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Tom tit:

Trong quy trinh siy kho vit li¢u, sau khi vat li¢u siy dat dén d9 Am mong mudn, buéc tiép theo 1 phai lam mat vat
liéu Vé nhiét do moi trwong bao quan. Trong thyc té, c6 nhiéu giai phap lam mat vit liéu, nhung phwong phap st
dung ong trao doi nhiét c6 chira moi chit 1am mat dugec coi 1a mot g1a1 phap hi¢u qua. Bai bao trinh bay tinh toan
truyen nhiét tu’ 16p hat dwong tinh luyen (RS) trang thai héa soi t01 thiéu dén bé mat trao doi nhiét. Nghién ctru da
lam sang té moi quan h¢ giira hé s0 trao doi nhiét ddi lwu cia hat say nong véi bé mat trao doi nhiét ciing nhw moi
twong quan ciia né véi kich thuée hat. Cu thé, déi véi hat dwomg RS ¢6 kich thuée <0,8 mm thi hé sé trao ddi nhiét
ddi lwu dwoc xac dinh 1a 251,17 W/(m2.K). Ngwoc lai, d6i véi cac hat ¢6 kich thwéc khoang 1,0 mm thi hé s6 trao doi
nhiét dwoc xac dinh 12 172,66 W/(m2K). Két qua nghién ciru cho thay, hé sé trao ddi nhiét doi lvu phu thude vao kich
thuée hat. Cac hat nhé hon ¢6 hé s6 trao déi nhiét ddi lwru 16n hon. Cu thé véi hat dwong RS, kich thuéc cic hat nhé
hon 20% so véi mau chuin thi hé s trao ddi nhiét doi lwu cao hon 45%.

Tir khéa: dwong kinh hat, hé s6 trao ddi nhiét ddi lru, ting séi xung khi, truyén nhiét.
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Abstract:

During material drying, after the material has been dried to the desired moisture content, the next step in the drying
process is to cool the dried materials to the storage temperature. In practice, there are many solutions for cooling
the material, but the method of using a heat exchange tube containing a cooling medium is considered an effective
solution. The article presents the calculation of heat transfer from the refined standard (RS) sugar granule layers in
the minimum pulsed fluidised state to the heat exchange surface. The study has clarified the relationship between the
convection heat transfer coefficient of the hot-dried granules and the heat exchange surface, as well as its correlation
with the particle size. Specifically, for RS sugar granules with a size equal to or less than 0.8 mm, the convection
heat transfer coefficient is determined to be 251.17 W/(m?K). Conversely, for particles with a size of about 1.0 mm,
the heat transfer coefficient is determined to be 172.66 W/(m?.K). The study results showed that the convective heat
transfer coefficient depends on the particle size. Smaller particles have larger convective heat transfer coefficients.
Specifically, with RS sugar particles, the particle diameter is 20% smaller but the convective heat transfer coefficient
is 45% higher.
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1. it van de

Phuong phap lam mat san pham db6i voi sy tang s01 sau
qua trinh sy, hiéu qua va tiét kiém dién tich lap dat 1a sir
dung cac bé mit truyen nhiét (BMTN) dit bén trong budng
say. Qua trinh truyen nhiét dién ra trong vung hoa tron gilra
hat da dugc sy va khong khi 1am mat thdi vao va bé mit
truyén nhiét c6 nhiét o thap [1]. Nghién ctru ctia J.C. Chen
(2003) [1] da dua ra mot phuong trinh xac dinh hé s trao
d6i nhiét giita cac hat va BMTN theo cong thirc sau:

q

a (T,-T.) (1)

a,, =
trong do: o 1a h¢ s6 trao d6i nhiét gitra cac hat va BMTN,
W/(m2.K); q 1a dong nhiét, W; a_1a dién tich bé mit tiép xuc,
m* T la nhiét d¢ cua bé mit truyen nhiét, K; T, 1a nhiét do
cua 10]3 hat, K. Trong phuong trinh nay, gia thlet rang khong
c6 sy chénh léch nhiét do dang ké gitta khong khi va cac
hat vat liéu.

Van dé truyén nhiét tir 6p hat sang BMTN ciing da nhan
duogc sy chu y dang ké tir cac nha nghién ctru khac. Theo
J.S.M. Botterill (1975) [2] va S.N. Oka va cs (2004) [3], cac
khia canh chinh cua hé s6 trao d6i nhiét (HSTN) giira cac
hat rin va BMTN da duorc lam sang t6: HSTN (o, ) 16n hon
nhiéu 1an so v&i hé s6 trao d6i nhiét d6i luu gitra pha hat va
pha khi. HSTN tang tuyén tinh v&i van toc khi 1am gia 1ong
cac hat va dat gia tri cuc dai 6 van tdc khi cao nhat trong 16p
hat. Hon nira, d§ 16n cuia HSTN nay bi anh hudng béi kich
thudc cua cac hat, gia tri nay giam khi kich thudc hat tang.

