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K¥ thuat sdy tang s6i xung khi dang dugc cac nha khoa hoc trén thé gidi tiép tuc
nghién ctru va phat trién nham khic phuc mot sb ton tai cia may sy tang sbi thong
thuong khi séy cac loai vat li¢u 101, c6 kich thudc da phan tan, co am bé mit cao, d& bi
két khdi va dong banh khi sdy. Siy ting soi xung khi khac v6i sdy ting s6i thong thuong
1a khi say phai cAp dong khi c6 van téc du 16n lam khdi hat gia 16ng nhung bién ddi theo
thoi gian.

Nghién ctru img dung k¥ thuat sy tang soi xung khi dbi voi san pham duong tinh
luyén RS (Refined Standard sugar) duoc thyc hién nham danh gia dugc cac thong sd vé
thiry khi va dong hoc cia qua trinh sdy. Nghién ctru d3 duoc thuc hién bang cic phuong
phap bao gdm: phuong phap chuyén gia, phuong phap ké thira, phuong phap 1y thuyét
va phuong phap thuc nghiém, trong d6 phuong phap nghién ctru 1y thuyét duoc thuc
hién bang m6 phong s6. Nghién ctru da duoc kiém chimg lai thong qua thuc nghiém trén
mo hinh vt 1y. Tir d6, nghién ctru dd x4y dung duoc cac thong sb cong nghé cua qua
trinh sy va x4c dinh duoc ché do siy dudng tinh luyén RS hop 1y.

Thoéng qua nghién ctru thue nghiém, luin an d3 xdy dung duoc bd thong sb hinh
hoc, nhiét vat 1y va thay khi, bao gdm: dudng kinh tuwong duwong, cau tinh, khdi lugng
riéng, khéi lugng thé tich, nhiét dung riéng, hé¢ s6 dan nhiét, 30 4m céan béng, hé sb
khuéch tan am hiéu dung, do rong khdi hat va van tdc soi toi thiéu.

Nghién ciru 1y thuyét da xac dinh dugc mo hinh toan va hé phuong trinh mé ta
qué trinh siy duong tinh luyén RS bang phuong phép tang soi xung khi, tir d6 xac dinh
dugc co ché gia 1ong, truyén nhiét — truyén am, mot s6 thong s thity khi va dong hoc
clia qua trinh sdy. Két qua mo phong s6 di du doan dugc sy bién thién ciia d6 rdng khoi
hat sdy, nhiét do, van tdc va ton that ap sut ctia dong khi nong qua 16p hat say, tir d6
xay dung dugc dudng cong sy 1y thuyét. Dong thoi, cac két qua nghién ctru 1y thuyét
cling 1am co sé dé Iya chon mién nghién ciru thuc nghiém phu hop, gop phan giam thiéu

s6 lwgng thi nghiém lién quan trong nghién ciru thyc nghiém.
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Két qua nghién ctru 1y thuyét cling d3 xac dinh dugc pham vi van tdc trung binh
ctia dong khi cap qua ghi phan phéi khi can 16n hon 0,94 m/s va tan sé xung khi thay
d6i trong pham vi 0,5 — 1,5 Hz. Khi d6, véan toc khi qua bé mat 16p hat siy dat gia tri
trung binh 0,7 m/s, dao dong tir 0,35 m/s dén 1,1 m/s, do rSng cta khoi hat thay doi tir
0,3 dén 0,59 va ton that ap suat cua dong khi néng qua 16p hat bién thién trong khoang
300 — 1100 Pa.

Két qua nghién ciru 1y thuyét vé dong hoc qua trinh sy ciing da thiét 1ap duoc
cac dudng cong sdy ¢ cac nhiét do tac nhan siy khac nhau, dong thoi xac dinh duoc
nhiét do tac nhan phu hop dé sy duong tinh luyén RS bang phuong phap ting sdi xung
khi 14 tir 70 dén 80°C, thoi gian sdy tir 18,7 phut dén 13,8 phut, toc d6 giam am trung
binh trong pham vi tir 0,078 %/phat dén 0,105 %/phit.

Nghién ctru thuc nghiém da xac dinh duoc cac thong sé cong nghé anh huong
dén chat luong san phdm dudng tinh luyén RS va chi phi siy thong qua cac ham muc
tiéu 1a mau sic san pham sdy, tiéu hao dién ning riéng va tiéu hao nhiét ning riéng. Tix
d6 xay dung duogc cac phuong trinh hdi quy trong quan giira ham muc tiéu véi cac thong
sd cong nghé, déng thoi t6i wu hoa dugc cac thong sb cong nghé nay.

Anh huéng cua 03 thong sé cong nghé chinh dén qua trinh sdy da duoc nghién
ctru thong qua phuong phap quy hoach thuc nghiém truc giao cp 2. Két qua di xac dinh
dugc pham vi phu hop cua cac thong sb nhiét do sdy, van tdc tac nhan sdy va tan sb
xung khi 1an lugt 13 65 — 75°C, 1,5 — 2 m/s, 0,5 — 0,75 Hz. Tién hanh tdi vu héa 03 ham
muc tiéu ciing di xac dinh duoc ché do siy tdng sbi xung khi ddi v6i dudng RS tot nhat
0 nhiét do séy 67,1°C, van tdc tac nhan séy 1,73 m/s va tan sb xung khi 0,51 Hz.

Nghién ctru cling da thuc hién kiém chimg va so sanh tiéu hao ning luong gitta
may sdy tang soi xung khi va may sdy ting soi thong thudng trong cung diéu kién vé
nang suat, nhiét do, van toc va cling da doi chiéu véi cac nghién ctru trén thé gidi vé sdy
duong. Két qua cho thay k¥ thuat sdy tang soi xung khi cho phép giam dén 30% tiéu

hao nhiét nang.
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ABSTRACT
Dissertation: Research on the drying technology of RS sugar by pulsed fluidized
bed drying method
PhD student: Phu Pham Quang
Major: Mechanical Engineering
Code: 9.52.01.03

Pulsed fluidized bed (PFB) drying technology is employed to overcome the
fluidizing problem of materials with high surface moisture content, which are prone to
caking when dried in conventional fluidized bed dryers. By supplying a gas flow with a
time-varying velocity into all or part of the drying particle layer, it contributes to saving
energy costs and improving the quality of products.

Research on the application of PFB drying technology for Refined Standard (RS)
sugar was carried out to analyze and evaluate the hydrodynamic behaviors and kinetic
parameters of the drying process by combining theoretical simulation and experimental
verification the drying process on the physical model. From there, the technological
parameters of the drying process were established and a reasonable drying mode of RS
sugar by a PFB dryer was determined.

The thermophysical and hydrodynamic properties of RS refined sugar were
obtained through experiments, including: equivalent diameter, density, bulk density,
sphericity, specific heat, thermal conductivity, equilibrium moisture content, effective
moisture diffusivity, porosity and minimum fluidization velocity.

Theoretical research results have established the model and system of equations
to simulate the RS sugar drying process by the PFB method, thereby determining the
fluidizing and heat - mass transfer regime and hydrodynamic behaviors as well as kinetic
parameters of the drying process. The numerical simulation results have predicted the
variation of the particle porosity, temperature, velocity, and pressure loss through the
bed, thereby building the theoretical drying curve. Simultaneously, the simulation
results are also the basis for selecting the appropriate experimental research domain,
contributing to minimizing the number of related experiments.

The numerical simulation results also determined that the appropriate range for
the average velocity of the inlet gas flow (through the gas distributor) should be greater
than 0.94 m/s and the pulsation frequency should vary from 0.5 Hz to 1.5 Hz is suitable
for RS sugar in PFB dryer. In this range, the particle surface velocity reaches an average



V1
value of 0.7 m/s, ranges from 0.35 m/s to 1.1 m/s, the porosity of the particle bulk varies
in the range of 0.3 — 0.59 and the pressure loss through the bed fluctuates in the range
of 300 — 1100 Pa.

The results of the simulation of the drying kinetics have also established the
theoretical drying curves at different temperatures, and at the same time determined the
suitable temperature for drying RS refined sugar by the PFB method is 70 to 80°C,
drying time ranges from 18.7 minutes to 13.8 minutes, the average drying rate ranges
from 0.078 %/min to 0.105 %/min.

Experimental research has determined the technological parameters affecting the
quality and drying cost through the objective functions of the color of the product, the
specific electricity cost, and the specific heat consumption. From there, the regression
equations were built correlating objective functions with technological parameters,
ultimately optimizing the range of these technological parameters.

The influence of 03 main technological parameters on the drying process had
been studied through the 2" level orthogonal experimental plan. The results had
determined the appropriate range of the parameters of drying temperature, drying agent
velocity, and pulsation frequency as 65 — 75°C, 1.5 — 2 m/s, and 0.5 — 0.75 Hz,
respectively. Optimization of three objective functions determined the optimal PFB
drying conditions for RS sugar, which were drying temperature of 67.1°C, drying agent
velocity of 1.73 m/s, and pulsation frequency of 0.51 Hz.

To verify and compare the energy costs between the PFB dryer and the
conventional fluidized bed dryer, experiments were also carried out under the same
conditions of drying temperature, velocity and compared with studies in the world on
the cost of sugar drying, the cost of fluidized bed dryers. The results show that the PFB
drying technology reduced the specific heat consumption of the drying process by up to
30%.
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GIOI THIEU

1. Pit van dé

Puong tinh luyén RS (Refined Standard sugar) duoc hinh thanh tir qué trinh két
tinh, 46 4m sau cong doan ly tim thudng trong khoang tir 0,5 — 1,5% va phai thyuc hién
sdy ngay néu khong chi sau mot thoi gian ngan ching s& bi két dinh thanh khdi va dong
thanh céc banh duong, dic biét khi co tac dong nhiét thi ching cang dé bi két dinh.

Két dinh va dong banh 13 hién tuong trong d6 céc tinh thé duong giam do am lién
két, dan dén su qué bao hoa & bé mat tinh thé va kéo theo sy két tinh. Tai cac diém tiép
xuc gilta cac tinh thé, sy két tinh bé mit ndy tao ra lién két bic cau giira cac tinh thé.
Khi d6, duong khong con chay tu do va dugc goi 1a “dong banh”.

Cac san phim dudng mia cha yéu cia cac nha may dudng gom dudng thd va
duong tinh luyén, do vi tri dia ly va diéu kién ty nhién tai mdi vung tréng mia khac nhau
nén “chit duong” (CCS) va ham luong cac tap chét phi dudng ciing khac nhau dan dén
cc dic diém hinh hoc va tinh chét nhiét vat ly ctia dudong duogc san xuét tai moi vung
cling khong ddng nhat. Theo tiéu chuan quéc gia TCVN, do am yéu cau caa duong thd
dé bao quan phai khdng Ién hon 0,2% (TCVN 6961 : 2001) va dbi véi duong tinh luyén
khong I6n hon 0,05% (TCVN 6958 : 2001) nén viéc siy duong va nghién ciru cac dac
tinh cua duong dugc san xuit & mdi viing mién ciing can duoc 1am sang to.

Cong viéc say duong tinh luyén sau cong doan ly tim 13 can thiét dé bao quan
duong lau dai va dam bao d6 am duong theo tiéu chuan. May siy thung quay dugc sir
dung rong rii trong k¥ thuat siy dudng nhung tir khi cong nghé ting soi phat trién trong
linh vuc sy thi may sdy tAng soi dan dugc ing dung nhiéu hon.

Dé giai quyét van dé tiéu hao ning lugng trong qua trinh sdy, phuong phap sy
tang soi kiéu xung khi (pulsed fluidized bed) da duoc dé xuat trong thoi gian gan day.
Phuong phap sy tang soi xung khi cho phép giam luu luong tac nhan siy cp vao trong
cing mot nang sut siy so voi sdy tang soi thong thuong. Mot s6 nghién ctiru da cong
bd cho thay két qua kha quan vé mat tiét kiém nang luong cta phuong phap siy nay.
Mit khac, dé xur 1y cho cac truong hop khi sy vat liéu dang tinh thé, gitta cac hat c¢6 xu
huéng dinh, két khéi va dong banh thi kiéu say ting soi xung khi s& dé dang tach lién
két giita cac hat bang cach thay ddi trang thai cAp khi dot ngot. Nho tac dong bang dong
tac nhan khi nén va dap co hoc giira vat lidu sy va ghi phan phdi tic nhan siy duoc
giam thiéu nén cac hat vat lidu it bi bao mon cac canh, it bi v& hat ddn dén ty 1¢ thu hoi

san pham va chét lugng siy s& tot hon.
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Céc nghién ctru vé sy ting soi xung khi trén thé gidi cling con ton tai nhiéu van
dé chua dugc giai quyét dic biét trong qua trinh sdy dudng RS bao gdom dic tinh thuy
khi va dong hoc, qua trinh truyén nhiét — truyén 4m va van dé tiét kiém nang luong.

Nhu vay, viéc nghién ctru k¥ thuat duong tinh luyén RS bang phuong phap ting
s6i xung khi 13 can thiét nham giai quyét bai toan sdy thuc tién dé dap tng muc tiéu
nang cao chét lugng san pham va tiét kiém ning luong trong bdi canh hoi nhap toan cau.

Muc dich chinh cta luan an 13 nghién ciru co ché gia 1ong, truyén nhiét — truyén
am khi sy duong tinh luyén RS bang k§ thuat mo phong sd, tir d6 xay dung dugc ché
d6 sdy va toi vu hoa dugc cac thong sd cong nghé chinh anh hudng dén qua trinh siy.
2. Muc tiéu nghién ciru

e Xac dinh dugc mo hinh toan va hé phuong trinh mé ta qué trinh say duong tinh
luyén RS bang phuong phép tang sbi xung khi.

e Xac dinh duoc cac yéu td cong nghé anh huong dén chat luong san pham sy,
tiéu hao ning lugng nhiét, nang luong dién trong qua trinh say duong tinh luyén

RS bang phuong phap tang sdi xung khi.

e Xay dung dugc ché do sdy duong tinh luyén RS hop ly nham giam chi phi cua
qua trinh sy, nang cao chat lugng san pham sy.
e Xac dinh duoc cac gia tri vé tiét kiém ning luong trong qué trinh sdy duong tinh
luyén RS bang phwong phap tang sdi xung khi.
3. Pham vi va doi twong nghién ctru
a. Pham vi nghién cuu

Nghién ctu ly thuyét va thuc nghiém qua trinh say duong tinh luyén RS trén mo
hinh sy tang s6i xung khi dang mé, ning suat 5 kg/mé.
b. Poi twong nghién citu

DPuong tinh luyén RS (Refined Standard) sau cong doan ly tdm, dugc san xuét tai
cong ty mia duong Can Tho (CASUCO), phan bé kich thuéc hat trong khoang 400 —
1200 um, d6 am ban dau dat 1,5% =+ 0,05.

D6 am va mau sic san pham sau khi sy 13 cac ham muc tiéu khi ddnh gia chét
luong san pham séy, tiéu hao dién ning riéng va nhiét nang riéng 1a cac yéu t danh gia
chi phi nang luong cua qua trinh siy.

4. Phwong phap nghién ctru

Pé dat dugc cac muc tiéu dé ra trong nghién cau, luan an da st dung cac phuong

phap nghién ctru nhu sau:
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—  Phuong phép chuyén gia: sir dung Kién thuc thyc té cling nhu 1y thuyét cua cac
chuyén gia trong linh vuc sdy va bao quan; cac tac gia di co cac cong trinh cong
b vé ky thuat va thiét bi say tang soi, dac biét la siy tang sdi xung khi.

—  Phuong phép ké thira: ké thira kién thic ly thuyét va cac cong trinh da cong bd

trong cac tai liéu ky thuat, sach, tap chi chuyén nganh trén thé gisi va trong nuéc.

—  Phuong phap giai tich toan hoc: st dung dé giai quyét cac bai toan trao doi nhiét—

am, cac thong sé nhiét vat ly, van toc s6i tdi thiéu, ton that ap suat.

—  Phuong phap mé phong s6: xac dinh cac thong sé thity khi va dong hoc cua qua

trinh say tang s6i xung khi.

—  Phuong phap thuc nghiém: thiét ké, ché tao mé hinh vat ly sdy ting sbi xung khi

dé thue nghiém xac dinh cac yéu té anh hudng dén qua trinh sy duong tinh luyén
RS, tir d6 xay dung duoc ché do sdy hop ly.

. N¢i dung nghién ciru
Dé dat dugc muc tiéu dé ra, luan an phai thuc hién cac noi dung chinh nhu sau:

— Tim hiéu vé duong tinh luyén RS, cdng nghé siy duong trong nudc va trén thé
gidi, phan tich cac cong trinh nghién ciru da dugc cong bd, tir d6 danh gia va dé
xuit phuong phap say pht hop véi duong tinh luyén RS trong diéu kién san xuat
tai Viét Nam.

— Nghién ciru thuc nghiém xac dinh céc théng sé hinh hoc va nhiét vat Iy cia duong
tinh luyén RS.

— Nghién cau thyc nghiém xac dinh mot sé théng sb thuy khi trong sdy tang soi
xung khi.

—  Xac dinh md hinh toan va hé phuong trinh mé ta qué trinh gia léng, truyén nhiét
va truyén 4m trong qué trinh sdy duong tinh luyén RS bang phuong phap siy
tang soi xung khi dang mé.

— Giai hé phuong trinh bang phuong phéap s6 dé xac dinh cac théng so thay khi,
dong hoc cua qua trinh say tang sbi xung khi.

— Thiét ké, ché tao md hinh vat ly sdy duong tang soi xung khi, nang suat 5 kg/me.

— Nghién cau thuc nghiém say duong tinh luyén RS trén mo hinh dé kiém ching
két qua nghién ciu ly thuyét da thyc hién.

— Nghién cau thyc nghiém xay dung ché do siy dudong RS theo hudng dam bao
chat lugng san pham theo tiéu chuan va tiét kiém nang lugng.

— Panh gia kha nang tiét Kiém nang lugng ciia phuong phap say tang soi xung khi
s0 Voi phuong phép sdy tang soi thong thudng.



6. Pong gép méi cia ludn an
Luan an “Nghién ctu k¥ thuat sdy duong tinh luyén RS bang phuong phép tang
s0i xung khi” bao gém cac dong gop méi sau day:

1. Xay dung duoc bo thong s6 hinh hoc va nhiét vat Iy ciia duong tinh luyén RS bao
goém: duong kinh twong dwong, cau tinh, khdi luong riéng, khdi luong thé tich,
nhiét dung riéng, hé s6 dan nhiét, dd 4m can béng va hé sb khuéch tan 4m hiéu
dung.

2. Xac dinh duoc mot sé thong sb thuy khi cta qua trinh sdy tang so6i xung khi ddi
v6i dudng tinh luyén RS bao gdm: d6 rdng cua 16p hat tinh va 16p hat soi tdi
thiéu, van tdc sbi tbi thiéu, ton that 4p suat qua 16p hat tinh va 16p hat séi ti thiéu.

3. Xac dinh va giai dugc mo hinh toan hoc mé ta qua trinh gia 16ng khéi hat khi sy
dudng tinh luyén RS bang phuong phép cap khi kiéu xung.

4. Xac dinh duoc co ché gia 1ong, truyén nhiét — truyén am, cac thong s thuy khi
va dong hoc cua qua trinh sdy.

5. Xac dinh dugc cac thong sé cong nghé chinh va thiét 1ap duoc mbi quan hé twong
quan vé sy anh huéng cua cac thong sd cong nghé dén chat luong san pham siy
va tiéu hao ning luong trong qua trinh sy duong tinh luyén RS bing phuong
phap tang s6i xung khi.

6. Xay dung duoc 3 phuong trinh toan hdi quy dé xac dinh duoc tong chénh 1éch
mau san phdm dudng khi sdy, tiéu hao dién ning riéng va tiéu hao nhiét ning
riéng ctia qua trinh sdy dudng RS bang phuong phap sy tang sbi xung khi:
Ham téng chénh lIéch do mau:

Y, =87,73-2,77Z,+27,72Z,-15,21Z,

1)
~0,172,7,+0,14Z,7,+0,02Z% — 4,437 + 2,597
Ham tiéu hao di¢n nang riéng:
Y, =-1610,4—48,79Z, —134,27Z, + 35,257, —4,45Z,Z, — 0, 2487 ()

Ham ti€u hao nhiét nang riéng:
Y, =-929,5+41,06Z, —414,127,+1065,7Z,+11,43Z2,Z, —140,09Z +132,5Z? 3
7. Xay dung duoc ché do sdy duong tinh luyén RS hop 1y bang phuong phép ting
s01 xung khi bao gém nhiét do séy 67,1°C, van toc tac nhan séy 1,73 m/s, tan s6
xung khi 0,51 Hz.
8. Panh gia dugc tidu hao nhiét ning riéng cta qua trinh siy duong tinh luyén RS
bang phuong phap tang sdi xung khi thap hon 30% so véi phuong phap siy tang

s01 thong thuong.
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Chuong 1 TONG QUAN

Trong chuong ndy, luan an tap trung trinh bay vé dbi tugng nghién ctru bao gdbm cong
nghé san xuét, cac dic tinh Iy hoa, cac loai may say hién dang sir dung siy dudng tinh
luyén RS. Pic biét, trong chuong trinh bay vé nguyén Iy va cac tinh chat thuy dong hoc
clia qua trinh sy tang sbi, cac ton tai cua sdy tang soi thong thuong tir d6 dan dén can
phai ting cuong su gia 1ong khéi hat trong ki thuat sdy ting soi thong qua giai phap say
tang s6i xung khi. Ngoai ra, cac dang may siy ting soi xung khi, nhitng nghién ctru vé

phuong phap say tang soi xung khi trong nudc va trén thé gisi ciing dugce dé cép.

1.1. Tong quan vé dwong

Puong 13 mot trong nhing loai gia vi phd bién trong bira an hang ngay va 1a
nguyén liéu quan trong trong linh vuc banh keo. Thong thuong, dudong 1a tén goi chung
clia sucrose, chit 1am ngot két tinh ran cho thuc phém va dd uéng. Sucrose duoc tim
théy trong hau hét cac loai thuc vat, nhung & nff)ng do du dé thu hoi thuong mai chi ¢
ciy mia va ct cai dudng [1]. Loai dudng dang duogc st dung da s trong cude séng hing

ngay hién nay la dudng tinh luyén.

Trigu tin San lugng duong san xuit thé gioi
200 -
76.5
0 733 .1 726 740
716
10.3
100 1 147 08 10.6 - .
14.6 10.4 -
8.3
50 -
0 .

17/18 18/19 19/20 20/21 21/22 22/23F

EBrazii WAnPy MEU ©Thdi ®Trung Quéc = Khic
Hinh 1.1 San luong dudng san xuat trén thé gioi tir 2017-2023 [2]

Theo t6 chitc Pudng Qudc té (ISO) [2], san luong dudng san xuét trén thé gisi
trong nam 2022-2023 udc dat 183 tri¢u tan, v&i cac nude co san lugng san xudt cao nhat
1a Brazil, An Do, Trung Québc va Thai Lan (Hinh 1.1). Tai Viét Nam, theo bao céo cua

hiép hoi mia duong Viét Nam (VSSA) [3], dién tich trong mia trong nudc giam mot
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ntra, san lugng duong san xuat thip nhat trong 20 nam va ké tir nam 2020 lugng dudng
san xuat chi dap tmg khoang hon 1/3 nhu ciu trong nudc tir 2019 dén nay, phan con lai
phai nhap khau (Bang 1.1).

Bang 1.1 Tinh hinh tréng mia va san xuat duong trong nude tir 2016-2022 [3]
Nién do 2016/17 2017/18 2018/19 2019/20 2020/21 2021/22

Dién tich mia

. 274,3 269,1 192,4 157,8 152,9 148,2
(ngan ha)

% so cung ki -7,9%  -285%  -18,0%  -3,1% -3,1%

San lugng san

. 1,24 1,48 1,17 0,80 0,69 0,87
xuat (tri€u tan)

% so cung ki 19,0%  -20,4% -31,7% -14,0%  26,6%
S6 luong nha

41 37 36 29 29 24

may duong

Ciing theo bio cao nay, san luong dudng san xuit khong du dap Gmg nhu cau
cling nhu dudng san xuit trong nude khong canh tranh dugce voi cac nudc khac 1a
nguyén nhin din dén tinh trang nhép siéu duong (Hinh 1.2). Do d6, ting san lugng san
xut, nang cao chét luong, gian chi phi san xuat dudng trong nudc 13 cac bién phap cip

bach dé nang cao kha ning canh tranh cua duong Viét Nam so véi thé giéi.

2,500,000 Puwong Viét Nam

2,000,000

1,500,000

p—
= = |

1,000,000

500,000 l .

thn 2017 2018 2019 2020 2021
®Puimg VN sin xudt Nhip khéu tir Thai Lan B Nhip khéu tir 5 nude Asean*

Hinh 1.2 Tinh hinh san xuat va nhap khau duong trong nudc tir 2017-2021 [3]

(a) Phan loai duong
— Theo chirc nang: dudng thong thuong, duong an kiéng
— Theo hinh dang — mau sdc: dudng khdi, duong trang, dudng vang, dudng nau
— Theo ung dung cu thé: san xuét nudc giai khat, stra va cac ché phém tur stra, ca
phé hoa tan, banh keo, thirc an cong nghiép, ...

— Theo nguyén liéu san xudt: dudng mia, dudng cu cai, dudng thot ndt



(b) Cac may say duong [4]
— May sdy thing quay (Rotary drum dryer)
— May sdy sang rung (Vibrating fluidized bed dryer)
— May sdy tang séi (Fluidized bed dryer)
(¢) Quy trinh san xuét duong tir mia
Mia tir cac rudng mia duoc van chuyén bang ghe dua vé nha may duong. Sau khi
can xac dinh trong lugng, mia dugc dua qua hé théng dao chét hoac bua dap nham cét
hodc danh toi mia ra va tiép tuc di vao may ép dé trich nudc mia, tir d6 dwra vao san xuét
dudng tho theo quy trinh & Hinh 1.3a va tir duong tho thong qua quy trinh khac dé san
xuét thanh dudng tinh luyén (Hinh 1.3b). Phin bi mia s& duoc dwa sang phan xudng 10
hoi dé dung 1am nguyén liéu d6t 16 cung cip hoi cho turbine phat dién va phuc vu cong

nghé. Quy trinh co ban nhat dé san xuat duong thd va duong tinh luyén duoc trinh bay

trén Hinh 1.3.

:

Ri mat quay vé quéa
trinh san xuéat
dudng tho
S5

ay
Pudng tinh
luyén

a) Buong tho b) Buong tinh luyén

Voi

Can

Hinh 1.3 Quy trinh san xuit dudng thd va duong tinh luyén [5]



(d) Chat luong duong san xuat tir mia

“Chir dudng” (Commercial Cane Sugar — viét tit 1a CCS) 1a s6 don vi khdi luong
duong sucrose theo 1y thuyét c6 thé san xuat tir 100 don vi khdi lugng mia. Do diéu kién
khi hau c6 anh huéng 16n dén do chin va su tich tu dudng trong cdy mia nén qué trinh
san xuat, thu hoi dudng va chét luong duong & cic ving trén thé gidi cling khac nhau
[61, [7].

Tai Viét Nam, mac du ndng sudt mia & khu vuc mién Nam cao hon nhiéu & mién
Bic va mién Trung (82 tin/ha so v&i 58—60 tan/ha). Tuy nhién, xét vé chat lugng, chir
duong & mién Béc (CCS = 10,3%) lai cao hon so v6i mién Nam va mién Trung (CCS =
9,2 — 9,3%) [8]. Vi chir duong lién quan dén qua trinh san xuat duong thanh phim nén
cac dic diém cua dudng & cac ving trong nude cling khac nhau.
1.2. Tinh chit Iy héa ciia dwong

Puong, hay thudng goi 1a duong an, c6 thanh phan chu yéu 1a Sucrose (glucose
+ fructose) co6 cong thic phan tir Ci2H22011, tén goi hoa hoc khac 1a o-D-
glucopyranozyl-(1—2)-B-D-fructofuranoside (dé phan biét véi dudng khir), véi cac
thong sb 1y hoa co ban nhu trinh bay trén Bang 1.2.

Bang 1.2 Thong sb vat 1y cua sucrose [1]

Phan tir lugng 342,296 g/mol
Khéi luong riéng 1,55 glem?3

Nhi¢t d0 nong chay 186 — 188°C

Nhiét dung riéng (¢ 35°C) | 1,39 kJ/kg.K

Do hoa tan (6 20°C) 211,5 g/100ml H20

1.3. Pic diém cia dwong tinh luyén RS

Duong tinh luyén RS (Refined standard) 1a cac vat li¢u dugc hinh thanh tr qua
trinh két tinh, 46 am sau cong doan sau ly tAm thuong khoang tir 0,5 — 1,5% [4], [5], [9]
va phai dugc sdy ngay, néu khong chi sau mot thoi gian ngan chiing ciing bi két dinh va
dong banh, dic biét khi c6 tac dong nhiét thi chiing cang dé bi két dinh. Thuyc té dic tinh
két dinh sé& gay kho khan trong viéc say kho trong tang soi, trong khi yéu cau chét lugng
san pham sdy phai cao [10], [11].

Po am duong tinh luyén: Rodgers va Lewis [12] da phan loai am trong dudng
tinh luyén gém 03 dang:

— Am bé mit (Free Moisture): mang nudc mong trén bé mit tinh thé dudng sau khi

ra khoi may ly tim. Do 4m nay tuong ddi dé dang tach ra trong qua trinh say.
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— Am lién két (Bound Moisture): con duoc goi 1a d6 am c6 thé dich chuyén, mot
luong nudc trén bé mit cia cac tinh thé dugc lién két va giit lai boi dudng vo
dinh hinh (amorphous). Lp vo vo dinh hinh c¢6 d6 thAm thap nay duoc hinh thanh
trong qua trinh lam kho duong ban dau, khi 1am cho am thoat ra nhanh cho phép
sucrose két tinh trén bé mit tinh thé. D6 am nay 1a nguyén nhan 16n nhat gay ra
hién twrong dong banh va phai dugc loai bo bang cach sdy.

— Am bén trong (Inherent Moisture): am bi giir lai trong cac tinh thé va chi duoc
giai phong bang cach hoa tan hodc nghién. Khong c6 bang chimg vé su di chuyén
ctia d6 am nay va n6 duoc cho 1a khong dong vai tro gi trong qué trinh dong banh.
Trong thyc té, hién twong dong banh thudng xay ra do sy thay d6i d6 4m tuong

dbi cua khong khi tiép xtc véi duong, thudng 1a do chénh 1éch nhiét d6. Khi dudng tiép
xuc véi khong khi co d6 4m twong ddi 16n hon d6 4m can bang cua duong thi dudng s&
hap thu 4m tir khong khi. Sy hap thu nay 1am giam ap suét riéng phan cua nudc tai bé
mat va hoi 4m di chuyén vao bén trong tinh thé. Trong qué trinh nay, duong & bé mat bi
hoa tan mot phan khi né tiép tuc hap thu 4m tir khong khi. Do d6, dudng dan tré nén 4m
hon nén khi diéu kién méi truong xung quanh thay ddi, 4m bé mat bi bay hoi, duong bi
két tinh lai va do d6 dong banh [11].

Céc san pham duong mia cia yéu & nude ta 1a duong thd (dudng vang) va dudng
tinh luyén, phu thudc vao thanh phan dudng sucrose c6 trong dung dich tinh theo phan
tram khdi luong dung dich duong (46 Pol). Theo tiéu chudn Viét Nam, do Pol cua dudng
thd > 98,5%, dudng tinh luyén > 99,8%. Do nhu cau tiéu thu dudng thd thap nén cac
nha may mia dudng thudng str dung duong tho dé san xuat duong tinh luyén.

Bang 1.3 Cac chi tiéu cam quan cta duong tinh luyén RS [13]

Chi tiéu Yéu ciu

. Tinh thé mau trang, kich thudc tuong dbi dong déu, toi kho khong von
Ngoai hinh
cuc

MU vi Tinh thé duong hoic dung dich dudng trong nudc ¢6 vi ngot, khdng cé
ur, vi N
mui vi la.

Mau sic | Tinh thé trang 6ng anh. Khi pha vao nudc cat cho dung dich trong sudt.

Thong thuong, d6 am cia duong yéu cau dé bao quan phai khdng 16n hon 0,2%
[14] d6i vai duong thd va khong I6n hon 0,05% [13] ddi véi duong tinh luyén nén can
thiét phai sdy dudng trude khi bao quan. Ngoai ra, cac chi tiéu cam quan (Bang 1.3) va
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cac chi tiéu ly — hoa ciua duong tinh luyén (Bang 1.4), phai phu hop véi TCVN 6958:
2001 va TCVN 6961: 2001.

Trong qua trinh san xuat duong, ham luong tap chat phi duong caa mia & cac
vung mia ciing khac nhau. Céc tap chat phi dudng ndy bao gdm: chat keo, SiO2, P20s,
Ca0, CaO+MgO, mudi gbc SO42* va tro. Ham luong céc tap chat phi dudng s& anh
hudng dén d6 dan dién cua dudng cho di phan tram khéi lwong tro dan dién yéu cau doi
véi duong tinh luyén theo TCVN 6961: 2001 (Bang 1.4) la khéng 1én hon 0,03% [4].

Bang 1.4 Cac chi tiéu Iy — hoa cua duong tinh luyén RS [13]

STT Tén chi tiéu Miic
1 | Do Pol, (°Z), khong nhoé hon 99,80
, Ham luong duong khir, % khéi lugng (m/m), khdng 16n 0.03

hon
3 | Tro dan dién, % khdi lugng (m/m), khdng 16n hon 0,03
. Sy giam khéi lwong khi say & 105°C trong 3 gioy, % khi 0,05
lugng (m/m), khong I6n hon
5 | B9 mau, don vi ICUMSA, khéng Ién hon 30

Do yéu ciu cua cac nganh san xuét khac nhau, yéu cau st dung dudng thanh
pham c¢6 d6 4am nho (0,05 — 0,2%) nén can thiét phai say [11], [10], [11], [15], [16]. Viéc
sdy duong sau khi ly tdm 14 can thiét dé bao quan 1au dai va dam bao do 4m theo tiéu
chuén. Dé dam bao viéc xuat khau dudng ra cac nude trén thé gidi, tiéu chuan vé duong
tinh luyén cua Viét Nam ciing pht hop véi tiéu chudn cua t6 chitc Puong Quéc té (ISO)
vé cac chi tiéu cam quan va Iy — hoa [17]. Tuy nhién, do sy khac nhau vé vi tri dia Iy va
diéu kién khi hau nhu da phan tich & muc 1.1 nén cac thong s6 vé hinh hoc, thuy khi
cling nhu tinh chat nhiét vat 1y ctia dudng tinh luyén RS ciing khac nhau. Bé dam bao
mo hinh mé phong qua trinh sy duong tinh luyén RS dugc chinh xac thi cac thong sb
nay can dugc phan tich va xac dinh.

C6 3 dang may sdy duong thuong duoc sit dung 1a may say thing quay, may siy
sang rung va may sdy tang soi [4], [18]. K¥ thuat sdy va may sdy duong trén thé gidi
cho ra doi nhiéu mau may, tuy theo trinh d§ va kha nang dau tu ma lua chon loai may
sdy phu hop.

Dbi v4i viée siy cac hat co kich thudce trong pham vi tir 50 — 2000 pm, méy siy
tang sdi c6 nhiéu wu diém hon cac méy say truyén thong khac (may sy thung quay, may

sdy bang tai, may say khay lién tuc), cu thé 1a [19]:
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— Tbéc dd séy cao do su tuong tac tdt gifra khi va hat dan dén hé sb truyén nhiét va
truyén khéi rat cao.
— Hiéu suét nhiét cao hon, dic biét néu su dung cac bg trao ddi nhiét bén trong
budng sdy dé cung cip nhiét cho qua trinh siy.
— Vén dau tu va chi phi bao dudng thip hon so voi may sdy thung quay.
— D@ dang véan hanh va diéu khién tu dong.
Tuy nhién, ching ciing c6 mot sé han ché nhu sau [19]:
— Tiéu thy dién nang cao do hoat dong & ché dd so6i din dén ton that ap suat tac
nhan sy 16n.
— Quat cdp tac nhan sdy yéu cdu c6 cdt 4p cao hon.
— Tinh co dong thip va kho gia 1ong ddi v6i vat lidu qué uét.
1.4. C4c tinh chét thiy ddng hoc ciia qua trinh siy ting sdi
a. Cau tinh
Xét mot khdi hat roi & trang thai tinh (trang thai tu nhién) cac hat chiu lyc dinh
1an nhau va trong luc cua hat. Dé khdi hat co thé gian ra va chuyén qua trang thai linh
dong can phai tic dong vao khdi hat mot dong khi co gia tri 1én hon vén tdc can bang.
Véi 16p hat s6i 6n dinh, van téc dong khi qua 16p hat Ug (m/s) duoc xac dinh qua tiéu
chuén Reynolds:
_ Re.x,
Py,

U

9

(1.1)

Nhu vdy néu hat c6 dang tron hay hinh cau thi kich thuéc cua hat rat dé dang xac
dinh va duoc mé ta bang dudng kinh cua né. Tuy nhién trong ty nhién ciing nhu trong
thuc té san xuét, quy trinh cong nghé lai khong thé tao ra dugc hodc hiém khi gap hat
cau, hau hét cac hat déu c6 hinh dang bat ky. Do vay, khi tinh todn bit budc kich thudce
cac hat phai dugc quy vé kich thude trung binh, va tinh toan gi tri kich thudc hat dua
trén khai niém hé sd cau tinh ¢. Mot hat khong c6 dang hinh cau dugc xac dinh bﬁng

dinh nghia “cau tinh”, ¢ 1a dai lugng khong thir nguyén.
¢ =
Theo Nguyén Vian Lua [20], hé s6 hinh dang ciia hat 13 y va nghich dao cua hé

Dién tich kh&i cau c6 cung thé tich vi hat

(1.2)

Dién tich bé mat cua hat

s6 hinh dang dugc goi la cau tinh cua hat: ¢ =1/ y. H¢ s6 hinh dang cua céc hat bat ky
dugc mo ta khai quat theo Bang 1.5.
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Bang 1.5 Hé s6 hinh dang hinh hoc mét s6 loai hat bét ky

Hinh dang hat | tron | goc canh | dai kim | ban mong
Hé sb v 1,3 1,52 1,72 2,33

Tiéu chuan Anh BS 4359 [21] cung cép céc gia tri do ludng vé ciu tinh ctia mot sd
loai hat thong dung va c6 gia tri ndm trong khoang tir 0,28 — 0,95 (Bang 1.6). Viéc do dién
tich bé mit hat yéu cau phai c6 thiét bi va thyuc hién trong phong thi nghiém.

Bang 1.6 Cau tinh mot s6 hat thong dung [21]

Vit lidu Cautinh | Vat liéu Cau tinh
Hat cat (tron) 0,92 Hat nhom oxyt | 0,3-0,8
Hat cat co6 canh 0,66 Hat da voi 0,5-0,9
Hat than d4 (nghién) | 0,6 —0,75 | Hat muditinh | 0,84
Hat mica 0,28 Bot nghién 0,89

b. Vai tro cia vin toc séi toi thiéu

Céc giai doan cua tang sbi phan 16n dua vao van tde khi thdi xuyén qua 16p hat.
Theo [22] cac giai doan gia 10ng 16p hat c6 thé tom tit lai nhu sau: a) Lop hat & trang
thai tinh; b) Lop hat bit ddu gidn nd; ¢) Lop hat s6i; d) Hinh thanh bot trong 16p; €) Lép
hat bj 16i cuén theo dong khi.

