?3

=2,94.10"°m’

Ta tinh duoc tong dién tich bé mat cua khéi hat sy:
Thé tich caa khéi hat dang xét c6 gid tri

v, = =30 _ g 56om:
p, 889

Vay dién tich bé mat trao d6i nhiét ctia khéi hat duong
RS trong say 16p s6i xung khi kiéu sdy mé duge xac dinh
theo phuong trinh (13)
A - &,  6.0,562
¢d_~ 0,85.892.10°
Dién tich trao doi nhiét thuong xuyén cia khéi luong
duong RS trén ghi phan phoi khi trong duong véi dién tich
xung quanh ctia mdt can nha tang l1au tiéu chuan tai TP Ho
Chi Minh c6 kich thudc san xay dung 4m x 17m va cao 54
tang (178m).

= 4447m°

4. Két luan

Thong qua Iy thuyét va sir dung két qua thuc nghiém da
x&c dinh dugc kich thudc hat duong nguyén liéu RS dua
vao mo hinh siy ting s6i xung khi c6 dudng kinh bién thién
trong pham vi tir 1,2 mm dén 0,4mm c6 kich thudc trung
binh cta hat dn = 0,892mm va hat duong RS nay dugc quy
vé hat trong duong cau ¢6 duong kinh hat d, = 0,76mm
(trong do thira nhéan gia tri ciu tinh cta hat (¢ = 0,85) va
dién tich mot hat 1a 2,94.10° m2,
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