Theo J.R. Howard (1989) [4], ¢6 sy truyén nhiét nhanh
chong xay ra gitra 16p hat kho nong va khong khi lam mat,
dan dén giam nhiét do cua cac hat vat liéu. Didu nay din
dén cac hat duge 1am ngudi di mot cach nhanh chong. Cong
suét truyén nhiét tir cac hat vat liéu nong dén thiét bi trao
ddi nhiét lam mat phu thudc vao dién tich BMTN can thiét.

Nghién ctru nay nhim muc dich lam sang t6 su truyén
nhiét gitra 16p hat duong RS tang s61 xung khi voi BMTN,
ung dung trong lam mat va ngay cé trong say duong.

2, \iat liéu va phuong phap nghién cifu

He¢ s6 trao ddi nhiét gila cac hat rin gia long va BMTN
tiép xtic voi cac hat (o) gom 3 thanh phan co ban [4]: (i)
Su trao d6i nhiét xay ra khi cac hat vat li¢u gap BMTN (céc
hat tiép xuc ¢ dy va ngay lap tic duoc thay thé bang cac
hat méi). Thanh phan trao d6i nhiét nay dwoc goi 1a “hé sd
trao doi nhiét ddi luu pha hat” (at,): (ii) Trao d6i nhiét dién
ra gilta khong khi nong va bé mat nhan nhiét tuong mng,
duogc goi 1a “h¢ s6 trao doi nhiét dbi luu pha khi” (o, ); (i)
Trao ddi nhiét birc xa v0i hé sO trao d6i nhiét buc xa tuong
tmg (a_,). Do do, h¢ sO trao do6i nhiét tir cac hat sdy dén
BMTN ((x ) dugce biéu thi theo cong thrc:

abs - apc + agc + arad (2)
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Méi quan hé giita hé sb trao d6i nhiét va cac thong sb
cong nghé phu thudc vao loai hat cu thé, tinh chat nhiét cua
khi, ché d6 hoat dong cua 16p hat va trang thai cia 16p hat
[1]. Dé 1am 15 co ché truyén nhiét, timg thanh phan nay can
dugc kiém tra riéng biét.

2.1. Thanh phin déi lwu pha hat

Co ché truyén nhiét d6i luu dugc mé ta ¢ hinh 1.

Khéng khi néng Khong khi nong
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Hinh 1. M6 ta mot hat néng tiép xtc véi bé mat lanh. (A) Cac hat &
xa bé mét, bd qua sy truyén nhiét; (B) Hat tiép xuc tai b& méat, hau hét
nhiét truyén qua I&p khi méng gan dwéng cong A-B.

Thyc hién xem xét mot hat riéng biét, ban dau ¢ nhiét do
cao, tlep xtc nhanh voi bé mit duoc lam mat trudce khi di
chuyén ra xa. Qua trinh nay 1ap lai lién tuc vdi cac hat khac.
Su tuong tac gilta cac hat ran va bé mat xay ra trong mot
khoang cach khi céac hat tlep xuc. N.A. Decker va cs (1981)
[5] da lam sang to dong nhiét truyén tir 16p hat sang BMTN,
xdy ra thong qua 16p khi ngan cach hat véi bé mit. Qua trinh
truyen nhiét ndy ngimg lai ngay khi mot hat di chuyén ra xa
cho dén khi mot hat méi tlep can bé mat. Luogng nhiét nhan
dugc tai BMTN bj anh hudng béi cac yéu t [4]:

(i) Thoi gian tiép xiic hat (v ) va tan sudt tiép xiic (f)):
Thoi gian tiép xic cang ngan va tan suat ti€p xlc cua cac
hat véi bé mat cang cao thi thoi gian trung binh dé dat duoc
chénh l&€ch nhiét do AT giita cac hat va bé mit cang 1on.

(ii) H¢ s6 dan nhiét cia pha khi: Khi c6 hé dan nhiét cao
hon cho phép nhiét truyén nhanh hon. Hé s6 dan nhiét cua
chat khi thip hon chét ran. Day ciing 13 yéu tb han ché trong
qué trinh truyén nhiét.

(iii) Nhiét dung riéng cua cdc hat: Nhiét dung riéng cia
cac hat cang lon thi nhiét dd cia chung cang giam trong qua
trinh tiép xuc. Do d6, thoi gian dé dat duoc chénh léch nhiét
d6 trung binh dang ké giita cac hat va bé mat dai hon.