Mot luong vat li€u ran min duoc bién ddi thanh 16p hat s61 nho tdc dong nang
ctia dong khi di xuyén qua 1ép vat lidu d6. Do d6, ba giai doan c6 thé xac dinh duoc
trong tang soi 1a dwa vao van tdc khi thoi xuyén qua, bao gom: (1) L6p hat tinh (U <
Um), (2) L6p hat gian né hay tang s6i (Ums < U < Ug), (3) Lop hat bi 16i cudn theo dong
khi hay van chuyén khi dong (U > Uy).

Khi dong khi duogc thoi 16n trén v6i van tde rat thip thi nd s& thim thau qua cac
16 trong ma khong 1am x4o tron 16p vat liéu. D6 1a giai doan 16p hat & trang thai tinh
(tang tinh). Néu van toc dong khi du 16n thi n6 s& day 16p hat chuyén dong chuyén dong
x40 tron nhu hién tuong séi cua chat long. Giai doan d6 duogc goi 1a tang sdi. Sau giai
doan gia long néu van toc khi ting thém nita thi 16p hat bi gidn no dang ké ciing véi viéc
gia tang 16 trong va giai doan hinh thanh bot xuat hién. Néu van tdc khi ting thém nita
thi luyc nang cua khi sé théi vat liéu ra khoi buéng chtra, goi la giai doan van chuyén
bang khi dong.

Trong 16p hat tinh thi cac hat vat liéu tiép xuc truc tiép v6i nhau nang d& 1an
nhau. Trong 16p hat gian no thi cac hat c6 mot khoang cach tuy do trung binh véi nhau
va dugc nang béi luc nang ciia khi. Giai doan gidn nd c6 tinh chat ciia chat luu nén ciing

duoc goi la tﬁng s01 hay 16p hat s6i. Lép hat tinh dat dugc khi van tbc bé mat qua lép
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hat nho hon nhiéu so véi van tde soi tdi thiéu. Téng s6i dat duoc khi van tdc téi ndm
giita (trung gian) gitra van toc soi toi thiéu va vén tdc téi han. Lp hat bi 16i cudn theo
dong khi khi van téc bé mat 16n hon rat nhiéu so véi van tdc toi han cia hat (U).

Van d¢ dat ra 1a xac dinh duoc gia tri van toc s6i t6i thiéu (Umf) ma tai d6 tang
s0i bat dau hinh thanh. Vi vdy, van dé chinh yéu 13 1am sao t6i wu duoc gia trj Uns dé
tang hiéu sut ting soi.

c. Vai tro ciia ton that dp sudt qua 16p hat (36 sut dp)

Khi chét khi thoi xuyén qua 16p vt liéu, né s& tac dung luc nang 1én cac hat va
két qua 13 gay ra ton that 4p suat ngang qua 16p (Hinh 1.4). Vén tdc cta luu chit ting,
thi ton that ap suit ciing ting. Khi vuot qua trang thai soi téi thiéu, ton that 4p suit ngang
qua 16p van khong d6i (thdm chi ngay khi van tdc cta luu chat ting thém nita) va bang

véi trong lyc thuc té ca 16p hat trén don vi dién tich.

L&p hat soi co bot

" - khi phan lop ngang .

Lop hat chdm sdi ———— _Lop.hat sbi bi cudn
124+ fheo dong khi

Lop hat soi bot khi

Lop hat tinh
Ap(mm H0) :
A (223 el :
X N B \ /%l/t \
- s
(2] Y
o ki Ap suét thay déi
@
= :
"S 5 A o
a op hat tinh ?he 50 50 > Van toc khi bé
' A B c| matiop hat
i > (mis
0 U Ubr U ( )

Hinh 1.4 Tén that &p suat qua I6p hat va cac ché d6 sbi caa hat theo van téc [23]

Khi van tdc khi ting qua mirc can thiét dé gia 16ng 16p hat, nghia 1a ting qua van
tdc khi qua 16p hat so6i tdi thiéu, thi 16p hat bat dau hinh thanh bot khi. Truong hop nay
goi 12 ting s6i bot. Néu van tdc khi tang qua mirc (thira) thi bot khi s& phat trién 16n dén
ndi cac bot ndy gan nhu hay hoan toan lap ddy mit cat ngang cua 6ng thuc day hinh
thanh céac hat nat kin tao nén tang nut kin (Hinh 1.5).

Véi cac loai bot (vat liéu) min hon, nhe hon va dinh két thi rat kho gia long toan
b6 vat liéu bai vi luc lién két noi phan tir ciia vat li€u thi 16n hon trong luc. Vat li¢u co

xu hudng dinh vao nhau va khi di xuyén qua 16p thong qua cac kénh.
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(a)Léptinh  (b)Lopsodi  (c)Lopsdibot (d)Lopsoi  (e) Lop soirdi () Van chuyén
t6i thieu nat kin khi déng

Téac nhan say
Hinh 1.5 Céac ché d6 cua 16p hat sdi [22]

1.5. Ting cwong 1am gia 16ng khoi hat trong k¥ thuit ting sdi

K§ thuat ting s6i 1a mot trong nhitg phuong phap ting cudng su tiép xtc giira
tac nhan va khéi hat vat liéu sdy tir d6 ting cuong su trao d6i nhiét va trao ddi chat. Tuy
nhién, k¥ thuat ndy van ton tai nhitng han ché nhat dinh, ching han hau hét cac vat liéu
sdy déu co kich thudc da phan tan nén su gia long trong dong khi xay ra khong dong
déu, céac hat c6 kich thudce 16n nhan it nang luong hon. Céc hat kich thudc nho thi lai dé

két dinh, tao nén hién tugng dong cuc trong 16p hat, gay can tro su gia 1ong khéi hat.

(a) Tang cuong sy tiép xuc gida hat véi luu chat
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L Sang rung On dinh luu luong Hé tro tUr truong Ho tro dién truong Ding canh khudy
|
(b) Tang cuong su tiép xic gida cac hat véi nhau (c) Tang cuong su tuong tac trong toan b khdi hat

Hinh 1.6 M0 ta cac phuong phap tai cau trlic tang soi [24]

K§ thuat ting soi hién dai dang dugc nghién ctru khic phuc nhitng nhuoc diém
cta tang soi truyén thong bang cach thay doi mot sb thiét ké co ban. Chang han, triét
tiéu sy hdn loan vé mat thily dong thay vi dé chiing trd thanh hdn loan khong kiém soat
duoc. O day, phuong phap dit ra 1a tim cach diéu chinh cac diém chinh cua thiét ké, sir
dung cac thiét bi bo sung dé tao ra mot "téng $0i ¢6 cau trac moi" trong d6 dong chuyén
dong cua hat dong nhat hon (Hinh 1.6) [24].
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Nhu vay, xét vé cac phuong phap dong hoc, phuwong phap tang soi xung khi co
thé duoc thyc hién dé dang nho diéu khién dong khi cap vao dudi dang xung (cap khong
lién tuc) ma khong tac dong hodc bd tri thém cic co cdu phan phdi khi bén trong 16p
hat. Trong khi d6, phuong phép sang rung hay canh khudy trong budng sy ciing da
dugc tmg dung trong thuc té nhung chi phi bao dudng cao, hiéu qua thap ddi véi cac
loai hat nhu duong mia [18]. Cac phuong phap hién dai khac nhu hd tro tir trudng, dién
truong, si€u am chi phu hop vd1 mot s6 loai vat liéu chuyén biét nén chua dugc nghién
clru rong rai.

1.6. Gi6i thiéu vé ting sbi xung khi va trng dung trong siy hat

1.6.1. Nguyén ly hoat dong

Diém khac biét v& mit nguyén 1y cua sdy ting soi xung khi 1a thay cho viéc cip
khi néng lién tuc vao khdi hat siy déi v6i may siy tang soi thong thuong thi ddi véi sdy
tang soi xung khi lai cAp khi néng vao budng sdy dudi hinh thirc gian doan theo thoi
gian théng qua cu trac dic biét va hoat dong ctia mot dia phan phdi khi. Kudra va cong
su [25] d3 cong bd sang ché dia cap khi vao budng siy duéi hinh thire gian doan duogc

biéu dién trén Hinh 1.7 va dd thi mo ta qua trinh cdp khi gian doan tai Hinh 1.8.

Hinh 1.7 Nguyén Iy sdy cap xung khi dang mé [26]

1- Budng siy; 2- 16p hat s6i; 3- ghi d& hat; 4- dia phan phdi khi quay;
5- cira cap khi; 6- budng chita tac nhan siy
Bo phan phdi khi cho budng say tang soi xung khi dang mé 13 mot dia kim loai
(4) duoc lap ngay phia duéi ghi phan phdi khi (3). Pia kim loai dugc khoét mot khoang
trbng dang hinh quat c6 goc mé 60° (vi tri s6 5, Hinh 1.7) cho phép dong khi nong di
xuyén qua dia quay qua ghi phan phdi khi (3) va dinh hudng dong khi di vao khéi hat
trong qua trinh sdy. Khi dia (4) quay, khi nong s& dugc phan phdi lan luot giita cic phan
ctia budng siy, gdy nén hiéu tng xung dong. Ghi phan phdi khi (3) dugc bd tri phia trén
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dia quay, c6 két ciu dang phang vira c¢6 chirc ning d& hat, vira c6 chirc ning phan phdi
khi nong 1én khéi hat sdy khi c6 dong khi nong cap dén. Dia phan phdi khi quay nho
duge ndi véi truc ciia mot dong co. Pia ndy quay cho phép phan phéi khi néng dinh ki
1én timg phan cta dién tich ghi d& hat sy thong qua khoang trong hinh quat dugc khoét
trén dia. Khi dia quay s& dinh vi va hinh thanh mot hodc nhiéu dau phun khi vao khoi
hat sdy (s6 dau phun khi néng 1én khéi hat siy phu thudc vao sb lugng phan khoét trén
dia cap khi. Hinh 1.7 mé ta dia phan phdi khi khoét mot khoang trong s& hinh thanh mot
dau phun khi). Khi sé vong quay cta dia phan phdi khi thip, voi phun khi ciing dich
chuyén trén ghi phan phdi khi theo goc quét va luc nay khoi hat sdy sé co phan hat tinh,
c6 phan hat dong. Khi dia phan phdi khi quay sé ¢ vong quay nhanh dat dén gié tri ndo
d6 thi luc nay toan bo 16p hat sdy duoc gia 16ng hoan toan va soi 1én giéng nhu sdy tang
s0i thong thuong [27]. Van dé dit ra vai sdy tang s6i xung khi 13 phai tim ra duoc sb
vong quay hop 1y cua dia quay (4) dé bao dam ché d6 sdy tang s6i xung khi c6 luu lugng

khi cap vao khdi hat sdy thap nhat cho phép tiét kiém ning luong.

1Chukyr

>

........

Van toc 16m nhat

Vin tée

Thei gian
Hinh 1.8 M6 ta cach cip khi theo dang xung

Thiét b tao dong xung khi (bd tao xung) ciing da dugc thiét ké va dé xuit boi cac
nha nghién ctru khac nhau. Bén canh van dién tir va van budm tao ra cac ludng xung
khi bang cach bat va tat dinh ky [28]-[30] trong Hinh 1.9a va kiéu dia xoay phan phdi
khdng khi vao cac khoang khac nhau trong Hinh 1.9b [31], [32], cac thiét ké khac bao
gom dia quay v&i phan rdng dé khi di qua thé hién trong Hinh 1.9¢ [33], [34], ciing
nhu dang hinh try nAm ngang voi cac khe rong ¢ hai bén ddi dién trong Hinh 1.9d
[35]. Tét ca nhitng dang ndy déu c6 kha nang dinh vi lai pha khi theo dinh ky va tao ra
cac xung khac nhau.

Tuong tu nhu nhiéu hé th6ng co hoc, dac tinh cta xung khi dugc danh gia bdi
tan s6 xung khi. Massimilla va cong su di kiém tra ba loai xung khi & cac tan s6 khac
nhau, d6 1a tan so thap (1,2 — 2,7 Hz), tan sd trung binh (2,7 — 4,8 Hz) va tan sb cao (>
4,8 Hz) [36]. Tuy nhién, Wong va Baird di thuc hién cac thi nghiém voi ting s6i xung
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khi & tan s6 dao dong trong khoang 1 — 10 Hz va cho thay tang soi bot dat duoc ¢ tan sb

10 Hz [30]. Su hoa tron giira hat va khi duoc cai thién ddng ké nho cip khi dang xung.

Khi thai
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(a) Van dién tir hodc van buém; (b) Bo phan phdi khi xoay;
(c) Pia quay c6 16 mé; (d) Tru xoay nim ngang cé ranh

Hinh 1.9 Cac dang thiét ké khac nhau cua tang s6i xung khi

Pence va Beasley [37] da chtiing minh hiéu qua ctia xung khi trong viéc kiém soat
su hon loan cua 16p hat soi. Nghién ctru da duoc tién hanh véi tan s dao dong 1én dén
15 Hz. Két qua 1a entropy Kolmogorov véi luu lugng khi cap dang xung nhé hon nhiéu
so voi luu lugng khi cip lién tuc, cho thay kha nang giam kich thudc bot khi so véi ting
so1 lién tuc.

So voi cac tang s6i thong thudng véi luu lugng khi cap lién tuc, ting sbi xung
khi c6 thé hoat dong véi pham vi kich thude hat rong hon. Su tiép xuc gitra hat ran va
khi dugc ting cuong cling gitp cai thién tbc do truyén nhiét va truyén khéi giita pha ran

v6i nhau va giita pha rdn v6i pha khi. Theo Kobayashi va cong su [38], khi cung cap khi
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dudi dang xung vao may tron khoang chét thi gitp tang 300% vé tinh dong nhét ctia san
pham va ting 100% cong suét xr 1y. Nhiéu tac gia cling di cong bd vé hiéu qua cia ting
s0i xung khi trong k¥ thuat sdy, bao gdm cac san pham ndéng nghiép nhu bong cai xanh
[34] va hat cu cai [33]; mun cwa [33]; bot gidy va bun gidy [31]; cac hoa chat nhu natri
acetate [39] va biopolymer [40] cling nhu than nau [41] va quidng uranium [42]. Ngoai
ra, k¥ thudt tang s6i ciing dd duoc sir dung dé ting cuong sinh khoi [43]-[46]; nhiét
phén [47] va khi hoa [48]-[50].

Reyes va cong sy [33] di tinh toan cac hé s truyén nhiét giira khi nong va cac
hat nén trong may say tang so6i xung khi véi 16p hat tro trong cac diéu kién khac nhau
thong qua can béng nang luong. Cac thi nghiém theo quy hoach thuc nghiém bac 2 da
cho chtng minh ring ting van toc va nhiét d6 khi, giam tdc do dia quay (ttc 14 giam tin
sd xung khi) s& gitp ting tiéu chuin Nusselt (Nu) trong tang s6i xung khi, nghia 13 ting
hiéu qua truyén nhiét. Trong d6, qué trinh cdp khi dang xung c6 tim quan trong rat 16n
trong viéc pha v tinh cb két ciia cac hat sinh khdi. Godoi va cong su [51] da x4c nhan
vai trd ctia xung khi trong qué trinh sdy cac biopolyme, trong d6 viéc cap khi dang xung
gitip cac vt liéu sau khi sdy c6 d6 am dong déu hon. May sy ting soi xung khi di duoc
thir nghiém boi Nitz va Taranto [52] cho thdy van dat duoc hiéu suit sdy tuong tu véi
mot phan tu luong khong khi so véi may sdy tang soi thong thudng, ngoai ra ting soi
xung khi con cai thién hiéu qua tiép xuc khi-ran va tiét kiém ning luong.

Akhavan va cong su [28] d3 xem xét cac mdi quan hé giira tan sd xung va dong
hoc sdy. Nghién ctru di tién hanh sdy cac hat dugc phim trén mdy sdy tang soi xung khi
& tan s6 3 Hz trong 10 phait v6i véan toc khong khi trung binh khac nhau. Két qua cho
thdy rang sy gia 1ong kiéu xung khong chi rat ngin tong thoi gian sdy khé ma con ting
cuong tinh dong nhit cta san phdm. Quan sat bang hinh anh ciing cho thdy murc d6 hoa
tron tot hon khi thuc hién & ché do cép khi dang xung.

Wang va Rhodes [53] di ap dung phan tir roi rac (DEM) dé mo phong tang soi
xung khi bang 1y thuyét dong luc hoc Iuu chét tinh toan (CFD). Phan tich ton that ap
suat cho thay két qua tuong tu nhu [30]. Dai tan s6 3 — 10 Hz va 2,7 — 7 Hz di dugc xéac
nhan thong qua thuc nghiém 1a ¢ hiéu qua nhat trong viéc giam tuong tac khi — ran doi
v6i cac xung hinh sin va hinh vuong. Cac dic tinh cua bot khi thuong khé phat hién
dugc bang thuc nghiém ciing da duoc cac tic gia mo phong va phan tich. Trong qua
trinh cap khi dang xung, cic kénh khi vin hinh thanh nhung nhanh chéng phat trién

thanh bot khi va di chuyén 1én bé mit cua 16p hat. Kaiqiao Wu va cong su [54] dd mé
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phong bang CFD-DEM va quan sat bang thyc nghiém trén mo hinh ting soi xung khi,
két qua cho thay kich thudc bot khi giam dan khi ting tin s6 xung khi.
1.6.2. Phan loai may say tang s6i xung khi

C6 nhiéu cach phan loai may siy tang s6i xung khi, nhung phan loai theo phuwong
phap cap khi duoc str dung rong rdi hon ca. Theo Kudra va cong su [55] thi c6 03 loai
may sy tang soi xung khi bao gdm: May sdy cap khi bang van budm d6i, may sdy cip
khi bang dia quay va may say cap khi bang cach thay dbi vi tri dong khi.

Phuong phép cdp khi gian doan bang van buém d6i duoc trinh bay trén hinh
1.10a, tan s cAp xung khi thay d6i nho vao viée diéu chinh tdc do quay cua van budm.
Uu diém cua loai may sdy ndy 1a cac dic tinh thuy dong trong qua trinh sy dugc cai
thién tot hon nhung con ton tai nhiéu han ché nhu ton that ap suét tang cao khi van ¢ vi
tri dong va doi khi can thém co ciu rung ddi vai vat lidu dang bdt co6 do am cao.

Phuong phap cép khi bing dia quay duoc phat trién boi Gawrzynski [56] gidp
tap trung khong khi vao timg vi tri trén bé mat ghi, do d6 giam dwogc luong khong khi
cip vao va nhd dia quay gitp tao qua trinh sb6i ddng déu trén bé mit ghi (Hinh 1.10b).
Nhuogc diém cua phuong phap ndy 13 chi ap dung d6i v6i may sdy c6 ning suit thap,
budng sy dang hinh try va con nhiéu vi tri khong gia long dugc bén trong budng siy.
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a) cap khi bang van buém d6i  b) cp khi bang dia quay  c¢) thay doi vi tri dong khi
Hinh 1.10 May siy tang soi theo cac cach cap khi khéac nhau [57]

Pbi v6i may say tang soi xung khi lién tuc, c6 tiét dién budng say hinh chir nhat
thi phuong an cap khi bang dia quay khong phtt hop nén Gawrzynski va cong su [57]
da dé xuat phuong an cap khi bang cach thay doi vi tri dong khi. Mot budng phéan phdi
khi gdm nhiéu budng nho ngin cach boi cac vach ngan duge lap phia dudi ghi do vat
lidu, khong khi vao bo phan phdi khi dang xoay sé& lan lugt dugc thay doi sang timg vi
tri khac nhau theo thtr tu tir dau cap liéu dén dau lay san pham (Hinh 1.10c). Uu diém
clia phuong phap nay 1a ap dung doi véi may sdy lién tuc co ning suét say 16n, pham vi

diéu chinh tan s6 xung khi 16n va hoat dong 6n dinh ma khéng can dén co cau rung hd
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trg. Han ché ctia phuong phap cip khi nay 1a ¢ cong nghé ché tao bo phan phdi khi, hé
thdng dudng dng phirc tap va chi phi dau tu cao.
1.7. Phwong phap tiép can trong mé phéng s tang sdi xung Khi

M6 phéng qua trinh gia 16ng 16p hat siy trén ghi dudi tac dong ctua dong khi
hudng 1€n thuong dugce ap dung dudi dang mo hinh dong chay da pha, trong do pha khi
1a tac nhan sdy va cac pha hat con lai 1a vat liéu sdy.

Mo hinh mé phong dong hai pha khi — rin bao gdm su két hop chit ché cua cac
phuong trinh bao toan khdi luong, dong luong, nang luong va doi khi co xét dén su trao
d6i chat tir pha ran. Nhin chung, c6 hai cach tiép cin chu yéu d¢é mé hinh hoa pha ran:
(1) Cach tiép can Lagrange, xét pha ran 1a mot pha roi rac va (2) Céach tiép can Euler,
xét pha ran 13 12 mot pha lién tuc [58]. Theo cach tiép can Lagrange, cac hat rin duoc
xem x¢&t riéng 1&, co6 nghia 1a vi tri cua cac hat theo thoi gian dugc theo doi trong mdt hé
toa do cd dinh va quy dao cua chung dugc tinh toan trong khi xem xét cac tac dong cua
ngoai luc [54], [59]. Trong cach tiép can Euler, pha rin duoc xem nhu c6 cac dic tinh
lién tuc ctia dong chay, duoc rit ra tir Iy thuyét dong hoc cua dong hat (Kinetic Theory
of Granular Flow — KTGF) [60]. Bing cach xét pha rdn nhu mot pha lién tuc, wu diém
ctia phuong phap Euler — Euler 14 chi phi tinh toan thdp hon dang ké so v6i phuwong phap
Lagrange — Lagrange nhung nhuoc diém 1a van dé giai quyét phuong trinh dong luong,
trong d6 mdi quan hé luc can giita chat khi — chit rin c6 anh hudng 16n dén mé hinh
nay. Ngoai ra, khi két hop giita hai cach tiép can ndy thi hinh thanh phuong phap
Lagrange — Euler, trong d6 pha hat dugc xét theo Lagrange, nhung tinh todn cac dac
tinh va su tuong tac giita cac pha bang cac phuong phap dua trén Euler [61].

MFiX (Multiphase Flow with Interphase eXchanges) 1a mét ma ngudn mé duoc
viét bang ngdn ngit Fortran thudc quan 1y ciia Phong thi nghiém Cong nghé Ning luong
Quéc gia Hoa Ky (NETL). MFiX duoc sir dung dé mo ta thily dong luc hoc, truyén nhiét
va phan mg hoa hoc trong cac dong chét 16ng-ran. Pay 1a mo6 hinh CFD da pha dya trén
cac phuong trinh cén bang khdi luong, dong luong va ning luong cho cac pha khi va
nhiéu pha ran. MFiX da dugc sir dung dé tao mo hinh tang soi bot, ting so6i tudn hoan
va tang soi c6 bo tri voi phun [58], [62].

Trong luan &4n ndy, mo hinh hai pha TFM (Two-Fluid Model) theo phuong phép
tiép can Euler — Euler dugc ap dung dé mo phong qua trinh gia 1ong 16p hat dudng tinh
luyén RS bang dong xung khi nham giam thoi gian tinh toan va phu hop véi diéu kién
hién c6 nhung van dam bao do tin cdy. M6 hinh nay ciing dugc nhiéu tac gia sir dung

trong md phong tang sbi va da dugc ching minh twong ddi phu hop véi két qua thuc
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nghiém [54], [63]-[66]. Cac phwong trinh lién quan trong mé phong s6 qua trinh gia
long tang sb6i gdm phuong trinh lién tyc, phuong trinh dong lugng va phuong trinh ning
luong [58], [67].

1.8. Tinh hinh nghién ciru trong nwéc

Dbi v6i nguyén lidu kho siy nhu duong tinh luyén RS thi hién trong nudc dang
ton tai ca mdy siy chat luong thap dén may siy chit luong cao, cu thé nhu sau:

— Ky thuat sdy thong dung 13 Gmg dung sy theo nguyén 1y truyén nhiét dbi luu
trong may say thing quay. Qué trinh say dién ra lién tyc cho chat lugng tot hon
so v6i phuong phap trude day. Nhuoce diém 1a: ty 16 phé pham cao, mau sic san
phém chua giéng mau tu nhién, hat sau khi séy bi bé v&, cac gbc canh cua hat
khong con duoc giir nguyén nhu khi dua vao may say. Thiét bi say thung quay
hién nay van con duoc st dung ¢ nhiéu nha may mia dudng trong ca nudc.

— Say rung theo nguyén Iy bang tai: khic phuc dugc mot sé nhuoce diém cia may
sdy thung quay, tuy nhién van con nhiéu han ché nhu: tiéu hao dién ning va chi
phi bao tri cao, d6 4m cta dudng sau sy khong dong déu khi 16p vat lidu day,
kich thudc may 16n.

— Say rung két hop tang s6i dugc nhap khau vao Viét Nam va hién dang duoc st
dung trong nganh cong nghiép san xuit dudng va san xuit mia duong cao cap.
May sdy rung tang sbi gon hon may sy thung quay cho chit luong san pham siy
cao hon han, tuy vay két ciu cia may ciing con kha phirc tap. Cong ty mia duong
Quang Ngii, cong ty mia duong Binh Dinh, céng ty mia duong Tri An (Pong
Nai) 13 cac don vi da lap dat thiét bi sdy tang soi rung két hop. Ngoai ra, c6 thé
tim thiy Gmg dung cta mdy sdy tdng s6i rung & cac nha may san xuit com dira
Thanh Vinh (Bén Tre), nha may sita Truong Tho, nha may sira Thong Nhat, nha
may duong Vi Thanh (Hau Giang),...

Céc nghién ciru vé ki thuat sdy ting soi clia cac tic gia trong nudc tap trung vao
viéc xac dinh dac tinh thuy dong luc hoc, qua trinh truyén nhiét va truyén am, thoi gian
séy cua qua trinh séy tﬁng s0i ddi véi cac loai vat liu nhu com dira, ngd hat, thirc an
thity san dang vién va mudi tinh. Theo Pham Cong Diing [68], phuong phap siy tang
s0i v6i may say dang budng tru phit hop dé bao quan hat néng san va thoi gian siy phu
thudc vao nhiét do tac nhan va do am cua hat trong khi van toc tac nhan siy nén gap tir
2 — 2,5 1an van toc hoa soi toi thiéu. Trong khi d6, voi san pham 14 vién thic dn thuy san
va mudi tinh thi cac tac gia Lé Pac Trung [69] va BUi Trung Thanh [10] di sir dung

may sdy tang soi dong tron véi tiét dién may hinh chit nhat cho két qua say t6t hon.
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Nghién ctru ctia Lé Prc Trung [69] dd mé hinh hoa dugc qua trinh sdy tang soi cho thirc
an vién va thyc nghiém xac dinh dugc dic tinh thiy dong luc hoc cua qué trinh say. Tuy
nhién, cac nghién ctru nay chua cong bd vé chi phi nang luong cta qua trinh siy. Theo
[10] may sy tang soi lién tuc thich hop dé sdy mudi tinh véi tiéu hao nhiét ning riéng
thip hon 20% so v&i may sy thing quay va thap hon 25% so v6i may sdy tinh nhung
tiéu hao dién ning cao hon 20 — 25% so véi cic loai may nay. Cu thé, tiéu hao nhiét
luong riéng va tiéu hao dién ning riéng ctia qua trinh siy tang so6i dbi voi mudi tinh 1an
luot 14 4052,05 kJ/kg 4m va 461 Wh/kg am [10]. Phuong an st dung 16p dém tro soi
trong may siy tang soi lién tuc dd duoc dé xuit boi cac tac gia [10], [70], [71] dé siy
san pham c6 dic tinh két dinh 13 mudi tinh, ngoai ra ciing can ap dung céc bién phap tiét
kiém ning luong hodc tim phuong an sy khac dé giam tiéu hao nhiét ning cho qua trinh
sdy tng s0i. Nhin chung, cac nghién ctru déu sir dung phuong phap sy tang soi thong
thudng va déu cho thiy nhuoc diém ctia phuong phap sdy nay 1a tiéu hao dién ning va
tiéu hao nhiét nang khéa cao.

Dbi v6i san pham siy 1a duong tinh luyén, theo [18], phan tich cho thay cac yéu
t6 anh huong dén qua trinh sy gdm chiéu day 16p hat, dudong kinh hat, d6 4m ban dau,
d6 am twong dbi cuia khong khi va loai may sdy. Cac loai may say phu hop dé siy duong
tinh luyén 1a may sy thung quay, may sy sang rung va may sy tang soi. Vao thoi diém
d6, may say thung quay va sang rung duogc sir dung nhiéu hon trong khi may siy ting
s01 md&i chi c6 & nha may duong Binh Pinh va Nghé An 4p dung.

Hién nay, cac cong trinh nghién ctru vé k¥ thuat sdy tang soi 4p dung dé siy
dudng tinh luyén nhim giam chi phi ning luong cho qué trinh sdy con rat han ché. Mit
khac, phuong phap sdy ting sbi dd duoc chimg minh 14 phu hop v6i san phim duong
tinh luyén nhung van con ton tai nhugc diém 1a tiéu hao dién ning va nhiét ning kha
cao, do vy can tién hanh nghién ctru k¥ thuit sdy tang s6i kiéu khac ¢ tiéu hao ning
luong thap hon ma van dam bao chét luong san pham dat yéu cau.

1.9. Tinh hinh nghién ciru trén thé giéi

K¥ thuat sdy tang soi img dung trong sy céac loai vat liéu roi c6 dic tinh két dinh
da duoc nghién ctru va ap dung trén thé gidi tir ting sdi ¢ rung, tang sdi dong tron, tang
s0i dong day va hién nay 1a kiéu ting soi xung khi.

Céc nghién ctru da duoc cong bé trén thé gidi vé phuong phap siy tang soi xung
khi tap trung vao 6 van dé co ban nhu sau:

(1) Piang ki cac bang sang ché vé mdy siy tang sdi xung khi.

(2) Nghién ciru dic tinh thiy dong va dong hoc clia qua trinh siy tang s6i xung khi.
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(3) Nghién ctru thuc nghiém xac dinh anh huong cia cic thong sé cong nghé dén
qua trinh sdy tang soi xung khi.
(4) Ché tao may sdy ting soi xung khi & quy mé cong nghiép.
(5) So sanh chi phi nang luong gitta may sdy ting so6i xung khi vi may sy tang soi
thong thuong.
(6) Mb phong qué trinh sdy tang s6i xung khi nhd quan sat bang may anh toc do cao
két hop voi phan mém may tinh.
Gawrzynski Z. va cong su [25], [56], [72], [73] 12 nhing tac gia dau tién ing dung k¥
thuat xung khi vao mé hinh say va lan luot ding ki cic bang sang ché vé may siy tang
s0i xung khi dang mé & Ba Lan (nam 1979 — s6 103840, nim 1999 — s 331025), My
(nim 1999 — sb 5918569), Chau Au (nim 2003 — s6 EP0979140) . Cac nghién ctru sau
nay vé may sy tang soi xung khi dang mé ciing ap dung theo so d6 nguyén 1y cia cac
sang ché nay.

Nghién ctru dic tinh thiy dong va dong hoc cia qua trinh sdy tdng soi xung khi
tap trung vao viéc xay dung mdi quan hé giita van tdc khi va ton thit ap suit & cac tan
sd cap xung khi khac nhau va di chirng minh duoc anh hudng cua tan s6 xung khi dén
t6n that ap sudt qua 16p hat [31], [74]-[76]. Theo [31], [40], [77], [78] thi dai tAn sb xung
khi phu hop dé sdy dang mé 1a tir 5 — 15 Hz nhung theo [36], [65] thi tAn s xung khi
thfip hon 1 Hz s& tao dugc ché do soi tot hon. Nhu vay, ddi v&i mdi loai vat liéu khac
nhau can nghién ctru xac dinh dai tin s6 xung khi hoat dong hop 1y.

Kudra T. va cac cong su [31] d3 quan sat cho thiy sy xung dong ciia khong khi
nong tao ra 16p hat séi, tao ra mot sy hoa trén manh liét dbi véi vat lidu ran va gia tang
dién tich bé mit trao d6i nhiét, didu nay giup cai thién qua trinh siy. Két qua nghién ciru
cho thdy ddi voi bot gidy va bun gidy, hién twong hoa s6i ddng nhat dién ra & tan sb
xung khi 10 Hz. Grzegorz Rogula [76] ciing di thiét 1ap dugc cac mbi twong quan giita
t6n that ap suat va tiéu chuan Reynolds trén co so thay doi chiéu cao 16p hat, duong kinh
hat va tan s tao xung. Két qua cho thay néu 16p hat qua cao thi qua trinh s6i khong thé
dién ra du tang toc do xung khi. Trong mot nghién ctru vé dong hoc qua trinh say ting
s0i xung khi, Sobrino va cong su [75] da ching minh duoc kich thude 16 phan phdi khi
va van tdc clia dia tao xung anh hudng rat 1on dén ton that ap suat qua 16p hat.

Nghién ctru dic tinh thity dong trén may sy tang so6i xung khi phan phdi khi theo
chiéu dai dugc thyc hién boi Gawrzynski va Bartosz Pieczaba [74] — day 1a dang may
sdy tang soi xung khi lién tuc c6 bd tao xung khi cai tién so v&i may sdy tang soi xung

khi thong thudng cap khi theo chiéu ngang. Nghién ctru nay ngoai viéc xac dinh ton that
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ap sut qua 16p hat va van téc hoa soi con cho thay so vi may sdy ting soi xung khi
thong thuong, mic d6 hoa tron gita cac hat tot hon va d6 4m san phadm dong déu hon.
Ngoai ra, d6i v6i dang mdy sdy ndy van toc khi 1am viéc chi gip 2 1an so van toc hoa
s0i tbi thiéu (so voi cic may sdy tang soi thong thuong 1 gip 2 — 3 14n) nén chi phi sy
va chi phi dau tu s& thip hon khi so sanh véi cic may sy tang soi xung khi khéc.

Céc nghién ciru thuc nghiém xac dinh anh hudng ctia cac thong s6 cong nghé dén
qua trinh sdy tang so6i xung khi dd duoc tién hanh trén quy mo thi nghiém dya theo mo
hinh tang s6i dugc cong bd boi Kudra va cong sy [73]. Cac nghién ctru di xac dinh duoc
anh hudng ctua nhiét do, van tdc khi va tan sb xung khi dén ton that ap sudt, thoi gian
sdy. Tir cac nghién ciru ndy, mot s phuong trinh thuc nghiém xac dinh hé sb truyén
nhiét va hé sé khuéch tan 4m trong qua trinh sdy da duoc xac dinh [35], [77], [79].

Thong qua két qua nghién ctru thuc nghiém, céc tac gia da chimg minh duoc qua
trinh séy tﬁng s01 xung khi dang mé phu hop dé séy céc vat lidu c6 d6 Am cao va co dic
tinh két dinh do nhiét [26], [40], [78].

Gawrzynski Z. va cong su [77] da thiét 1ap duoc cac phuong trinh hoi quy xac
dinh van tdc hoa soi t6i thiéu, hé sd truyén nhiét va hé s6 truyén nhiét thé tich ddi véi
bot polypropylene trén may sdy tang soi xung khi v6i nhiét do siy thay dbi ¢ cac mirc
50, 70, 90°C, tan s6 xung khi 5, 10, 15 Hz va van tdc tac nhan séy tr 0,178 — 0,25 m/s.
Ciing nghién ctru thuc nghiém theo dang mé hinh siy cua Gawrzynski, Marcello va
Taranto [52] d3 xdy dung duoc dudng cong sdy theo nhiét d6 va luu luong tac nhan,
ddng thoi dd danh giad duge anh hudng cua cac yéu to nhiét d6, luu luong dong khi, toc
d6 quay cua dong co tao xung dén qua trinh sdy. Cac tac gia con nhén thiy rang ton that
ap suit qua 16p hat ting theo chiéu cao 16p hat, van toc khi trung binh va tan s tao xung.
Nghién ctru nay ciing phi hop véi cac két qua duoc cong bd bai [35], [40], [79].

Nghién ctru thuc nghiém say vat liéu axit 2-hydroxybenzoic thuéc nhém A (theo
phan loai cua Geldart)—day la loai vat liéu kho héa sé1 khi do am cao nhung da dugc cac
tac gia sdy theo phuong phép tang soi xung khi [78]. Két qua di xay dung duoc céc
duong cong dong hoc sdy da xac dinh anh hudng cta tan sé xung khi dén qua trinh sy
(tang tan s6 cap khi s& giam thoi gian sdy) va nhd vao cic quan sat trong qua trinh thi
nghiém, tac gia da két luan rang mdy say tang soi xung khi dang mé phu hop véi cac
dang vat liéu roi 6 do Am cao ma van dam bao chat lugng san pham sdy. Ciing theo cac
tac gia, vu diém ciia may sy tang soi kiéu xung khi 1a tiét kiém luu luong khi can thiét

cho qua trinh hoat dong s6i 16p hat. Tuy nhién, két qua cta bai bao chi dimng lai & vai thi
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nghiém don gian va chwa dénh gia duoc anh hudng cta cac yéu té khac trong qua trinh
sdy tang soi xung khi [78].

Godoi F.C. va cong su [40] di phan tich qua trinh say polymer sinh hoc trong
may sdy tang soi xung khi cp khi dang dia xoay va da xac dinh dugc ché do siy tdi uu
cho loai san pham nay 14 tan s6 dia quay 7 Hz, nhiét do sdy 90°C va van tdc tac nhin
sdy 0,55 m/s. Qua d6 ciing cho thiy mdy siy tang soi xung khi phti hop véi cac loai vat
li¢u dang hat, c6 dac tinh két dinh & d6 Am cao. Tuy nhién, theo Dening Jia va cOng su
(2015) d6i v6i qua trinh sdy biomass thi tAn sé xung khi phu hop 14 tir 0,75 dén 1,5 Hz,
& tan sd cao hon 3 Hz qua trinh sdy twong tu nhu sy ddi luu thong thuong. Dong thoi
tac gia ciing di ching minh dugc dnh hudng cia cac thong sd cong nghé clia qué trinh
sdy dén thoi gian siy va d6 4m san pham, trong d6 hiéu qua cta qua trinh sy phu thudc
nhiéu vao tan sé cip xung khi (theo chiéu hudng ting tan sb s& gitip ting hiéu suit sdy).
Nghién ctru cling chi ra dugc viéc st dung bo rung dé hd tro cho qué trinh s?iy s€ khong
can thiét nita néu cip khi ¢ tAn s6 xung phu hop thang duoc luc lién két giita cac hat ma
van dam bao qua trinh héa so6i dién ra, diéu nay cho thay kha ning ing dung phuong
phap siy tang soi xung khi thay thé cho k¥ thuat say tang s6i rung c6 nhiéu nhuogc diém.

Két qua nghién ctru thuc nghiém dé xac dinh hé s6 khuéch tan 4m trong qua trinh
sdy cho thay hé s6 khuéch tan am ty 18 thuén v6i nhiét d6 va van tdc tac nhan sdy [64],
pht hop véi cong bd [77]. Tuy nhién, theo [64] hé sé khuéch tan 4m dat gid tri cao khi
sdy ¢ pham vi tan s6 xung khi 0,75 dén 1,5 Hz trong khi Gawrzynski Z. va cong su lai
cho thdy pham vi tin s6 xung khi 14 tir 5 dén 15 Hz. Uu diém cua huéng nghién ciru
thuc nghiém nay 1a x4c dinh va danh gia dugc anh hudéng cua cac thong sb cong nghé
dén qua trinh sdy ting sbi xung khi, nho d6 tim ra duge cac thong sb hop 1y cho timg
loai vat liéu khac nhau. Tuy nhién, han ché cua cac cong bd nay la chua ddi chiéu duoc
v6i nghién ctru 1y thuyét nén tinh thuyét phuc chua cao.