(iv) Kich thiede cia cdce hat va sé lwong hat tiép xiic trén
mot don vi dién tich bé mat: Dién tich BMTN tiép xuc véi cac
hat cang 16n thi lugng nhiét nhan dugc tu bé mat truyén nhiét
cang 16n. Ngoai ra, néu cac hat tiép can va roi khoi bé mat
truyén nhiét theo cum hodc dum dang cac hat tinh (hinh 2)
cac hat nho hon c6 mat do tlep XUc cao hon va dudng truyen
nhiét qua 16p khi mong gan bé mit s& ngin hon. Do do, dé
ting cudng truyén nhiét giira 16p hat va bé mit, can phai co
c4c hat tinh v6i mat do cao nhit va kich thudc hat nho nhét.
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Diéu nay s& dan dén thoi gian tiép xtic ngin nhat va tan suat
tiép xtic cao nhat, két hop voi chit khi c6 d6 dan nhiét tdt
nhat. Hinh 2A minh hoa cac hat nhé véi nhiéu diém tiép
xuc, v6i hau hét bé mat hat tiép xic v6i bé mit phang. Hinh
2B cho théy, cac hat 16n véi it diém tiép xuc hon va it hat
tiép xtc voi bé mat phang hon.
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Hinh 2. Minh hoa anh hwéng cua kich thwéc hat dén sé diém tiép
xuc va I&p khi day xuét hién giira cac hat va bé mat tiép xdc [4].
(A) Cac hat nhé vé&i nhiéu diém tiép xtc; (B) Cac hat 1on véi it diém
tiép xuc.

Mot s& mo hinh toan hoc d3 dugce dé xuat dé mé ta qua
trinh trao doi nhiét doi luu lién quan dén cac hat. Tuy nhién,
nghién curu cua S.N. Oka va cs (2004) [3] chi ra rang, cac
mod hinh ndy khong hiéu qua do thicu thong tin vé cac dicu
kién gan bé mat truyén nhiét va cac thong sd chinh, chang
han nhu thoi gian luu riéng cta cac hat va tan suat tiép xuc.

Khi 16p hat chuyén tir trang thai tinh sang trang thai soi
bot thi ty 16 U/Umg = 1 (U 1a vén tdc khi va Umg 14 véan toc
hoéa s6i toi thiéu) va hé s6 trao d6i nhiét tang lén, vi cac hat
di chuyén trong 16p khi (cac hat di dong hon). Sy hinh thanh
bong bong khi thuc diy su hoa tron cac hat trén khip 16p hat
va lam cho céc hat di chuyén vé phia BMTN.

Khi vén tdc khi tao ra mot 16p hat s01, hé sb trao ddi
nhiét tang va dat gia tri toi da ¢ van toc khi U/Umg trong
khoang 1,5 dén 2 [4].

Sau d6, hé sb truyén nhiét giam dan do dong chay cua
bot khi ngay cang tang, bao phi BMTN. Hi¢u ung nay la
két qua cua viéc khi lam cho 16p hat 16ng ra, chdng lai viéc
giam thoi gian luu tra cda hat do hién tugng s6i bot manh.

.
L

Vi tri bt diu xudt hién bot khi

>

Van toc khi hoa soi, U(m/s)

HSTN tir 16p hat dén bé mat (ay,)

U

Hinh 3. M6i quan hé gitra hé s6 truyén nhiét tir I&p hat dén bé mit

truyén nhiét va van téc khi dé gia 1éng cac hat nhém B trong phan
loai Geldart [4].

HOAHOC ISR

Theo S.S. Zabrodsky va cs (1976) [6], nhitng hién
tugng nay lién quan dén su tham gia cua thanh phan trao
d6i nhiét dbi luu cua pha khi anh huong dén hé so trao do6i
nhiét tir 16p hat s6i bot dén BMTN. Noi chung, rt kho dé
tach thanh phan khi d6i luu khoi thanh phan hat dbi luu,
nhung su tuong tdc nay bi anh huong bdi cac hat nhém B
(hinh 3), hat nhom B dugc mo6 ta boi D. Geldart (1972) [7].
Méi tuong quan gan dung cua S.S. Zabordsky va cs (1976)
[6] dbi voi gia tri lon nhat cta hé sd trao d6i nhiét tir lop hat
dén bé mat (o) trong diéu kién hat nhom B duoc thé hién
trong (phuong trinh 2) cho nhi€t do 16p hat duci 600°C, tiéu
chuan Reynolds & véan tdc hoa sbi toi thiéu 1a hon khoang
12,5 (Re, >12,5) va tiéu chuan Archimedes ciing nhé hon
khoang (Ar <26000). Nghién ctru ctia S.S. Zabordsky va cs
(1976) [6] nhan ra 600°C 13 nhiét d6 ma trén d6 thanh phan
truyén nhiét birc xa bit dau tré nén dang ké.

Theo céc thi nghi¢m dgqc thuc hién béi J.S.M. Botterill
va cs (1982) [8] trong di€u kién hoat dong hop 1y, gia tri
thuc té ctia h¢ so trao doi nhiét xap xi 70% gia tri duoc tinh
bang phuong trinh (3).

@y =35.8p,722,0d 7 &)
trong do: a la h¢ sO trao d6i nhiét ddi luu, W/(m?.K); p,la
khdi lugng riéng cua hat, kg/m?; A, 1a hé s6 dan nhiét cua
khi, W/(m.K); d 1a dudng kinh cta hat hinh cau, m.