O quy mo san xuat cong nghiép, Todor Djurkov[80] di cong bd may sy mudi
hat v&i duong kinh trung binh trong pham vi tir 2 £ 0,5 mm dén 15 + 1 mm trén may
sdy tang soi kiéu xung khi. Nang suat siy dat 2500 — 3000 kg/gio cuing voi dd am nguyén
liéu vao Mi1= 3,9 + 0,2% d6 am thanh pham 0,25%. Pay la dang may siy ting sdi xung
khi ¢6 ning suat 16n nhat dugc cong b tinh dén thoi diém hién tai. Dang may siy nay
c6 tiét dién ngang hinh chir nhat, két ciu nhu kiéu may say lién tuc nhung bén trong lai
dugc chia thanh 3 ving cip khi dang mé, dong khi cip vao timg ving duoc tao xung

boi dia quay. Prachayawarakorn va cong sy [81] da tién hanh khao sat qué trinh say laa
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trén may sy tang soi xung khi nang suat 20 tin/gio nhung khong cong b chi tiét kich
thudc cua may.

Chi phi nang lugng trong qué trinh sy ting s6i néi chung duoc xac dinh bai hai
loai chi phi 1a tiéu hao dién ning va tiéu hao nhiét nang trén 1 kg 4m bay hoi [55]. Theo
[74] thi van toc s6i dbi v6i qua trinh siy ting soi xung khi thip so v6i may sy tang soi
thong thuong nén tiéu hao dién ning s& thap hon khoang 10 — 30% va Prachayawarakorn
va cong su [81] ciing d cong bd ring véi may sdy tang soi xung khi, cong suat clia quat
cip tac nhan thap hon 25% so véi may sdy tang soi thong thudng, tiéu hao dién ning
giam con 0,19 MJ/kg 4m so voi mdy siy tang soi thong thudng 1a tir 0,27 — 0,65 MJ/kg
am, tic 1 ti thiéu giam dugc khoang 30%. Dening Jia va cong su [82] di tién hanh
thuc nghiém ching minh vén tdc tic nhan siy trong ting soi xung khi tir 0,8.Um dén
1,3.Unmf (Umt —van tdc s6i tdi thiéu ctia vat liéu) thi qua trinh s6i hoat dong 6n dinh trong
khi d6i voi ting s6i thong thudng, van tdc tac nhan siy phai dat tir 2,0.Umt dén 3,0.Uny
[55]. Két qua nay cho thdy v6i qua trinh sdy cap khi dang xung thi c6 thé say vat liu
dudi van toc soi toi thiéu ma van dam bao qua trinh trao d6i nhiét—am, do d6 co thé giam
dugc tiéu hao dién nang [64], [82].

V& van dé so sanh tiéu hao nhiét ning giita mdy sy tang soi xung khi véi may
sdy tang soi thong thudng, cac nghién ctru cho thay khi sdy vat liéu bang may siy ting
s6i xung khi cho phép tiét kiém ning lugng duoc tir 40 — 50% so véi sdy bang may say
tang soi théng thuong [81], [83]. Cac thuc nghiém cua Lucas va cong s [83] tién hanh
v6i mudi natri axetat d cho thiy viéc cdp khi dang xung gitp pha v lién két giira cac
hat vat liéu 4m va giup tac nhan séy tiép xtc tot hon véi céc hat vat liéu. Tdc do séy khi
sdy bang xung khi cao hon khi sdy tdng s6i théng thudng. Chi phi ning luong ddi voi
tang s6i thong thudng cao hon 2,5 1an so véi tang soi xung khi & nhiét d6 say 1a 80°C.
Vi nghién ctru duoc tién hanh trén qua trinh sdy lta ting s6i xung khi ning suat 20
tan/gio, cho thay chi phi nang lugng giam con 6,3 — 7,8 MJ/kg 4m so v4i may sy tang
s0i thong thuong 14 14 MJ/kg am thi giam duoc khoang 50% [81]. Nho véo cac cong bd
nay, c6 thé thay phuong phap sy tang sdi xung khi c6 kha ning tiét kiém ning luong
ma van dam bao chat lugng san pham siy dong thoi rat ngin duoc thoi gian siy.

Gan diy, nho quan sat bang cac may anh toc do cao (>1000 fps) ma cac tac gia
nghién ctru da cung cap nhitng hinh anh vé hién tuong hoa s6i xay ra khi cp khi dang
xung & nhimg khoang thoi gian rat ngan, qua d6 cho thay anh huong cia tan s6 xung
Khi dén qua trinh sdy. Nam 2013, Bizhaem va cong su [84] ciing d3 nghién ctru dic tinh

thily dong clia qua trinh say vat liéu dang bot trén mdy say tang so6i xung khi nhung nhd
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két hop v&i1 may anh toc dd cao da cung cap dugc cac hinh anh vé su thay doi dac tinh
16p s61 trong qua trinh say dong thoi xac dinh dugc kich thudce va van téc cua bot. Nghién
ctru cling da chi ra rang voi viée cap khi dang xung s€ gitip giam véan toc hoa soi toi

thiéu va cai thién ché do so61 doi véi hat min c6 ddc tinh két dinh, tirc 1a gidm dugc chi

phi say.
Bang 1.7 Tong hop mot s6 nghién ciru vé sdy tang s6i xung khi
DPuong . x X
Puong Phwong Tan so
kinh lép . . | Nghién ctru cua tac
Vit liéu kinh hat | phap cap | xung khi
vat liéu, i gia
(um) xung khi (Hz)
(cm)
B6  phéan
Hat cu cai 1880 ..
49,2 phoi dang | 1-10 | Jezowska (1993)[85]
Hat cat 723 )
dia doi
Pol Godoi va cong su
0 -
Y 9,5 864, 800 | bia quay 7-13 (2010, 2011) [32],
Hydroxybutyrate
[49]
Li va cong su
Nhom hoat tinh 18 3000 Van dién tur 0,5
(2004)[36]
Prachayawarakorn
Hat laa — — bia quay 0,42 va cong su
(2004)[81]
' 37, 60, X
Hat thuy tinh ' Zhang va Koksal
) 17 162 240, | Vandiéntr | 1-10
Cat (2006)[86]
160, 700
o Ambrosio-Ugri va
Axit salicylic 14,3 80 bia quay 5-15
Taranto (2007)[78]
) 3,3 Sobrino va cong su
Hat dau Pinto 30 6650 bia quay
15,8 (2007)[75]
Bo6t nano Aerosil ] 0,05 - Ali va Asif
0,7 0,012 Van dién tur
200 0,25 (2012)[65]
Hat Silic 196 ) Bizhaem va Tabrizi
11 Vandiéntr | 1-10
Hat nhom 95,10 (2013)[84]

Tuong tu, Dong Liang va cong su [87] nghién ctru xac dinh vén toc s6i bot & qua
trinh sdy tang s6i xung khi ddi voi vat liéu da phan tan c6 kich thudc trong khoang 0,074

— 0,3 mm, cic mirc van tc hoa s6i 0,15 va 0,2m/s, tan s6 xung khi 2,0, 2,5 va 4 Hz. Nho
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su két hop voi may anh toc do cao va md phong bang phin mém may tinh, tic gia da
xay dung dugc phuong trinh xac dinh van tdc s6i bot va xac dinh duoc kich thude bot
trong qua trinh hoa soi. Kaigiao Wu [54] bang nghién ciru thyc nghiém két hop mo
phong da cho thiy cac hién tuong dién ra trong qua trinh cdp khi dang xung & mdi thoi
diém khac nhau dong thoi chimg minh anh hudng ctia van tdc tic nhan va tan sd xung
khi dén qua trinh hoa s6i bang phuong phap xung khi.

Uu diém cta cac nghién ctru két hop giira may anh toc do cao va mo phong bang
phan mém mady tinh 1a danh gia duoc hién tuong hoa sbi do cap khi gian doan & cac tan
sd xung khi khac nhau dién ra trong thoi gian ngin, giup kiém chimg duoc két qua
nghién ctru 1y thuyét. Han ché cia nhitng nghién ctru nay 1a doi hoi cac thiét bi ky thuat
cao va rat dat tién. Bang 1.7 trinh bay tong hop cac nghién ctru lién quan dén tang soi
xung khi ddi véi cac loai vat lidu sdy khac nhau.

1.10. Két luan chwong 1

Céc nghién ctru vé ting sbi xung khi da cong bd chi ra rang kha ning ap dung k¥
thuat séy nay cho céc vat liéu séy dang hat, c6 kich thudc da phan tan thudc cac nhom
hat A, B theo phin b Geldart [88] 1a phu hop dé ting cudng hiéu qua truyén nhiét—
truyén 4m va cac tinh chat thay khi cua 16p hat sbi. Phan 16n cac nghién ctru dd ching
minh dugc kha ning tiét kiém ning luong cla qua trinh sdy tdng sbi xung khi.

Puong tinh luyén RS 1a loai vat li¢u roi cé dac tinh két dinh khi tac dong nhiét,
rat kho sdy & cac loai may sdy tinh nén trong thuc té thuong ap dung may sy thing
quay hoic mdy sy sang rung. Tuy nhién, cac may sdy dudng truyén thong nay thuong
c6 nhuoc diém & chi phi van hanh, bao dudng va chi phi ning luong cao hon. Do viy,
nghién ctru img dung k¥ thuét tang s6i xung khi d6i véi duong tinh luyén RS can ching
mMinh duoc tinh uu viét hoac kha nang tiét kiém nang lugng cua hé théng séy moi.

Két qua nghién ciru vé dic tinh thily dong tang soi xung khi cua nhiéu tac gia
(Gawrzynski [74]; Bizhaem va cong sy [63]; Kudra va cong sy [31]; Rogula [76];
Sobrino va cdng sy [75]) cho thdy anh hudng ctia van tdc hoa soi, tn s6 xung khi va
nhiét do say dén ton that 4p suat qua 16p hat nhung chua phan tich duoc dudng cong ton
that ap suat ddi v6i duong tinh luyén RS véi cc tan sé xung khi khac nhau. Do d6, luan
an can tap trung nghién ctru dic tinh thity dong cta may sy tang soi xung khi d6i vai
duong tinh luyén RS dé dénh gia ton that ap suat qua 16p hat soi — day 1a thong s6 quan
trong quyét dinh dén cong suat quat va tiéu hao dién niang cho qua trinh siy.

Thong qua viéc phén tich tinh hinh nghién ciru trén thé gidi cho thiy tiém ning

veé mat tiét ki€ém nang lugng khi say tang s61 xung khi trén mat so loai vat li¢u da dugc
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nhiéu tac gia dé cap va nghién ctru. Tuy nhién, cic cong bd van chua két luan day da vé
kha ning tiét kiém trong thuc té va viéc ap dung k¥ thuat nay ddi v6i vat liéu c6 ngudn
gbc két tinh nhu dudng tinh luyén RS. Do d6, ndi dung ludn an can tiép tuc ké thira cac
nghién ctru dd c6 va trién khai cac van dé nghién ciru méi dé danh gia hoan chinh viéc
ap dung k¥ thuét tang so6i xung khi cho vat liéu sdy 1a duong tinh luyén RS.

Céc van d& can tap trung nghién ctu:

(a) Doi twong nghién ciu: dudng tinh luyén RS duoc san xuét tai ving mia &
mién Nam Viét Nam. Dé dam bao cac két qua nghién ctru Iy thuyét va thyc nghiém duoc
chinh xé&c nén can tién hanh nghién ctu 1y thuyét va thuc nghiém xac dinh cac tinh chat
nhi¢t vat 1y va thay khi ciia duong tinh luyén RS.

(b) K3 thudt sdy tang s6i xung khi dp dung dé sdy dwong tinh luyén RS: ké thira
va tiép tuc nghién ctru ca Iy thuyét 1an thue nghiém dé lya chon phuong an cip xung khi
hop 1y va chimg minh kha ning 4p dung k¥ thuat ting s6i xung khi cho san phdm duong
tinh luyén RS.

(¢) Bdc tinh thiy khi ciia qud trinh gid long bang dong xung khi: khi xét dén toan
bd qué trinh sdy va tai cac vi tri khac nhau trong budng sdy thi dic tinh thuy dong cua
tang s6i xung khi s& khac biét so voi ting soi thong thuong. Cac thong s thiy khi cua
duong tinh luyén RS & Viét Nam va thé gi6i ciing khac nhau nén can duoc phan tich va
xé4c dinh cu thé.

(d) Qud trinh truyén nhiét—truyén am trong sdy tang séi xung khi: nghién ctru ly
thuyét bang cach xac dinh va giai quyét duoc hé phuong trinh mé ta qua trinh truyén
nhiét va truyén am trong siy ting s6i xung khi d6i voi san pham dudng tinh luyén RS.
Thong qua thuc nghiém dé kiém ching két qua nghién ciru 1y thuyét.

(e) Thiét bi sdy tang séi xung khi- phan tich va lya chon dang thiét bi siy phu hop
dé sdy duong tinh luyén RS. Theo cac cong bd khoa hoc thi may siy ting soi dang mé
phtt hop v6i san pham say 14 hat mudi bién va hat lua, c6 kich thudc da phan tan nhu
hat duong tinh luyén RS. Tuy nhién, phéan tich cac nghién ctru dén thoi diém nay thi
chua tim thdy nghién ciru vé may sy tang soi xung khi ap dung cho dudng tinh luyén.

(f) Théng s6 cong nghé ciia qud trinh sdy: can cit vao két qua nghién ciru 1y thuyét
thiét ké, ché tao mo hinh sdy tang soi xung khi dé tién hanh nghién ctru thuc nghiém
nham xay dung va xac dinh anh hudéng cua cac thong sb cong nghé (nhiét do, van tbe
khi, tan s xung khi,...) dén chat lugng san pham duong tinh luyén RS va chi phi sdy.

(2) Kha nang tiét kiém néng lwong khi sdy tang séi xung khi: nghién ctru 1y thuyét

va thuc nghiém xac dinh méi twong quan giita chi phi nang lugng véi cac théng s6 cong
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nghé ctia qua trinh sdy dép tng chat luong san pham sdy, qua d6 phan tich va danh gia
kha nang tiét kiém nang luong cia may sy tang so6i xung khi khi so sanh véi cac may
sdy duong tinh luyén RS hién nay.

Mic khac, trong cac nghién ctru da cong bd chua dé cap vé viée ap dung phuong
phap sy tang s6i xung khi cho san phadm duong tinh luyén RS ¢ Viét Nam nén cac tinh
chat nhiét vat Iy, cac thong sb thiy khi cuia duong RS ciing can dugc nghién ctru ki hon
bang ca 1y thuyét két hop véi thuc nghiém.

Tom lai, nhan thay viéc nghién ctru vé k¥ thuat sdy duong tinh luyén RS bing
phuong phap tang soi xung khi 12 huéng di méi can tién hanh sém do yéu cau vé mat
chat luong san phadm ngdy cang cao va trong tinh hinh ca thé gidi dang huéng dén van

dé tiét kiém nang luong.
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Chuwong 2 VAT LIEU VA PHUONG PHAP NGHIEN CUU
Chuong 2 trinh bay vé cac phuong phap nghién ctru 1y thuyét, nghién ctru thuc nghiém,
phuong phéap do cac thong sb trong qua trinh thyc nghiém dé xac dinh mot sd thong sb
hinh hoc, théng sb thury khi, thong s6 nhiét vat 1y, do 4m va do am can bang cua hat
duong tinh luyén RS khi sdy tang soi xung khi. Trong chwong ndy con trinh bay vé
phuong phép thuc hién moé phong s6 dé giai quyét bai toan sdy xung khi. Thém vao d6
con trinh bay vé phuong phap quy hoach thuc nghiém khi sdy trén mé hinh vat Iy cing
v6i phuong tién phuc vu trong qua trinh thuc nghiém, phuong phéap bb tri thi nghiém va

cach thuc lay mau dé cé dugce bd so li€u tin cdy cho nghién ctru.

2.1. Vat liéu nghién ctru

Vit li¢u duong tinh luyén RS stir dung trong nghién ctru thuc nghiém la duong
sau ly tim duoc san xuit tai cong ty mia duong Can Tho (CASUCO) vé6i ngudn mia tai
khu vuc Ddng bang song Ctru Long. Puong duge phan kich c& hat bang bo ray tiéu
chuén, d6 4m ban dau xac dinh bang may phan tich am Kern DAB 100-3 cho két qua
trung binh dat 1,5 + 0,05%.

Hinh 2.1 Buong tinh luyén RS truéc va sau khi say

Nhu da phén tich & muyc 1.3, cac loai dudng san xuit & mdi ving khac nhau s&
c6 céc thong s6 hinh hoc, nhiét vat 1y khac nhau, do vy muc dich cua céc thuc nghiém
nay la nham dé xac dinh chinh xac cac thong sé dic trung vé nhiét vat Iy va thiy khi
ctia dudng tinh luyén RS di chon. Cac thong sé do nay s& duoc dua vao tinh toan, mod
phong sé giup dat dugc két qua phu hop nhat véi dbi tugng nghién ciru ciia luan an. Cac

muc tiép theo trong chwong 2 trinh bay chi tiét phwong phap xac dinh nhiing thong nay.
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2.2. Phuwong phap xac dinh cic thong so thiiy khi ciia dwong tinh luyén RS
2.2.1. Cau tinh

Thong thudng cau tinh rat kho xac dinh duoc va chu yéu dya vao cac két qua tir
cac tai liéu san co. Tuy nhién, néu biét trude dugce van tdc dong khi va do r5ng cua lop
hat thi c¢6 thé dya vao mot mdi twong quan giita tiéu chuan Archimedes va tiéu chuan

Reynolds ¢ trang thai soi ti thiéu dé xac dinh duogc ciu tinh cua hat vat liéu [14]:

1-¢
Ar =150% Re,, +£ Re?, (2.1)
4 gmf ¢gmf

Trong d6:  Ar— Tiéu chuan Archimedes

_ 3
— g'pg'(pp2 pg)'dp (22)

Hq

Ar

Remt — Tiéu chudn Reynolds ¢ trang thai soi toi thiéu

U_d
Re, =2 (2.3)
Hy

2.2.2. VAn toc soi toi thiéu

Van tdc soi tdi thiéu Unr 12 van téc bé mat tdi thiéu cua tic nhan séy can thiét dé
gia long mot 16p hat. Viéc xac dinh vén tdc s6i toi thiéu dong vai trd quan trong trong
hi€u qua cua viéc van hanh h¢ théng tﬁng s6i. Dua vao ban chit cua phan b6 kich thuge
ctia tAng thi cach tinh Ups s& khac nhau.

O van tbc soi t6i thiéu, trong luc cua 16p hat can bang véi ton that 4p suit qua 1op

hat nhu duoc biéu dién theo phuong trinh (2.4).

AP,
H ! = g'(l_gmf )(pp _pg) (24)
mf

Vé mit ly thuyét, ddi voi cac loai hat vat liéu thudc nhom B va D theo phan loai
ctia Geldart [88], mbi twong quan theo Ergun [89] trong phuong trinh (2.5) két hop véi

phuong trinh (2.4) thudng dugc dung dé xac dinh véan toc soi tdi thiéu.

A_leso(l_gmf )zlugumf 1 5(1_imf)pgur$1f
gmf (¢dp)

(2.5)

Ngoai ra, c6 hang trim mo hinh toan di dugc cong bd ding dé xac dinh vén tdc
s t6i thiéu, tity theo kich thudc va phan bd hat [90]. Cac mé hinh toan phu hop dé xac

dinh van tbc soi tdi thiéu ciia dudng tinh luyén RS s& duoc xac dinh trong chuong 3.



®  Thuc nghiém

Tén thét ap suat qua I6p hat, Pa

U’mf
Van tc khi qua bé mat 16p hat, m/s

Hinh 2.2 Xac dinh van téc sdi téi thiéu bang thuc nghiém [23]

V& mit thuc nghi¢m, van tdc so6i tdi thiéu duoc xac dinh dua trén mdi quan h¢
gitta van toc khi va ton that 4p suat qua bé mit 16p hat [23], nhu duoc biéu dién trén
Hinh 2.2.

2.2.3. Ton that 4p suit caa dong khi qua lép hat
a. Ton thdt dp sudt qua 16p hat tinh

Khi dong khi di xuyén qua 16p hat trang thai tinh duéi dang chay tang thi trd luc

qua 16p hat tinh c6 hinh dang bat ky duoc tinh theo cong thirc ctia Blacke—Kozeny [19],
.Y (13—35)22us.H5 26)
& (¢°d})

Véi ki 12 hang s6 thuc nghiém, khong thir nguyén.

Trong nhiéu thuc nghiém Blacke — Kozeny di xac dinh ki = 150 [19]. Pham vi
st dung ctia cong thic Blake — Kozeny 1a khi Re < 10 va do rong 16p hat trang thai tinh
g0 = 0,5 khi d6 hé tiéu chuan Reynolds (Res) tuong tng dugc tinh:

_ 94,Y,
T (-g)u,

Truong hop tac nhan khi qua 16p hat tinh c¢6 hinh dang bat ky ché d6 chay qua

Re (2.7)

d6 (Intermediater flow), Ergun di dua ra cong thic tinh tré luc qua 16p hat tinh bang
tong cua tré lyc dong chay 16p va dong chay rdi.
b _ 1504, (1—&,)°UH, +l,75(1—85)ng52H5
T e 2974,

(2.8)

b. Ton thdt dap sudt qua I6p hat & trang thdi séi ti thiéu

Tiép tuc ting van tdc khi qua 16p hat 1én dén trang thai ma 16p hat bat dau gian
nd, ltc ndy do rong ctia 16p hat chuyén tir trang thai tinh sang trang thai bat dau gia 1ong
(h6a s6i) ems = go.n va lac nay ton that 4p sudt qua 16p hat trang thai soi tdi thiéu c6 thé

biéu dién bang phuong trinh (2.9):
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AI:>mf = g'Hmf (1_gmf )(pp _pg) = g'Hbf (1_gbf )(pp _pg) = ConStant (2'9)
Trong khi d6 Ergun lai dwa ra phuong trinh tinh ton that ap suat cia dong khi di
qua 16p hat c6 hinh dang bat ky & trang thai soi tbi thiéu bang phuong trinh:

Mo _150 (1_‘2”“ J QU’“; +1 75(1_—5’“')’)9—% (2.10)
H mf gmf (¢d P ) ‘9mf ¢d p

Dé co thé st dung phuong trinh trén, d rSng cua l6p hat & trang thai so1 tdi thiéu,
emt phai duoc xac dinh. Theo [19] dé 16p hat chuyén tir trang thai tinh sang trang thai
bét dau gia long, ap suat dong khi phai da 10n thing duoc trong luong cia 16p hat va ap
suét dong khi dugc xac dinh theo:

ARy = i(pp ~P4y)9 (2.11)
PpA

Trong phuong trinh nay xem nhu khong c6 luc twong tac gitra cac hat, luc tuong
tac giita hat va vach budng sdy. Do khong c6 sy suy giam ning luong nén khong giy ra
cac va cham, khong gy hiéu tng 1am ting tén 4p cua dong khi qua 16p hat. Ton ap s&
khong d6i khi van toc khi ting 1én tir van toc hoa s6i nho nhat dén van toe ma tai d6 bat
dau co su cudn hat xay ra. Khi téc d6 dong khi cang 16n thi do rong 16p hat cang 16m va
chiéu cao 16p hat sbi cang 16n. Tai thoi diém hat hoa s6i thi &t > & Vva Hm > Hs va gid
tri cia chiing trong tinh toan gia tri 14y tang thém 10% [91].

2.3. Phwong phap xac dinh cac thong sb nhiét vt Iy ciia dudng tinh luyén RS
2.3.1. Puong kinh twong duwong

Déi voi vat liu roi co kich thude da phan tan nhu duong, mudi tinh..., trong tinh
toan can phai dua ra khai niém duong kinh trung binh va dugc xac dinh bang phuong
phap sang (rdy) nhu biéu dién trén Hinh 2.3.

Lay mot lugng nho vat liéu rdi tién hanh thyc hién phan loai kich thuéc qua hé
thong ray, phan khoi lugng mau dugc giit lai do kich thudc cua 16 rdy, xi, sau d6 tién
hanh can do mau, dir liéu dugc xir 1y theo phuong trinh x4c dinh kich thudc trung binh

cua hat:

d,=(3(x/d;))" (2.12)

Trong d6:  di — Trung binh cong kich thudc hai 16 ké nhau cia rdy, m

xi— Ty s6 giita lugng hat con lai trén rdy va khéi hat mau lay phén tich



35

iy

N
=

N

EN
w

O O O 9O o
w

o

Dudng kinh 16 ray

(3]

333333

3
AN

Rung

Hinh 2.3 Phén tich kich thudc khéi hat bang ray tiéu chuan [92]

Tuy nhién, tir dinh nghia cau tinh ¢ (phwong trinh 1.2) thi dién tich bé mat hat s&
dugc tinh theo zd? /4¢. Do do, ddi v6i mot hon hop hat khong cau cb cung cAu tinh
thi kich thudc hat trung binh dugc tinh & phuong trinh (2.12) sé dugc tinh theo [92]:

-1
d =4[ D (x/d)] =¢d, (2.13)

2.3.2. Khéi lwgng riéng va khdi lwgng thé tich

Khéi luong riéng chinh xac cua hat str dung trong cac phuong trinh héa soi 1a
khéi lugng riéng cua mdt hat va dugc dinh nghia béng khdi luong ctia mot hat chia cho
thé tich thuy dong cia nd. Thé tich nay “duoc thiy” bang dong luu chat trong twong tac
dong hoc giita luu chét voi hat bao gdm thé tich cua tat ca cac 16 réng kin va hd, nhu

duoc biéu dién trén Hinh 2.4.

16 rdng

/Vat lidu rdn

thé tich thiry déng
Hinh 2.4 Thé tich thay dong ciia mot hat [92]
p =S (2.14)

Khai niém khéi luong thé tich cta hat, pv (bulk density) duoc dé cap dé tinh toan
chinh xéc kich thudc budng say hat va dic biét 1a trong tinh toan cac thong so thity dong
hoc khi thiét ké 16p hat hoa s6i [93]. Khéi luong thé tich duoc xac dinh bang:

Gb

=— 2.15
P Vv, ( )
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2.3.3. Do rong

bo rSng hay con goi do xép cua mot 16p hat, g, 1a phén thé tich 16p hat chiém chd
do khoang khong gian gifta cac hat ran. Gia trj cia do rong phu thudc vao hinh dang hat,
dang ma chung sap xép trong 16p hat (nhitng hat nho c6 thé 1ap dy do rong giita cac hat
16n hon), kich thudc cta 16p hat (d6 rong gan budng chira hoidc 1a bé mat bén trong khéc
véi do rong & giira 16p hat). Do rong duge phong ching tir dang hinh hoc ciia cac hat
don 1¢ 13 thiéu tin cdy trong thuc tién.

Do rong cua khdi hat ¢ trang thai tinh duoc xac dinh bang cong thirc (2.16).

g =1-2 (2.16)
P

Néu 16p hat duogc xép chat hoac duoc nén Xuéng, do r5ng s€ nho hon do rSng
dugc tinh ¢ trén. Theo [19], d6 rdng cua 16p hat & trang thai soi ti thiéu co thé duoc
tinh bang cong thuc thuc nghiém (2.17).
=g, +10%.es=11¢, (2.17)

&,

mf

Kunii va Levenspiel [94] dua ra phuong trinh twong quan vé mit can bang khi
luong:

g'Hs(l_gs)pp'Az(1_€mf)ppg'Hmf (218)

Nhu vy chiéu cao 16p hat khi s6i tdi thiéu:

Hy = H, ((11__:5 )) (2.19)

Khi tinh toan d6 réng cua 16p hat & trang thai soi 6n dinh, Zabrodsky [19] dua ra

cong thirc tinh theo tiéu chuan Reynolds va Archimedes nhu sau:

18R Re? )"
i :( 8Re +0,36Re j (2.20)

Ar

Khi 16p hat bi dong tac nhan khi 16i cuén theo dong khi thi &= 1.
2.3.4. Nhiét dung riéng

Nhiét dung riéng thudng dugc do bang cac phuong phap khac nhau, cy thé chia
thanh cac phuong phap sau: Phuong phap hon hop, phuong phép so sanh nhiét luong,
phuong phéap nhiét ké doan nhiét, phuong phap DSC (Differential scanning calorimeter).
Mic du phuong phap DSC 1a phuong phap thich hop nhét cho két qua chinh xac, nhung
day 1a hé thong thi nghiém dat tién, doi hoi phai tao va giit dugc moi trudng nhiét do

dong déu trong miu vat dao dong khong qua 103K, Khong nhimng thé phai co thiét bi
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do va tu ghi hi€u nhiét d véi cép chinh x4c rat cao nén viéc dau tu hé théng nay dé
phuc vu cho viéc do nhiét dung riéng 1a diéu khong thé. Vi thé trong khudn kho nghién
ctru cua luédn an nay, nhiét dung riéng cua duong tinh luyén RS s& dugc xac dinh theo

phuong phap hdn hop, v6i chét 16ng sir dung 1a ethylene glycol [95].

_— Nép day
_— N&p cach nhiét
/ E Sau khi hoa tron

__Véchan
/" khéng

Nhiét 6 [°C]

— Bo gitr
méau
can do

Trwéce khi hoa
tron N —

— A D

Thoi gian[s] -

Hinh 2.5 Bo thi nghiém do nhiét dung riéng theo phuong phap hon hop [96]
Phwong phap hén hop: dua trén nguyén tic cAn bang nhiét gitra mau can do va
chat 1ong d3 biét nhiét dung riéng (thuong 1 nudc, tuy nhién dbi voi dudng thi phai st
dung chét long khac, Hinh 2.5), phuong phap ndy duogc st dung mot cach rong rii trong
vi€c xac dinh nhi¢t dung riéng cua thuc phém.
m,C (& —t, )+ My (t -t ) =me, (&, -t;) (2.21)
Trong do:
me, mi, ms: khéi lwong ciia bd gitt miu, cia chat 16ng va ciia miu can do, kg
Cpe, Cpl, Cps: nhiét dung riéng ctia bd gitt mau, cta chat 1ong va ctia mau can do, J/(kg.K)
i, tis: nhiét d6 ban dau cua chét l6ng va mau, °C
te: nhiét do can bﬁng ctia mau, °C
2.3.5. Hé sb dan nhiét
Hé sb dan nhiét 1 dai luong dic trung cho kha niang dan nhiét cua thuc pham.
Theo dinh luat Fourier thi hé sé dan nhiét 1a nhiét luong Q truyén qua mot tim vat liéu

mong duoc xac dinh nhu sau [97]:

ALt
Q—/iA( . ] (2.22)

Trong d6: A — dién tich cua bé mat vat liéu, m?
t1, t2 — nhiét do caa bé mat vat liéu, °C
5— Chiéu day cua vat liéu, m
A — hé s6 dan nhiét caa thyc pham, W/(m.K)
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Céc phuong phap do luong hé sé dan nhiét duoc chia thanh 3 nhém: (1) Nhém 6n
dinh, (2) nhém tuwong tu 6n dinh va (3) nhém khdng 6n dinh. Tuy nhién hai phuong phap
duogc wng dung rong réi nhat 1a: Phuong phap dia nong (cho nhém 6n dinh) va que thim
(cho nhdm khéng 6n dinh) [97]. Phuong phép dia néng duoc st dung dé do hé sé dan
nhiét, d6i vé4i nhitng loai thuc pham cd hé s dan nhiét thap thi phai mat mot khoang
thoi gian kha dai dé dat duoc trang théi 6n dinh, két qua l1am bién doi ¢6 am va lam thay
d6i dic tinh caa thuc pham do tiép xtc qua lau ¢ nhiét do cao. Vi vay thiét bj ky thuat
dé do hé s6 dan nhiét caa nguy@n liéu thue pham doi hoi thoi gian do ngan va mau tuong
d6i nho. Hinh 2.6 biéu dién thiét bi do hé sb dan nhiét dang que tham duoc khuyén khich
dé tng dung cho céc loai thyc pham [97].

1 : - Dién tro gia nhiét
Day cép nhiét Dy=6mm Ds=6mm
£
£
S
™
I
I
lidr- £ D=1.27mm
1l E -
i 1 n
Piudo ! <
|
£
| £ T
:H @ ) —, Dééycél)ﬂhiét
= £ . - FNiken,
Dau noi cap nhiét + L E’d:gzmin
||
N -
D=1,6mm | | -
NV r=6mm
- ple
(a) Que tham don (b) Que tham kép

Hinh 2.6 Thiét bi do hé s6 dan nhiét dang que tham [97]

Que thiam don (Hinh 2.6a) c6 mot ddy dién tré dugc cach dién bén trong 6ng kim
loai, chay tir tay cdm dén dau que thim va vong trd lai. Mot cap nhiét dién duoc céach
dién ciing duoc dua vao trong dng kim loai, véi vi tri do nam & nura gitra 6ng kim loai.
CAac bo phan nay déu duogc cach dién véi nhau bang dung dich pha cach dién. Dé do hé
sb dan nhiét cua céc loai vat liéu dang hat c6 kich thudc nho, thiét bi do dang que tham
kép thudong duoc sir dung thay cho que thim don, ciu tao cia né dugc trinh bay trén
Hinh 2.6b, trong d6 c6 thém maot 6ng kim loai c6 gan dau do nhiét ¢6 nam cach nhau
mot khoang .

Trong qué trinh do, dau do nguon nhiét duong duge dua vao mau thyc pham ban
dau o nhiét d6 dong nhat. Pau do duoc 1am néng vai téc do khong doi va nhiét do tiép
gidp v6i nguon nhiét duong day duoc ghi lai ty dong. Sau mot khoang thoi gian ngan,
dd thi cua logarit thoi gian so vai nhiét do dugc theo dbi I tuyén tinh va do ddc 1a
Q/4m\. Do d6, hé sé dan nhiét co thé duoc viét 1a [97]:
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In[(z, —7,)/(z,~7,) ] (2.23)
Az (t, —t,)

Trong d6: Q — ngudn nhiét phat ra khi gia nhiét dau do, W

2=Q

t;, t2 — nhiét d6 cua cap nhiét tham do @ng vai cac thoi diém t1 va 12,
To— khoang thoi gian trudce khi bit dau ghi di liéu, s
Thoi gian do hé sb dan nhiét kéo dai trong khoang 3 s ddi véi chat long dén 10 s
hoac 12 s ddi voi hau hét cac loai thuc pham ran. Cac muc cong suét dugce khuyén cao
st dung 1a tir 5 &én 30 W/m. Vat liéu c6 hé s6 dan nhiét cao hon thi can mirc cdng suat
I6n hon dé c6 du 1am tang nhiét d6. Khoang thai gian, o, duoc xem 1a khong dang ké
d6i voi cac dau do co dudng kinh nho (vi du: 0,66 mm). Bé c6 do chinh xac cao, can co
ty I& chiéu dai que tham va dudng kinh 16n hon 25 va c6 kich thude mau thich hop [97].
2.4. Phwong phap xic dinh dd 4m cAn bing cia dwong tinh luyén RS
D6 4m can bang ¢ ¥ nghia rt 16n trong k¥ thuét sdy, gitip xac dinh gii han do
am trong qud trinh sdy dé bao quan vat liéu trong nhitng diéu kién d6 4m moi trudng
khac nhau. Trén thuc t& d3 co hang tram mo hinh toan xac dinh do Am can bﬁng duoc
cong bd, mdi mé hinh chi trinh bay d6 4m can bang ctia mdi loai vat liéu trong mot dai
nhiét d6 va do 4m tuong ddi ctia méi trudng, vi thé khi mudn nghién ciru dé siy mot

loai vt liéu nao d6 can phai tién hanh xac dinh d6 4m cén bang [98].

SV
PV
25 250

Hinh 2.7 Mé hinh thi nghiém do d¢ am can bang
1-Ta séy mau; 2- Binh thiy tinh kin; 3- Mau can do; 4- Dung dich mubi hoa tan
Do am can bang cia vt liéu s& dugc xac dinh thong qua viéc xay dung duong
dang nhiét cua chung [99]. Mot dung dich mubi kim loai bdo hoa dugce dit trong mot
khong gian hep va kin dé tao ra mdi truong c6 6 am 6n dinh theo nhiét do (Hinh 2.7).

Theo Greespan [100] mdi dung dich mudi bao hoa s& duy tri trén bé mat vat liéu mot do
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am tuong ddi cia khong khi nhat dinh. Khi do 4m khong khi ting, dung dich mubi nay
s& hat am, con khi d6 4m khong khi giam, nuéc trong dung dich s& bdc hoi gitip tang do
am khong khi va mot phan mudi s& két tinh. Theo [99], khi da c6 dit liéu thuc nghiém
thi cac md hinh toan s& dugc sir dung dé xac dinh d6 4m cén bang cua cac vat licu.
2.5. Phwong phap xic dinh dong hoc qua trinh sy ting séi xung khi
2.5.1. X4c dinh dwong cong siy theo dinh luat Fick
Dinh luét thtr hai cua Fick duoc st dung dé mo ta qua trinh khuéch tan am:
%vl =D,,V’M (2.24)
Hé s6 46 am khong thir nguyén clia cic mau trong qué trinh sdy duoc biéu thi
bang phuong trinh sau:
M -M
=_—— g (2.25)
M,-M

dbe

MR

Do hat duong tinh luyén RS ¢6 hinh dang twong dwong hinh ciu nén dang giai
tich don gian cua phuong trinh khuéch tan 4m cta Fick dugc str dung dé tinh toan hé s6
khuéch tan am hiéu dung [101] khi bo qua su co rit cua vat liéu va xem nhu 4m phan

bd déu bén trong vt liéu say:
0 2
MR =) = exp{—nzM} (2.26)

Véi thoi gian sdy dai (MR < 0,6) va duong kinh trong duong bé thi phuong trinh

(2.38) co thé viét lai dudi dang thirc rat gon nhu sau:
2
MR = iexp{—w} 2.27)
V4

Cac mod hinh toan khac nhau di duoc dé xuit nhim xay dung dudng cong sdy
phu hop véi thuc té. Mot s6 md hinh toan phu hop voi duong tinh luyén RS s& duge
trinh bay trong chuong 3. Bé giai cac mo hinh toan nay, phuong phap hoi quy phi tuyén
dugc sir dung két hop vai dit lidu thyc nghiém clia qué trinh sy.

Mitc @6 phit hop ctia mé hinh toan duoc xac dinh bang cac tham s théng ké nhur
hé s6 tuong quan (R, phuong trinh 2.28), chi binh phuong (2 phuong trinh 2.30) va sai
sO toan phuong trung binh (MSE) hay dang cin bac hai (RMSE, phuong trinh 2.29). Bé
danh gia mo hinh toan 1a phu hop nhat thi gia tri R phai cao, trong khi gia tri 2 va RMSE
phai thap.