Ddi voi cac 16p hat co tinh chit nhu nhom D trong phan
loai cua D. Geldart (1973) [9], v6i Reynolds, Re, . Vuot qua
12,5 va Archimedes, Ar 16n hon 26000. Nghlen clru cua
A.0.0. Denloye va cs (1987) [10] da cung cap mét phuong
trinh dé tinh gid tri 16n nhat ctia hé sb trao doi nhiét tir 16p
hat s6i tdi thiéu dén BMTN (a

pcmzu) :

a, =0843 A2 /d, (4)

Trong (4), yéu cau dudng kinh hinh ciu cua cac hat vat
liéu phéi 16n hon 0,8 mm va nhié¢t do cua 16p hat khong
duoc vuot qua 600°C, Remg phai 16n hon 12,5 va Ar phai 16n
hon khoang 26000.

2.2. Thanh phdn déi luu pha khi

Thanh phan truyén nhiét pha khi doi lwu (, ) dén BMTN
tro' nén quan trong khi kich thudc trung binh cua 16p hat 1on
hon 0,8 mm. Hon nita, né tr& nén quan trong khi ap suét
tinh ctia pha khi tang 1én, dan dén trang thai dong khi xung
quanh cac hat thay doi tir chay ting sang chay chuyén tiép
hoic chay réi. Nghién ctru ciia A.O.O. Deloye va cs (1978)
[10] d4 cung cap cac tuong quan thuc nghiém theo phuong
trinh 5.

azgc(dp)o’5 = 0,86/1gAr°’39 5)

Theo nghién curu cia J.S.M. Botterill va cs (1984) [11],
phuong trinh 5 cin duoc st dung mdt cach than trong vi
n6 dua trén két qua thi nghiém tir mot pham vi kich thudc
tuong déi hep va sy hién di¢n cua cac hat min c6 xu hudng
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han ché dong chay hdn loan trong dong khi thoi 1én. Didu
nay gitp giai thich nhitng phat hién cua L.P. Golan va cs
(1979) [12] trong bdi canh sir dung mot nhom céac hat c6
kich thudc 16n khac nhau. Sy thay doi kich thudc hat co tac
dong nho dén truyén nhiét.

2.3. Thanh phan birc xa

Theo V.A. Borodulya va cs (1983) [13], truyén nhiét do
bure xa tr¢ nén dang ké & nhiét 6 600°C. Viéc danh gia h¢ sO
truyén nhiét buc xa (a,,) O thé dat dugc bang cach két hop
hai phuong trinh toa nhlet co ban gom phuong trinh (6) va (7).

=aft,-t,) 6)
trong do: ¢, 1a mat do dong nhiét dbi luu (W/m?), 1, la nhiét
do khong khi nong (°C), ¢, la nhiét do hat (°C).

Ga =0 (T, ~T") (7)

trong do: ¢ 1a hé s6 buc xa phu thudc vao tinh chét buc
xa cua bé mat va hinh dang hinh hoc cua né; o 1 hing sb
Stefan-Boltzmann, ¢ = 5,67.10° W/(m>.K*); T la nhiét do
bé mit, °C.

Ngoai ra, theo J.R. Howard (1989) [4] c6 m{t cong thiic
dé tinh he sé trao doi nhiét btrc xa khac:

A ®)

amd

T T

trong do: ¢ lah¢ sb burc xa ctia bé mat, léy xép xi0,6 [4]; T
la nhiét @6 cua BMTN, K.

V.A. Borodulya va cs (1983) [13] da chiing minh réng, 2
thanh phan nay khong hoan toan doc 1ap, khong gidng nhu
truyén nhiét birc xa, mot ph:‘in nhiét bi mét vao trao ddi nhiét
dbi luu coa 16p hat va cac hat 16n hon bi anh hudng nhiéu
hon so véi cac hat nho hon.

Trong truong hop tmyen nhiét phire tap (hinh 4), mé ta
mot khéi cac hat dimg yén tiép xuc v6i bé mat lam mat. Néu
bé mit ctia cac hat nay c6 do phat xa bang 0 (khong burc xa),
6 nghia la khong c6 thanh phan truyén nhiét bic xa, toan
bd su truyén nhiét duge thuc hién thong qua lop khi gitra
c'hem (a) va diém (b) ctia bé mat bat ky hat nao tlep xuc voi
tam phang (hinh 4B). Tuy nhién, khi btc xa trén bé mit ciia
cac hat tang 1én, cac hat nay tré nén “nhin thdy duoc” trén
bé mit va bit dau truyen nhiét 1én vach thong qua truyen
nhiét buc xa. Do d6, nhiét d6 cuia cac hat nay bat dau giam
trong khi nhi¢t d§ cua cac hat trong 16p hat khong thay ddi.
Hon nira, néu ching ta xem xét mot hat tiép xtc voi vach
mot lan nita (hinh 4C), toan by bé mit cua hat s& bao gdm ca
truyén nhiét birc xa va dan nhiét qua 16p khi mong ngay bén
canh diém a va diém b, din dén nhiét do bé mat thap hon va
phan bé khac nhau (hinh 4B). Do d6, mic du toc do truyén
nhiét téng tur cac hat tdng 1én, nhung chi mét ph?m nho nhiét
duoc truyén qua 16p khi mong. Tém lai, vi toan b dién tich
bé mit cua cac hat dang buc xa, cac hat cang 16n thi phén
dién tich bé mit noi nhiét dugc dan qua khi trong khu vuc
diém a va diém b cang nho (hinh 4D).
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Hinh 4. Minh hoa anh hwéng cta truyén nhiét birc xa giiva hat va
bé mat truyén nhiét. (A) Vi tri cac hat nhé trang thai tinh; (B) Céc hat
I&n trang thai tinh; (C) Cac hat I&n c6 truyén nhiét dan nhiét va truyén
nhiét birc xa; (D) Hat I&n va hat nhé dan xen nhau.