R = — (2.28)
|_l( M expi M exp,i )
n 1/2
RMSE = H X (Mo, ~ M, )2} (2.29)
Zn: Mex i M re,i i
7= A Mens =My (2.30)

2.5.2. Hé s6 khuéch tan 4m hiéu dung

Hé sé khuéch tan am hiéu dung 13 dai luong can thiét trong md phong truyén chit
ctia cac qué trinh sdy. Tuy nhién, ddy 1a dai luong khong do duoc bang thiét bi do ma
thong qua viéc tinh toan. Gia tri caa Der rat bé nén viéc xac dinh cang chinh xac thi bai
toan md phong qua trinh trao d6i am cang hop ly. Nhiét d6 sdy c6 anh huong rat 16n hé
s6 khuéch tan am nén khi tinh toan gia tri hé s khuéch tan am Def thi phuong trinh
Arrhenius 1a pht hop nhét [101], [102], [103]. Phuong trinh ndy c6 dang nhu sau:

D« =D, exp(_R[_El_a j (2.31)
Hé s khuéch tan 4m hiéu dung c6 thé duoc tinh toan tir cong thirc (2.27) nhd
vao gia tri MR thuc nghiém. Tur d6 cac gia tri hé s6 khéch tan Am tham chiéu Do va nang
lwong hoat héa E, trong phuong trinh (2.31) c¢6 thé duge xac dinh dya vao phuong phap
hédi quy phi tuyén.
2.6. Phwong phap do cAc thong s trong qua trinh thwe nghiém
2.6.1. Phwong phap do nhiét d I6p vat liéu trong qua trinh say
Hinh 2.8 trinh bay so dd b tri cac cam bién nhiét 4o, do 4m va ap suét trong qua
trinh sy dudng tinh luyén RS tang soi xung khi. Trong d6, cip cam bién nhiét d6—do
am Ti—p1, Tz—@3 lan lugt duge dung dé xac dinh nhiét d6—d6 am tac nhan séy cép vao
va thoat ra khoi may say. Nhiét do cuiia 16p vat liéu trong qua trinh sdy T2 dugc do bang
6 cam bién nhiét d6 loai J (cip nhiét dién Iron / Constantan), cac tin hiéu nhiét d6 duoc
tiép nhan boi bo ghi dit lidu (3) va dugc két ndi voi may tinh (5) dé ghi dir liéu theo thoi
gian thyc thong qua phan mém chuyén dung. Do diéu kién cy thé vé thiét bi do va kich
thudc ciia budng sy nén 06 vi tri do nhiét d6 nay nam gitta 16p hat sdy va cach déu nhau
khoang cach 100 mm, khi d6 nhiét do vat li¢u trong qua trinh séy duoc xac dinh béng
gié tri trung binh ciia 6 nhiét do nay. Cac thong so chi tiét ciia cam bién va thiét bi do s&

dugc trinh bay trong muc 2.9.
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Hinh 2.8 Thiét lap céc vi tri do trong qua trinh sy

1- Budng sdy; 2- Bo do va ghi dit liéu van tdc; 3- Bo do va ghi dit liéu nhiét do;
4- B6 do chénh ap; 5- May tinh

2.6.2. Phwong phap xac dinh vén téc caa khong khi

Van toc khi cAp vao budng sdy va van tdc khi qua bé mat 16p hat duoc do bang
cam bién day nhiét (hot wire sensor) dugc lap tai cac vi tri do Ui, Uz, Us (Hinh 2.8) két
nbi v6i bo ghi dir liéu (2). Mdi vi tri do s& thay ddi vi tri cam bién 03 1an va iy gia tri
trung binh, nhu biéu dién trén Hinh 2.9. Dit liéu van tdc dugc ghi ti thiéu 1 s/lan va
dugc luu trit vao thé nhé dé truy xuat sau khi do. Ngoai ra, van toc khi qua bé mit 16p
hat con dugc kiém chtng thong qua tinh toan gitta luu luong khi cip vao/thoat ra va tiét

dién cua budng say.

J 30

Uzq Uz Uag @ 2100 L @
Y

350

60 | 60

i\J
-
o i

(| B

Hinh 2.9 Thiét lap céc vi tri do van tdc khdng khi trong budng sy
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2.6.3. Phuong phap do ton that ap suat

Ba vi tri dudi ghi, trén ghi va trén bé mat 16p hat dugc lép ba 6ng do ap suit Py,
P2, Ps két ndi voi bo do chénh 1éch ap suét (4) nham xac dinh ton that ap suat qua ghi va
qua 16p hat (Hinh 2.8). Néu ki hiéu AP1.2 = P1 — P2 VA AP1.3 = P1 — P3 thi ton that ap sut
qua ghi phan phdi khi APgq =AP1., va ton that ap suat qua 16p hat APy, = AP1.3 — AP1.5.
Do ghi phan phdi khi c6 dang mii chup nén xem nhu bo qua khoang cach nhé tir bé mit
ghi dén vi tri do P2.
2.6.4. Phuong phap xac dinh d§ am vat ligu say

Dbi voi may sy tang so6i xung khi, dé khong anh huong dén qua trinh sy, cac
mau san pham sdy duoc 1ay ngiu nhién va dinh ki mdi 5 phiit mot lan. Tai cira 1ay san
pham (vi tri s6 2, Hinh 2.10) b tri mot 16 nho ¢6 duong kinh 10 mm, duoc déng kin
bang bulong M10, khi dén thoi diém 14y mau, vi tri nay s& duoc mé ra va cac hat duong
ngau nhién s& roi ra ngoai do sy chénh 1éch 4p suat bén trong va ngoai budng siy. Khdi
lwvong mau san pham ldy ra mdi 1an 1a 50 + 10 g, vira du dé do d6 Am vira khong anh

hudng dén tong khdi lugng vat liéu bén trong budng siy.

T
©
$
—a

B =—-Q

'

Hinh 2.10 M@ ta phuong phap lady mau trong qua trinh say

1- Cira cap lidu; 2- Vi tri ldy mau sdy; 3- Lop hat soi; 4- Cira quan sat
D6 am cia duong tinh luyén RS duoc do bang phuong phap can — siy két hop.
Trinh tu x4c dinh d6 4m cua duong tinh luyén RS theo co s¢ udt nhu sau: tién hanh léy
mAau san pham ngau nhién sau khi ra khoi budng sdy. Mdi thi nghiém 1y tir 3 — 5 mau
theo cac khoang thoi gian nhat dinh. Cac mau nay sau d6 dugc do bang may theo
ICUMSA GS 1-9 (1994) nhu sau:
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— Say chén st ¢6 nip o nhiét d6 140°C lam ngudi trong binh hat 4m, can chén, tiép
tuc say chén tdi khdi lugng khong doi.

— Can khoang 10g dudng tinh luyén RS chinh xéac t¢i 0,001g cho vao chén sdy. Say
duong tinh luyén RS & nhiét do 80 + 5°C trong 3 gid. Ly chén ra ddy nép, 1am
ngudi trong binh hut 4m ri can. Sy tiép 30 phut, can cho t&i khi chénh 1éch gitra
hai 1an can lién tiép khong qua 0,001g.

— Céch tinh d6 am:

_G,+G, -G

M 2100% (2.32)

0
Trong d6:  Go—khdi lugng mau dudng tinh luyén RS ban dau, g
Gen—khdi luong chén sau siy & 140°C, g
Gn—khdi lvong chén va miu dudng tinh luyén RS sau khi sdy lan cudi, g.
Gn_1—khdi luong chén va miu dudng tinh luyén RS sau sdy lan tht n-1, g
V61 Gn1 — Gi< 0,0019.
Khi d6, d6 4m Am vat liéu theo co s kho dugc xac dinh bang phuong trinh (2.33):

M
M, = 100, % 2.33
® =700 M 0 ( )

Trong céc thi nghiém, do 4am dudng RS ciing dugc thyuc hién theo phuwong phap
do nay nhung sir dung méy phén tich d6 4m dé thuén tién va chinh xac hon, tranh duoc
cac sai sO do thao tac.

2.7. Phwong phap mé phong sé

Bai toan mo phong qua trinh sdy ting soi twong ddi phte tap khi lién quan giira
co hoc chét luu, truyén nhiét va truyén chét, dic biét la khi 16p hat chiu tac dong boi
dong luu chat co van tdc thay doi theo thoi gian. Chinh vi vay, viéc xay dung mé hinh
vat 1y va xéac dinh dugc hé phuong trinh phit hop mé ta qué trinh gia 10ng, qua trinh sy,
tir 6 sir dung cac cong cu md phong sb trén may tinh dé giai hé phuong trinh vi phan
nay 1a cach hiéu qua nhat dé c6 thé phan tich duoc co ché cta qua trinh sdy ting soi
xung khi. Trong luan an nay, phuong phap Euler — Euler va mé hinh hai pha TFM (Two
Fluid Model) duoc dé xuat 1am hudng tiép can chinh nham xac dinh hé phuong trinh
mo phong va phan mém MFiX duoc lya chon gitp hd trg cho qua trinh mé phong. So
di mé hinh TFM va phan mém MFiX dugc liwa chon 1a do sy phul hop trong giai quyét
cac md hinh co sy twong tac giita hat ran va luu chat, giup giam thoi gian mo phong

cling nhu cdu hinh cta méy tinh [104]-[107]. Céac budc tién hanh mo phong sb trén phan
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mém MFiX dugc trinh bay theo lvu 6 Hinh 2.11 va cac két qua tir viéc xdy dyng md

hinh, xac dinh hé phuong trinh va két qua moé phong s6 dugc trinh bay trong chuong 3.

M hinh hinh hoc Mo hinh vat Iy Tao ludi Giii Két qua LEm PG
két qua
A i Khong cAu tric P R Luc dugc tinh
s Truyén nhiét R On dinh/Khong AN .
Luya chon m6 hinh ON/OFF (chia bill’lg tay/tw én dinh toén (nang, Puodng contour
dong) trugc,..)
Y
i Nencl)lwgr::g':nen Lap lai/Budc i Vectors
Thong s0 mo hinh Xuat trén XY
Céc dgc tinh Gi6i han hoi tu v

dong chay

Hinh dang va kich A £ . Puong dong
thude md hinh Xic dinh ket qua (Streamlines)
Kiéu nhot Chinh xac (bac
mot, hai)
Tham dinh lai két
\ qua
Diéu kién bién
So db b
Diéu kién ban
dau

Hinh 2.11 Céc buéc md phong CFD bang phan mém MFiX [108]

2.8. Quy hoach thuc nghiém

Quy hoach thuc nghiém 1a phuong phap t6 chic cac thi nghiém sao cho chi mét
mot s6 it thi nghiém nhét nhung ¢ thé thu nhan duoc lugng thong tin nhidu nhit. Day
1a phwong phap cho phép nghién ctru anh hudéng cua dong thoi cua nhiu yéu té cong
nghé dén mot chi tiéu nao d6 cua qua trinh ma khong can phai ¢ dinh va thay déi 1an
luot ting bién sd. Két qua cudi ciing ciia quy hoach thuc nghiém 14 xay dung nén mot
mo hinh toan hoc ¢ dang phuong trinh hoi quy biéu thi méi quan hé gitta cac thong sd

dau ra voi céac thong so dau vao.

E
— HOP DEN >

(QUA TRINH LAM
VIEC CUA HE THONG)
A A A

T
Hinh 2.12 Minh hoa m6 hinh hop den
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Phuong phap mo ta thong ké quan niém hé 1a mot hop den, trong d6 cau tric va
tinh chat bén trong la khong biét rd. Néi cach khac, moé hinh thong ké khong cho biét
ban chat bao toan va ban chat dong hoc ciia hé ma chi mo ta mdi quan hé giita cac thong
s6 dau vao va dau ra cua hé trén co sé cac phuong phap cua toan hoc thong keé.

Trong mot hé thdng (Hinh 2.12), cac yéu t6 tac dong dau vao bao gdm cac bién
kiém tra duoc va diéu khién duogc (2), cac bién kiém tra duoc nhung khong diéu khién
dugc (T), cac bién khong kiém tra duoc va khong diéu khién duogc, con goi 1a nhiéu (E)
va cac thong sd dau ra dé danh gia (Y), hay con goi 1a ham muc tiéu. Biéu dién dudi
dang hinh hoc ctia ham muc ti€u goi la bé mat dap ung.

Phuong phap bé mit dap ung (Response surface methodology) 1a mét tap hop
cac phuong phéap thong ké va toan hoc hitu ich cho viéc mé hinh hoa va phan tich cac
van dé k¥ thuat. Trong k¥ thuat nay, muc tiéu chinh 13 t6i wu héa bé mat phan tng bi
anh hudng boi cac tham sd quy trinh khac nhau. Phuong phap bé mit dép tng ciing dinh
luong mdi quan hé giita cac tham s6 dau vao c6 thé kiém soat va bé mit phan hoi thu
dugc [109].

Quy trinh thiét ké ctia phuong phap bé mat dap timg nhu sau:

(i). Thiét ké mot loat thi nghiém dé do luong day du va dang tin ciy cac thong sb
cong nghé cua qua trinh.
(i). Xay dung mb hinh toan hoc ctia bé mit phan tmg béc hai véi mue d twong quan
tot nhat.
(iii). Tim tap tham s thuc nghiém tbi wu tao ra gia tri dap tng 16n nhat hodc nho nhét.
(iv). Thé hién cac tac dong truc tiép va twong tac cta cac tham sb qua trinh thong qua
cac d thi hai chiéu va ba chiéu.
Néu tat ca cac bién dugc gia dinh 1a c6 thé do ludng dugc, bé mat dap tng co6 thé

duoc biéu thi nhu sau:

% =if(xj):f (X1, X0 X X, ) (2.34)

trong d6 Y 12 ham muyc tiéu ctia hé thong va X; 1a cac bién anh hudng hay con goi
1a cac yéu td, dugc chuyén doi tir hé tryc tu nhién sang hé truc khong thir nguyén (hé
ma hoa). Trong hé thong c6 v6 sd ham muc tiéu va cac yéu té anh huong, nén nghién
ctru thuc nghiém can tap trung vao cac ham muc tiéu quan trong, quyét dinh 16n dén céac
chi s6 mong mudn nhait ctia hé théng va cac bién doc 1ap quan trong c6 anh hudng 16n
nhat ciing nhu c6 thé do luong duoc, lién tuc va c6 thé kiém soat dugc bang cac thi

nghiém v&i sai s6 khong dang ké. Can phai tim mot ham tuong quan phu hop cho méi
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quan hé giita cac bién doc 1ap va bé mit dap ung. Thong thuong, mo hinh bac hai thudng
dugc sir dung trong phuong phap bé mit dap tmg [110]-[112].

Trong nghién ciru thyc nghiém, véi mot qua trinh cé nhiéu yéu t6 anh huong thi
viéc tién hanh thi nghiém bang cach thay ddi cac thong sb s& lam ting s thi nghiém, do
d6 qua trinh nghién ctru s& phirc tap. Dé giam s6 thi nghiém can phai tién hanh ma van
dam bao dugc do tin cdy cua md hinh thyc nghiém da yéu td, phuong an quy hoach thuc
nghiém duogc ap dung trong nghién ctru nay 1a quy hoach truc giao cdp 2. Phuong an
nay c6 uu diém 13 s thi nghiém tién hanh thap, do tin cay cao hon phuong phap binh
phuong cuc tiéu va quy hoach thuc nghiém tai tam [113], [114]. Co s6 1y thuyét cua
phuong an quy hoach truc giao cip 2 nhu sau:

Ham hdi quy thuc nghiém xay dung tir quy hoach truc giao cap hai c6 dang [5]:

K K K
Y =by+ D by X;+ Y by X X, + ) by X  +e (2.35)
-1 J 1= -1

trong d6 X; 1a cac bién ma hoa c6 anh hudng dén ham muc tiéu Y va bo, by, by, bj

G=12..k1=12 .. k) 1ahésbdhdiquy chua biét va ¢1a sai s6 ngiu nhién.

S6 hé sb trong da thirc bac hai trong phwong trinh (2.34) 1a:

I
m=k+1+k+C? =2k +1+ kKt _(k+Dk+2) (2.36)
21(k —2)! 2
Xét yéu t6 thuc dau vao Z;, ta co:
VAL AL _
z] =%; j=1:k (2.37)

. i 02 \ , , A , A , g
Trong do, ijax , Z;mn Z j 1an luot 1a muc cao (murc trén), muc thap (mirc dudi)

va murc co so (tai tam).

Khoang bién thién ciia yéu t6 Zj tinh tir tAm ctia phuong an thuc nghiém:

7 max _ 7 min
AZ =————; j=1Kk (2.38)
2

Cac phan tir ciia ma tran tinh toan cta bién X nam trong khoang [-1, 1] thi ma
tran tinh toan khi xdy dung méi ¢ tinh truc giao, nhung khoang gia tri ciia cac bién can
nghién ctru khong nam trong khoang nay nén can chuyén bién tir hé truc ty nhién Z;jsang
hé truc khong thtr nguyén (hé ma hoa) X;:

z -2°
X =-1_1 j=1:k (2.39)

! AZ

j
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Véi 1< X, <1va X; =0

S thi nghiém dugc xéac dinh la:
N =ng+ns+no=2+ 2k + ng (2.40)

Gia trj ctia diém sao (canh tay don cta phuong an nay):

o = N 26D _ otk (2.41)

Do céac phuong an cau tric ¢ tdm khong truc giao vi Xo ludn ludén bang 1 va X?ji

> 0 nén phai thay bién X2 bang X’j dugc tinh theo cong thirc:

N
X 2
Z ! (2* +2a°)

' 2 2 2 j= 2
Xj:Xj—Xj:Xj—JT:Xj— N (2.42)
Piéu kién ctia ma tran tryc giao:
k 2
G2 +2a) (2.43)
N
Cac hé sd hoi quy duogc xac dinh theo cong thic:
N N N
;XiiYi ;(XjXI)Yi ;inYi
by = by = by = 2.44)
2 X] 2 (X X)), (X5
i=1 i=1 i=1
Phuong sai cua cac hé s6 duoc tinh nhu sau:
2 2 2
Ssj :—Nsth ; Ssjl =N Sth ; Ssjj =N Sth (245)
2 2 r\2
;in Z_ll(xjxl)i le(xji)
Phuong trinh nhan dugc sau khi thay cac bién moi:
Y =by+b.X, +...+b.X, +b,. X . X, +...+b_,. X, ;. X,
(2.46)

+b11(X12 —Y12)+...+bkk (sz —Yi)
Dé chuyén phuong trinh (2.45) vé dang phuong trinh (2.34) thi bo duoc tinh theo

cong thuec:
b, =l — b, X1 —...~ b, . X (2.47)

Va phuong sai bo:
2

2 2 (o2 2 v\ .2
Sy, =Sy T X1 | Sy, +o [ Xk | Sy (2.48)

Noi dung bai todn quy hoach thuc nghi¢m thuc hién theo cac budc:

- Lap ma tran thi nghiém theo quy hoach tryc giao cap 2.
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- Tién hanh phan tich phuong sai dé loai bo cac hé sé hoi quy khong dam bao do

tin cay v&i muc y nghia p > 0,05.

- Thyc hién phan tich phuong sai trén ham todn moi.
- Xac dinh gia tri cac hé s6 hdi quy theo ham toan méi sau khi d3 loai cac hé s6 hoi
quy khong du do tin cay.
- Kiém tra sy phu hop ctia mo hinh theo tiéu chuan Fisher.
Kiém dinh tinh c6 nghia ciia cic hé sé:

Theo [113], [114], phuong sai tai hién (hay con goi 1a phuong sai tai sinh) dugc
str dung dé kiém tra tinh c6 nghia cua cac hé sb hoi quy trong phuong trinh (2.44). Bé
tinh phwong sai tai hién, cic thi nghiém ¢ tdm no can duoc tién hanh. Khi d6, phuong
sai tai hi¢n dugc tinh theo cong thirc sau:
nzo (Yuo v 0)2

=1

52 =d (2.49)

n, -1

0
Tir d6, tinh c¢6 nghia ciia cac hé s6 trong phuong trinh hdi quy duoc kiém dinh

theo tiéu chuin Student:

. Pl

2.50
=y (2550)

i
Kiém tra tinh twong thich ciia phwong trinh héi quy:
Su twong thich ctia phwong trinh hdi quy véi thue nghiém duogc kiém dinh theo

tiéu chuan Fisher:

2

S
R (f, f) =" (2.51)

2
th

Phuong sai du:

N
Z (Yi —Yi )2

Sau = v (2.52)

Voi: p: mtc y nghia

f1: bac tu do thu nhat, fi =N - L

fo:bactudothr 2, f2=np—1

L: s6 hé s6 c6 nghia trong phuong trinh hoi quy

Néu F < F1.p(f, f2) thi phuong trinh hdi quy twong thich véi thyc nghiém. Truong

hop F > F1p(f1, f2) thi m6 hinh xay dung khong phti hop, khi d6 sé phai xem xét lai mién
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nghién ctru thi nghiém, cac yéu té dau vao cia nghién ciru hodc tién hanh thyc nghiém
& cap cao hon.

2.9. X4c dinh cac thong s6 nghién ciru

2.9.1. Xac dinh cac ham muc tiéu (thdng so dau ra)

D6 4m san pham 13 mot trong nhitng théng sé phan anh chat luong cta san pham
sdy va 1a thong sb phan anh hiéu qua cua mot hé thong sdy. PO am 13 thong sb duoc yéu
ciu nghiém ngit trong qua trinh sdy va bao quan vat liéu. Theo TCVN 6958:2001 [13],
d6 4m ctia dudng tinh luyén RS sau sy khong 16n hon 0,05% nén trong céc thi nghiém
cta luan an, do 4m san phém dat 0,05% la co so dé dung qua trinh séy va xac dinh cac
ham muc tiéu khac. Do vay, do am san phém khong dugc chon lam ham muc tiéu dau
ra. Thay vao d6, thoi gian sdy tinh theo cin ctr d 4m san pham s& duoc chon lam ham
muc tiéu va chit luong cua dudng sau khi sdy s& dugc danh gid dua trén mau sic cia
san pham.

Thoi gian sdy duong tinh luyén RS dugc xac bang khoang thoi gian tinh tir thoi
diém bat dau qué trinh séy cho dén khi vat liéu dat d6 Am yéu cau. Bdi véi duong tinh
luyén RS, theo TCVN 6958:2001 [13], d6 4m san phdm yéu cau khéng dugc cao hon
0,05% nén gia tri 0,05% s€ dugc chon lam co s¢ xac dinh thoi diém két thuc qué trinh sﬁy
va tinh thoi gian sdy. Dé xac dinh dung thoi gian siy ciia mdi phuong an thi nghiém, cac
mAu san pham sy s& dugc 1dy cach nhau 5 phat (300 s) mdi 1an cho dén khi d6 4m do
duogc dat thap hon 0,05%, sau d6 tién hanh ndi suy tai gia tri 0,05% dé tim thoi gian sdy.

Y1— Téng chénh léech do mau

Mau séc caa duong tinh luyén sau khi siy ciing 13 mét trong nhitng chi tiéu danh
gia chat luong san pham. Thong thuong, mau sic cua dudng duge xac dinh theo gia tri
d6 mau ICUMSA (International Commission for Uniform Methods of Sugar Analysis),
don vi la IU. Tuy nhién, phuong phap nay thuong phuac tap va kho thyc hién nhanh
chong ngay sau khi dudng duoc siy xong. Trong luan an nay, dé xem xét anh huong
cua cac thong s6 cong nghé dén mau sac cua dudng sau khi siy, thang do tiéu chuan
CIE (The Commission International de 1°Eclariage) L*, a* va b* dugc st dung dé danh
gia mau sac caa duong tinh luyén RS. Céc thong s6 nay thé hién do dam nhat (L), va
muc d6 d6 hozc xanh 14 cay (a) va mic d6 vang hoic xanh lam (b) caa san pham duoc
do. Gia tri 0 hodc 100 cho L tuong Gmg 1a mau den hoic tring. Cac phép do mau cong
cu nay tuong Gng véi danh gia truc quan vé mau thuc pham va nhan thic cia con ngudi
vé mau sic nhu sic d6 mau, d6 bdo hda va gia tri ¢d thé duoc tinh toan tir cac gia tri L*,

a* va b*.
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Do bao hoa: c =(a )2 +(b° )2 (2.53)

s

Sic 46 mau- Hue:  h=arctan [ b’ j (2.54)

Trong nhiéu trudng hop, su chénh léch gitra cac thdng sé mau trudc va sau mot
qué trinh lai c6 ¥ nghia hon 1a gia tri mau tuyét ddi dé danh gia anh huong caa qua trinh
dén mau sic. Su chénh léch vé mau sic gitra hai giai doan ¢d thé duoc tinh nhu sau:

Chénh léch sic d6 mau - Hue: Ah = arctan (EJ—arctan (Z.—‘:j (2.55)
Chenh léch do bdo hoa:  AC™ =/(a—g,)" +(b—b,)’ (2.56)
Chénh léch do sang mau: AL =|L - L| (2.57)
Téng chénh léch do mau: AE™ = /(L - L, )’ +(a-a,)" +(b—b,)’ (2.58)
Néu ki hidu AL =(L—L,), Aa" =(a—a,), Ab" = (b—b,) thi

Y,=AE" = \/(AL* ) +(aa") +(ab")’ (2.59)

trong d6 Lo, a0 va bo, 1a cac thdng s6 mau cua trudc qué trinh va L, a, va b 1a cac thong
s6 mau twong tng sau qua trinh.

Phuong phap xac dinh tong chénh 1éch d6 mau cua san pham say:

May do mau cam tay c6 thé xac dinh nhanh cac chi s6 vé& mau sic cua dudng tinh
luyén RS (L*, a*, b*) va so sanh v&i mau chuan dé xac dinh cac gia tri AL*, Aa*, Ab*
va AE*. May do mau s& duoc can chinh bing tim tring tiéu chuan va sir dung cac gia
tri mau nay dé so sanh véi mau sic cia san pham siy. Khi do, gia tri AE* cang thap s&
phan anh mau sic cia duong tinh luyén RS sau siy cang gan mau tring, nghia 1a chat
lwgng sau sy tét hon.

100
50
(63}

50
100
X

a) Vi tri do mau b) Mau dudng trude siy  €) Mau duong sau say

Hinh 2.13 Céc vi tri do mau sic duong tinh luyén RS
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Cac mau duong tinh luyén RS truéc va sau say duogc bd tri trong mot khéi hinh
hop ¢6 kich thudc 100 x 100 x 10 (mm) va mau sic duge do tai 05 vi tri trén bé mit nhu
duogc biéu dién trén Hinh 2.13. Cac thong s6 vé mau sic duoc lay trung binh trong nam
vi tri ndy va gié tri tong chénh léch d6 mau dugce tinh theo cong thic (2.59).

Y2 — Tiéu hao dién nang riéng

Tiéu hao dién ning riéng Ia tiéu hao dién ning dé siy dugc 1 kg san pham trong
qua trinh sdy (Wh/kg SP) va dugc xac dinh bang cong thic (2.60):

Y, = Gﬁ _ % Wh/kgSP (2.60)
2 2

Trong do: U —-Di¢nap, V
| — Cuong do dong dién, A
cosp — Hé s cong suét
N — Tong dién ning tiéu hao trong thoi gian sdy t, Wh
Dé x4c dinh dugc chi phi nay, trén mé hinh sdy duoc lap dit 01 dong hd do dién
nang ti€u thy dung dé xac dinh dién nang ti€u thyu cho quat va dong co tao xung. Déng
thoi cling st dung dung cu do di¢n HIOKI 3286 dé kiém tra cac gia tri tirc thoi.
Y3 - Tiéu hao nhiét nang riéng
Tiéu hao nhiét ning riéng 1a luong nhiét can thiét dé siy duoc 1 kg san phdm
trong qué trinh sdy, dugc xac dinh theo cong thire (2.61):
Y, = g kJ/kgSP (2.61)
GZ
Véi: Q — Tong nhiét luong cung cap cho qua trinh siy tai thiét bi gia nhiét, kJ
Do thiét bi sdy str dung dién tré dé gia nhiét nén tong nhiét luong cung cip cho
qua trinh sy tai thiét bi gia nhiét ding bang dién ning tiéu thu cho cac thanh dién trd
khi hoat dong (chuyén d6i sang don vi kJ véi cose = 1). Pé xac dinh dugc chi phi nay,
trén mo hinh siy c6 lap riéng 01 dong hd do dién nang tiéu thy cho cac thanh dién trd
gia nhiét.
Thong thuong, ti€u hao nhiét nang riéng va di¢n nang riéng thuong dugc tinh cho
1 kg am (kJ/kg am, kWh/kg am) trong sdy vat liéu. Tuy nhién, trong thuc té trudng hop
sdy cac loai vat liéu co d6 am rat thap vi du nhu duong RS hay muéi tinh... sau ly tim
d6 am chi & pham vi 1,5% thi lugng am bay hoi 12 rat thap so vdi cac loai vat liéu thong
thuong khac nén néu tinh theo 1 kg am thi gi tri tiéu hao dién ning va nhiét ning sé& rat
16n. P6i voi sdy duong RS, cic cong b vé tiéu hao nang luong thuong dugce tinh cho 1

kg san pham [115]-[117] nén trong luan 4n nay, tiéu hao dién ning riéng va nhiét ning
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riéng cling dugc tinh cho 1 kg san pham dé thuan tién cho viéc so sanh v&i mot sb két
qua da duoc cong bb.

Trong thyc té tai cic nha mdy san xuat dudng, do st dung hoi nudc dé gia nhiét
tac nhan sdy nén chi phi ning luong cta qua trinh sdy thudng dugc tach thanh tiéu hao
dién nang (cho quat va cac dong co) va tiéu hao nhiét nang (cho qua trinh gia nhiét) [5],
[6], [117]. Do vay, trong luan an ndy, ham muc tiéu vé chi phi ning luong ciing dugc
phan biét thanh tiéu hao dién ning riéng va tiéu hao nhiét ning riéng dé phu hop voi
mg dung két qua nghién ciru vao thyc té.

2.9.2. Xac dinh céc thdng sé nghién ciu diu vao

Nhim xay dung dugc mot ché do say phu hop cho viée sy duong tinh luyén RS
bang phuong phap sy tang soi xung khi lién tuc, cic thong sd cong nghé cua qua trinh
sdy can duoc xac dinh hop 1y. Diéu d6 ¢ nghia 13 img v6i nhitng diéu kién nhit dinh
clia qua trinh sdy, cac thong s cong nghé con lai phai duoc thiét 1ap, nhdm muc dich
tao cho qua trinh sdy mot hiéu qua cao nhit.

Trong mdt qué trinh s?iy ddi luu thong thuong, nhiét d§ va van tdc tac nhan séy
1a hai thong s cong nghé d3 duoc xac dinh anh hudng chinh dén ca chét luong va chi
phi say.

Z1— Nhiét do sd'y

Nhiét d6 1a thong sb cong nghé quan trong ctia qua trinh sdy, quyét dinh dén tbc
do sfiy va la thong s6 ¢6 thé diéu khién dugc nén duoc chon la thong s6 dau vao dau tién

va duoc ma hoa thanh bién Xi.

. 33 ——Nhiét dé moi treong, °C 100
345 D6 am méi trrong, % 90
34 80
33— AN M SSSMNNMCN
o 33 5 70 .
°. 33 60 <&
[{el =
"E 325 50 .2
fz?% 32 10 8
315 30
31 20
30.5 10
30 0
0 10 20 30 40 50 60 70 80 90

Neay
Hinh 2.14 Nhiét do va &6 am trung binh trong thoi gian thuc nghiém
Qua trinh sdy d6i luu voi khong khi duge gia nhiét dang dung am (dién trd, bo
trao doi nhiét) thi yéu t6 nhiét 6 sdy 13 yéu t6 c6 anh huong chinh dén qua trinh sy vi

dd chira hoi cua khong khi phu thudc vao nhié¢t do va do am méi truong. Cac thi nghiém
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dugc thuc hién trong phong thi nghiém va tai cing dia diém nén thong sé méi truong 14

tuong d6i 6n dinh.

/ Tan sb thap

Tan s6 cao

)

5

Mé phéng 1

M& phéng 2

Mé phéng 3

450

300

600 -

450 -

300 -

T
o
Khoang T '/ = 200 150 150 -
cach giira 2 f=0 £=0 5Hz f=1,0 Hz
% a 0 0 0]
cac hat ) . . Z Mo phang 4 . M8 phéng 5 ; o
t1fmg q}la 2 o]
trinh cap c
’ 0 450
xung khi 360

300

‘ 120 150

f=15Hz f=2,0Hz

Tén s6 xung khi Thi gian, s
Hinh 2.15 Anh huong cua tan sé xung khi dén chuyén dong cua hat va ton that ap suat

Zo — Vén téc tac nhan sdy

Van toc tac nhan sdy khong chi quyét dinh dén qua trinh s6i cta hat dudng tinh
luyén RS ma con quyét dinh dén kha nang trao d6i nhiét - 4m giira tac nhéan say véi hat
vat liéu va cling 1a thong s6 c6 thé diéu khién duoc nén duge chon lam thong s6 dau vao
thtr hai, dugc ma héa thanh bién X..

Z3 — Tan s6 xung khi

Dbi v6i qué trinh sdy tang soi xung khi, theo Ireland va cong su [118] viée cip
khi v6i tan s6 cao hay thap s& anh huong dén khoang cach giita cac hat (Hinh 2.11), do
d6 anh huong dén qua trinh trao ddi nhiét-Am va ton that ap sut, tirc 12 anh hudng dén
chat luong va chi phi sy nén tin s xung khi dugc chon lam thong sé dau vao thi ba,
dugc ma héa thanh bién Xs.

Dbi v6i qua trinh sdy tang s6i dang mé, cac yéu td nhu ning suit, chiéu day 1p
hat bi han ché béi kich thudc ciia budng sdy nén khong dugce xem xét 1a yéu t6 dau vao.
Theo [119] chiéu cao 16p hat dudng tinh luyén trong may siy trong khoang 250 dén 350
mm nén trong nghién ciru ndy, chiéu cao 16p hat ban dau dugc ¢b dinh ¢ mirc 300 mm.
Kich thudc cia hat ciing anh hudong dén qua trinh sy, tuy nhién d6i v6i qua trinh sy
duong tinh luyén RS thi khau phan loai hat dugc tién hanh sau khi siy nén kich thuéc
hat xem nhu khong thay doi ¢ qua trinh say.

Céc yéu td dau vao (cac bién dau vao) anh hudong dén cac ham muc tiéu dau ra
bao gom: Nhiét d6 sy (dugc ma héa X1), van tdc tac nhan sdy (dugc ma hoa Xz), tan sb
xung khi (dugc ma hoa X3). Trong qué trinh nghién ctru thuc nghiém, c6 rat nhiéu yéu

t6 anh huong dén qua trinh siy, tuy nhién ludn an tp trung vao viéc phan tich cac thong
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sd cong nghé va thong qua céac thi nghiém tham do di xac dinh duoc 03 yéu td chinh
nay c6 anh huéng 16n dén qua trinh sdy. V&i muc tidu xay dung thi nghiém nham:
—  Xaéc dinh anh huéng caa 03 thong s6 cong nghé chinh dén chat lugng san pham
sdy va chi phi ning lugng cta qua trinh say tang s6i xung khi.
— Xay dung ché @6 say hop ly bao gom gié tri cu thé cua cac bién dau vao (Zi, Zo,
Z3) dé dat duogc gia tri cac ham muc tiéu [a tot nhat, cu thé 1a san pham siy dat
y&u cau vé do am, mau sic, tiéu hao dién niang va nhiét ning riéng thap nhét.
2.9.3. Mién nghién cieu thwe nghiém
St dung phuong phap quy hoach thuc nghiém truc giao bac 2 dé xay dung bang
ma tran thi nghiém nhiam xac dinh gia tri tdi vu cta cic thong s cong nghé trong qua
trinh sdy, theo phuong an quy hoach thuc nghiém dugc trinh bay ¢ muc 2.7.
S thi nghiém can tién hanh:
N=nk+n~+np=2+2k+ng=19
Véi: k=3;nk=2=8;n~=2k=23=6;n=5

Gia tr1 cua diém sao:

o =N26D 20D /(1926 _260 _1 471

Muc dich cia nghién ctru 1a xac dinh moi twong quan cua cac bién dén ham muc

tiéu ctia qua trinh sy duong tinh luyén RS bang phwong phép sdy tang soi xung khi lién
tuc. Tir cac sb liéu dat duoc, phan tich hdi quy da yéu td s& dugc tién hanh trén phin
mém Statgraphics Centurion 19.1.1 dé xem xét méi lién hé giita cac yéu t6 voi nhau va
t61 wu hoa cac thong sd cong nghé.

Dbi véi quy hoach thyc nghiém bac 2 thi phuong an thiét ké thuc nghiém phdi
hop c6 tdm (Central Composite Design) 1a mot thiét ké rat hiéu qua dugc sir dung phd
bién vi mé hinh nay c6 phuong sai 6n dinh va hop 1y trong pham vi cac thong s6 cong
nghé da xéac dinh véi s6 lugng thi nghiém thap hon nhiéu so v6i phuong an thiét ké thuc
nghiém day du (Full Factorial Design) [120].

2.10. Phuwong tién thi nghiém

Trén co so cac phuong phap nghién ciru d dugc dé cap ¢ trén, dé tinh toan dugc
cac thong sb co ban tmg dung trong nghién ctru k¥ thuat siy duong tinh luyén RS bang
phuong phép siy tang soi xung khi, chung ta phai xac dinh trén co s thuc nghiém dé
so sanh véi cac s6 liéu tinh toan dugc trén co s& ly thuyét, tir 36 dua duoc cac nhan xét

va chon lua cac thong sd thich hop. Qua trinh thuc nghiém duoc tién hanh bang mé hinh
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may sdy tang sdi xung khi dang mé (Hinh 2.16), céac loai dung cu do dugc trinh bay
trong Bang 2.1.

M0 hinh thi nghiém 1a may siy tang s6i xung khi dang mé duoc thiét ké, ché tao
va lép dat tai phong X6.16, Khoa Cong nghé Nhiét Lanh, truong Pai hoc Cong nghiép
Tp.HCM. Khong khi dugc gia nhiét bang dién tré va nhiét do say duoc diéu khién boi
bd diéu khién nhiét d6 Autonics TZN4M. Quat duoc lp bién tan Hitachi NES1-015HB
dé diéu khién tdc do, tir @6 diéu chinh duogc luu luong khong khi cap vao budng siy.
Pong co tao xung duoc lip bién tan Schneider dé diéu khién téc d6 quay, gitp diéu
chinh dugc tin s6 xung khi. Cac thong sd tinh toan, thiét ké mo hinh duoc trinh bay &

Phu lyc 1 va duoc tong hop trong Bang 2.1.