Do d6, cac hat 16n c6 anh hudéng 16n hon dén co ché
truyén nhiét birc xa qua khe ho khi. Do phirc tap ting thém
khi c6 mot bong bong khi 1ién ké vai vach (hinh 5), trong do
BMTN hoat dong nhu mét dién tich bé mat cho céac hat 16n
hon so véi khi cac hat duoc sip xép tiép xuc v6i vach nhu
trong hinh 4A, nhung bong bong khi da bao phu cac hat dbi
lwu. Tt ca nhitng hiéu tng nay lam cho viéc dinh luong va
tach céac hat, bong bong khi tré nén khé khin khi giai quyét
theo dinh ludt nhiét dong lyc hoc thir nhat.

L~
Hinh 5. Anh hwéng ctia bong béng khi 1én bé mat hat [4].
2.4. Sw s6i héa cia cdc hat va vin téc lwu dpng t0i thiéu

Khi mot dong tac nhan khi thdi qua mot 16p hat theo
hudng vudng goc tir dudi 18n, trong trudng hop van toc khi
va ap sut thip, 16p hat van ¢ trang thai tinh (dugc giai thich
trong doan OA trong hinh 6).

Lop hat s6i cé bt
khi phan lop ngang L3

L&p hat chom soi gt sdi b cuon

LIJD hat tinh Lop hat sbi bot khi

6P,
; .
Ap(mm Hzo) —— ¥
sk 5 !
s e :
E Pﬁ Ap suat thay déi
&
&
=3
=] Al
= op hat tinh by el Van téc khi bé
A B C| matlép hat
0 Unt Ui U (mis)

Hinh 6. Biéu do thé hién cac trang thai khac nhau clia ting soi lién
tuc [4].
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Van tc khi tai giém nay la (U,). Khi van toc dong khi
tang dan, 16p hat ran bat dau gian nd, thé tich cua 16p hat
tang lén va cac hat l1an can bét dau di chuyén xa nhau. Tai
thoi diém nay, luyc ma sat gitia cac hat va lyc cua dong khi
can bang véi luc hp dan tac dung Ién cac hat. Thanh phan
théng dung cua lyc nén giita cac hat cach déu nhau bién
mat. L6p hat nay dugc goi 1a 16p soi toi thleu (U,p)» c6 nghia
la lop hat & giai doan nay c6 tinh chét giéng nhu chit long.
Van tbc khi di qua 16p hat tai thoi diém nay duoc goi la van
téc khi soi tbi thiéu \u, ) mo ta tai diém A trong hinh 6.
Theo S. Ergun va cs (1949) [14], khi dong khi thdi qua mot
16p hat c6 hinh dang bat ky (khong cau) thi:

- U U?

AP _150( mg) ﬂg mg +1 75( mg)pg mg (9)
H mg gmg (¢dm ) gmg ¢dm

va

AP=(1 —Emg)(/?p —Pg)gng (10)

trong do: d, 1a duong kinh trung binh ctia hat, m; ¢ 1a cau
tinh ctua hat AP 14 ton that ap sut dong khi qua 16p hat, N/
m s H la d6 cao 16p hat trang thai soi toi thiéu, m; & gla do
rong kh01 hat trang thai soi tbi thiéu; P, 1a khéi luong riéng
cua khong khi, kg/m?; My la d nhot dong luc hoc cua khi
qua 16p hat, m?/s; p 1a khéi lugng riéng cta hat, kg/m?®.

2.5. Moi twong quan ciia Remg va Archimedes (Ar)

Khi dong khi di qua mot khéi hat c¢6 hinh dang khong
cdu, tiéu chuan Reynolds (Re ) 6 trang thai 16p hat s6i tdi
thiéu dugc x4c dinh theo cong thuc

p g 'Umg '¢dm
Mg

Phuong trinh 12 mé ta mbi tuong quan giita tiéu chuan
Archimedes va Reynolds theo do rong cua 16p hat (e, ) o
van tde soi tdi thiéu u, ) dbi voi hat khong hinh cau [4]

Re = (11)

mg

l-¢
Ar=150( 5 ;"g)Remg+ 1’735 Re;, (12)
¢ gmg ¢8mg

Bén canh d6, phuong trinh 13 x4c dinh tiéu chuin
Archimedes cho hat ¢6 hinh dang bt ky:

P.8(p,—p)¢d,)

Hg

(13)

Ar =

Mat khac, C.Y. Wen va cs (1966) [15] da cung cap mot
cong thure thuc nghiém dé tinh toan do rong cua cac hat &
trang thai 16p hat soi tdi thiéu khi biét cau tinh cta hat:

(14)
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Thong qua cac phép bién ddi dugc trinh bay trong [16],
phuong trinh 15 da duoc thiét 1ap. Phuong trinh 15 1a mdt
phuong ,trinh thuc nghiém biéu dién mdi quan hé giira Re .
va Ar doi voi céc hat co kich thude trung binh 16n hon 100
um [4].

Re, =(33,7°+0,04084r)" -33,7 (15)

Ngoai ra, J. Baeyens va cs (1976) [17] ciing cung cip co
so dé xac dinh (Ar) cho cac hat ¢6 kich thude 16n hon 100
pm trong phuong trinh 16:

= 1650Re,, +24,5Re?, (16)

Vé ly thuyét, néu céc gia tri (g,,) va (d ) dugc xac dinh
thi PT9, PT10 va PT11 c6 thé duoc sir dung dé tinh U,
bang mdi quan hé giita Ar va Re .

£ 2 < < ~
3. Ket qua va ban luan

Phén trudc da gidi thiéu co so 1y thuyét va thao luan vé
cac dac tinh truyén nhiét trong 16p hat, bao gom cac hat kho
va khong khi néng, hudng téi BMTN tiép xtic v6i nhiét do
lam mat. Trong tim cua phan nay tip trung vao Gmg dung
thuc té cia co s& Iy thuyét nay dé tién hanh tinh toan trong
qua trinh sdy tang soi xung khi v6i dudong RS, cu thé 1a xac
djnh hé s trao déi'nhiét giita 16p hat siy va BMTN (o)
Két qua phan tich s6 li¢u thuc nghiém lién quan dén sy phan
b6 kich thudc ban dau cua hat duong RS sau qua trinh ly
tam lién tuc tai Nha may CASUCO (Can Tho) duoc thé
hién o bang 1.

Bang 1. Phan bé kich thwéc hat dwong tinh luyén tw nl]ién thu
dwoc sau qua trinh ly tam lién tuc cia Nha may CASUCO (Can Tho).

Miu 1 Miu 2 Miu 3
K‘iCh thu’é,c Ao 2 gA A 2 gA A 2 gA
sang (um) Khoilwgng Tyl¢  Khoilwong Tylé Khoilwong Ty l¢
© ) % (@ (%)
1500 0 0 0
1200 2,141 2,1 2,098 2,1 1,997 2
1000 20,572 20,5 21,201 21,2 18,105 18,1
800 63,944 64 62,199 62,2 63,004 63
600 11,646 1,6 11,51 11,5 13917 13,9
400 1,035 1 2,408 24 2,836 2,8
300 0 0 0 0 0 0
Téng 99,339 99,2 99,419 99,4 99,860 99,8

Lwu yv: K&t qua trén str dung can phan tich ctia Kern ADB 200-4 (Btrc)
véi thong sbé ky thuat trong lwong do téi da 220 g, d6 tuyén tinh +0,4
mg, sai s6 +0,0001 g, thoi gian 6n dinh 3,0 giay.

Bang 1 cho thiy, sy phan bd cta pham vi kich thugc hat
duong RS ty nhién trai dai tr 400 dén 1.200 um. Cac thong
s0 hinh hoc, nhiét vat 1y cua duong RS va khong khi nong
duogc trinh bay trong bang 2 [18-20].

Vi cac thong sd nay, hé sé trao di nhiét trong tang soi
xung khi doi véi duong RS dugce tinh toan nhu sau:
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Bang 2. Théng s6 khéng khi va vat ligu say.

Khéng khi Puong tinh luyén

Théng so Gid tri Thong s6 Gid tri

t,(°C) 80 d_(um) 892

p (kg/md) 0,994 B 0,488

p (kg/m.s) 2,096.10 p, (kg/m’) 1596,8

A (W/mK) 2,953.102 p, (kg/m?) 889

C, (kikgK) 1,008 ) 0,85
U, (m/s) 0,54

Dau tién, can kiém tra xem tiéu chuan Reynolds &
diéu kién héa soi téi thiéu c6 lén hon 12,5 va tiéu chuén
Archimedes c¢6 nho hon 26000, nhu di théo luan trong phan
2.5 hay khong. Thay thé cac gia tri duong kinh trung binh
cua hat RS (d_=892.10° m), ciu tinh cta hat RS (¢=0,85)
va cac thong so khong khi nong tir bang 2 vao phuong trinh
13 dé tim gia tri Ar:

6\3
0,994(1596,8—0,994)9,81(0,85.892.10 )

Ar = =
(2,096.107)

=15438,5

Thay gia tri ciia Ar=15438,5 vira duoc tim thiy trong
phuong trinh 16 dé xac dinh Re , tir nghiém cia phuong
trinh bac hai: 24,5Re;, +1650Re,, 15438 5=0. Két qua Ia,

Cong =56,12. Gia tri nay dap ung dleu kién [6] da néu trong
phan trudce.