Hinh 2.16 M hinh may siy tang sdi xung khi

1- Buéng Séy; 2- B0 do va ghi dir liéu van tdc; 3- Bo do va ghi dit li¢u nhiét dg;

4- B6 do chénh ap; 5- May tinh; 6- Pong co tao xung; 7- Budng phan phdi TNS;

8- Dia tao xung khi; 9- Buéng léng; 10- Tu dién diéu khién; 11- Quat cép khong khi;
12- B0 gia nhiét; Ty, T2, T3: cac vi tri cam bién nhiét do; P1, P2, P3: cac vi tri do ap sut;
Ui, Uz, Us: céc vi tri do van tdc khi

Bang 2.1 Vat li¢u va thiét bi do phuc vu thi nghiém

Tén thiét bj, ma

STT n
hi¢u

Thong so ky thuat Chirc nang

- Ning suat: 5 kg/mé
. |- Kich thudce (dai 0 cao): 1100
M6 hinh may say 688 150; r;;l % Tone X ) * Thyc  hién
X
- B0 gia nhiét dién trd, cong suat cuc dai:
3 kw

tang so61 xung khi qua trinh say
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STT

Tén thiét bi, ma

hi¢u

Théng s6 k§ thuat

Chirc nang

Cong suat quat ly tim cp khi néng: 0,75
kW /3 Pha /380 V

Cong sut dong co tao xung: 125 W / 1
Pha /220 V

Bo diéu khién

Ngo vao: tuy chon K, J, R, E, T, S, N, W,
PT100, analog (1 -5 VDC, 0 - 10 VDC,

, | mhiét 6| 4-20mA) Piéu  khién
Autonics Céch thirc diéu khién: ON/OFF, P, PI, | nhiét do sdy
TZN4M PIDF, PIDS,

Pham vi diéu khién: 0 — 230°C.
Dai cong suat diéu khién: 0,1 — 1,5 kW

3 Bién tan Hitachi | - Dai tan s dau ra: 0,5 — 400 Hz. Piéu  khién
NES1-015HB Dién ap hoat dong: 380 V — 3 Pha tdc do quat

Do chinh xéc tan s6: 0,01%
Dung tich: 50 lit
Y S, Nhiét d¢ tbi da: 230°C S mdu dé
u  say au o, ) L ay mau
Do chinh xac nhiét do: £ 0.5°C
4 | DAIHAN WON- O T e M A0 xic dinh do
50 b§ dong déu nhiét dg: + 2°C .
am
Kich thudc bén trong tia (WxDxH): 370 x
350 x 420 mm
Khéi lugng 16n nhat: 110 g, do nhay
M4y phan tich do 0,001¢ .
. . L, bo d6 am vat
5 |am Kern DAB D0 tuyén tinh: £ 3 mg lidu <4
. iéu sa
100-3/ Dtrc Do chinh x4c: + 0,02% theo chi so doc i
Thoi gian 6n dinh: 3,0 s
Khéi luong do 16n nhét: 220 g
Can phan tich 6 tuyén tinh: £ .
p Do tuyén t.1n.h 0,0004 g Do Khéi
6 | Kern ADB 200- Do phan giai: 0,0001 g x
, o luong mau
4/ buc Do lap lai: 0,0002 g
Thoi gian 6n dinh: 3,0 s
) Pham vi do: 0,2 — 25 m/s
Dung cu do van N A 1
f ; Do phan giai: 0,01 m/s Do van toc
7 | toc khi Extech o, . Dz . N
Do chinh xac: £ 5% theo chi s6 doc tac nhan say
SDL350 .. Xe 4
Thoi gian hoi dép: 1,0 s
Pham vi do: 0 — 3500 Pa A A
Dung cu do R Do van toc
8 Do phan giai: 1,0 Pa

chénh Iéch ap

Do chinh xé4c: + 0,3% theo chi s6 doc

tac nhan say
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STT

Tén thiét bi, ma

hi¢u

Théng s6 k§ thuat

Chirc nang

Suit Extech

HD755

Thoi gian hoi dap: 1,0 s

Bo ghi nhi¢t do

Tin hiéu du vao: cip nhiét E, N, J, K, T
Pham vi do: -200 — 760°C

Do va ghi dir
liéu nhiét do

9 |VersaLog TC/ . o en
Canada Do chinh xac: + 0,2% theo chi s0 doc vat li¢u trong
Téc d6 ghi: 20ms dén 12 gid budng sy
Pham vi do: 0 — 100% RH, -10—60°C |Po do 4am,
Dung cu do nhiét b0 phan giai: 0,1% RH, 0,1°C nhiét do
10 | d6 d6 am Extech | - Do chinh xéc: + 5% RH, £ 1,0°C khéng  khi
RH250W Thoi gian hoi dap: 1,0's trudc va sau
Két ndi Bluetooth khi sdy
Dung dé do mau chat ran
. . Giatridomau: L *a*b,L *C* h, AE . .
Méy do mau % ab. XYZ. cic eid tri RGB tuone déi bo mau sac
ab, , cac gia tri 01, , .
11 | CHN SPEC CS- » 8 8 cia  dudng
Dai do: L *: 1 —-100 i A
10 . tinh luyén RS
bJ léch chuan trong AE*: 0,1
Thoi gian do: 0,5 s
Kiéu do: mot pha, ba pha
Danh muc do: Pién ap, dong dién, cong o
NN A Ao ox A A , . bo dién ap,
Thiét b1 do dién suat tdc dung, cong suat phan khéang, | o
< n Ay 1es Ao 1sA . A A dong dién,
12 | da nang HIOKI cong suat biéu kién, goc pha, tan so,... cBna SUAt 1
. at tuc
328620 bién ap: 0 — 600 V, sai s0: £ 1,0% th(‘y'g
. i
Dong dién: 0 — 1000A, sai s0: + 1,3%
Cong suit: 0 — 600 kW, sai sd: + 2,3%
Cong to dién 3 bién ap danh dinh pha: 3x220/380 VAC i
., e A £ . Po tiéu hao
pha gidn tiép Tan s6 danh dinh: 50 Hz . .
13 . . , dién  nang,
EMIC MV3E4 Dong dién dinh mrc: 5 A hidt n3
. nhiét nan
5(6)A Cap chinh xéc: 2 i 8
N N ) SiteView/Canada Ghi dir li¢u
Phan mém ghi .. o
14 dit lie HD755/ Pai Loan nhiét do, ap
ted SDL350/ bai Loan suét, van toc
Thé ké
Phin mém oha Matlab R2016a h;)rrllgtl'ch \Z‘;
an mém phan . .
15 “mp Statgraphics Centurion 19.1.1 P

tich dir liéu

Minitab 2019

v& do thi lién
quan
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Cac dung cu do c6 do chinh xac cao va déu di kém véi phan mém ghi nhan dir
liéu theo thoi gian thyc nén céc thong s6 do nhu nhiét do, van tdc, ton that ap suat dugc
do dam bao d¢ tin cdy. Hinh anh cu thé cua cac mé hinh va thiét bi do duoc trinh bay
trén Phu luc 1.

Pé xac dinh hé s6 dan nhiét, nhu duoc biéu dién trén Hinh 2.17, duong tinh luyén
RS duoc dua vao binh chira mau (1) dugc cach nhiét, c6 duong kinh 40mm, chiéu dai
400 mm, bén trong cb dinh que tham kép va cac cam bién can thiét. Binh chira mau duoc
két ndi voi bo diéu chinh dién ap (2), bd ghi dit lidu (3) va bo diéu khién nhiét do (4).

Vi thi nghi€ém xéac dinh nhiét dung riéng, dugc biéu dién trén Hinh 2.18, duong
tinh luyén RS dugc dua vao binh chita mau (1) dugc cach nhiét, c6 dudng kinh 100mm,
chiéu cao 400mm, bén trong ¢ dinh cdc cam bién can thiét. Binh chira mau dugc két

ndi v6i bo do nhiét d6 dung dich (2), bd ghi nhiét d6 (3) c6 két ndi voi may tinh (4).

Hinh 2.17 B& tri thi nghiém do hé sb dan nhiét
1- Binh chita mau va que tham; 2- Bo diéu chinh dién ap;
3- Bo ghi nhiét do; 4- Bo diéu khién nhiét do;

Hinh 2.18 B4 tri thi nghiém do nhiét dung riéng

1- Binh chira mau va cam bién; 2- B6 do nhiét d6 dung dich;
3- B0 ghi nhiét d6 duong; 4- May tinh;
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2.11. Quy trinh thi nghiém

a. Céng tdc chudn bj

— Chuan bi dudng nguyén liéu cho mdi mé sy 1a 5 kg. LAy mau ban dau dé xac
dinh do am.

— Chuén bi 16p dém tro soi can thiét bang duong da sdy.

— Kiém tra tinh trang may, ngudn dién va lap dit cac thiét bi can thiét cho qué trinh
cap liéu, ghi s6 liéu va lay mau.

— Chuén bi mau ghi s6 liéu va dung cu 1dy va luu trit miu.

— K&t ndi cac bd ghi dir li€u vao may tinh, cai dat cac thong sb can thiét trude khi
lam thi nghiém.

Quy trinh nghién ctru thuc nghiém trong luan an dugc thuc hién theo trinh tu trén
Hinh 2.109.

b. Quy trinh tién hanh sdy thuc té

— Céap ngudn, tién hanh chay quat ¢ tbc do thip hon toc do yéu ciu cua mdi thi
nghiém (da dugc xac dinh trudc).

— Bat cong tic cap dién cho cac thanh dién trd dé gia nhiét khong khi.

— Khi nhiét d6 trén bang diéu khién dat dén nhiét d6 yéu cau thi bat ddu qua trinh
sdy. Ban dau ting tbc d6 quat dén téc do yéu cau, sau d6 méi bat dau cip liéu.

— Cach khoang 5 phut lai ghi s6 liéu va 14y mau san phim mot lan. Riéng thiét b
do nhiét do ghi dir li€u ty dong cai dat 10 s/lan do.

— Po d6 4m mAu san pham néu dat thap hon 0,05% thi ngimg qua trinh sdy, sau d6
ngit dién cip cho dién trg, tiép tuc cho quat hoat dong trong mot khoang thoi
gian dé giam nhiét do khong khi, sau d6 méi tién hanh tit quat va ngit ngudn.

c. Céng viéc sau moi thi nghiém

Can luong dudng thanh pham thu duoc.

Po d6 Am cta cdc mAu san pham.

Po d6 mau ciia cdc mau san pham.

Ghi nhén céc tiéu hao dién ning trong mdi mé sy.
Tong hop céc s6 lidu ghi duge vao may tinh.

Thu don dung cu va vé sinh khu vuc thi nghiém sau moi ngay lam viéc.
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Hinh 2.19 Tém tit quy trinh thuc nghiém

2.12. Két luan chwong 2
Phuong phap thuc nghiém dugc sir dung dé xac dinh cac thong sé thiy khi va
tinh chat nhiét vat ly cia duong tinh luyén RS, 1am co s¢ tinh toan va mo6 phong ) qua

trinh sy trén may say tang soi xung khi.
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D6 4m can bang va hé sé khuéch tan 4m hiéu dung ciing 13 nhimg thong s6 quan
trong trong mé phong s6 dong hoc ciia qua trinh sdy. Trong nghién ctru ndy, cac thong
$6 nay dugc xac dinh theo cac mo hinh toan dya trén dir li¢u thyc nghiém béng phuong
phap hoi quy phi tuyén.

Trong chuong ndy, phuong phap xac dinh cac thong sé mo phong va phuong
phap do céc thong sé thuy khi va dong hoc cia qua trinh say bang thuc nghiém dé kiém
chtng cac két qua nghién ctru 1y thuyét cling dugc trinh bay mot cach rd rang. Phuong
trinh mo ta van tbc dong xung khi cip vao va 15 trudng hop mé phong sé di dugc xay
dung trong nghién ctru 1y thuyét qué trinh siy duong tinh luyén RS bang phuwong phap
ting s6i xung khi. Pong thoi, phwong an quy hoach thuc nghiém truc giao cip 2 ciing
duogc thiét 14p dé nghién ctru thuc nghiém qué trinh sy nham xac dinh cac thong sb
cong ngh¢ phu hop.

Dua trén vat liéu va phuong phap nghién ctru di trinh bay & trén, chuong 3 tiép
theo s& trinh bay két qua xac dinh cac thong sb thuy khi va nhiét vat 1y, xay dung md
hinh mé phong, md hinh toan va mé phong sé vé dic tinh thuy khi va dong hoc qua trinh
sdy tang s6i xung khi. Pong thoi, ciing trinh bay két qua kiém chimg mét sb thong sb

mo phong va két qua to1 uu hoa cac thong so6 cong ngh¢ cua qua trinh say.
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Chuwong 3 KET QUA NGHIEN CUU

Chuong 3 trinh bay cac két qua nghién ctru 1y thuyét va thyc nghiém xéac dinh dugc gia
tri cac thong s6 hinh hoc, nhiét vat 1y cua hat duong tinh luyén RS. Luan an da thyc hién
xay dung mo hinh mé phong tang s6i xung khi tir 46 xac dinh duoc hé phuong trinh gia
1ong, truyén nhiét, truyén am. Pic biét, luan 4n tién hanh thuc hién thuat toan giai hé
phuong trinh dé xac dinh duogc cac két qua vé thuy khi trong qua trinh gia 1ong khéi hat
nhu van tdc khi qua bé mit 16p hat, do r5ng cua lop hat, ton that ap suét qua 16p hat,
kich thudc bot khi va dong hoc qua trinh sy dudng tinh luyén. Bén canh 06, chuong
nay ciing trinh bay vé két qua thuc nghiém say duong RS trén mé hinh vat Iy dé c6 thé
so sanh va kiém chimg lai cac két qua mo phong bao gom kiém chimg lai gia trj van toc
khi qua bé mat 16p hat, ton that ap suét qua bé mat 16p hat, nhiét do vat li¢u trong qua
trinh sdy, duong cong sdy. Mic khac, phan nghién ciru thuc nghiém trinh bay vé cac
thong s6 cong nghé anh hudng dén chit luong san pham sdy va chi phi ctia qué trinh sy

tir d6 x4c dinh duoc ché do siy duong tinh luyén RS tdi wu.

3.1. Két qua x4c dinh cac thong so thiy khi va nhiét vit 1y ciia dwong tinh luyén RS
3.1.1. Xac dinh dwong kinh twong dwong cia dwong tinh luyén RS

Lay ngau nhién mot khoi hat duong tinh luyén RS trong bao thanh phim va dem
can luong miu c6 khéi lwgng 13 100 gam. Str dung bo ray c6 diy kich thude 16 ray thir
tu tr 0,3 — 1,5 mm va thuc hién rdy phan loai cac kich thudc sau do tién hanh can tung
khéi hat con ndm trén ray (khong lot xudng duoc) va thuc hién cac phép tinh dé tim ra
kich thuéc 15 ray trung binh di va gia tri Xi. Tién hanh tuan ty cho dén 13 ray trung binh
cubi cung va két qua duoc trinh bay trong Hinh 3.1 va Bang 3.1.

St dung phuong trinh (2.12) d¢ tinh kich thudc hat trung binh dm sau 03 1an thi
nghiém lan luot 1a 903, 894 va 880 um. V&i két qua nay thi xac dinh duong kinh hat
duong tinh luyén RS c6 muc gia tri trung binh 1a 892 pum va ddi chiéu két qua sai s6

gitra cac lan déu < 3%. Gia tri trén dugc chap nhan.
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Co ray, p&
—=o - Thinghi¢ém 1  =—=—Thi nghiém 2  -**A-* Thi nghi¢m 3
&

Hinh 3.1 Phan bd hat duong tinh luyén RS trén ray

Bang 3.1 Két qua phén tich khéi luong dudng tinh luyén RS trén ray

Coray (um) | Gi1(g) G2(9) G3(9) di Xi1 Xi2 Xi3
1500 0 0 0 0 0 0
1200 2,1411 2,0987 1,9977 | 1350 | 0,022 | 0,021 | 0,020
1000 20,5723 | 21,2014 | 18,105 | 1100 | 0,207 | 0,213 | 0,181

800 63,944 | 62,1994 | 63,0042 | 900 | 0,644 | 0,626 | 0,631
600 11,6466 11,511 | 13,9175 | 700 | 0,117 | 0,116 | 0,139
400 1,0352 2,4088 2,8361 500 | 0,010 | 0,024 | 0,028
300 0 0 0 350 0 0 0
Tong 99,3392 | 99,4193 | 99,8605

C& ray (um) Xia/di Xi2/di Xis/di
1500 0 0 0
1200 1,597.10° 1,564.10° 1,482.10°
1000 1,883.10* 1,939.10* 1,648.10*

800 7,152.10* 6,951.10* 7,010.10*

600 1,675.10* 1,654.10* 1,991.104
400 2,084.10-5 4,846.10° 5,680.10°

300 0 0 0
Tong 1,108.10°° 1,119.10°° 1,137.10°3
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3.1.2. Xac dinh khéi lweng riéng

Dé xac dinh duoc khéi lugng riéng ciia dudng tinh luyén RS nguyén liéu, sir dung
6ng nghiém c6 chira dung dich ethylene glycol dé xac dinh duoc thé tich cia mot miu
duong nhét dinh d3 duoc can trude dua vao chénh 1éch thé tich trude va sau khi cho
lugng duong vao 6ng nghiém. Tu cac sb liéu vé khdi luong va thé tich do dugc, s& xac
dinh duogc khdi luong riéng cia hat dudng tinh luyén RS dya theo phwong trinh (2.14).
Két qua thi nghiém dugc trinh bay trong Béang 3.2.

Két qua dat duoc 1a pp = 1598 kg/md. Theo [121] va [122], khdi lugng riéng cia
hat duong tinh luyén RS 1an lugt 1a 1 1590 va 1600 kg/m? nén két qua do nay 1a hop 1y
va dugc su dung trong cac tinh todn lién quan.

Bang 3.2 Két qua do khdi lugng riéng duong tinh luyén RS

, Thé tich dung dich | Khdi lwong | Thé tich hdn | Khdi lugng riéng
Thi nghiém X

ban dau (ml) duong (g) hop (ml) (kg/m?3)

1 5 6,3156 9 1578,9
2 15 8,020 20 1604,0
3 50 33,756 71 1607,4
4 100 47,050 130 1568,3
5 150 32,334 170 1616,7
6 250 232,2 395 1601,4
7 500 477,0 800 1590,0
8 1000 806,8 1500 1613,6
9 1500 639,8 1900 1599,5
Khéi luong riéng trung binh: 1597,8

Do léch chuan: 16,0

3.1.3. Xac dinh khéi lweng thé tich va @ rong

Ciing str dung cac dung cu thi nghi€ém nhu trong thi nghiém xéac dinh khdi luong
riéng, nhung trong thi nghi€ém nay khong st dung dung dich ethylene glycol. Buong
tinh luyén RS nguyén liéu 1dy ngau nhién dugc dua thiang vao 6ng nghiém dudi trang

thai tinh ty nhién. Trong thi nghiém nay, hai thong sb ps, &s duoc xac dinh bang cach sir
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khac nhau voi dai thé tich thay ddi tir 9 — 2000 ml va cho két qua nhu trong Bang 3.3.

Két qua dat duoc 1a pp = 889 kg/m?3. Theo [121], khdi lugng thé tich cua hat
duong tinh luyén RS 12 12 800 kg/m?3 nén két qua do nay 1a hop 1y va duogc st dung trong

cac tinh toan lién quan.

Bang 3.3 Két qua do khéi luong thé tich duong tinh luyén RS

) Khéi lugng | Thé tich chiém | Khéi lugng thé tich x
Thi nghiém ~ D0 rong
(9) cho (ml) (kg/m®)

1 8,0 9,0 888,9 0,444
2 13,3 15,0 886,7 0,445
3 17,0 19,0 894,7 0,440
4 17,8 20,0 890,0 0,443
) 45,0 51,0 882,4 0,448
6 71,2 81,0 879,0 0,450
7 88,6 100,0 886,0 0,446
8 103,8 120,0 865,0 0,459
9 133,8 150,0 892,0 0,442
10 182,8 204,0 896,1 0,439
11 2248 250,0 899,2 0,437
12 269,4 300,0 898,0 0,438
13 356,8 400,0 892,0 0,442
14 445,6 500,0 891,2 0,442
15 731,2 820,0 891,7 0,442
16 900,4 1010,0 891,5 0,442
17 1325,4 1500,0 883,6 0,447
18 1783,4 2000,0 891,7 0,442
Trung binh 888,9 0,444

D9 léch chuan 7,956 0,005

Vi két qua nay, do rong ciia khéi hat ¢ trang thai tinh dugc xac dinh bang cong thuc

(2.16) va do rong cuia 16p hat ¢ trang thai soi t6i thiéu dugc tinh bang cong thirc (2.17):

889

g =1-2 21 _

P, 1598

444

e, =11e =0,488
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3.1.4. X4ac dinh cau tinh cia hat

Nhu da phan tich ¢ trén dé tinh toan duogc van toc can bfmg, van tdc soi toi thiéu,
van tdc s6i dn dinh va van tdc tGi han cua bat ky hat vat li¢u nao cling nhu tinh toan cu
thé cho truong hop séy duong tinh luyén RS phai xac dinh duogc cau tinh cua hat. Két
qua xac dinh gia tri cau tinh cua mot s6 loai hat cho trong Bang 1.6 chi mang tinh tham
khao cho cac vat liéu roi twong Gmg. Nhu vay trong trudng hop sdy duong tinh luyén
RS cu thé phai c6 duoc sb lidu cau tinh théng qua thuc nghiém.

Dung cu thi nghiém xéac dinh ciu tinh ¢ cho truong hop nay duoc sir dung nhu
thi nghiém trén, ngoai ra con c6 thém dung cu do van tdc tac nhan khi trén bé 16p hat &
trang thai soi tdi thiéu.

Thira nhan két qua tir thi nghiém xac dinh khdi luong riéng cua hat duong tinh
luyén RS 1a pp = 1598 kg/m3. Nhiét d6 cta dong tac nhan cung cip cho thi nghiém nay
dugc duy tri 6n dinh ¢ nhiét d6 & 80°C va chiéu day 16p hat sbi trong thi nghiém nay
dugc dé & mirc Ho = 0,3 m [123], [124]. Thi nghiém nham xac dinh vén tdc khi bé mit
& trang thai soi toi thiéu theo vat liu dudng tinh luyén RS. St dung cong thire (2.2) va
(2.3) xé4c dinh duoc cac tiéu chuan Archimedes (Ar) va Reynolds (Remf) va va sau do
thay vao phuong trinh (2.1) dé tim ra két qua ciu tinh cta hat dudng tinh luyén RS cho
timg trudng hop cu thé va sau d6 13y két qua cau tinh trung binh dé 1am co sé tinh toan
Iy thuyét khi thiét ké siy dudng tinh luyén RS ting soi xung khi.

600

- Vitri s6i tdi thiéu

AP

200 max

Ton that ap suat, Pa
[
[}
[}

| ]
[
o]

U =047 m/s

mf

0 0.2 04 0.6 0.8 1 12

Van téc, m's

Hinh 3.2 D6 thi thuc nghiém xac dinh van toc s6i tdi thiéu



68

Trong truong hgp nay, vdi hat duong tinh luyén RS c¢6 kich thudc trung binh dm
= 892um, do rSng ¢ trang thai so1 tdi thiéu emr = 0,488, dd nhét dong luc hoc wur =
2,096.10°° kg/(m.s) va khdi lugng riéng ciia tac nhan pg = 0,9994 kg/m?, tuong Umg &
80°C [125]. Khdi luong riéng hat pp 1a 1598 kg/md, van tdc soi tdi thiéu duoc xac dinh
bang thi nghiém 13 0,47 m/s (Hinh 3.2). Cau tinh ctia hat dugc xac dinh nhu sau:

T phuong trinh (2.2) va (2.3), lan luot tinh dwoc gid tri cua tiéu chuan
Archimedes va tiéu chuan Reynolds la: Ar = 25294,46 va Re = 19,99.

Thay cac gia tri vao phuong trinh (2.1) din dén,
150(1-0,488) 99 + 1,75

0,488°¢> ' 0,488%¢
& 25294,464° —6002,51¢ —13167,6 =0

25294,46 = 19,99

Giai phuong trinh bac 2 nay va dugc 01 nghiém am va 01 nghi¢ém duong. Chi
nghiém duong ¢= 0,85 méi c6 ¥ nghia vat li va do d6 cau tinh ctia hat dudng tinh luyén
RS 1a 0,85.

CAu tinh cua hat dudng trong nghién ctru ctua Luy F. va cong su [126] c6 gia tri
tu 0,87 — 0,97, do vay cau tinh cua hat duong tinh luyén RS xac dinh trong luan an co
gi4 tri thap hon ching to hat c6 kich thudc goc canh hon.

3.1.5. Tinh toan va thuc nghiém x4c dinh vén téc soi téi thiéu

Van toc soi toi thiéu khi gia long duong tinh luyén RS trong tang s6i xung khi
duoc tinh toan theo 08 mé hinh toan khéac nhau va dbi chiéu véi két qua thuc nghiém
nham xac dinh va dé xuit mé hinh toan phu hop trong cac tinh toan don gian hodc khi
khong c6 diéu kién thi nghiém. Bang 3.4 trinh bay cac phuong phap xac dinh vén toc
s0i t6i thiéu pht hop v6i duong tinh luyén RS trong qué trinh say tang soi.

Bang 3.4 Cac phuong trinh xac dinh van toc soi tdi thiéu

Mo hinh Phuong

) Phuong trinh xac dinh van tdc so6i toi thiéu . Nguff)n
toan trinh
2
1- 1- 2
AP :150( Ent ) :ugtjmf +1 5( imf )ngmf (31)
He & (¢d,) & (4d,)
Ergun [94]

(1_‘9mf )2 HqU g 4175 (1_gmf )pgurif

1- £, )(p, — p,)9 =150 ~ , _
A= &) Py = P)9 e (¢d,) g2 (pd.) (3.2)
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M® hinh . L . Phuong N
. Phuong trinh xac dinh van toc soi1 to1 thiéu . Nguodn
toan trinh
l-¢
Ar =150t m) — ) Remf+—1’ 735 Re?, (3.3)
Reynolds — O mf ' (1]
Archimedes U_.d. - :
Remf :ngmf dp¢' Ar:pg(pp pgz)g(¢dp) (34)
Hy Hy
U, =7,9.10%¢d*(p, - p,)0,941°% 22
Wen - Yu | Re = =(33,72+0,0408.Ar)"2-33,7 ' [19]
cac hat vat li€u c6 kich thudce 16n hon 100 um
1 9,420%((p, —p)a) " (#d,)* -
BanenS — e ﬂgmpg'oee . [88]
Geldart | 1.t ¢ kich thuée 0,05mm < d < 4 mm va khéi Tuong
riéng cua hat 850 kg/m® < pp < 8810 kg/m3
Re,, = 1_8Ar
mf 175 3.8
Todes 1505+ [ Ar (3.8) o7
Goroshko
Re . = ,og.Umf .dp.¢ (3.9)
Hy
5.10°(¢d,)*(p, - p,) 955
Leva _— b 2 — T 3.10 30
f 1y A=) @10 B
Trudng hop khi hé sb Rems < 20:
_(¢d,)" (P, — Py) & (3.11)
mf
Kunii — 1504, (L—én) [04]
Levenspiel | Truong hop khi hé s6 Reme > 1000:
U 2 (¢dp)(pp _pg)ggr?]f (312)
mf T
1,75p,
B &% (4E).Ar
. Uy =—2"_(1-2,) J1+f(—2)2 -1 (3.13)
Martin p,d,.2E (1-¢7)B [53]

Trong d6: B=15vaE=1,75.
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Pé xay dung cac thyc nghiém va cac phép tinh van tdc soi tdi thiéu ciing véi ton
that 4p sudt qua 16p hat theo cac mo hinh ta sir dung céc thong s vat 1y cta hat duong
tinh luyén RS da dugc xac dinh ¢ phan trén va thong s6 nhiét vat 1y ctia khi hoa soi &
nhiét 46 80°C dong thoi tién hanh cac thi nghiém trén mo hinh mdy sy tang soi xung
khi, chiéu day 16p dém ban dau 13 0,3 m, dudng kinh hat trung binh 892 um. Bang 3.5
trinh bay cac thong sé ciia dudng tinh luyén RS st dung trong tinh toan va cac két qua
so sanh van tc soi tdi thiéu theo cac mo hinh 1y thuyét va thuc nghiém duoc trinh bay
trong Hinh 3.3.

Bang 3.5 Thong sé nhiét vat 1y hat duong tinh luyén RS sir dung trong tinh toan

Puodng kinh trung binh khdi hat tu nhién dm | mm 0,892
Do rong 16p tinh & 0,444
D6 rong 16p s6i ti thiéu st 0,488
Khéi lugng riéng cua hat py kg/m® | 1598
Khéi luong thé tich khdi hat py kg/m® | 889
CAu tinh cta hat ¢ 0,85
Khéi lugng riéng khi pq kg/m® | 0,9994 [125]
D06 nhét dong hoc g N.s/m? | 2,096.10°[125]
1.20
--Ergun (3.1)
1.00 - #Re&Ar (3.3)
- —Wen&Yu (3.5)
P +Wen&Yu (3.6)
g <Be&Ge (3.7)
= 0.60
- Todes (3.8)
:é. Leva (3.10)
=040 -
+Kunii (3.11)
0.20 - Martin (3.13)
Thuc nghiém
0.00

1200 1000 892 800 600 400
Pudng kinh hat, pum

Hinh 3.3 D6 thi so sanh cac gia tri van toc soi toi thiéu theo cac md hinh khéac nhau
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Két qua tinh toan cho thdy mé hinh Ergun (phuong trinh 3.1) pht hop nhat trong
tinh toan van tdc soi tdi thiéu ctua dudng tinh luyén RS. Ngoai ra, véi cac hat c6 duong
kinh tr 0,8 — 1,0 mm, c&c md hinh toan theo Todes — Goroshko (phuong trinh 3.8),
Leva (phuong trinh 3.10) va Reynolds — Archimedes (phuong trinh 3.3) ciing c6 thé ap
dung dé xac dinh van tdc soi tdi thiéu. Tuy nhién, cac mé hinh cho két qua sai léch 16n
so v&i thuc nghiém & cac duong kinh hat 16n hon 1,0 mm.

3.1.6. Tinh toan va thwc nghiém xac dinh ton that 4p suit qua lép hat
a. Ton that &p sudt qua 16p hat tinh

Tir cac s6 liéu thue nghiém cua véan toc dong khi qua 16p hat tinh ta dua vao céc
phuong trinh tinh toan trinh bay ¢ muc 2.2.3 dé xac dinh duoc tén 4p qua 16p hat tinh.
Két qua dugc biéu dién trén do thi Hinh 3.4.

450

400 +
350 4
300 4

—+—Blacke-
Kozeny

250 A

200 A
—8& -Ergun

Tn that ap suat, Pa

150 -

100 4

50 A

0.1 0.2 0.3 0.4 0.47
Vin toc, m/s

Hinh 3.4 Tén &p qua 16p hat tinh theo Blacke-Kozeny va Ergun

b. Ton that dp sudt qua I16p hat ¢ trang thdi séi toi thiéu

Tuong tu, ton that ap suat qua 16p hat soi tdi thiéu ciling dugc tinh toan theo cac
phuong trinh (2.9), (2.10), (2.11) va do bang thuc nghiém, két qua dugc trinh bay trong
dd thi Hinh 3.5.
Nhan xét:

e Ton that ap suat qua 16p hat tinh

Theo céach tinh ctia Blacke - Kozeny, do pham vi 4p dung Re < 10 nén cho c6 cac
hat duong tinh luyén RS c6 kich thude dp = (0,6; 0,4) mm la théa man.

Trong cach tinh ctia Ergun ddi véi cac hat c6 duong kinh hat cang nho thi ton

that ap suat qua 16p hat cang 16n.
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e Ton that ap suat qua 16p hat s6i tdi thicu

Ap dung tinh ton thét ap suat theo Ergun, ciing giong nhu 16p hat tinh, véi 16p
hat dai kich thudc bé thi tré lyc ting dan.

Khéng c6 sy chénh 1éch vé ton that ap suit cho dong khi théi qua cac 16p hat co
kich thudc khac nhau khi st dung phuong trinh (2.9) va (2.11) dé tinh. Ton that ap suit
khong phu thudc vao duong kinh.

Tuy nhién, ton that ap suat do duoc bang thuc nghiém co gia tri giam dan khi
dudng kinh hat ting, tuy nhién tri s6 16n hon nhiéu so véi viéc tinh toan bang cac phuong

trinh (2.9), (2.10), (2.11).

800

700 ~

600

< 500 4 ——Phuong trinh (2.9)
‘(E 400 7 —8-Phuong trinh (2.10)
& 300 -
_g = — = = = = = ——Phuong trinh (2.11)
= 200
. ﬁ .
100 4 —<Thuc nghiém

0

400 600 800 892 1000 1200 1500

Puong kinh hat, mm
Hinh 3.5 Tinh to&n va thuc nghiém tén &p qua 16p hat sdi téi thiéu
3.1.7. Xac dinh nhiét dung riéng cia dwong tinh luyén RS
Nhiét dung riéng ctia dudng tinh luyén RS duoc xac dinh bang phuong phap hdn
hop, duogc trinh bay ¢ muc 2.3.4. O ddy, chat 1ong st dung 1a Ethylene glycol véi dic
diém khong hoa tan véi duong [95] va nhiét dung riéng di biét theo [128]. Theo [129],
nhiét dung ri€ng cua duong chu yéu phu thudc vao nhiét do va co thé dugc xac dinh dua
theo mdi quan hé véi nhiét d6 t(°C) nhu sau:

C=0,2775+0,00085.t  (kcal/kg.K) (3.14)

Bang 3.6 trinh bay két qua thi nghiém va tinh toan nhiét dung riéng cua duong
tinh luyén RS dya trén 02 phuong trinh (2.21) va (3.14).
Phuong trinh hdi quy thuc nghiém ddi voi nhiét dung riéng ctia duong tinh luyén

RS duoc xay dung nhu sau (v6i R? = 0,898):
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C=1,0464 +0,0085t  (kJ/kg.K) (3.15)

Theo Antokolskaia [122], nhiét dung riéng ctia dudng dao dong tir 1088,57 dén
1578,42 J/(kg.K) nén két qua thuc nghiém ciing twong dbi phu hop.

Bang 3.6 Két qua do nhiét dung riéng cta dudng tinh luyén RS

Thi nghiém 1 2 3 4 5
Khéi luong Ethylene glycol 0,5901 | 0,5964 | 0,5972 | 0,6111 | 0,5958
Khéi luong duong tinh luyén RS 0,049 0,051 0,053 0,051 0,05
Nhiét 6 Ethylene glycol ban dau 13,4 13,4 13,4 13,4 13,4
Nhiét do duong ban dau 15,9 27,9 35,1 45,1 55,1
Nhiét d6 hon hop khi can bang 13,5 14 144 14,8 15,3
Nhi¢t do trung binh ctia Ethylene
13,5 13,7 13,9 14,1 14,4
glycol
Nhiét d6 trung binh cua duong 14,7 20,95 24,75 29,95 35,2
Nhi¢t dung riéng cua Ethylene
2,3532 | 2,3543 | 2,3539 | 2,3539 | 2,3539
glycol theo nhiét do
Nhiét dung riéng ctia duong theo
1,1808 | 1,1884 | 1,2814 | 1,3032 | 1,3390
phuong trinh (2.21), kJ/(kg.K)
Nhiét dung riéng ctia duong theo
1,2139 | 1,2362 | 1,2497 | 1,2682 | 1,2869
phuong trinh (3.14), kJ/(kg.K)
1.36
1.34 R 4
1.32 g
Eh 1.30 € Thuc nghiém
iﬁ 1.28 * — A
2 I A Phuong trinh
=126 ot (3.14)
g ~A
;. b 1 Ko e Linear (Thuc
% 1.22 po - i ..‘ ngh]ém)
1.20 =+ =Linear (Phuong
trinh (3.14
. . PY (3.14))
116
10 15 20 25 35 40
Nhiét dé, °C

Hinh 3.6 Thuc nghiém xac dinh nhiét dung riéng caa duong tinh luyén RS
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3.1.8. Xac dinh h¢ so6 din nhigt caa dwong tinh luyén RS

Hé s6 dan nhiét ctia duong tinh luyén RS dugc xac dinh bang phuong phap qua
tham kép, nhu Hinh 2.6, sir dung dong dién mot chiéu 5 V va dién tro 12 Q dé gia nhiét.

Hé sb dan nhiét ciia duong tinh luyén RS khi do bang phuwong phap que tham kép
dat gia tri 6n dinh tir gidy thir 12 tré di va dat gia tri trung binh 1a 0,2716. Theo [130],
hé s6 din nhiét cta tinh thé dudng nam trong khoang 0,2 — 0,3 W/(m.K) nén gia trji nay
chép nhan dugc trong tinh todn khi ma thyc té khong co thiét bj do hé sb dan nhiét cia
dudng mot cach chinh xac nhét.

Bang 3.7 Két qua do hé s6 dan nhiét

Thoi | Dién | Dong | Pién N;;ét N;l;ét Cong | Nhiét | Hé sé dan
" g:;n (é\f) i:;l (tf;) e | ez ?36 lu((j?g (vlv];lmetK)
°C) | (°C) '

1 0 5 0 12 | 35 | 317 0 0 0
2 4 5 |0421| 12 | 355 | 31,8 | 2,105 | 8,42 0,3487
3 8 5 | 0428 | 12 | 359 | 319 | 2,14 | 17,12 | 0,3279
4 12 5 | 042 | 12 | 365 | 32 2,1 25,2 0,2860
5 16 5 |0422| 12 | 368 | 321 | 2,11 | 33,76 | 0,2751
6 20 5 | 0419 | 12 | 37 | 322 | 2,095 | 41,9 0,2675
7 24 5 | 0411 | 12 | 37,2 | 32,3 | 2,055 | 49,32 | 0,2570
8 28 5 |0423| 12 | 37,3 | 323 | 2,115 | 59,22 | 0,2592
9 | 32 5 |0426| 12 | 37,4 | 324 | 2,13 | 68,16 | 0,2611
10 | 36 5 | 0416 | 12 | 375 | 325 | 2,08 | 74,88 | 0,2550
11 | 40 5 | 0419 | 12 | 37,6 | 32,6 | 2,095 | 838 0,2568
12 | 44 5 |0415| 12 | 37,8 | 32,7 | 2,075 | 913 0,2494
13 | 48 5 |0421| 12 | 37,9 | 32,8 | 2,105 | 101,04 | 0,2530
14 | 52 5 | 0416 | 12 | 383 | 332 | 2,08 | 108,16 | 0,2500
15 | 56 5 | 0417 | 12 | 385 | 335 | 2,085 | 116,76 | 0,2556
Trung binh 0,2716
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45 0.4
0.35
0.3

025 4

02 =

Rt

015 =

- @ Nhiét d6 que 1 . i

10 — & - Nhiét do que 2 S

5 —&— H¢ s6 dan nhiét 0.05 =

0 0
0 10 20 30 40 50 60

Thoi gian, s

Hinh 3.7 Thuc nghiém xac dinh hé s6 dan nhiét caa duong tinh luyén RS
3.1.9. Xac dinh d6 4m can bang caa dwong tinh luyén RS

Trong pham vi ludn 4n nay, 09 mé hinh toan duogc st dung dé xay dung va xac
dinh d6 4m can bang cua duong tinh luyén RS bang cach so sanh cac gia tri tién doan
ctia m6 hinh véi cac gia tri thuc nghiém theo phuong phap hoi quy phi tuyén dé so sanh
xem md hinh nao 13 hop Iy nhét. Cu thé cac mé hinh duogc sir dung cho thi nghiém nhu
sau:

(1) M6 hinh Henderson:

M e = [%Tm (3.16)
(2) M6 hinh Henderson hiéu chinh:
o, | Moo T ay
(3) M6 hinh Chung-Pfost:
M., :(_Fl)"”r_";ﬂ (3.18)
(4) M6 hinh Chung-Pfost hi¢u chinh:
M, - (%)ln[@} (3.19)

(5) M6 hinh Halsey hi€u chinh:
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Wb)
—exp(aT +c
M ipe :{ —p( )} (3.20)
Ing
(6) M6 hinh Chen-Clayton:
-1 Ing
Mdbe :[F)In {ﬁ} (321)
(7) M6 hinh Oswin hiéu chinh:
1
¢ B
Mg =(@+CT) (—J (3.22)
1-¢
(8) M6 hinh Guggenheim- Anderson-de Boer (G.A.B.) hiéu chinh:
a.b.(cj.go
My, = t (3.23)
(1-b.p)[A-b.p+b.(c/t).p)]
(9) M6 hinh héi quy da thuec:
M. =a+bp+ct+d.e’+ept+ f.od+g.0°t (3.24)
Trong do: Mabe: DO 4m can bﬁng cua vat liéu tinh theo co sé kho, %
T: Nhi¢t d0 méi truong, K
t: Nhi¢t d§ moi truong, °C
Q. Do 4m twong ddi cua khong khi (liy gia tri thip phan, riéng

phuong trinh (3.24) 13y theo %)

a, b,cde,f g:caché s6 hoi quy cua tung mo hinh

0.035

0.03

e
<o
2
th

0.02

0.015

Po am can bang, %

0.01

0.005

0 10 20 30 40 50
P6 Am twong déi ciia khong khi, %

+ Thuc nghiém 30 °C

Hbi quy da thitc 30 °C
B Thuyc nghiém 50 °C
----- Hbi quy da thite 50 °C
A Thuc nghiém 70 °C

— - =Hoi quy da thire 70 °C

Hinh 3.8 Mdi quan hé gita 6 am can bang theo mé hinh toan va thyc nghiém
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Tién hanh phan tich hdi quy phi tuyén dua theo 09 dang mé hinh toén da trinh
bay tir cong thirc (3.16) dén cong thic (3.24) dya trén sy hd tro ciia phin mém
Statgraphics dé xac dinh cac hé sb thuc nghiém trong cac phuong trinh nay. Két qua do
d6 am can bang dugc trinh bay trén Bang 3.8 va két qua phén tich hdi quy phi tuyén cia
c4c md hinh toan vé do am can bang dugc trinh bay trén Bang 3.9.

Bang 3.8 Két qua do do 4m can bang cta dudng tinh luyén RS

STT t T Loai mudi [0) 0 Mee
(°C) (K) hoa tan (%) (%)

1 30 303 ZnCl> 5,8 0,058 0,011
2 30 303 LiCl 11,3 0,113 0,016
3 30 303 KF 27,3 0,273 0,019
4 30 303 MgCl 324 0,324 0,021
5 30 303 Mg(NOs) 51,4 0,514 0,032
6 50 323 ZnCl> 5,6 0,056 0,011
7 50 323 LiCl 11,1 0,111 0,013
8 50 323 KF 20,8 0,208 0,015
9 50 323 MgCl 30,5 0,305 0,018
10 50 323 Mg(NOs)2 45,5 0,455 0,026
11 70 343 ZnCl> 55 0,055 0,01
12 70 343 LiCl 10,7 0,107 0,012
13 70 343 KF 21,7 0,217 0,014
14 70 343 MgCl 27,8 0,278 0,016
15 70 343 Mg(NO3)2 42 0,42 0,021

Dua trén két qua phan tich hdi quy, ¢6 thé thdy ham hoi quy da thirc co két qua
tuong quan 16n nhat va sai s6 nho nhat so voi két qua thuc nghiém. Bang 3.9 va do thi
trén Hinh 3.8 biéu dién cac mdi quan hé ndy. Dang toan hoc ctia mé hinh hdi quy da
thirc theo phuong trinh (3.25):

M g =0,0069+0,0012.0+1,2.10°t —3,45.10°.¢)°

-6 -7 3 7 2 (3'25)
-7,6.10".01+4,0.10".¢° +1,0.10 "t
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Bang 3.9 Két qua phan tich d6 4m can bang cuia dudng tinh luyén RS theo cac md

hinh toan khac nhau

] Cac hé s6
Mo hinh R? RMSE
a b c d e f g

Henderson | 10,942 | 2,350 - - - - - 0,881 | 0,0022
Henderson

98,784 | 2,504 | -253,67 - - - - 0,934 | 0,0017
hiéu chinh
Chung-

2105,49 | 85,14 - - - - - 0,897 | 0,002
Pfost
Chung-
Pfost hiéu | 808,49 | 88,522 | -204,91 - - - - 0,925 | 0,0018
chinh
Halsey

-0,0079 | 1,4868 | -3,16 - - - - 0,979 | 0,0009
hiéu chinh
Chen-

0,181 | 0,628 7,942 0,416 - - - 0,859 | 0,0024
Clayton
Oswin

0,076 | 2,846 | -1,5.10* - - - - 0,951 | 0,0015
hiéu chinh
(G.AB)

0,0124 | 1,1664 | 2731,36 - - - - 0,952 | 0,0014
hiéu chinh
Hbi quy

0,0069 | 0,0012 | 1,2.10° | -3,45.105 | -7,6.10° | 4,0.107 | 1,0.107 | 0,992 | 0,0007
da thire

3.1.10. Két qua xay dwng ddng hoc qua trinh siy

Cac mod hinh toan khac nhau di duoc dé xuit nhim xay dung dudng cong sdy

pht hop véi thyc té. Pbi v6i qua trinh sdy duong tinh luyén RS, cac md hinh toan phu

hop dugc trinh bay tir phuong trinh (3.26) dén (3.30), bao gom cac hé sd: a, b, k phu

thude vao ting loai vat li¢u sﬁy va ché do séy.
Mo hinh Newton (NM):
MR = exp(-k.7)
Mo hinh Henderson va Pabis (HPB):
MR = a.exp (-k7)
M6 hinh ham mii (TEM):
MR = a.exp (-k.7) +(1 —a) exp (-k.a.7)

(3.26)

(3.27)

(3.28)
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Mo hinh khuéch tan am x4p xi (ADM):
MR =a.exp (-k.7) + (1 — a) exp(-k.b.7) (3.29)
M®& hinh logarit (LM):
MR =a.exp (-k.7) + b (3.30)
Giai phuong trinh hdi quy phi tuyén tir cac dit liéu thuc nghiém theo 05 mo hinh
toan khac nhau va két qua duoc trinh bay tong hop trong Bang 3.10 va Phy luc 4. Trong
nghién clru nay, gia tri thoi gian 7trong cac phuong trinh dugc tinh theo phut.

Henderson and Pabis

12 Henderson and Pabis 12
. T T T r - .
¢ data fitted curve
fitted curve
! | 1
—~08"
S08F 2
o r
° e
[ 5 L
206 B 0.6
2 o
[}
= =
x
x
S04 =04
02f 02l
¢ +
0 . . . f ;i ol . . , !
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40

Thoi gian sdy (phut) Theoi gian sdy (phut)

Henderson and Pabis

Henderson and Pabis

T
—fitted curve 4 data
,

° 08
2 3
g o
§ 0.6 % 06
% 2
= x

= 04

021

ol , ! 0 . ! [) ()
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Thoi gian say (phut) Thei gian sdy (phut)

Hinh 3.9 Puong cong giam am theo md hinh Henderson va Pabis

Dua trén két qua phan tich trén c6 thé thay 03 mé hinh toan: Newton, Henderson
va Pabis, mo hinh ham mil c6 két qua phu hop voi hé sé twong quan 16n va hé s6 RMSE
tuong doi thap, trong d6 mé hinh Henderson va Pabis c6 hé sb twong quan 16n nhat nén
thich hop dé ap dung trong truong hop siy dudng tinh luyén RS bang phuong phép tang

s6i xung Kkhi.
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Bang 3.10 Phan tich dong hoc sdy theo cac mo hinh todn

Mo f 1A K
hinh dNAhi?t Chcheso Ghi chu
toan | 0% | a b k |RMSE | R?
50°C - - 0,1486 | 0,0455 | 0,9824
60°C - - 0,1745 | 0,0474 | 0,9802
M 70°C - - 0,1983 | 0,0379 | 0,9870
80°C - - 0,2605 | 0,0203 | 0,9961
50°C | 1,0228 - 0,1504 | 0,0479 | 0,9830
60°C | 1,0153 - 0,1752 | 0,0503 | 0,9805
P 70°C | 1,0092 - 0,1971 | 0,0404 | 0,9871
80°C | 1,0019 - 0,2588 | 0,0217 | 0,9961
50°C | 0,9828 - 0,1479 | 0,0487 | 0,9824
60°C | 0,9870 - 0,1732 | 0,0507 | 0,9802
TEM 70°C | 2,6117 - 0,3541 | 0,0271 | 0,9942
80°C | 0,9999 - 0,2584 | 0,0217 | 0,9961
50°C - - - - - Khong phu hop
60°C | 1,4588 | 0,7886 | 0,1547 | 0,0543 | 0,9805
AOM 70°C | 1,3984 | 0,7934 | 0,1778 | 0,0435 | 0,9872
80°C | 0,9967 |-0,1897 | 0,2632 | 0,0176 | 0,9978
50°C | 1,0213 | 0,0019 | 0,1512 | 0,0517 | 0,9830
60°C | 1,0052 | 0,0114 | 0,1810 | 0,0534 | 0,9811
M 70°C - - - - - Khong phu hop
80°C - - - - - Khong phu hop

Tir cac két qua ndy, phuong trinh (2.27) duoc sit dung dé tinh toan hé s6 khuéch
tan 4m hiéu dung cua vat liéu dang cau theo nhiét do séy khac nhau va phuong trinh
(2.31) duoc dung dé xac dinh cac hé sé Do va Ea theo phuwong phap hoi quy phi tuyén.
Két qua tinh toan cho thdy hé s6 khuéch tan am hiéu dung ting tir 1,402.10° dén
2,057.10"1° m%/s khi nhiét d6 sy ting tir 50°C dén 80°C (Bang 3.11). Trong pham vi
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nhiét 6 nay, hé s6 khuéch tan am hi¢u dung chiu anh huéng chinh bi nhiét do siy theo

mdi twong quan sau (R? = 0,9994):

Dert = 2.102.T + 5,100 (3.31)
Bang 3.11 Két qua tinh toan hé s6 Dess
Detr (M?/5)
Nhiét Nhiét
. . Tinh todn | Tinh toan Ea
do say, | do say, . Do (mM?/s) R?
o K theo thuc mo hinh (MJ/mol)
nghiém toan
50 323 1,402.101° | 1,397.101°
60 333 1,553.101° | 1,580.101°
8,33.10° 10,9765 0,9514
70 343 1,714.101° | 1,773.10°
80 353 2,057.10%° | 1,978.10%

Cac hé sb Do va E, trong phuong trinh (2.31) ciing duoc xac dinh lan luot 13
8,33.10° m?/s va 10,9765 MJ/mol bang phép giai hdi quy phi tuyén. Két qua nay ciing
nam trong pham vi pht hop véi nghién ctru ciia Senadeera va cong su [101] va co so di

liéu ctia Panagiotou va cong su [131] v€ hé so khuéch tan doi vadi cac dang vat liéu khac

nhau.
H¢ s6 khuéch tin Am hiéu dung
2.5E-10
y=2.10"12T -5.10-1°
2E-10 R2=10.9994 ®
¢
4 .4
a 1.5E-
> 1.5E-10 ° |
- ¢ Thuc nghiém
A 1E-10
Tuyén tinh (Thure
5E-11 nghié¢m)
0
320 330 340 350 360
Nhiet do, K

Hinh 3.10 Hé sb khuéch tan am hiéu dung theo nhiét do say
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3.2. X4y dung md hinh mé phéng ting sbi xung khi
MG hinh hai pha trong mé phéng tang séi xung khi

Mot mé hinh sdy dua trén 1y thuyét hai pha [132] lién két gitra thuy dong luc hoc
ting s6i v6i dong hoc sy, mo phong trong khong gian 2 chiéu (2D) dugc st dung trong
nghién ctru nay.

Hinh 3.11 biéu dién mé hinh siy ting s6i xung khi bao gdm pha khi (gas phase)
va pha rin (particle phase). Khi van toc khi 16n hon van tdc sbi téi thiéu s& 1am cho 16p
hat chuyén dong va hinh thanh cac bot khi nén con goi la tﬁng s01 bot. Lop hat ban dau
dugc dua vao phia trén ghi phan phdi khi véi chiéu cao Hs, khong khi nong dang xung
dugc cap tir dudi 1én qua ghi nho bd tao xung khi. Cac budc truyén 4m bao gdm su
truyén 4m bén trong cac hat, sy truyén am tir bé mit hat dén khi va truyén am gitra cac
bot khi xen k&. Qua trinh sy tang s6i xung khi phu thudc vao nhiét do siy, van tdc khi

bé mit, tan s xung khi, cac tinh chat thiy khi va nhiét vat Iy ciia dudng tinh luyén RS.

Hs

Hinh 3.11 Mb hinh tang soi st dung trong mé phong s6

1- Ving khi; 2- Vung hat; 3- Ghi phan phdi khi; 4- Tac nhén siy vao;

5- T4c nhan sy ra; 6- Vach budng sy
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Cdc gia thiét sau ddy dwoc thice hién déi véi mé hinh sdy tang séi bot:
(1) Cac hat dugc gia long hoan toan va qua trinh tang s6i hoat dong & ché do soi bot
(2 pha) [133].
(2) Hat ¢6 dang hinh cau, dang hudng, kich thudc dong déu va ddng chit. Do duong
tinh luyén RS c6 cAu trac tinh thé rin nén do co rat cta hat khi séy xem nhu
khong dang ké.
(3) Am phan bd ddng nhat trong phan bot khi xen gitta cac hat [134].
(4) Pha bot & dang dong chay khong x4o tron, voi ndng do am thay d6i theo hudng
dong khi, va anh hudng cua su két tu bot khi dén su phan bd va thé tich bot khi
la khéng déng ké [132].
(5) Khong c6 hat ran nao ton tai trong pha bot; anh huong cta su v& bot 1a khong
dang ké [133].
(6) Su thay ddi hudng tdm vé ndng do 4m trong cé hai pha 13 khong dang ké [133].
(7) Trong qua trinh sy, am khuéch tan xuyén tdm tir bén trong hat ra bé mit, qué
trinh bay hoi dién ra & bé mit va 4m khuéch tan vao khi bang d6i luu [135].
(8) Budng sdy duoc cach nhiét dé dam bao han ché ton that nhiét ra moi truong va
xem nhu t6n thit nho khong dang ké.
3.3. Xay dung hé phuwong trinh mé phéng
3.3.1. M6 hinh toan hec vé thity dong hoc ting sbi

Phuong phép tiép can Euler-Euler duoc st dung cho ca pha khi va hat rin trong
tang s6i, ¢ tinh dén tit ca cac tuong tac co thé xay ra giita cic pha. Trong luan 4n nay,
pha khi 13 tac nhan sdy va pha ran 13 hat dudng tinh luyén RS.

Khi xem xét qua trinh sdy tang s6i xung khi dudi dang mé hinh hai pha, bao gom

pha khi va pha ran (pha hat) thi tong d6 rdng cua hai pha luén ludn bang 1,0:
Z g =1 (3.32)
Véi tang s6i hai pha khi — ran:
e, =1-¢ (3.33)

Trong d6: j = g, p; g — pha khi (gas phase); p — pha ran (particle phase)
Véi gia thiét khéi hat ran dugc gia 1ong hoan toan trong qua trinh siy tang soi

xung khi nén phuong trinh lién tyc viét cho pha khi va pha rin c6 dang [58], [136]:
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%(ggpg)ﬂf(ggpgu ): m (3.34)
%(8ppp)+7-<gpppu )=—m (3.35)

Vi U, p lan luot 1a van toc (m/s), dd rdng va khdi luong riéng (kg/m®). Dai
luong m (kg/m3.s) 1a lugng am bay hoi trong mot don vi thé tich theo thoi gian tir pha
hat sang pha khi va dugc xac dinh trong muc 3.3.2.

Va c&c phuong trinh dong lugng 1an luot 1a [67]:

7 (ggngg)+\7-(ggnggUg) =-¢Vp,+ F%g +&,0,9 +,B(Up —Ug)+ ng (3.36)

or

0 .

Z(EPppup)w-(gpppupup) =—Vp,-&Vp,+F +£,0,0-B(U,-U,)-mU, (337
Phuong trinh ning luong viét cho hai pha [136]:

a

Z(ggpghg )+ +(£,5U,Ny ) =V - £,4,VT, +h(T, =T,

2 (3.38)
té, [5 p+Ug\7p}+ﬁ(Up ~U,)U, +hgth

0
Z(Sppphp)-l-v-(é‘pppuphp):—V-gpﬂpVTp +h(T,-T,)
(3.39)

a .
té, {E p+Up\7p}—,B(Up ~U,)U, -hg

Trong phuong trinh (3.36) va (3.37), vé trai 1a bién thién dong luong cua hai pha,

v€ phai gom cac lyc:

— Trong lyc: £,p,9
— Luc nhot: F
— Luc do ap suat dong khi: eV p,

— Luc tuong tac gitta cac hat (luc kéo): ﬁ(Up - Ug)

Trong phuong trinh (3.38) va (3.39), 4; (W/m.K), h; (kd/kg) va Tj (K) lan luot 1a
hé s6 dan nhiét, enthalpy va nhiét do ciia pha khi va pha hat. Do ¢6 su bay hoi trong qua
trinh sdy nén nhiét an hoa hoi cia am duoc xac dinh bang phuong trinh (3.40) [137]:

h,, = 3168,0—2,4364T (3.40)
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Theo Gidaspow [123], [138], hé s6 luc can 1a su két hop giira phuong trinh Ergun
[89] va Wen-Yu [139]:
Vi €< 0,8, theo Ergun [89]:

&u p.&, U, ~U
Pergn =150—"3+1, 75% (3.41)
g-p p
Vi € > 0,8, theo Wen-Yu [139]:
e, p, U, —U
ﬂwen_Yu :Ecd ppg‘ g p‘ 8—2,65 (342)
4 d,
, ﬁ(u 0,15Re°**) Re <1000
Trong d6: Ci=1Re (3.43)
0,44 Re >1000
Tiéu chudn Reynolds ddi vai pha khi:
U,-U. lg,p,D
Re, _YsUilanD, (3.44)
Hy
Tiéu chuin Reynolds ddi vé6i pha hat:
U,-U |g p.d
Re, J : "‘ it (3.45)

Hq

Dé tranh su gian doan cua hai phuong trinh, Gidaspow da gidi thiéu mot hé sd
chuyén d6i giup nhanh chéng chuyén tir ché do nay sang ché do khac:

arctan [150.1, 75(0,2-¢, )}

T

Pep 40,5 (3.46)

Do d6, hé s6 luc can do tuong tac gitta khi — hat trong luén an nay duogc xac dinh
bang phuong trinh (3.47):
B =(1= 04 ) Bergun + PopPrenve (3.47)
3.3.2. Pong hoc qua trinh say tang soi
Mic du phuong phap hoi quy phi tuyén duya trén két qua thuc nghiém c6 thé hitu
ich trong c6 md hinh va céc thiét bi do phu hop, nhung cac méi trong quan nay thudng
khong chira cac thong s6 ctia ting soi nén khong thé mo phong dugc anh hudng cua didu

ki€n van hanh va dac tinh cua hat. Trong truong hop nay, tﬁng s6i duge xem 1a mot khoi
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lién tuc, ap dung cin bang nhiét va can bang khdi lugng. Ca pha hat va pha khi déu duoc
gia dinh 1a hon hop hoan héo. Can bang khdi lugng cho d6 4m duoc dua ra 1a:

-G, dd—l\: =L, (Y0 —Yi) (3.48)

O day Yiva Y, (kg am/ kg khong khi kho) 1an luot 13 do chira hoi cua khong khi

trudc va sau khi sdy. Tang s6i duoc chia thanh pha ran va pha khi. Bt ky khi nao vuot

qua vén tdc tang so6i tdi thiéu déu chay qua pha khi, trong khi pha rin van bj ngung tré

& diéu kién so6i toi thiéu. P6i v6i mot hat don 16 trong tang s6i, sy di chuyén do 4m bén

trong mot hat hinh cau la:

2

M__p, (5 M +3ﬂj (3.49)
or or r or
Dbi voi cac hat trong pha rin, phuong trinh can bang khéi lugng ctua 4m dan dén:
aG, .

P, (1—gmf)(1—gg)d—;:m (3.50)
Véi Gp 14 khéi lugng cua 16p hat (kg), m 14 toc do bay hoi clia nudc (kg/md.s).
Dbi v6i cac hoat dong ¢ trang thai on dinh, can bang khdi luvong di v6i khi & k& ho 1a:
6K .0,€, (

b

Lo (Y, Y )=m+ Y,-Y,) (3.51)

Trong d6 Ly 1a luu lugng dong khi trong pha rin trén mot don vi thé tich 16p hat
(m3/md.s), K¢ 1a hé s truyén khdi qua bién hat (m/s). Tuong ty, cin bang khdi luong
clia 4m trong pha khi nhu sau,
6K &

o (Y,-Y,) (3.52)

b

dY
Pyé&y d_:erg L, (Yg =Y ) =

Pé giai cac phuong trinh trén, bé mat hat dugc gia dinh 14 ¢ trang thai can bang
tuc thoi véi khong khi xung quanh.
3.3.3. Truyén chit trong tang soi

C6 hai co ché chinh dé chuyén khdi trong tang soi [94], d6 13: (1) Sy chuyén khéi
d6i luu giita cac hat va pha khi; (2) Khuéch tan qua ranh gidi.

Pbi v6i cac hat nhom B va D [88], hat tht nhét thudng chiém uu thé, trong khi
d6i voi hat nhom A [88], hat thr hai quan trong hon. Hai cach tiép can khac nhau dé mé
hinh héa su chuyén khdi trong tang soi ton tai trong tai liéu, cach tiép can dong nhét va

cach tiép can tang soi. Trong cach tiép can dong nhat, cac hat duge xir Iy nhu dang &
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trong mot 16p hat c¢b dinh trén mé hinh dong 6n dinh va téc do truyén khdi luong gitra
cac pha co thé dugc biéu thi bang cach sau:
‘jj—'\;' =K,A,(C,-C,) (3.53)
Trong d6 dM /dz 1a téc do truyén khoi tir bé mit hat sang pha khi, Kpa 12 hé s6
truyén khoi ctia cac hat tAng soi va Ap (m?) 13 tong dién tich bé mit cua cac hat tang sbi.
Céc nghién clru m¢ rong da duogc thuc hién vé su truyén khdi luong gifra chét long
chuyén dong va cac vat thé ¢6 hinh dang nhét dinh, bao gém cic thm phéng, hinh cau
va hinh tru. Dt liéu twong quan vé cic tham sb khong thtr nguyén va cac phuong trinh
duogc st dung dé tinh toan hé s truyén khéi trong cac chét 16ng chuyén dong khac nhau
va cic bé mit twong ti vé mat hinh hoc. D6i véi mot hat hinh cau & tiéu chuan Reynolds
thap, quan hé dugc dua ra boi Froessling [19] la:
Sh =2+0,552Re"? S¢** (3.54)

Mdi twong quan trén 1a danh cho tiéu chuan Reynolds nam trong khoang tir 2 dén
800 va tiéu chuan Schmidt nim trong khoang 0,6 dén 2,7 [19].

Su khong dong nhét cua tang so6i khi-rin dugc giai quyét trong phuong phép tiép
can tﬁng s6i. Cu thé, ca pha khi va pha ran déu duogc xem xét. Mot biéu thic dugc st
dung rong rai giai thich cho ca su truyén khéi ddi luu va sy khuéch tan qua bién 1a:

— \0.25

U 4D U,

Ky, = 4 ABEmt 2o (3.55)
3 7d,

trong d6 Up va d l4n luot 13 van tdc trung binh va dudng kinh cua bot khi [19].
a. Déi véi cde hat ran
Khi qua trinh séy dién ra, cac vi tri kho xuat hién trén bé mit hat, diéu nay s€ lam
giam toc do sdy. Nhiéu nghién ciru dé cap dén sy phan bd am va chuyén dong ciia am
bén trong mdi truong xop, chang han nhu 1y thuyét khuéch tan, 1y thuyét mao quan va
Iy thuyét bién chuyén dong. Tuy nhién, 1y thuyét khuéch tan thuong duogc sir dung va
nghién ctru. Puogc dé xuit boi Sherwood [140] va Newman [141], cho rang 4m di chuyén
qua thé ran 1a két qua cua su chénh léch néng do. Béng cach ap dung dinh luat khuéch
tan tht hai cua Fick cho mot hat don, tbc do truyén am bén trong mdét hat ran s& tinh

toan dugc theo phuong trinh (3.49).
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Su phan bd d6 4m bén trong cua mot hat ran 14 ham cua vi tri theo ban kinh r (m)
va thoi gian 7 (s), dugc ky hiéu 1a M(r, ). Nhiéu co ché khac nhau c6 thé xay ra trong
qua trinh sdy & moi truong xSp. Bén canh khuéch tan thuan tiy, con c¢6 khuéch tan bé
mat, khuéch tan mao quan va khuéch tan Knudsen. Trong qué trinh siy thuc pham, nd
dugc thé hién bang mot thong s6 duy nhat 13 hé s6 khuéch tan 4m hiéu dung, Der (M?/s).

D6 4m trung binh cta hat theo thoi gian M(7) dugc xac dinh:

R
Arr ¢
v !rz.lvl (r,7).dr (3.56)

M(r) =
Trong budng sdy voi cac hat ddng nhit, do 4m trung binh ctia mot hat don M(7)
cling 12 d6 4m trung binh cta pha rin. Xac dinh m (kg/(m?3.s)) 13 tbc do bay hoi ctia 4m

tlr cac hat trén mot don vi thé tich nhu sau:

—py (1= &y )(1-,)——=m (3.57)

b. Déi véi khi xen ké cdc hat
Vi khi xen k& dugc xem 1a khi bi & dong nén sy bién thién ham luong am theo
phuong thing dimg 1a khong dang ké. Can bang khéi lwong cia hoi nude dbi véi khi
xen k& cac hat 13,

6K, 0,8, dy,

0 (Y, =Y, )=y Ly (Y, =Y )+ = e (1_89)F (3.58)
Dbi v6i cac trang thai 6n dinh phuong trinh (3.58) dugc don gian héa thanh:
6K 2y .
dbg 2(Y, =Y, )+m=p,L, (Y, -Y) (3.59)

Hé sb truyén chét giita cac pha K¢ (m/s) duoc 4p dung theo cong thire cua Sit va

Grace [142]:

Umf 4Dv‘c"mfub "
K,=—"+ (3.60)

7d,

c. Doi véi cdc bot khi
Dong chay cua khi dugc gia thiét hoan toan ¢ pha bot khi, trong d6 su truyén chat
dién ra giira cac bot khi bay 1én va khi xen ké& cac hat. Do d6, khong chi Yq 1a ham cua
thdi gian T, ma con 1a ham cta do cao trén bo phan phdi khi y (m). Phuong trinh cén

bang khéi lugng cia hoi nudc trong pha khi c6 dang:
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oY 6K
Po%s 0"’_1'9+pg‘99 %(Ygub)"'pg L, (Yg _Yi): dng (YP _YG) (3.61)

p
trong d6 van tdc bot khi duoc ky hi¢u 1a Up (m/s), mgt tham s6 lién quan dén
duong kinh bot khi dy (m). Dé tinh toan kich thudc bot khi tai mot chiéu cao y nhit dinh
trong tang s6i voi bd phan phdi nhiéu 13, co thé str dung méi twong quan ban thue nghiém

sau day do Mori va Wen [64], [132], [143] dé xuét:

d, = dy, _(dbm _dbo)eXp(_O’32/ Dt) (3.62)
- 0,4
Oy, =164 A(U -U,, )| (3.63)
- —0,4
1,38| AlU-U,
dbO = goyg ( Nor f) (364)

trong d6 A (m?) 1a dién tich mit cit ngang ctia 16p hat s6i. Van tdc cua bot khi
dugc tinh theo Grace [144]:

U, =0,71/gd, +(U-U, | (3.65)

Chu ¥ ring cac phuong trinh trén duoc ap dung cho cac hat Geldart B ¢6 hinh
dang thong thuong. Vi hat duong c6 kich thudc trung binh 1a 892 um nén thudc nhom
hat Geldart B, do vay vi¢c stt dung cac phuong trinh trén 1a phu hop. Tuy nhién, do ban
chat dao dong cua dong khi, van tdc khi bé mit U trong cic phwong trinh trén dugc thay
thé bang van tdc khi trung binh U dé tinh toan mé hinh.

Tbe 36 bay hoi cua am lién quan truc tiép dén cac diéu kién trén bé mat hat. Xac
dinh 4’ = 6(I - &w)ldp 12 dién tich bé mit cua cac hat trén mot don vi thé tich cua pha
ran (m%md), c¢6 thé viét bang phuong trinh (3.64):

m

= p, AK; (Y, -Y,) (3.66)

l—gg

Phuong trinh (3.66) dugc dua vao phuong trinh (3.57) va (3.58) dé tinh téc do
bay hoi m. Bé mit hat duoc cho 1a ¢ trang thai can bﬁng v6i khong khi xung quanh. Hé
sO truyén khdi bé mit hat duogc dua ra bai Ranz [145]:

D,
dyy

K. =

(2+1.8Rep; Sc°%) (3.67)
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Céc diéu kién ban dau, diéu kién bién pht hop véi phuong phap siy duong tinh
luyén RS kiéu ting s6i xung khi cu thé nhu sau:
Picu kién ban dau:
1. O cira vao (y = 0), dong khi néng duoc thoi thang dimg tir budng phan phdi khi
thong qua ghi phan phdi va tic dong vao 16p hat ran phia trén. Tai thoi diém ban
dau, nhiét d6 va d6 am cta duong tinh luyén RS dong déu va bang nhiét do va

d6 4am dua vao budng sdy, van tc khoi hat rin ban dau bang 0 [60], [91]:

=0, 0<r<R: T=T,;M=M, (3.68)
U, =U, =0 (3.69)
U, =U,/@-¢); U, =0; (3.70)
é’p/é’x=0,p=pa+(Ho—y)(gopp+(1—go)pg)g (3.71)

Vi Uxg Va Uyg 1an luot 13 van tdc theo phuong x va phuong y ctia pha khi va Uy
va Uyp 1an luot 13 van tde theo phuong x va phuong y cua pha hat.
2. O ctrara (y = Ly), 4p suét khi bang véi ap suét khi quyén [60], [91]:
=0, U, ,=U, U =U_=U_ =0, p=p, (3.72)

3. Doc theo vach budng sy, ap dung theo diéu kién khong truot ddi voi cac pha khi

va hat [146]:

U@, j+1/2)+U (i-1,j+1/2)=0 (3.73)
Piéu kién bién:

Dé giai cac phuong trinh dao ham riéng trong cac phuong trinh mé phong can
biét cac diéu kién bién.

V6i mo hinh hai pha Euler — Euler, hai chiéu (khong xét dén truc z), truc ngang
va truc dimg mat cit buong say lan luot 12 X va y véi kich thude Ly =W = 0,25 m va Ly
= H =0,65 m nhu dugc biéu dién trén Hinh 3.11. Piéu kién bién cho cac bién (Uyg, Usp,
Uyg, Uyp, P Va &) duoc thiét 1ap nhu sau [60]:

x=0,L: —=0 XQ=%=O U =U =0 (3.74)
X  OX  OX o T '

y=0:U,=U_=U_=0, p=p, e=5, U, =U/({1-¢) (3.75)

Y=Ly oo=0 Se=— =0, U, =U, =0 (3.76)
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Tai tdm cua mot hat khong c6 dong nhi¢t va dong am, di€u nay c6 nghia la:

>0, r=0: ﬁ :O;ﬂ

=0 3.77
ol or 377)

r=0

Bé mit hat duoc cho 1a & trang thai can béng vo1 khong khi xung quanh. Ngoai

ra, su chuyén khdi ddi luu cta hoi 4m tir bé mat hat sang khi ciing dién ra, nén:

Tai >0, r=R_: oM =K, (Ys —Yp) (3.78)

i -p, 2%
" or

r=R,

va _gﬂ

ol =h(T=T) = Kip, (M =M )h, (3.79)

r=R,

Trong d6 Yp Va Ys 1an lugt 1a d6 chira hoi ctia khi xen k& trong pha ran va khong
khi tai bé mat hat va Ki (m/s) 1 hé sb truyén khdi gitra khi va bé mit hat.
3.3.4. Thuat toan giai h¢ phwong trinh mé phéng s6

Phuong phap thé tich hitu han (FVM) duogc ap dung voi ludi so le dé roi rac hoa
cac phuong trinh cin bang khéi luong, dong luong va ning luong. St dung phuong
phap nay, cac gia tri vo hudng (tirc 12 4p suét cht khi) dugc tinh todn & tAm cia thé tich
kiém soat trong khi cac thanh phﬁn vén toc duoc tinh doc theo cac mat cua thé tich kiém
s0at. Hinh 3.12 biéu dién cach x4c dinh tm va mit ciia khdi kiém soét cho lui hai chiéu
dé giai cac gia tri vo huéng va vecto.

Thudt toan rdi rac cac phuong trinh chira cac tham sb vo hudng cho pha khi va
pha rin c6 thé dugc biéu dién duédi dang [146]:

M
(30)p (8), = 2 () (6 )y, +0:+ AV R (), (44, (3.80)

Trong d6, hé s a chita cac dic tinh dong chay tir cac phuong trinh roi rac, ¢ 1a
tham sb vo hudng cho trudc, b 12 nguon va F, 1a hé sé truyén giira cac pha [ va n. Chi
s6 n biéu thi pha dang dugc tinh toan, chi sé P 1a diém trung tim cuia tham s6 vo hudng
dang dugc tinh toan va chi s6 nb biéu thi cac diém 1an can diém P (E, W, N va S).

Roi rac cac phuong trinh dong lugng cho pha khi va pha ran ciing twong tu nhu
trén. Phuong trinh dong lugng duge rdi rac theo phuong x cho pha khi va pha rin tuong
ung la [146]:

(@) Ug)e =2 (@)U ) +bs = A (2,)e [ (P = (B [+ AV Fy [ U)). —WU,). | (3.81)
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(@) U,)e =20 (@) U)o b, = A, [ (B)s = (P)e |+ AVY Ry [ U). - WU,), | (3.82)

trong d6, ay Va ap 1a cac hé sé twong ty nhu phuong trinh (3.83) cho pha khi va
pha ran, U va U, 1a van téc cua pha khi va pha ran theo phuong x, by va b, 1a ngudn
cho pha khi va pha ran. Vi van téc 1a mot vecto nén chi sb e mé ta mat giira khéi diéu
khién P va E, chi sb dudi nb biéu thi cic mit 1an can. Cac phuong trinh dong lugng theo
phuong y ciing dugc roi rac theo cich nay.

s . -

Ax

=
N\
G&N

thé tich kiém sodt

X

Hinh 3.12 Biéu dién 2 chiéu trong phuong phép thé tich hitu han

Céc phuong trinh sau khi duoc roi rac s& duogc sip xép lai dé tao ra mot hé phuong
trinh tuyén tinh v6i cac ma tran duong chéo va duoc giai 1ap di 1ap lai. Trong cac phuong
trinh tir (3.34) dén (3.37), trudng van toc c6 thé duge tinh tir cac phuong trinh dong
lwong nhung trudng ap suét lai khong thé giai truc tiép tir phwong trinh lién tuc. Trong
MFiX, 4p suit pha rin duoc giai bang phuong trinh hiéu chinh do réng va ap suat pha
khi duoc giai bang phuong trinh hiéu chinh 4p suét.

Thuat toan SIMPLE (Semi-Implicit Method for Pressure Linked Equations) la
mot thi tuc s6 phan chia toan tir dugc sir dung rong rii trong CFD dé giai cac phuong
trinh Navier-Stokes roi rac cho cac hé théng khong nén duge. MFiX sit dung phién ban
mo rong cua thuat toan SIMPLE do Patankar [147] phat trién dé giai thich cho cac hé
thong nhiéu pha. Thuét toan nay co thé dugc tom tit thanh 10 budc giai nhu sau [67]:

1. Thiét lap diéu kién ban dau, diéu kién bién va tinh toan cac thong so vat 1y.
2. Du doan trudng ap suat p*, giai phuong trinh dong luong dé xac dinh van toc

Up* (van téc du doan theo gia tri p*).

3. Tinh toan gié tri 4p suét diéu chinh ctia pha khip’y .
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4. Tinh lai gia tri 4p sudt pha khi: P, = P, + @, P; . Tinh lai gia tri van toc hat sau khi
diéu chinh: U, =U +U]
A . , ‘. o
5. Tinh toan gradient —— cua pha ran sir dung moi quan hé vai do rong 16p hat, tir

o¢

p

d6 xac dinh dugc gia tri do rong hiéu chinh &’p.

6. Tinh lai do rSng cta khoi hat sau khi ¢6 gia tri hiéu chinh &, = 8; to,¢ ;, Tinh

todn va cap nhat van tdc hat sau khi diéu chinh: Up =U ; +U ; .
7. Tinh do rong pha khi: &, =1—¢,.
8. Tinh ap suit pha rin: p,=¢&,P,
9. Gidi phuong trinh nang lugng va xac dinh nhiét do.
10. Str dung phan du chuan hoa (normalized residuals) & cac budc 2, 3, 5, 9 dé kiém
tra sy hoi tu cia mo hinh. Néu tiéu chi hoi tu khong dat, tiép tuc 1ap lai (buoc 2),
néu hoi tu thi chuyén sang budc thoi gian tiép theo (bude 1).
Dé kiém tra su hoi tu cia md hinh, MFiX dya trén gia tri dya trén gia tri Lo cia
phan du (||r, |, ). Khi d6, sy hoi tu duge phét hién ¢ 1an 1dp thir k néu [107]:
[, < max (1 %[b[, ) (3.83)
trong d6: phan du & bude 1ap thir k: re = b — AXk, rioi 13 do giam phan du so véi
phan du chuan hoa, aw 12 dinh mirc tuyét d6i ciia phan du.
Gia tri L2 (L2-norm), hay con goi la khoang cach Euclid (Euclidean distance) la

cin bac hai cua sai s6 toan phuong trung binh [148]:

(3.84)

Véi mo hinh mé phong qué trinh siy dudng tinh luyén RS bang phuong phap
tﬁng s01 xung khi da xac dinh & muc 3.3, mac du thuat toan giai cac h¢ phuong trinh can
bang khéi luong, dong luong va ning luong ciing da dugce chimg minh béi nhiéu cong
trinh nghién ctu [134], [136], [149], [107], [105], [150]-[155], nhung ciing can duoc
kiém ching so v&1 mot dbi tuong cu thé. Tuy nhién, tinh dén thoi diém nay chua co

cong trinh nghién ciru hodc thuc nghiém vé sdy duong tinh luyén RS bang phuong phap
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tang so6i xung khi duoc cong bd ngoai trir nghién ctru cia Fitzgerald va cong su [119]
cong bd vé cac két qua trudc va sau sdy tang soi ciia dudng tinh luyén nén ciing khong
thé str dung dé kiém chimg véi mo hinh mé phong da xac dinh. Chinh vi vay, luan an
str dung cac két qua dugc cong bd trong nghién ciru ctia Zhizhong Ding va cong su [105]
vé md hinh hai pha cta ting s6i xung khi dé kiém ching v6i mé hinh Iy thuyét da xac
dinh. Két qua dugc phan tich va trinh bay ¢ Phu luc 3.

Nhu vy, c6 thé thdy két qua mo phong theo mé hinh 1y thuyét ctia luan an phu
hop v6i két qua mo phong ciia Zhizhong Ding va cong su [105] vé cac gia tri trung binh
cua cac thong $6 thuy khi nhu van tdc khi, ton that ap suat, do r5ng mac du con mot vai
sai khac ¢ gia tri thap nhat va 16n nhat. V6i cing mo hinh hai pha Euler — Euler nhung
viéc lya chon cdc md hinh luc can va mé hinh réi cling nhu thuat toan giai cta céac phén
mém hd tro khac nhau cling din dén su sai khac vé mit hinh thanh bot trong tﬁng SO1.
Tuy nhién, vi cac gia tri ctia cac thong sb thuy khi ndy duoc tinh toan khong khac biét
nhiéu nén hoan toan c6 thé str dung mé hinh toan di xay dung trong luan an dé nghién
ctru v& qua trinh siy tang soi xung khi cho dudng tinh luyén RS.

3.3.5. Quy trinh m6 phéng sb

Céc bude thyc hién mo6 phong sd tang s6i xung khi dugc thue hién theo quy trinh
dugc biéu dién trén Hinh 3.13.

Mo hinh sy tang s6i xung khi véi budng sdy c6 dang tru tron, dudng kinh 250
mm va chiéu cao 650 mm, nhu dugc trinh bay trong phan thiét ké & Phu luc 1. Véi cac
kich thuéc nay cua budng sdy khi chuyén sang dang 2D thi cac kich thudc biéu dién trén
Hinh 3.11 1an luot 1a: H= 0,65 m, W = 0,25 m va Hs = 0,3 m. Khi d6 ludi duoc chia
theo kich thugc 0,001 m x 0,001 m s& gdm 162500 diém nut va budc thoi gian duoc
thiét 1ap cho bo giai 13 0,01 s.