Ngoai ra, c6 thé tinh Re . bang cach str dung mbi trong
quan thyc nghiém cua Baeyens va Geldart trong phuong
trinh 11 va phuong trinh 16.

pU,.d,$ 0,9940,54.889.10°.0,85
" 4, (2,096.107)

Re =19,35
Thay thé gid trj Re_ =19,35 dugc tim thdy tr phuong
trinh 11, ¢6 thé xac dinh dugc gia tri Ar tu phuong trinh 16:

Ar = 1650.19,35+24,5.19,35* =4110,85 -

So sanh véi cac didu kién duoc ap dung trong phuong
trinh tinh hé s6 trao doi nhiét tir 16p hat dén BMTN (o, )
cho cac hat duong RS thudc nhom B theo phan loai cua
Geldart nhu dugc trinh bay trong phuong trinh (1) va
phuong trinh (2), cac diéu kién Re  >12,5 va Ar 26000
dugc dap tng.

Két qua t1nh toan (Re ) va (Ar) thu dugc cho truong
hop tinh toan siy duong RS trong sdy tang so6i duong RS
véi kich thudc hat trong bang 1, duong kinh khoang 0,8 mm
(chiém 62% khéi lugng hat), cho phép tinh gid trj o, tlr

phuong trinh 3:
absmax — 35’ 8pp0,21g0,6¢dm-0,36 (3 ’)

@, =35,8.1596,8"20,02953",(0,85.892.10°) ¥ = 251,17 W/(m’K)
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Ngoai ra, theo J.S.M. Botterill va cs (1982) [8], hé
s6 trao doi nhiét riéng c6 gia tri bang 70% hé s trao doi
nhiét t6i da (o). Vi vay, trong truong hop nay, gia tri
a, =0,7.251,17 = 175,82 W/(m’ K)-

Luu y: Cac thanh phan trao d6i nhiét d6i luu pha hat va
pha khi khong dugc tach ra, do do, trong truong hop tinh
toan cu thé, gia tri cua thanh phén (o, duoc dé cap o trén
thyc sy 1a thanh phan o, nhung khong c6 thanh phéan truyén
nhiét buc xa).

Ngoai ra, theo két qua phan loai kich thudc hat cua cac
hat dudong RS d¢é siy kho (bang 1), nguoi ta chi ra rang cac
hat co6 kich thudc lén hon 0,8 mm (thu¢c nhom D cua D.
Geldart (1972) [7D xap xi 24%. Do do, tlep tuc tinh toan
hé sb trao doi nhiét cho cac hat nhém D. Tuong ty nhu
tmong hop tinh toan cho cac hat nhém B ¢ trén, ching ta
tim thay céc gi tri ctia Re  va Ar, véi van toc hoa soi toi
thleu U,.=0,54 m/s, duong kmh hat trung binh d = 1,0 mm
va cau tlnh 9=0,85, chiing ta st dung (PT11), de tinh gid

tri cua Re .
. mg

0,994.0,54.889.107°.0,85

Re, =-1— " =2 221,76
< (2,096.10°)

Gia tri Ar dugc tinh tir phuong trinh 13:

0,994(1596,8—0,994)9,81(0,85.1,0.10'3)3
Ar = — =21752,5
(2,096.107°)

So sanh véi cac didu kién ap dung cho cac hat Nhom
D va 7theo tuong quan thuc nghiém . cua Zabrodsky,
c6 thé tinh dugc gia tri hé sO trao do6i nhiét cua pha hat
(0 ey ) theo phurong trlnh 4’, trong d6 cac gia tri cua duong
kinh trung binh (d ) va cau tinh ctia hat duong RS (¢) 12 1,0
mm va 0,85:

a, =0843 A2 /¢d,

Plrmax

)

0,843 (21752,5%1)(2,953.10%)
pemax 0,85(1,0.10%)

=131,01 W/(m* K)

Hé s trao d01 nhiét pha khi (a o) dugc tinh theo phuong
trinh 5” voi cau tinh 1 0,85 thi thu duge két qua nhu sau:

a, (¢d,)"* =0,86,4r"" (57
_ 0.86(2,953.107)(21752,5)""

- =41,65 W/(m>.K)
PR
(0,85(1,0.10 ))

gc

Do nhiét d6 khi va nhiét 6 hat thdp nén bo qua thanh
phan trao doi nhiét bure xa. Khi do, hé s6 trao doi nhiét ()
cho nhém D cua cac hat duong RS c6 gia tri trong phuong
trinh 1 la:

@, =a, +a, =131,01+41,65=172,66 W/(m* K)
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4. Két luan

Nghién ctru da st dung cac phuong trinh truyén nhiét co
ban duoc cong bd dé ap dung cho tinh toan truyén nhiét tir
16p hat nong kho sang bé mit trao ddi nhiét cua giai doan
lam mét ciia qua trinh sdy tang s6i xung dudong RS. Céc két
qua tinh toan mang lai nhimng két qua sau day:

Hé sb trao d6i nhiét giira tang so6i xung khi va bé mit
trao ddi nhiét cho cac hat duong RS c6 kich thude <0,8 mm
duogc tim thay 14 251,17 W/(m2.K).