M6 phong s6 dugc thuc hién véi su hd trg cla cac phﬁn mém MFiX phién ban
22.4.3 [58], [62], Matlab phién ban R2016a [156]-[158], sir dung phan mém Paraview
phién ban 5.9.0 [159] dé truy xuit dir liéu va xir 1y két qua sau mo phong (post
processing), cac do thi va dir lidu dugc xay dung va thong ké bang phan mém Minitab

phién ban 19.2020.1 [160], Statgraphics centurion phién ban 19.1.1 [161].
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BAT PAU

XAY DUNG MO HINH HINH HOC
theo m6 ta & muc 3.2

TAO LUGI
Ludi chia tu dong

! - TIENXULY

THIET LAP MO HINH VAT LY

- Xac dinh hé phuong trinh mé phong

- Lya chon va nhap céc théng s6 thay khi, d6 am, tinh
chét nhiét vat ly cia dudng RS (M, d, p, ¢, C, 1), cac
théng sé clia tac nhéan sdy (t, ¢), ham van téc cap xung
khi U, tan s6 xung khi f.

| QUA TRINH GIAI
|- cai dat bo giai §

Khéng hoi tu

- Thiét lap diéu kién bién, diéu kién ban dau

THUC HIEN GIA
- Lva chon thuat toan tinh toan
- Xac dinh phuang phap rdi rac
- Cai dat gia tri dé kiém soat su héi tu

THUC NGHIEM

KIEM TRA HOI TU
theo sai s6 phan du, phuang trinh (3.83)

I, <max (v * ol 2 )

HGi tu HAU XU LY
XUAT KET QUA So sanh vdi cac két qua tuong ‘
3 Kiém tra va xtr ly két qua » dong trong cung diéu kién va két |
‘ mo phong qua thuc nghiém |

Két thic

Hinh 3.13 Luu d6 thuat toan mé phong sb qua trinh sy tang soi xung khi

r
A

3.3.6. Xac dinh pham vi m6 phéng so
Tan s cua xung khi dugc thay d6i bang cach diéu chinh toc d6 quay cia dia
xung. Néu t¢(s) 1a thoi gian dé dong khi di vao dung vi tri trén tiét dién ngang ctia budng

sdy thi tan s6 dao dong f dugc xac dinh boi:

f=" (3.85)
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Va khi d6 van toc dong khi dugc dua ra dudi dang cong thire hinh sin do Coppens
va cong su [24], [162] dé xuat:

U=U,+U,[1+sin(2z f7)] (3.86)
Trong d6 U 14 van tdc khi qua bé mit 16p hat, Uo 13 van toc khi thip nhat, Ua 12

bién d6 xung va f 1a tin sé xung khi. Van tdc trung binh theo thoi gian la:
U=U,+U, (3.87)
Ngoai ra, phuong trinh (3.86) c6 thé dugc viét lai dudi dang van tdc khong thir

nguyén, khi chia 2 vé€ cho van toc soi to1 thiéu:

U =U, +U,[1+sin(27 f7)]

. . . 3.88

U:i;uo_ﬁ’ a:Ua ( )
Umf Umf Umf

Theo [82] va [163], van tdc khi qua bé mit 16p hat trong diéu kién lam viéc t6i
uu, Uopt, ctia tﬁng s01 phu thudc vao van tdc soi tdi thiéu:

U, =(L2+19)U, [82]vau,_, =(2+3)u, [163] (3.89)

Trong tang sbi xung khi, d& dam bao gia tri van tdc t6i vu thi gia tri van tc trung
binh theo thoi gian phai ndm trong pham vi ndy. Bang cach két hop phuong trinh (3.87),
(3.88) va (3.89), gidi han cua cac van tdc duoc xac dinh theo phuong trinh (3.90):

U,+U, =(1,2+3)U,, hay U,+U, =(1,2+3) (3.90)
U )
v \//
Ngimgsoi | 1 = |y,
T T T T

Hinh 3.14 Mb ta anh huang cua cac thanh phan van toc va tan s xung khi [24]

a) M6 ta cac thanh phan van toc trong mot chu ki cap xung; b) Thay ddi tan s6 xung khi;
¢) Thay d6i van tdc thap nhét; d) Thay doi bién d6 xung khi

Theo Baskakov dé xuat [164], c6 thé mo ta cac dic tinh cta ting so6i xung khi

béng cach xem 16p hat nhu mot by dao dong rung co hoc, tir do tan s6 tu nhién (natural

frequencies) cua tang s6i dugc tinh toan theo chiéu cao 16p sobi toi thiéu nhu sau:
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(1o
7\ H

Ciing theo Martin va cong su [165], tAn s cap xung khi trong tang soi bot dat

gidi han ¢ f/ f, = 0,5 — 1,0, nghia 1a = (0,5 — 1,0)f,.

(3.91)

Dé khao sat day da anh hudong cua dong xung khi dén cac dic tinh thuy dong cta
16p hat s6i thi ngoai cac dir liéu ban dau ciia vat liéu thi can thay ddi cac thong sb cua
dong xung khi, nghia 13 thay d6i cac gia tri Uo, Ua va f. Tuy nhién, viéc mé phong sb
can rat nhiéu thoi gian nén cac thong ) nay can dugc gi61 han lai pham vi. Nhu phan
tich & trén, cac gia tr1 Uo, Ua phu thudc vao van tdc soi tdi thiéu Unms va tan s xung khi
f phu thudc vao tan sé tu nhién cua tang soi fn.

Bang 3.12 Thong sb van tdc va tan s6 xung khi mé phong trong cac trudong hop 1-15

sTT| U= LLJJ—m"f 2= LlJJ maf f (H2) Phuong trinh U = Ul:ﬁ
1 1,0 0,5 0 U=10+05=15
2 1,0 05 05 U =1,0+0,5[1+sin(zr)]
3 1,0 0,5 1,0 U =1,0+0,5[1+sin(277)]
4 1,0 0,5 1,5 U =1,0+0,5[1+sin(377)]
5 1,0 0,5 2,0 U =1,0+0,5[1+sin(4z7)]
6 1,0 1,0 0 U=10+1,0=2,0
7 1,0 1,0 0,5 U =1,0+1,0[L+sin(7r)]
8 1,0 1,0 1,0 U =1,0+1,0[1+sin(2z7)|
9 1,0 1,0 15 U =1,0+1,0[1+sin(377)|
10 1,0 1,0 2,0 U =1,0+1,0[1+sin(4z7)]
11 1,0 1,5 0 U=10+15=25
12 1,0 1,5 0,5 U =1,0+1,5[1+sin(z7)
13 1,0 1,5 1,0 U =1,0+15[1+sin(2z7) |
14 1,0 1,5 1,5 U =1,0+1,5[1+sin(3zr)
15 1,0 1,5 2,0 U =1,0+15[1+sin(4z7)]
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Trong luan an nay, dé giam bot khdi lugng can mo phong, gia tri Uo dugc chon
¢d dinh va bz"mg Unt, trong khi gia tri Ua dugc chon dao dong tir 0,5Ums dén 1,5Unr.
Diéu ndy c6 nghia 13 gia tri van toc khi trung binh theo thdi gian dao dong tir 1,5Um dén
2,5Unt, phu hop vi phuong trinh (3.89) [82], [163].

Bang 3.13 Thong sb véan tdc va tan s6 xung khi thuc trong mé phong sb

Van tde

Dao dong van
Uo Ua f trung .
STT Phuong trinh U _ | toc (min —
(m/s) | (m/s) | (Hz) binh, U
max)
(m/s)

1 |047]0235]| 0 U =0,47+0,235 0,705 - 0,705
2 1047 (0235| 05 | U=0,47+0,2351+sin(zr)] 0,470 — 0,940
3 | 047 |0235| 1,0 | U=0,47+0,235[1+sin(27z)] | 705 |0,482-0,928
4 | 047 |0235| 1,5 | U=0,47+0,235[1+sin(3zr)] 0,470 — 0,940
5 | 0,47 |0,235| 2,0 | U=0,47+0,235[1+sin(4z7)] 0482 — 0,928
6 | 047|047 ] 0 U =0,47+0,47 0,940 — 0,940
7 1047|047 | 05 | U=047+0,47[1+sin(zr)] 0,470 — 1,410
8 | 047 | 047 | 1,0 | U=0,47+0,47[1+sin(277)| | gg0 |0,493— 1,387
9 | 047 | 047 | 15 | U=0,47+0,47[1+sin(3zr)] 0,470 — 1,410
10 | 047 | 047 | 2,0 | U=0,47+0,47[1+sin(47)] 0,493 — 1,387
11 | 0,47 | 0,705| O U =0,47+0,705 1,175 -1,175
12 | 0,47 |0,705| 0,5 | U =0,47+0,705]1+sin(zr)] 0,47 — 1,880

13 | 0,47 | 0,705 | 1,0 | U=0,47+0,705[L+sin(27r)] | 1175 | 0,505 1,845

)
14 | 0,47 | 0,705 | 1,5 | U =0,47+0,705|1+sin(377) 0,47 — 1,880
)

15 | 0,47 |0,705| 2,0 | U =0,47+0,705[1+sin(4zr 0,505 — 1,845
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Theo [55], [166], chiéu cao 16p hat théng thuong trong ting s6i xung khi thuong
tir 0,2 — 0,4 m, két hop cac phuong trinh (2.17), (2.19) va (3.91) thi gié trj fn dao dong
tir 2,2 — 1,5 Hz. Do d6, trong nghién ctru nay, cac trudng hop moé phong sd sé thay doi
gia tri tan sb xung khi trong 05 muec: 0; 0,5; 1,0; 1,5 va 2,0 Hz.

Van toc dong khi cAp vao budng siy trong 15 truong hop mé phong nhu di trinh
bay & trén va dugc chuyén doi thanh dang thyc véi van tde soi t6i thiéu ciia dudng tinh
luyén RS 12 0,47 m/s, dugc biéu dién trong Bang 3.13.

Dua trén két qua thuc nghiém xac dinh cac thong s6 thay khi va nhiét vat Iy cua
dudng tinh luyén RS, trinh bay trong myc 3.1 va mé hinh ting s6i xung khi trong muc
3.2, két hop v6i cac thong sd ciia khong khi theo [125], mé hinh tang soi xung khi da
dugc mo phong trong dai nhiét do sy tir 50 — 80°C va van tdc dong xung khi cp vao
c6 dang thuc nhu trinh bay trong Bang 3.13 (chuyén ddi tir dang khong thir nguyén &
Béang 3.12).

Ham do ngudi ding xac dinh (UDF) dugc viét bang ngdn ngit python dé giai mo
hinh tang s6i xung khi. Trong nghién ctru nay, dé thuc hién tit ca cac mo phong cua cac
phuong trinh co ban & trén, phuong phép thé tich hitu han dugc sir dung bang cach st
dung bd ph'?ln mém MFix. Giao dién cua phﬁn mém dugc trinh bay & Phu luc 2.

3.4. Két qua md phéng thity khi qua trinh héa sbi dwong tinh luyén RS

Muc dich cia mé phong qua trinh gia 16ng dudng tinh luyén RS 1a giai quyét
dugc gia tri do rdng trong qua trinh s6i cua vt lidu, day cling 1a dai luong khong thé do
dugc bang thuc nghiém. Tir d6, két qua nay sé& gitip giai quyét duge bai toan truyén nhiét
— truyén 4m trong qua trinh siy tAng s6i xung khi. Cac thong sd khac nhu van toc khi va
t6n that qua bé mat 16p hat ciing dugce xem xét trong mdi quan hé véi van toc dong xung
khi cAp vao va tan s6 xung khi. Tuy nhién, do cac dai lugng nay c6 thé xac dinh duoc
bﬁng thuc nghi€ém nén s€ tién hanh thém cac thuc nghi¢m dé so sanh nham xac dinh mirc
d6 phu hop ciia md hinh 1y thuyét.

Qua trinh gia 1ong duong tinh luyén RS dudi tac dong ctia dong xung khi dugc
mo phong bang phan mém MFiX 22.4.3 nham xac dinh cac thong s6 thiy dong nhu do
rong cua 16p hat, ton that ap suat qua 16p hat, van toc soi ctia vat liéu, chiéu cao gidn nd
ctia tang. Trong 15 truong hop md phong trinh bay ¢ Bang 3.13, cdc md phong tir 1 — 5,

6 — 10 va 11 — 15 co cung gié tri van toc trung binh khi cip vao U (cling Uo va U,), tan
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sd xung khi thay d6i, trong khi cac truong hop mé phong (1, 6, 11), (2, 7, 12), (3, 8, 13),
(4,9, 14), (4, 10, 15) c6 cung tan s6 va van tdc trung binh thay d6i (trong d6 giit nguyén
Uo = Unms va thay d6i bién do6 cua dao dong Ua). V&i cac truong hop néu trén, gia tri van
téc trung binh theo thdi gian trong cac truong hop thay doi tir 0,705 m/s dén 1,175 m/s
(gap tir 1,5 dén 2,5 1an so v6i van toc soi tdi thiéu). Tuy nhién, khi cip xung khi, mic
du gia trj van tc trung binh khong doi nhung dao dong vén tdc 16n hon, thap nhat 0,47
m/s, va 16n nhat 1,88 m/s (theo Bang 3.13).
3.4.1. Két qua mob phéng van toc khi qua bé mat Iép hat

Két qua mé phong cho thiy vén tdc trung binh qua bé mit 16p hat khi khong cap
xung khi 12 16n nhat (0,512; 0,675; 0,818 lan lugt cho cac mo phong 1, 6, 11), thap hon
gia trj trung binh ctia dong cap vao tir 27,4% dén 30,4%.
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Hinh 3.15 D6 thi phan b van téc trung binh trén bé mat 16p hat

Trong truong hop c6 xung khi, van tc trung binh qua bé mat 16p hat thip hon
27,9 — 27,8% (md phong 2—5), thap hon 30,9 — 29,5% (md phong 7—10), thap hon 35,8
—32,6% (md phong 12—15) so véi gid tri trung binh ctia dong cap vao. Tuy nhién, do c6
nhitng thoi diém van téc khi nho hon van tdc soi t6i thiéu nén 16p hat dimng soi. Picu
nay tao diéu kién cho qué trinh van chuyén am tir tim vat liéu ra ngoai bé mit do su

chénh léch nhiét do.
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C6 thé thay, trong cac trudong hop tan sd xung khi thip hon 1,0 Hz (m6 phong 2,
3,7, 8, 12, 13), khoang thoi gian dirng 16n hon so véi cac truong hop khac (Hinh 3.15).
3.4.2. Két qua mod phéng dé rong caa Iép hat
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Hinh 3.16 D6 thi phan bé do rong caa Iop hat khi mé phong

Xét vé do rong cua 16p hat khi soi, dao dong van tdc cang 1on thi muc d§ dao
dong cua d6 rdng ciing 16n hon. Véi két qua duogc trinh bay trén Hinh 3.16, véi cac
truomg hop van tde khi cip vao nho hon 0,94 m/s thi d6 rdng 16p hat it thay di, dao
dong trong khoang 0,55 — 0,587, nguoc lai khi cap xung khi véi van tde 16n hon (tir mé
phong 7 — 15), d6 rong 16p hat c6 su thay doi 16n tir 0,2 dén 0,587. Vi mé phong 13,
do rong 16p hat thay ddi 16n nhat, tir 0,171 dén 0,587. Bé dat hicu qua cao nhét vé su
thay doi do rdng cia 16p hat khi soi, cac trudng hop mod phong véi van toc trung binh
>1,0 m/s (trén 2 1an so véi van tdc soi toi thiéu) nén can xem xét khi tién hanh thuc
nghiém dé ting cudng qua trinh trao doi nhiét — am giita hat véi khi.

Tién hanh so sanh céac truong hgp mo phong c¢é cing véan tdc khi trung binh, mo
phong 1-5 (Hinh 3.17a) d6 rong cua 16p hat it thay d6i, on dinh & muic 0,587 do vén toc
trung binh thap (0,705 m/s). P6i v6i mo phong 6-10 (Hinh 3.17b) dao dong 16n vé do
rong chi xay ra & tan s6 0,5 Hz va 1,0 Hz, khi tang tan sb xung khi sy bién thién vé do

rong 16p hat giam dan. Trong mo phong 11-15 (Hinh 3.17¢), do rong 16p hat thay doi
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7
A

16n, ké ca khi khong cip xung khi (mo phong 11), dao dong ting dan khi ting tan sd
xung khi dén 1,5 Hz va giam dan & muc tan s6 10n hon. Két qua nay gitp xac dinh duoc

pham vi hiéu qué ctia van toc va tan sb cap khi trong tang s6i xung khi.
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a) Do rdng cua 16p hat khi f thay d6i, Uo va Ua khong dbi, truong hop 1-5
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b) Do rong cuia 16p hat khi f thay d6i, Uo va Ua khong doi, truong hop 6-10
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c) P9 rdng cua 16p hat khi f thay d6i, Uo va Ua khong di, truong hop 11-15
Hinh 3.17 B4 thi phan b d6 rdng caa Iép hat khi cling van téc khi trung binh
3.4.3. Két qua md phéng ton that 4p suat qua lép hat
Dbi voi ton that ap suat qua 16p hat (Hinh 3.18), két qua mé phong ciing cho thiy
c6 su dao dong 16m khi cap dong xung khi vao 16p hat. Ddi véi ting soi théng thuong,
tén that ap sudt qua 1op hat it thay doi khi s6i, nhung ton that 4p sudt tai vi tri s6i toi
thiéu 16n va gitr 6n dinh trong khoang 450 — 800 Pa. Van tdc cip khi cang 16n thi ton
that 4p suat cang cao. Khi sdy tang s6i xung khi, ton that 4p suit ciing dao dong theo
bién dang ctia dong xung khi (dang song sin), nhung & gian doan dau, gia tri tén that
tang 1én cao hon trudng hop siy tang soi thong thudng vi ddy 14 thoi diém van toc vuot
qua gidi han soi tdi thiéu. Vi ton that ap suat lién quan dén cot ap ciia quat cap tac nhan
sdy nén so voi tang soi xung khi, quat trong tang sdi xung khi can c6 cot ap cao hon (do
t6n that 16n hon dé vuot qua giai doan soi t6i thiéu). Pay ciing 1a mot diém can luu y
khi Iya chon quat trong may sdy tang soi xung khi.
Té6n that ap suit qua 16p hat chiu anh hudng ciia van toc khi cap vao nén bién
dang ctia d6 thi ton that ap suét c6 su twong dong véi do thi van toc. Giai doan dau khi

bat dau cap tac nhan vao budng sy, ton that ap sut 1a 1on nhat, vi day la ton that ap
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sudt ¢ trang thai soi toi thiéu. Khi vuot qua trang thai nay, ton that ap sudt qua 16p hat

dan 6n dinh va thay d6i theo véan toc dong xung khi cp vao.
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Hinh 3.18 D6 thi phan b tén that &p suat qua Iop hat khi mé phong sb

Gi4 trj ton that 4p sudt dao dong 16n khi cap xung khi véi tin s6 16n hon, cu thé
1a thay d6i trong khoang 300 — 350 Pa dbi vé6i cac tan sd 0,5 Hz va 1,0 Hz va 1én dén
450 — 500 Pa dbi véi cac tan sb 1,5 Hz va 2,0 Hz. Trong cung diéu kién van tdc trung
binh cua dong khi cip vao, gia tri ton that ap suit trung binh qua 16p hat trong d6i bang
nhau, chi thay d6i vé bién d6 do anh hudng cua tan s6 xung khi, 1an luot dat 450 Pa, 622
Pa va 712 Pa véi van tdc trung binh thay ddi tir 0,705 m/s, 0,94 m/s va 1,175 m/s. Céc
két qua nay phan nao phan anh dugc ban chét cta tang soi xung khi, d6 13 16p hat chuyén
dong 1én xudng lién tuc khi cap khi theo bién dang song sin.

Két qua mo phong ciing cho thay khi sdy duong tinh luyén RS bang phuong phap
tang soi xung khi, ton that ap suat qua 16p hat cao hon so véi tang soi thong thuong, véi
chénh 1éch 16n hon khoang 200 Pa. Déi véi tang soi thong thudng, do van tdc khi cap
vao khong thay d6i nén t6n that ap suét ciing 6n dinh trong toan bo qué trinh siy. Trong
khi d6, véi dong khi cép vao thay ddi theo thoi gian, 16p hat c6 su dao dong 16n, cac hat

chuyén dong 1én xudng theo van tdc tdng gidm nén gay ra sy ton that vé &p suat 16n hon.
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Dbiéu nay s€ dan dén cot ap cua quat trong tang s6i xung khi s€ 16n hon so vdi tang soi

thong thudng. Pay ciing 14 van dé can luu ¥ khi chon quat cdp tac nhan siy.
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a) Ton that ap suat qua 16p hat khi f thay d6i, Uo va Ua khong ddi, truong hop 1-5
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b) Ton that ap sudt qua 16p hat khi f thay d6i, Uo va Ua khong ddi, truong hop 6-10
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Vi cac qua trinh ¢6 cling tan sé xung khi (Hinh 3.20), van toc khi cap vao ting
thi gi4 trj ton thap 4p suét ciing dao dong 16n hon, gid tri ton that ap suat cao nhat ting
18% khi tang van téc 25%. Nhu vdy, ting dong thoi tan s xung khi va van tdc tac nhan
sdy s& 1am ting cot 4p cua quat. Diéu nay can xem xét khi tién hanh téi vu héa qua trinh
sdy. Tuy nhién, vi tang s6i xung khi giam duogc luu lwong khi can thiét cho qué trinh siy
nén xét vé mat cong sudt can thiét thi quat trong tang s6i xung khi va ting soi thong
thudng ciing trong dwong nhau, diéu can luu ¥ 13 Ira chon quat s& khac nhau vé mit luu
lugng va cot ap.

3.4.4. Kich thwéc bet khi trong tang sdi xung khi

Hinh 3.22 trinh bay hinh 4nh mé phong dién hinh qué trinh s6i cta 16p hat khi
cap dong xung khi (xét & md phong 13, trong thoi gian 2,0 s). Vi mo phong nay & tan
s6 1,0 Hz, chu ki cdp xung l3p lai trong 1,0 s, kich thudc bot khi dat 16n nhat & thoi diém
1,55 (do = 0,14 m), twong tu lap lai 6 2,5 s, 3,58, 4,5 s,... (Hinh 3.21). Sau khoang thoi
gian 2s dau, qua trinh 1dp lai twrong ty mac du kich thudc bot khi c6 thay ddi chat it. Bac
diém nay ciing phu hop véi cac méd phong & tan sé 2,0 Hz.

Riéng ddi v&i murce tan s6 0,5 Hz va 1,5 Hz thi bot khi dat duoc kich thude 16n

nhét tai thoi diém 1,05s, 1,75s, 2,45s, ... Pay cling 1a nhitng thoi diém ma 16p hat gian
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Hinh 3.21 Kich thudc bot khi trong tang sdi, md phong 13, thoi diém 1,5s
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Thong qua két qua mod phong thuy dong ting sdi xung khi cho thdy cac dic tinh
thity dong cta 16p s6i déu phu thudc vao vén toe trung binh va tan s6 xung khi, trong d6
van toc khi cAp vao gitip ting cudng su hdn loan cua 16p soi (ting cuong kha ning trao
d6i nhiét 4m) con tan sd xung khi giup thay ddi khoang thoi gian dimg lai khi s6i (quay
trdy vé trang thai tinh, tao diéu kién dé Am thoat tr tim ra bé mat). Tuy nhién, vi¢c tang
van toc va tan sd xung khi ciing 1am ting chi phi ning lugng nén can dugc t6i vu hoa
trong thuc nghiém.

Nhu vay, c6 thé thy dé dat dugc cac théng sd hop 1y trong ting soi xung khi thi
van tdc trung binh cua khi cip vao qua ghi phan phdi nén 16n hon 0,94 m/s va tan sb
xung khi nén dao dong trong khoang 0,5 Hz dén 1,5 Hz.

3.5. Két qua md phéng dong hoc qua trinh siy dwong tinh luyén RS

Két qua mo phong dudng cong sy tang s6i xung khi ddi voi hat dudng tinh luyén
RS duoc trinh bay trén Hinh 3.23 va 3.24 ¢ cac nhiét do séy khac nhau: 50°C, 60°C,
70°C, 80°C, van tbc trung binh ctia dong khi qua ghi 1,175 m/s va tan sé xung khi 0,5
Hz. Thoi gian sdy dugc xac dinh tir thoi diém ban ddu dén khi do 4m san pham dat yéu
cau bao quan theo TCVN 6958:2001 [13]. Giai doan sdy ding toc dién ra nhanh trong
khoang 500s dau tién. Thoi gian dé do am dat 0,05% lan luot 12 1650 s, 1458 s, 1122 s,
828 s khi séy 1an luot & cac muc nhiét d6 trén. Vi dd 4m san phém cua duong tinh luyén
RS yéu cau bao quan thip nén su thay doi vé toc do giam 4m chi thdy rd & giai doan sy

dang tdc, toc d6 sdy giam tdc khi thay d6i nhiét d6 1a chénh 1éch khong dang ké.
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Hinh 3.23 Két qua mod phong dudng cong say ¢ nhiét do say 50°C
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O nhiét do say 50°C thoi gian can thiét dé do am duong tinh luyén RS giam tir 1,5%
dén 0,05% 1a 1650s (27,5 phat). Téc do giam am trung binh dat 0,053 %/phut.
Nhiét d6 vat liéu dat 6n dinh sau 90 s dau tién va duy tri & mirc trung binh 14 45,3°C.

Do anh hudng cua xung khi nén nhiét d cua vat li€u dao dong trong khoang 0,2°C.
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Hinh 3.24 Két qua mo phong dudng cong sdy ¢ nhiét do say 60°C

O nhiét d6 sdy 60°C thoi gian can thiét dé d6 am dudng tinh luyén RS giam tir 1,5%
dén 0,05% 1a 1458s (24,3 phut). Toc @6 giam am trung binh dat 0,06 %/phut.

Nhiét do vat liéu dat on dinh sau 90 s dau tién va duy tri & mirc trung binh 1a 56,6°C,

nhiét do cua vat liéu dao dong trong khoang 0,1°C.

Hinh 3.25 Két qua mo phong dudng cong say ¢ nhiét do say 70°C

Thoi gian [s]
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O nhiét do say 70°C thoi gian can thiét dé do am duong tinh luyén RS giam tir 1,5%
dén 0,05% 1a 1122s (18,7 phat). Téc do giam am trung binh dat 0,078 %/phut.
Nhiét d6 vat liéu dat 6n dinh sau 70 s dau tién va duy tri & mirc trung binh 13 66,3°C,

nhi¢t do cua vat liéu dao dong trong khoang 0,1°C.
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Hinh 3.26 Két qua mo phong dudng cong sdy ¢ nhiét do say 80°C
O nhiét d6 siy 80°C thoi gian can thiét dé do am dudng tinh luyén RS giam tir 1,5%
dén 0,05% 1a 828s (13,8 phit). Toc do giam am trung binh dat 0,105 %/phut.
Nhiét do vat liéu dat on dinh sau 50 s dau tién va duy tri & mirc trung binh 1a 77,6°C,

nhiét do cua vat liéu dao dong trong khoang 0,1°C.
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Hinh 3.27 Pudng cong say duong RS ¢ nhiét do siy 50°C, 60°C, 70°C, 80°C
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Nhan xét:

- Két qua mo phong duoc thé hién trén cac hinh tir 3.23 dén 3.26 va tong hop trén
Hinh 3.27 cho thiy chénh léch thoi gian sdy giita mirc nhiét do say 50 — 60°C so véi
70 — 80°C 14 khoang 23% dén 50%. V&i nhiét d6 gidi han khi sdy duong tinh luyén
RS 14 90°C (dé tranh hién tuong caramen hoa) thi nhiét d6 phu hop dé siy 1a 70°C
dén 80°C.

- Nhiét do cua vat liéu trong qué trinh sy c6 su thay doi theo chu ki hinh sin do sy tac
dong ctia dong xung khi, tuy nhién mirc chénh léch twong d6i nho va can kiém ching
bang thyc nghiém.

- Anh hudng cua dong xung khi dén téc do giam am cta duong tinh luyén RS trong
qua trinh sdy chu yéu thiy 13 trong giai doan sdy dang téc do d6 4m san pham cia
duong tinh luyén RS yéu cau khi bao quan thip nén viéc ap dung phuong phap cip
khi dang xung thay cho cip khi lién tuc 13 dé ting toc d6 giam 4m & giai doan nay,
tir d6 thoi gian sdy ciing ngan hon.

3.6. Két qua thuce nghiém kiém ching 1y thuyét

Trong thyc nghi¢m nay, nhiét do séy duoc diéu khién 6n dinh & gia tri 70°C, van
tdc va tan s6 xung khi cua dong khi duoc thay d6i theo 15 mé phong & nghién ciru ly
thuyét nham so sanh giita két qua thuc nghiém voi két qua mé phong.

3.6.1. Van téc khi qua bé mit I6p hat

Van toc khi qua bé mit 16p hat dugc do tai vi tri Uz, Hinh 2.9 bang thiét bi do
van téc khi Extech SDL350 va dugc kiém tra bang cach déi chiéu voi luu lugng khi cip
vao (vi tri Uz, Hinh 2.9) va khi thai ra khoi budng sy (vi tri Us, Hinh 2.9). Két qua duoc
tong hop trong Hinh 3.28 va Bang 3.14.

Tir cac két qua nay co thé nhan thay, van toc khi qua bé mat 16p hat theo thyc
nghiém chi on dinh sau 20 s trong khi theo két qua mo phong thi chi mét khoang 1 s.
Nguyén nhan 1a khi mé phong, dong khi cap vao xem nhu 6n dinh & dudi ghi phan phéi
khi va khong xem xét khoang cach tir quat dén 16p hat say. Tir thoi diém 20 s tro di, van
tdc do duge 6n dinh va do do két qua biéu dién trén Hinh 3.28 chi trich dit liéu trong 60

s dé so sanh voi két qua mo phong nham giam kich thudc cua hinh biéu dién.



Vin toc, m's

Vin téc, m/s

Vin toc, m/s

Vin toc, m/s

Vin tée, m/s
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e) C6 xung khi, f=2,0 Hz
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Hinh 3.28 B thi biéu dién van téc bé mat gitra md phong va thuc nghiém
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Dbi véi ting s6i thong thudong, khong c6 dong xung khi thi van tdc khi qua bé
mit do dugc tuong dong vaéi két qua mo phong khi bo qua giai doan bat 6n dinh ban
dau, sai s6 khong quéa 5%. Két qua mo phong duoc 1ay tir dir liéu trung binh cua vén tdc
qua bé mit 16p hat tai mit cit ngang cach ghi phan phdi 350 mm trong khi ddi voi thuc
nghiém thi vi tri b tri cam bién vén tdc twrong ty nhu mé phong nhung chi do 03 diém
theo Hinh 2.9 nén két qua c6 do léch chuan cao hon. Tuy nhién, khi xét vé gia tri van
tdc trung binh qua bé mat 16p hat thi két qua thuc nghiém 13n mé phong déu khé twong
ddng v6i nhau, véi sai s6 khong vuot qué 10%. Didu nay ching to bd tao xung khi va

quat cAp tic nhan sdy hoat dong 6n dinh, luu luong va van tde khi cp vao dap tmg duoc

yéu cau cua thuc nghiém.

30

—VeG
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Hinh 3.29 Mit cit xac dinh van téc khi qua bé mit 16p hat khi mé phong

Do thoi gian ghi nhan dit liéu cua bo do chi dat t6i thiéu 1,0 s/1 1an ghi nén két
qua thyc nghiém chi ghi nhan dugc gia tri van toc & cac thoidiém 1s,25s,...10's,.. .trong
khi két qua mé phong duge ghi nhan mdi 0,05 s/1 14n, tir d6 c6 thé thay trén Hinh 3.28
cac gia tri van téc do duoc bﬁng thuc nghi¢m nam gﬁn véi gid tri trung binh cia mo
phdéng va két qua nay khong danh gia dugc & cac thoi diém nho hon 1,0's.

Nhu vay, két qua so sanh vé vén tc khi qua bé mit 16p hat cho thdy mé hinh du
doén tuong dbi phu hop voi két qua do bé’mg thuc nghi¢m, mot $6 truong hop, & van tde
khi cép vao thap, c6 sy chénh léch nhung khong qua 0,1 m/s. Vén tdc cang ting m hinh

du doan van tdc khi qua bé mat 16p hat cang chinh xac.
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Bang 3.14 Két qua so sanh vén toc qua bé mat 16p hat sdy

oz o Véan toc qua bé mat 16p
Van toc qua bé mat 1op hat N
. hat theo thuc nghiém
theo mo phong (m/s)

TN UO Ua f (m/S)
(m/s) | (m/s) | (Hz) ] Po ) Po
Thap Cao | Trung o Thap | Cao | Trung o
A A s 1éch £ £ N léch
nhat | nhat | binh ; | mhat | nhat | Dbinh R
chuan chuan

1/047(023| 0 | 051 | 070 051 | 0,02 | 0,51 | 0,67 | 0,52 | 0,09

2 /047023505 | 034 | 0,74 | 051 | 0,12 | 0,38 |0,63| 0,52 | 0,16

3 /047023 1 | 03 | 0,77 | 051 | 0,12 | 0,30 | 0,78 | 0,50 | 0,08

4 1047(023|15| 0,34 | 080 | 051 | 0,22 | 0,28 |0,88| 0,52 | 0,08

5047023} 2 | 035 | 082 | 051 0,11 | 0,33 |0,84| 0,52 | 0,08

6 047047 | O | O66 | 082 | 0,68 | 0,01 | 0,64 |0O,77| 0,68 | 0,02

/7 047|047 05| 0,34 | 093 | 0,65 | 0,21 | 0,28 |0O,77| 0,71 | 0,15

8 (047] 047 | 1 | 035 | 103 | 065 | 0,20 | 0,39 |1,05| 0,72 | 0,25

9 (047|047 | 15| 0,34 | 1,04 | 066 | 0,19 | 0,39 |1,03| 0,71 | 0,23

10 047|047 | 2 | 0,34 | 105| 066 | 0,18 | 0,38 |1,07| 0,73 | 0,26

110,47|0,705|f 0 | 081 | 094 | 0,82 | 0,01 |0O,78 |0,90| 0,83 | 0,02

12 1 0,47|0,705| 05| 0,34 | 1,13 | 0,75 | 0,26 | 0,44 |0,90| 0,84 | 0,15

13047|0,705| 1 | 0,36 | 123 | 0,75 | 0,26 { 0,44 |120| 0,82 | 0,28

14 10,47|0,705| 15| 040 | 123 | 0,77 | 0,23 { 0,43 |124| 0,84 | 0,29

151047|0,705| 2 | 037 | 125]| 0,79 | 0,22 | 0,46 |1,23| 0,85 | 0,28

Khi xét & cung tan sb xung khi, nhu dugc biéu dién trén Hinh 3.29, thoi gian on
dinh dong khi qua 16p hat ¢ ting s6i xung khi dai hon, chénh 1éch vé gia tri trung binh

clia van toc qua bé mit 16p hat ciing 16n hon két qua mo phong. Tai cac thoi diém 20 s,
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30's, 40 s,... sau khi dong khi d3 6n dinh, chénh 1éch gia tri van toc khi qua bé mit 16p
hat gitra thyc nghi€ém va md phong trong cac trudng hop trén Hinh 3.28d, 3.28e, 3.28f
16n nhat 1an luot 14 14%, 11%, 8% va thap nhat 1an luot 1a 9%, 10%, 6%. Nhu vay, co
thé théy van tdc tic nhan séiy tang l1én, sy 6n dinh vé van tbc qua bé mat 16p hat cling tdt
hon, do anh huéng cua trd luc qua bo tao xung khi, ghi phan phéi khi va chiéu day cua
16p hat sdy.

3.6.2. Ton that ap suat qua bé mit I6p hat

Tén that ap suit qua bé mit 16p hat dugc do theo phuong phap mé ta & muyc 2.6,
Hinh 2.8 bang thiét bi do chénh 1éch ap suat Extech HD755 va duoc ghi dit liéu bang
phan mém mdi 1,0 s/1 1an do. Két qua duogc tong hop trong Hinh 3.30 va Bang 3.15.

Nhin chung, mé hinh mé phong sb du doan két qua do ton thit 4p suit qua 1op
hat tuong dbi phu hop véi két qua thuc nghiém & & cac truong hop van toc thip, nhung
lai c6 su chénh 1éch 16n & céc truong hop van tde cao, 1én dén 25%, chéng han truong
hop md phong 15, gia tri trung binh mo phong dugc 1a 796 Pa trong khi thuc nghiém do
dugc chi 1a 580 Pa. Nguyén nhan 13 do cac truong hop nay co6 su dao dong 16n vé van
tdc khi va hat khi cip dong xung khi, mic khac 12 mé phong gia thiét 16p hat co kich
thudc déng nhét, trong khi thuc té ¢ tOn tai cac hat co kich thuéc nhé hon nén gia tri
tén that ap suit do duogc thap hon.

Dbi v6i tang sbi xung khi, tén that ap suat qua 16p hat trong thue té do duoc 6n
dinh sau khoang 10 s va c6 su chénh 1éch 16n hon so v6i két qua mé phong khi ting tin
s6 xung khi. Trong cac trudng hop tan sb xung khi thap (0,5 va 1,0 Hz), gia tri ton thit
do duogc xét cung thoi diém 1a twong dong voi két qua mo phong, tan sb ting dén 2,0 Hz
thi chénh léch nay tiang 1én 16 — 33% & cung thoi diém.

Xét cung van toc xung khi, van toc cang cao thi chénh l1éch ton that ap suat giita
mo phong va thuc té cang 16m, cu thé 13 trudng hop mo phong 15, khi van tdc cao va tan
s6 xung khi 16n nhat, chénh 1éch nay 1én dén 33%, xét cung thoi diém.

Xét cing nhom trudng hop van tde khi cap vao nhu nhau thi chénh 1éch gia tri
t6n that ap suat giita mo phong va thuc té 1an luot 1a 6% (27 Pa), 21% (129 Pa) va 20%
(144 Pa) & céc truong hop mé phong 1-5 ( U = 0,705 m/s), 6-10 ( U = 0,940 m/s), 11—
15 ( U =1,175 m/s).
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Bang 3.15 Két qua so sanh ton that ap suit qua bé mit 16p hat sdy

Ton that ap suit qua I6p hat | Ton thit ap suit qua 16p hat

! 0 ; theo mo phong (Pa) theo thuc nghiém (Pa)
0 a
™ . Po . hY)
(m/s) | (mfs) | (H2) | Thdp | Cao | Trung j Thip | Cao | Trung j
i i . léch ) i . léch
nhat | nhat | binh . nhat | nhat | binh .
chuan chuan

110470235 0 | 414 | 673 | 449 9 416 | 470 | 424 29

2 1047023505 | 278 | 713 | 451 | 126 | 416 | 430 | 423 25

3104710235 1 | 284 | 743 | 450 | 122 | 345 | 430 | 424 36

4 104710235 15| 280 | 752 | 450 | 119 | 378 | 432 | 424 33

5 (04710235 2 | 286 | 741 | 449 | 112 | 330 | 435 | 421 40

6 047|047 | O | 489 | 761 | 632 7 331 | 512 | 493 49

7 1047|047 | 05| 278 | 934 | 590 | 207 | 304 | 511 | 492 49

8 (047|047 | 1 | 282 | 965 | 615 | 200 | 4/8 | 506 | 498 32

9 (047|047 | 15| 273 | 915 | 640 | 180 | 436 | 506 | 496 38

10 (0,47 | 0,47 | 2 | 262 | 916 | 642 | 182 | 439 | 507 | 494 49

110,470,705 O | 564 | 848 | 781 22 407 | 595 | 584 50

12 10,47 10,705| 0,5 | 280 | 1148 | 646 | 220 | 220 | 593 | 583 34

130,470,705 1 | 251 | 1133 | 662 | 248 | 406 | 589 | 579 50

14 10,47 10,705 | 1,5 | 456 | 1036 | 743 | 168 | 236 | 587 | 581 32

150,470,705 2 | 320 | 1050 | 796 | 123 | 579 | 589 | 580 51

Tuong tu nhu truong hop do van tdc, gia tri ton that ap suat cling chi do dugc tai
cac thoi diém 1 s, 2 s,...nén khong so sanh duoc tai cac thoi diém nho hon 1 s. Tuy
nhién, két qua do néu xét cing thoi diém mo phong thi ciing trong ddi phit hop va phan
anh dugc ton that ap suat qua 16p hat sdy. Van toc khi cap vao cang cao, két hop véi
xung khi 1am dao dong ctia hat 16n hon, thay doi lién tuc dic biét khi & tan sd cao nén

c6 su chénh léch 16n hon gitra mo6 phong va thuc nghiém.
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3.6.3. Nhiét @ vat liéu trong qua trinh say

Trong thuc nghiém nay, nhiét do say duoc thay d6i ¢ cac gia tri khac nhau: 50°C,

60°C, 70°C, 80°C, van tdc trung binh cta dong khi qua ghi 1,175 m/s va tan s6 xung khi

0,5 Hz nham so sanh vé6i két qua mo phong s6.