Ddi véi cac hat duong RS ¢6 kich thude xép xi 1,0 mm,
hé sb trao d6i nhiét trong tang so6i xung khi giita 16p hat va
bé mat trao d6i nhiét c6 gia tri 172,66 W/(m2.K).

Hé sb trao ddi nhiét gilra cac hat hoa s61 xung khi va bé
mit trao d6i nhiét phu thudc nhiéu vao duong kinh hat.

Trong nghién ctru nay, thanh phan trao doi nhiét birc xa
dugc bo qua.

TAI LIEU THAM KHAO

[1] J.C. Chen (2003), Heat Transfer, Handbook of Fluidization
and Fluid-Particle Systems, Taylor& Francis Group LLC, pp.352-380.

[2] J.SM. Botterill (1975), Fluid-Bed Heat Transfer: Gas-
Fluidized Bed Behavior and Its Influence on Bed Thermal Properties,
Academic Press, pp.251-276.

[3] S:N. Oka, E.J. Anthony (2004), Fluidized Bed Combustion,
Mechanical Engineering A Series of Textbooks and Reference Books,
Marcel Dekker, Inc., pp.171-180.

[4] J.R. Howard (1989), Fluidized Bed Technology: Principles
and Application, Taylor & Francis Group, pp.71-77.

[5] N.A. Decker, L.R. Glicksman (1981), “Conduction heat
transfer at the surface of bodies immersed in gas-fluidized bed of
spherical particles”, AIChE Symposium, 77(208), pp.339-490.

[6] S.S. Zabrodsky, S.S. Antonishin (1976), “On fluidized bed
to surface heat transfer”, Chemical Engineering, 54, pp.52-58, DOI:
10.1002/cjce.5450540107.

[7] D. Geldart (1972), “The effect of particle size and size
distribution on the behavior of gas-fluidized bed”, Powder Technology,
6(4), pp.201-215.

[8] J.S.M. Botterill, Y. Teoman, K.R. Yiiregir (1982), “The effect
of operating temperature on the velocity of minimum fluidization, bed
voidage, and general behavior”, Powder Technology, 31, pp.101-110.

HOAHOC ISR

[9] D. Geldart (1973), “Types of gas fluidization”, Powder
Technology, 1(5), pp.285-292, DOI: 10.1016/0032-5910(73)80037-3.

[10] A.O0.O. Denloye, J.S.M. Botterill (1978), “Bed to
surface heat transfer in a fluidized bed of large particles”, Powder
Technology, 19(2), pp.197-203.

[11] J.S.M. Botterill, Y. Teoman, K.R. Yiregir (1984), “Factors
affecting heat transfer between gas-fluidized beds and immersed
surfaces”, Powder Technology, 39(2), pp.177-189.

[12] L.P. Golan, D.C. Cherrington, R. Diener, et al. (1979),
“Particle size effects in fluidized bed combustion”, Chem. Eng.
Progress, 75, pp.63-72.

[13] V.A. Borodulya, V.I. Kovensky (1983), “Radiative heat
transfer between a fluidized bed and a surface”, International Journal
of Heat and Mass Transfer, 26(2), pp.277-287, DOI: 10.1016/S0017-
9310(83)80032-5.

[14] S. Ergun, A.A. Orning (1949), “Fluid flow through randomly
packed columns and fluidized beds”, Ind. Eng. Chem., 41(6), pp.1179-
1184, DOI: 10.1021/ie504742a011.

[15] C.Y. Wen, YH. Yu (1966), “A generalized method for
predicting the minimum fluidized velocity”, AIChE Journal, 12,
pp.610-612.

[16] B.T. Thanh, L.A. Duc (2020), “Determination of fluidization
velocity types of continuous refined salt fluidized bed drying”,
Current Drying Processes, InTechOpen, pp.85-107, DOI: 10.5772/
intechopen.92077.

[17]J. Baeyens, D. Geldart (1974), “An investigation into slugging
fluidized beds”, Chemical Engineering Science, 29(1), pp.255-265.

[18] P.Q. Phu, B.T. Thanh, L.A. Duc (2022), “ Experimental study
to determine the geometrical parameters of RS sugar cane particles to
apply in designing a pulsed fluidized bed dryer”, Journal of Science
and Technology-University of Da Nang, 20(10.2), pp.44-47 (in
Vietnamese).

[19] P.Q. Phu, B.T. Thanh, L.A. Duc (2023), "Determination of
the basic physical parameters of RS sugar cane particle for application
of pulsed fluidized bed drying calculations", Journal of Science and
Technology-University of Da Nang, 21(7), pp.58-62 (in Vietnamese).

[20] L.H. Long, P.Q. Phu, B.T. Thanh (2020), “Experimental
study on influence determination of temperature region of hot air to
the refined sugar drying on the model of pulsed continuous fluidized
bed dryer”, Journal of Science Education and Technology, 57, pp.100-
108 (in Vietnamese).

2]