Nhiét d6 caa duong tinh luyén RS trong budng say dugc do boi 6 cam bién nhiét

d6 bb tri trong 16p hat nhu d3 trinh bay & muc 2.6, két qua trung binh cta 6 gia tri ny

dugc dung dé v& dd thi so sanh véi méd phong va duoc biéu dién trén Hinh 3.31. Dua

trén két qua nay cé thé théy, nhiét do thuc té cua vat liéu c6 su thay ddi theo bién dang

ctia dong xung khi cip vao, trong khi két qua mé phong cho thiy nhiét do twong dbi 6n

dinh. Tuy nhién, khi xét gid tri trung binh cta nhiét do vat li¢u trong toan bo thoi gian

sdy thi chénh 1éch khong qua 2%. O céc trudng hop nhiét do siy thip (50 — 60°C), nhiét

do vat liéu co6 su dao dong 16n hon, tir 3 — 6°C, trong khi vd1 nhiét do s?iy cao hon (70 —

80°C), dao dong nay chi con tr 1 — 3°C.
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Hinh 3.31 B thi biéu dién nhiét do vat liéu sdy gitra md phong va thuc nghiém



120

3.6.4. Puong cong siy

So sanh gitta o 4m dudng tinh luyén RS trong qua trinh sdy giita két qua mo
phong va thuc nghiém cho thdy mé hinh mé phong sb 1a phu hop dé dy doan sy thay
d6i am trong qua trinh sdy. Vi két qua duoc trinh bay ¢ Hinh 3.32, dudng cong sy
gitra mo6 phdéng va thuc té tuong thich v&i1 nhau, mire d tuong quan R>0,95, thoi gian
sdy giira thuc t& va mo phong chénh 1éch 8 — 12%. O cac nhiét d6 sdy 50, 60°C két qua
mo phong va thuc nghiém tuong déng v61 nhau, trong khi nhiét do séy 70, 80°C, két
qua mo phdéng thép hon so vé1 thuc nghiém, do nhi¢t do vat liéu trong mé phdéng cao
hon thuc nghiém, nhu dugc trinh bay trén Hinh 3.31. Tuy nhién, do do am cua duong
tinh luyén RS yéu cau rat thap (< 0,05%) nén khoang 1éch nay c6 thé chap nhan duoc.

Trong giai doan d4u cua qua trinh sy, giai doan sdy ding tdc, am bay hoi tir vat
liéu 16n hon nén tdc d6 sdy cao hon. Do thuc nghiém 1ay mau mdi 300 s/lan nén khi biéu
dién trén do thi tbc d6 sy, khoang d6 am > 1,0% khong thé hién duoc dit liéu dé so
sanh véi mo phong. Cang vé cudi qua trinh sy, giai doan sdy giam toc, két qua thuc
nghiém va mé phong co sy trong dong v6i nhau, trong giai doan nay lugng 4m bay hoi
thip nén thoi gian sdy kéo dai.
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(d) Nhiét d6 say 80°C
Hinh 3.32 Budng cong siy va duong cong tdc do siy gitta md phong va thuc nghiém

3.7. Thue nghiém xac dinh dnh hwéng cia cic thong sé cong nghé
Thong qua két qua nghién ctru Iy thuyét va dua trén cac thi nghiém tham do, céc
yéu t6 cht lwong va chi phi sdy c6 thé kiém tra duoc (thong sb dau ra) bao gdbm:
* Y. Téng chénh lIéch d0 mau
« Y2: Tiéu hao dién ning cho 1kg san pham, Wh/kgSP
« Y3: Tiéu hao nhiét nang cho 1kg san pham, kJ/kgSP
Tir d6, quan sat thay nhitng thong sd cong nghé c6 anh hudng 16n dén qua trinh
séy, c6 thé bién kiém tra dugc va diéu khién dugc, bao gém:
« Z1: Nhiét d6 sdy,°C
« Z»: Van tdc tac nhan sdy, m/s

« Z3: Tan s6 xung khi, Hz
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Théng s6 cong nghé Théng s6 dau ra
(cic bién doc 1ap) HE (ham muc tiéu)
i : THONG Y1: Tong chénh 1éch do ma
- Z1: ¢t do sa . —Y1: TO énh 1€ om
Z;: Nhiét do say N SAY TANG 1. Tong chénh 1éch d6 mau
— Z»: Van toc TNS —/ SOI XUNG | —Y2: Tiéu hao dién nang riéng
— Z3: Tan s xung khi KHI — Y3: Tiéu hao nhiét nang riéng

Hinh 3.33 M6 hinh hop den cua luan an

Dé danh gia anh huong cta cac thong sb cong nghé dén chat luong va chi phi cua
qua trinh sy duong tinh luyén RS bang k§y thuat ting soi xung khi, dong thoi xac dinh
dugc pham vi hop 1y cta cac thong sd ndy trong qua trinh sdy thuc té, phuong an thuc
nghi¢m da yéu td voi quy hoach tryc giao cép 2 da duoc thyc hién. Duya trén két qua
nghién ctru 1y thuyét, két qua nghién ciru cac yéu t6 dau vao va du ra & muc 2.8, ¢4 03
thong $6 cong nghé va 03 ham muc tiéu da dugc lya chon.

Z1— Nhiét dg sdy

Theo [4] va [119], nhiét d6 sy dudng tinh luyén phu hop 14 tir 50 dén 90°C, nhiét
d6 qua cao s& gay ra hién tuong caramen hoa 1am bién ddi mau sic cua duong. Theo két
qua nghién ctru 1y thuyét, pham vi nhiét d6 phu hop dé siy duodng tinh luyén RS bing
phuong phap ting s6i xung khi 1a 60 dén 80°C. Pay ciing 1a co s¢ dé lua chon pham vi
thi nghiém.

Z2 — Vin toc tac nhan sdy

Két qua mé phong s di xac dinh dugc pham vi van tdc trung binh cta dong khi
cip vao (qua ghi phan phdi) can 16n hon 0,94 m/s.

Z3 — Tan s6 xung khi

Theo [55], tan s6 xung khi trong khoang 0,5 Hz dén 4,0 Hz thuong duoc sir dung
trong cac loai may sdy tang soi xung khi. Pong thoi, két qua nghién ctru 1y thuyét cling
xéc dinh duoc tin s6 xung khi nén thay doi trong khoang 0,5 Hz dén 1,5 Hz 1a phu hop
v4i tang s6i xung khi ddi v6i san pham dudng tinh luyén RS.

Tir d6, mién nghién ctru thuc nghiém duoc thiét 1ap thong qua viéc tién hanh cac
thi nghiém tham do va ké hoach hoéa truc giao bac 2 [113], [114], véi gia tri cta cac

thong s6 cong nghé duoc trinh bay theo Bang 3.16.
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Bang 3.16 Mién thyc nghiém da yéu t6

Yéu t6 Miuc sao | Muc dudi | Muc co | Muc trén | Muc sao Khoang
dudi (-1) SO (+1) trén bién thién
- (-1,471) (0) +a (1,471) AZ;
Z, (°C) 53,4 60 70 80 84,7 10
Z (m/s) 1,26 1,5 2 2,5 2,74 0,5
Z3 (Hz) 0,26 0,5 1,0 1,5 1,74 0,5

Sau khi tién hanh céc thi nghiém dwa trén phuong an quy hoach truc giao cap 2,

mdi thi nghiém 13p lai 03 14n va l4y gia tri trung binh dua vao Bang 3.17.

Bang 3.17 Két qua thuc nghiém da yéu t6

Bién mi hoa Ham muc tiéu

N X1 X2 X3 Y1 Y2 Y3

1 -1 -1 -1 19,79+1,39 | 146+12 | 753 +38
2 0 0 0 20,59+0,68 | 234+18 | 1034 + 26
3 1 1 -1 2416 £1,54 | 245+ 15 | 134355
4 1 1 1 2493 +1,07 | 234+12 | 1500 + 88
5 0 0 -1,471 | 22,15+2,49 | 213+13 | 1138+55
6 -1,471 0 0 20,69+0,78 | 267 +15 | 628 £56
7 0 1,471 0 15,6 + 0,6 412 £ 13 | 1156 + 50
8 0 -1,471 0 20,6 +0,58 | 118+ 18 | 847 +37
9 0 0 0 20,39+0,87 | 234+17 | 1080 + 22
10 1 -1 -1 26,68 +214 | 109+9 | 1166+ 32
11 0 0 1,471 | 21,65+0,43 | 324+11 | 1160+ 72
12 0 0 0 20,64 +11 | 234+13 | 1022 + 55
13 -1 -1 1 18,17+1,36 | 209+12 | 707 +12
14 0 0 0 21,75+0,31 | 234+12 | 107221
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Bién mi hoa Ham muc tiéu
N X1 X2 X3 Y1 Y2 Y3
15 1 -1 1 276+185 | 129+10 | 1379+ 13
16 -1 1 -1 20,96 £1,37 | 396+15 | 825+ 33
17 0 0 0 20,06 +0,64 | 234+17 | 109121
18 -1 1 1 1854+1,62 | 378+12 | 784+ 16
19 1,471 0 0 30,47 +0,43 | 110+16 | 1535+ 25

Cdc gid tri +trong bang la dé léch chudn cia 03 lan thi nghiém khéc nhau.

Phan mém Statgraphics Centurion XVII version 19.1.1 dugc sir dung dé tién hanh
xu ly két qua thi nghiém, mtrc y nghia cua cac hé s6 duoc kiém dinh theo chuin Student,
phuong trinh hdi quy theo cac gia tri thuc nghiém dugc kiém dinh theo chuédn Fisher.
Tir d6, 03 phuong trinh hdi quy Yi, Y2, Ya duge thiét 1ap va trinh bay tir myc 3.7.1 dén
3.7.3. Cac két qua chi tiét dugc trinh bay trong Phu luc 5.

3.7.1. Téng chénh lgch d§ mau

Dua trén két qua thuc nghiém va phan tich hdi quy da yéu t6, sau khi loai trir cac
hé s6 c6 mirc y nghia P > 0,05 (bs, b2s), phuong trinh hdi quy mé ta mbi quan hé giira
cac thong sb cong nghé (X1, Xz, X3) dén tong chénh 1éch do mau (Y1) duoc thiét lap:

Y, = 20,639 +3,268X, —0,893X,, —0,841X,X,, + 0,716 XX,

(3.92)
+2,348X2 —1,107X? +0,648X >

Bang 3.18 phan tich phuong sai (ANOVA) cung cép céc dit liéu théng ké vé cac
hé sd trong phuong trinh hdi quy (3.92). Sau khi kiém tra ¥ nghia théng ké cia mdi hé
sO bang cach so sanh sai s6 trung binh toan phuong giira gia tri ciia phuong trinh va gia
tri thuc nghi€m, thi dbi v6éi ham Yi, ¢6 02 hé s c¢6 mirc y nghia 16n hon 0,05 s€ bi loai
khoi phuong trinh hdi quy va con lai 07 hé sb ¢6 gia tri P nhé hon 0,05, cho thay chiing
c6 y nghia & do tin cay 95%.

Théng ké R? (R-squared) cho thdy mirc d6 twong quan giita mé hinh toan va thyc
nghiém dat 96,83% dbi v6i ham Yi. S liéu théng ké R? hiéu chinh (adjusted R-squared),
phu hop hon dé so sanh cac mé hinh véi sd bién doc 1ap khac nhau 1a 94,82%. Sai )
chuan cua tinh toan cho thdy d6 léch chuan ciia s6 du 1a 0,805. Sai s tuyét dbi trung

binh (MAE) dat 0,454 1a gia tri trung binh cta sb du.
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Bang 3.18 Két qua phan tich thong ké ham Y

Tong binh | Bdc tw| Trung binh | Gid tri F | Gid tri P |Pdnh gid

Bien phuong do |toan phuwong | (Fisher) |(mutc y nghia)
X, 131,72 1 131,72 202,87 0,0000
X, 9,82504 1 9,82504 15,13 0,0025
X{ 51,664 1 51,664 79,57 0,0000
X, X, 5,66161 1 5,66161 8,72 0,0131
X, X, 4,10411 1 4,10411 6,32 0,0288
X3 11,496 1 11,496 17,71 0,0015
X3 3,93407 | 1 3,93407 6,06 0,0316 |COynghia

Total error | 7,14214 11 0,649286
Total (corr,)| 225,547 18
R? = 0,9683
R? (hiéu chinh theo s6 bac tu do) = 0,9482
Sai s6 chuan SEE= 0,805783
Sai sb tuyét ddi trung binh MAE= 0,454542

Phuong trinh hoi quy viét cho ham tong chénh 1éch d6 mau dué6i dang bién thuc:
Y, =87,73-2,772,+27,72Z,-15,21Z,

3.93
~0,172,Z,+0,14Z,Z,+0,02Z% — 4,437 + 2,597 (3.93)

Db thi biéu dién cac mbi trong quan gitra ham tong chénh 1éch d6 mau véi cac
thong sb cong nghé duge trinh bay trén Hinh 3.34.
Nhdn xét:

Nhiét do va véan tdc tac nhan séy c6 anh huong 16n nhét dén téng chénh 1éch do
mau. Khi sdy ¢ nhiét do cao dé 1am dudng tinh luyén RS nga sang vang (ting gia tri b*,
giam gia tri L*), nguoc lai ¢ van tdc cao, vat liéu nhanh khé hon nén mau sang gitr duoc
t6t hon.

Tan s6 xung khi ciling 1a yéu t6 gdy anh hudng nhiéu dén mau sic ctia san pham
vi 4nh hudng dén thoi gian sdy. Khi sdy véi tan sb qua thap hodc qua cao, mau sic cia

duong tinh luyén sé& bi kém hon so v&i khi sdy ¢ tan s6 trung binh.
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Hinh 3.34 D6 thi bé mat dap ung cua ham téng chénh Iéch d6 mau

3.7.2. Tiéu hao dién ning riéng

Dua trén két qua thuc nghiém va phan tich hdi quy da yéu t6, sau khi loai trir cac
hé s6 c6 mirc y nghia P>0,05 (bi3, bzs, baz, bss), phuong trinh hdi quy mé ta mbi quan
hé gitta cac thong sb cong nghé (X1, Xz, X3) dén tiéu hao dién nang riéng (Y2) duoc thiét

1ap nhu sau:
Y, = 250,807 —52,152 X, + 88,616 X, +17,625X,—22,25X X, — 24,766 X (3.94)

Bang 3.19 phan tich phuong sai cung cap céc dit lidu théng ké vé cac hé sb trong
phuong trinh hdi quy (3.94). Sau khi kiém tra y nghia thong ké ciia mdi hé s6 bang cach
so sanh sai s6 trung binh toan phuong giita gia tri cia phuwong trinh va gia tri thuc
nghiém, cac hé s6 c6 mirc ¥ nghia 16n hon 0,05 s& bi loai khoi phuong trinh hdi quy.

Nhu vay, d6i v6i ham Yz, ¢6 05 hé s6 c6 ¥ nghia & do tin ciy 95%.
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Bang 3.19 Két qua phan tich thong ké ham Y

Bién Tong binh|Bdc tw|Trung  binh| Gid tri F | Gid tri P |Pdnh gid
phuong do |toan phuong | (Fisher) (mikc y
nghia)
X, 33532,8 1 33532,8 52,08 0,0000
X, 96815,7 1 96815,7 | 150,38 | 0,0000
X, 383007 | 1 | 383007 | 595 | 00208 |COY¥nmehia
X2 5746,94 1 5746,94 8,93 0,0105
X, X, 3960,5 1 3960,5 6,15 0,0276
Total error | 8369,66 13 643,82
Total 152256, | 18
(corr,)
R2 = 0,9450
R? (hiéu chinh theo s6 bac tu do) = 0,9239
Sai s6 chuan SEE= 25,3736
Sai sb tuyét ddi trung binh MAE= 18,1077

Théng ké R? (R-squared) cho thiy mirc d6 twong quan giita mé hinh toan va thyc
nghiém dat 94,5% d6i v6i ham Y2. S6 liéu thong ké R? hiéu chinh (adjusted R-squared),
phtl hop hon dé so sanh cac mé hinh véi s bién doc 1ap khac nhau 1a 92,39%. Sai s6
chuén cua tinh toan cho thdy do 1éch chuan cua sé du 1a 25,37. Sai s tuyét dbi trung
binh (MAE) dat 18,11 1a gié trj trung binh cua sé du. D6 thi biéu dién cac mdi twong
quan giita ham tiéu hao dién ning riéng voi cac thong sd cong nghé duoc trinh bay trén
Hinh 3.35.

Phuong trinh hoi quy viét cho ham tiéu hao dién ning riéng dudi dang bién thuc:
Y, =—1610,4—48,79Z, —134,27Z, +35,25Z, —4,452,Z,, —0,248Z* (3.95)
Nhdn xét:

Tiéu hao dién nang riéng hau hét déu ti 1¢ thuan véi cac bién dau vao, nghia la
khi ting gia tri ciia cac dai lugng nay thi déu 1am ting tiéu hao dién ning. Ngoai trir tich
X2.X3 1a ti 18 nghich v6i ham Yz, cho thay gia tri tiéu hao dién nang thip nhat dat & gan

tam cua gia tri tan sO xung khi va van toc tadc nhan say.
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Pbi voi ham tiéu hao dién ning riéng, van tdc tic nhan sdy 13 yéu t6 c6 anh hudng
16n nhat ¢én ham muyc tiéu nay. Viée ting van tdc tac nhan sdy s& giup ting cudng truyén
nhiét va truyén am trong tang sdi nhung diéu nay lam ting tiéu hao dién ning. Nguoc
lai, giam van tdc tac nhin sy s& anh huong dén ché d6 soi lam tang thoi gian siy.

Pbi véi ham tiéu hao dién ning riéng, néu chi xem xét bang 1y thuyét thi nhiét
dd c6 anh hudng it nhat dén ham muc tiéu nay. Tuy nhién, trong thuc té thi do nhiét do
c6 anh huong 16n dén qua trinh hoa s6i va ning sudt san pham nén ciing dong thoi tac

dong dén tiéu hao dién ning cho 1 kg san pham.
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Hinh 3.35 D6 thi bé mit dap ung cua ham tiéu hao dién nang riéng

3.7.3. Tiéu hao nhiét ning riéng
Duya trén két qua thuc nghiém va phan tich hoi quy da yéu t6, loai trir cac hé sb
c6 mirc ¥ nghia P>0,05 (b3, b1, biz, b2s), phuwong trinh hoi quy mé ta mbi quan hé giita

cac thong s cong nghé (X1, Xz, Xs) dén tiéu hao nhiét nang riéng (Ys) da duoc thiét lap:
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Y, =1065,44 + 296,328 X, +73,129X, +57,125X, X, — 35,024 X} + 33,125X? (3.96)
Bang phan tich phuong sai (ANOVA) cung cép céc dir lidu thong ké vé cac hé
sO trong phuong trinh hoi quy (3.96). Sau khi kiém tra ¥ nghia thong ké ctia mdi hé sd
bang cach so sanh sai s6 trung binh toan phuong giita gia tri ciia phuong trinh va gia trj
thuc nghiém. D6i v6i ham Ya, 5 hé s6 ¢6 gia tri P nho hon 0,05, cho thiy chung ¢ ¥
nghia ¢ do tin cay 95%.
Bang 3.20 Két qua phan tich thong ké ham Y3

Bién Tong binh|Bdc tw|Trung binh| Gid tri F | Gid tri P |Ddnh gid
phuong do [toan (Fisher) |(miec y nghia)
phuong
X, 1,0826.10°| 1 |1,0826.10°| 526,26 0,0000
X, 65933,3 1 65933,3 32,05 0,0001
X, X, 26106,1 1 26106,1 12,69 0,0035
X2 11492,9 1 11492,9 5,59 0,0343 C6 ¢ nghia
X2 10280,3 1 10280,3 5,00 0,0436
Total error | 26742,8 13 2057,14
Total 1,22315.10| 18
(corr,) 6
R2=10,9781

R? (hiéu chinh theo s6 bac ty do) = 0,9697
Sai s6 chuan SEE= 45,3557
Sai sb tuyét ddi trung binh MAE= 29,5145

Théng ké R? (R-squared) cho thdy mirc d6 twong quan giita mo hinh toan va thyc
nghiém dat 97,81% dbi v6i ham Ys. SO liéu théng ké R? hiéu chinh (adjusted R-squared),
pht hop hon dé so sanh cac mé hinh véi s6 bién doc 1ap khac nhau 1a 96,97%. Sai s6
chuan cua tinh toan cho thay do 1éch chuan cta s du 13 45,35. Sai s tuyét ddi trung
binh (MAE) dat 29,51 1a gia tri trung binh ctia s6 du.

Phuong trinh hdi quy viét cho ham tiéu hao nhiét nang riéng dudi dang bién thyc:

Y, =-929,5+41,06Z, — 414,127, +1065,7Z,+11,43Z,Z, —140,09Z2 +132,522 (3.97)
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Do thi biéu dién cac moi twong quan gifra ham ti€u hao nhiét nang riéng voi cac

thong s6 cong nghé dugc trinh bay trén Hinh 3.36.
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Hinh 3.36 D6 thi bé mit dap wng cua ham tiéu hao nhiét niang riéng
Nhdn xét:

Déi voi ham muc tiéu tiéu hao nhiét ning riéng, cac yéu td c6 anh hudng 16n nhat
1an luot 13 nhiét d6 sdy va van tdc tc nhan sdy. S6 hé sb c6 ¥ nghia trong phuong trinh
héi quy ciing khong nhiéu (5) do tiéu hao nhiét ning phy thudc 16n nhat vao nhiét do tac
nhan say. Theo phan tich 1y thuyét thi van toc tic nhan sy ting s& lam ting luu luong
tac nhan, do d6 lam tang lugng nhiét nang tiéu thu. Tuy nhién, tiéu hao nhié¢t nang duoc
danh gia bang tong luong nhiét tiéu hao trén tong luong san pham, voi cac muc van toc
16n, thoi gian sdy giam nén khi tinh lai tiéu hao nhiét ning riéng lai khong 16n.

Tan s6 xung khi 13 yéu t6 khong gay anh hudng dén tong luong nhiét nang tiéu
thu, nhung lai ¢6 anh huong dén luong san pham thu dugc cua qua trinh say. Do dé, khi

két hop voi bién van tdc tic nhan séiy thi hai dai lugng nay lai c6 anh hudng nghich dén
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tiéu hao nhiét nang, nghia 1 khi ting bién nay va giam bién con lai déu khong co lgi vé
mat ti€u hao nhiét nang riéng.
3.7.4. Xay dung ché d¢ say dwong tinh luyén RS

Muc dich ctia bai todn 12 nham x4c dinh duoc gia tr1 hop 1y cua céac thong $6 cong
nghé sao cho cdc ham muc ti€u co gia tri thép nhat. Dbi voi bai toan tdi uu hoa da muc
tiéu trong qua trinh sy duong tinh luyén RS, gid tri tdi wu cta cac bién X1, Xz, X3 duoc
tinh toan sao cho gia tri cac ham muc tiéu Y1, Y2, Y3 ciing t6t nhat trong pham vi -1,471
< X1, X2, X3, Xa< 1,471. Phuong phap bé mat dép tng (Response Surface Method-RSM)
dugc sir dung trong trudng hop nay dé xac dinh cac thong sb cong nghé tdi wu cho qua
trinh sdy.
Y, = fye (X7 X3P, X2 ) = min £, (X,, X, X,)
Yy = fo (X7, X3P, X3P ) = min £, (X, X,, X))
Yy = Fon (X7 X7 X3P ) =min £, (X, X, X;)
VX = (X, X,, X,) € {1471 X,, X,, X, <1,471}

(3.98)

Day 1a dang bai toan phirc tap, do d6 khi tién hanh t6i wu héa phuong an thoa
hiép dugc dé xuat dudi sy hd trg cua cac phan mém [113]. Str dung chirc ning Multiple
Response Optimization trong phin mém Statgraphics Centurion XVII version 19.1.1 dé
thuc hién viéc tinh toan t6i wu hoa cac théng sb cong nghé trong qué trinh sy dudng
v6i cac ham muc tiéu dd xac dinh & phuong trinh (3.92), (3.94), (3.96). Trong s cua
cac ham muc tiéu xem nhu bang nhau va bang 1,0.

Goi D 1a mirc d6 t6i wu thoa hiép giita cac thong s dau vao c6 anh hudng nhét
dén ham muc tiéu, khi d6 ham biéu thi mirc 46 mong mudn ctia mot giai phap tdi vu lién

quan dén 3 phan hoi nhu sau:
D={d\d}d} }1’[5“j (3.99)

trong d6 dj 1a mic d6 mong mudn tinh toan tir phan hoi thir j va 1j 1 hé s tac dong nam

trong khoang tir 1 dén 5 [161]. Khi dat hé s tac dong ctia mot phan hoi cao hon phan

hoi khac s& gitp nd cé trong s6 cao hon trong viée xac dinh két qua toi uu cudi cung.
Khi t6i vu hoa mot phan hdi vé gia tri thap nhat, mic d6 mong mudn duge xac

dinh theo gia tri §; dinh nghia nhu sau:
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trong d6 9, 1a gia tri dy doan cua bién phan hdi, Y,"*1a gia tri ma dudi do phan
hoéi hoan toan khong thé chap nhan dugc va v 2 la gia tri ma trén d6 murc d§ mong mudn
dat muc tdi da.

Dua trén d6 thi bé mat dap tmg cua 3 thong sé cong nghé (Hinh 3.37) c6 thé thiy
pham vi phu hop ctia cac théng sé nhiét do sdy, tac nhan siy va tan s6 xung khi 1an luot
la [-0,5 0,5], [-0,75 0], [-1,0 -0,5] twong ung v&i gia tri thuc tir 65 — 75°C, 1,5 — 2 m/s,
0,5 — 0,75 Hz. Pay la pham vi ciia cac théng sé cong nghé co thé ap dung trong qua
trinh sdy dudng RS bang k¥ thuit tang s6i xung khi trong thuc té.
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Hinh 3.37 Mat dap ung khi t6i vu hoa
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Két qua phan tich theo thuét toan t6i wu hoa da xac dinh duoc gia tri cac bién t6i
uu nhu sau: X =-0,286; X;* =-0,534; X* =-0,974;, tuong ung voi gia tri cdc ham
muc tiéu: Y,"" = 20,34 Y,™ =195 Wh/kgSP; Y,™ =979 kJ/kgSP . Két qua cho thdy do am
dap tmg dugc TCVN 6958:2001 va chi phi nang luong 13 thap nhat. Mtrc d6 t6i uu thoa
hi€p gifra cac mo hinh todn nay dat 86,67%.

Chuyén d6i thanh gi4 tri c4c bién thuc:

Z™ =67,1°C; 2" =1,73 m/s; Z* =0,51 Hz;

Téi wu héa cing lac 3 ham muc tiéu véi 3 bién dau vao 13 bai toan phirc tap khi giai
tich, d6i khi khong thé giai duoc. Do d6, viéc tng dung phan mém dé giai bai toan tdi
wu phirc tap 1a can thiét. Pbi v6i cac ham muc tiéu theo quy hoach thuc nghiém cép 2,
phuong phap bé mat dap tng (RSM) dugc xem xét 13 phu hop dé giai bai toan toi vu
mic du cling ton tai han ché & tinh chinh xac chwa cao [167]. Viéc giai bai toan tdi wu
nay gitip xac dinh duogc cac thong sé cong nghé hop 1y cho qua trinh sy duong tinh
luyén RS kiéu tAng s6i xung khi vira cho chat lugng san pham dat tiéu chuan, tong chénh
1éch d6 mau va chi phi ning lugng thip nhit.

3.8. Panh gia két qua nghién ciru thye nghiém

Ap dung két qua phén tich t6i vu néu trén dé siy duong tinh luyén RS trén mo
hinh thyc t& ¢ cac thong sb cong nghé xac dinh (67,1°C; 1,73 m/s; 0,51 Hz) thi 46 4m
san pham dat 0,04% (tiéu chudn TCVN 6958:2001 yéu cau d6 4m 0,05%), tong chénh
léch d6 mau so véi mau tréng dat AE*= 15,81 (L*=76,51; a* = -4,02; b* = 2,46).

Hinh 3.38 B mau duong tinh luyén RS trude va sau khi say
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Bang 3.21 Két qua phan tich mau sac duong tinh luyén RS trudc va sau sdy

Mau Puong tinh luyén RS trudc say
Chisd | Vitril | Vitri2 | Vitri3 | Vitri4 | Vitri5 | Trung binh
L* 36,54 57,18 33,61 28,55 34,71 38,12
a* -5,56 -5,95 -5,61 -4,88 -5,41 -5,48
b* 5,98 4,28 5,87 59 58 5,57
Mau Puong tinh luyén RS sau siy
L* 62,7 64,21 64,55 76,51 67,73 67,14
a* -6,01 -5,49 -5,16 -4,02 -5,63 -5,26
b* 3,96 3,83 3,82 2,46 3,34 3,48
Chénh 1éch trudc va sau khi siy
AL* 26,16 7,03 30,94 47,96 33,02 29,02
Aa* -0,45 0,46 0,45 0,86 -0,22 0,22
Ab* -2,02 -0,45 -2,05 -3,44 -2,46 -2,08

So sanh mau séc giita dudng tinh luyén RS trude va sau khi sdy: tién hanh do cac
thong sd mau sic ctia duong trude va sau khi sdy tai 05 vi tri bang may do mau CHN
SPEC CS-10, két qua cho thdy duong tinh luyén RS san phidm c6 mau tring hon so voi
dudng trudce khi sdy, do sang trung binh dat L* = 67,14 (ting 43%), tong chénh 1éch do
mau cua dudng tinh luyén RS trude va sau khi sdy: AE* = 29,1 (Hinh 3.38). Nguyén
nhan 13 do dudng trudce khi sdy cé chira nhidu nudc & bé mit.

Danh gia chi phi nang luong:

Tién hanh so sanh chi phi ning lugng riéng (dién va nhiét) gitra ting s6i xung khi
va ting soi thong thuong & ciing van tdc tic nhan 1,73 m/s, nhiét do sy tir 60 — 80°C
trén ciing mo hinh say (Hinh 3.39 va Phu lyc 6). Két qua do dugc cho thay tiéu hao dién
nang riéng cua tang soi xung khi cao hon ting soi thong thudng khoang 2%, 1a do tiéu
hao dién ning cho dong co tao xung khi. Trong khi tiéu hao nhiét ning riéng cua tang
s0i xung khi lai thap hon tir 30% dén 34% so véi tang s6i thong thudng, do tiét kiém
dugc luong khi cap vao budng sdy. Nhu vay, xét vé chi phi nang luong thi tang s6i xung

khi tiét kiém nang luong hon so vdi tang sbi thong thudng.



135

HCoxung khi, 0.5Hz, 1.73 m/s = Khoéng xung khi, 1.73 m/s
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b) Tiéu hao nhiét nang riéng
Hinh 3.39 Tiéu hao ning lwong riéng giita ting soi xung khi va thong thudng

Pé so sanh trong quy md 16n hon, c6 thé ddi chiéu vai chi phi ning lugng cua
qué trinh sdy dudng duoc cong b trén thé gidi. Tir két qua thuc nghiém duoc trinh bay
& Bang 3.17, tiéu hao nhiét ning trung binh trong thuc nghiém siy duong RS bing
phuong phap tang so6i xung khi 1a 1064,2 kJ/kgSP. Trong khi d6, theo Taner va Sivrioglu
[115], tiéu hao nhiét nang riéng cho qua trinh sy duong 1a 1459,4 kJ/kgSP, nghia 1a chi
phi nhiét nang khi sdy ting s6i xung khi thip hon khoang 27%.
3.9. Két luin chwong 3

Pé tién hanh mé phong sé mo hinh ting s6i xung khi, cac thong sé thuy khi va
nhié¢t vat ly cta vat liéu da dugc nghién cuu. Két qua da xac dinh dugc cac thong s6 cua
dudng tinh luyén RS nhu dudng kinh twong duong, khdi luong riéng, khéi lugng thé
tich, do r6ng ¢ trang thai tinh, do am can béng, van tdc s6i toi thiéu, nhiét dung riéng,

hé so dan nhiét, h¢ so khuéch tdn am hi¢u dung.
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Luan an cling d3 xay dung dugc md hinh mé phong mo ta qua trinh say, trén co
s& d6 xac dinh hé phuong trinh mé phong phu hop véi sdy duong tinh luyén RS bang
phuong phép tang soi xung khi.

Duya trén md hinh mo phong va hé phuong trinh mé phong vé ting soi xung khi
két hop véi cac két qua xac dinh cac thong sb thiy khi va nhiét vat 1y cia dudng tinh
luyén RS, luan 4n di tién hanh mé phong sé mo hinh ting s6i xung khi v6i chu ki cap
khi hinh sin. Két qua da xac dinh dugc su thay doi vé mat thuy dong (van tdc bé mit
hat, ton that ap suat, d rong cia khéi hat) va dong hoc (nhiét do va do am vat liu), tir
d6 xac dinh duoc thoi gian sdy khi thay d6i nhiét do say. Két qua mé phong s ciing xac
dinh dugc pham vi van tdc trung binh cua dong khi cip vao (qua ghi phan phdi) can 16n
hon 0,94 m/s va tan sé xung khi nén thay d6i trong khoang 0,5 Hz dén 1,5 Hz 1a phu
hop véi ting s6i xung khi ddi voi san phdm dudng tinh luyén RS. Vén tdc trung binh
cang cao thi kha ning hoa s6i cang t6t nhung 1am ting chi phi nang luong, nguoc lai tan
sd xung khi cang cao thi thoi gian “nghi” gita cac chu ki ngin nén d6 4m hat giam cham
hon, dan dén thoi gian siy dai hon. Trong pham vi ndy, vén toc bé mat hat dat gia trj
trung binh 0,7 m/s, dao dong trong khoang 0,35 m/s dén 1,1 m/s, d6 rdng ctia khéi hat
thay d6i trong pham vi 0,3 — 0,59 va ton that ap suit qua 16p hat dao dong trong khoang
300 — 1100 Pa.

Két qua m6 phong dong hoc qua trinh siy ciing da thiét 1ap duoc cac dudng cong
sdy 1y thuyét & cac nhiét do siy khac nhau, dong thoi xac dinh duoc nhiét do phu hop
dé siy duong tinh luyén RS bang phuong phap tang soi xung khi 1a 70 dén 80°C, thoi
gian sdy dao dong tir 18,7 phut dén 13,8 phut, tbc do giam am trung binh dao dong tir
0,078 %/phut dén 0,105 %/phit.

Két qua nghién ctru 1y thuyét cling phan anh van dé lwa chon quat cap khi nong
cho may siy giira ting s6i xung khi so voi ting s6i thong thuong, dong thoi cling cho
thdy phuong phép cap khi dang xung c6 uu diém ting toc do say o giai doan sdy dang
tdc, tir 46 gitp giam thoi gian say.

Thong qua thuc nghiém trén mo hinh sdy da so sanh dugc cac két qua thuc
nghiém so véi két qua mo phong, trong d6, cac dai luong nhu van tdc, ton that 4p suét,

d6 am vat liéu hay thoi gian sdy déu dat duoc su twong dong so vdi két qua md phong,
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riéng nhiét d6 vat liéu van con sy chénh léch tir 1 — 6°C trong mot vai giai doan clia qua
trinh sdy.

Két qua nghién ctru thuc nghiém da yéu t6 da xac dinh dugc 03 théng sb cong
nghé c6 anh hudng nhit dén qua trinh say va co thé kiém soat duoc dé tién hanh thuc
nghiém danh gia anh hudng ciia chung dén 03 ham muyc tiéu, trong d6 mau sic ctia san
pham 13 ham muc tiéu dai dién cho chét luong sdy, thoi gian sdy va chi phi ning luong
riéng dai dién cho chi phi cta qua trinh sdy. Két qua da xay dung dugc cac phuong trinh
turong quan gitta cac yéu td nay va tdi vu hoa dugc cac thong s cong nghé ciia qué trinh
sy, tir 46 xac dinh duoc pham vi phil hop cua céc théng sé nay khi ap dung vao qua
trinh sdy thuc té & quy mé 16n hon.

Két qua séiy kiém ching & diéu kién tdi uu cho théy hé théng hoat dong tdt, do
am dat thip hon yéu cau ciia TCVN, chi phi ning lugng thip hon so véi tang s6i thong
thudng & ciing nhiét do va van tdc tc nhan say. Két qua nay ciing ching minh duoc uu

di€ém cua tang so1 xung khi vé mat tiét kiém nang lugong.
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Chuwong 4 KET LUAN VA KIEN NGHI

Chuong nay trinh bay cac két qua chinh dat dugc cta ludn an va mdt s6 van dé con han

ché, tir 46 d¢ ra huéng nghién ctru tiép theo trong tuwong lai.

4.1. Két lugn

Két qua nghién ctru d3 xac dinh dugc cac thong sb thuy khi va nhiét vat 1y cua
duong tinh luyén RS nhu dudng kinh twong dwong, khdi luong riéng, khdi luong thé
tich, do rSng ¢ trang thai tinh, do am can béng, van tdc soi tdi thiéu, nhiét dung riéng,
hé s dan nhiét, hé s6 khuéch tan am hiéu dung.

Luan an ciing d3 xdy dung dugc mo hinh mo ta siy duong tinh luyén RS bang
phuong phap say tang sdi xung khi, trén co s¢ d6 bang phuong phap moé phong sé da
xac dinh duoc hé phuong trinh mé phong phit hop vé6i say dudng tinh luyén RS bang
phuong phép tang soi xung khi.

Duya trén md hinh mé phong va hé phuong trinh mé phong vé tang soi xung khi
két hop véi cac két qua xac dinh cac thong s thuy khi va nhiét vat 1y caa dudng tinh
luyén RS, luan an da thuc hién mo phong sé mo hinh siy ting s6i xung khi voi chu ki
cap khi hinh sin. Két qua di xac dinh duogc su thay d6i vé mit thuy khi (van toc dong
khi néng qua bé mat hat, ton that ap suit, do rong cla khdi hat) va dong hoc (nhiét do
va d6 am vat liéu), tir d6 xac dinh duoc thoi gian sdy khi thay d6i nhiét d6 siy. Két qua
mo phong sd ciing x4c dinh dugc pham vi van tde trung binh ctia dong khi cip vao (thoi
qua ghi phan phdi) can 16n hon 0,94 m/s va tan sd xung khi thay d6i trong khoang 0,5
Hz dén 1,5 Hz 1a phu hop véi tang s6i xung khi d6i véi san pham duong tinh luyén RS.
Van tdc trung binh cang cao thi kha ning hoa s6i cang t6t nhung 1am tang chi phi ning
lwong, nguoc lai tAn sé xung khi cang cao thi thoi gian “nghi” gitta cac chu ki ngin nén
d6 am hat giam cham hon, din dén thoi gian sy dai hon. Trong pham vi ndy, van tdc
dong khi néng qua bé miat khdi hat say dat gid tri trung binh 0,7 m/s, dao dong trong
khoang 0,35 m/s dén 1,1 m/s, d6 réng ciia khdi hat thay d6i trong pham vi 0,3 — 0,59 va
t6n that ap suat dong khi qua 16p hat dao dong trong khoang 300 — 1100 Pa. Tir d6, két
qua nghién ciru 1y thuyét ciing d phan anh vé van dé lua chon quat cap khi nong cho
may sy tang soi xung khi.

Két qua nghién ctru thong qua k¥ thuat moé phong sd cling da thiét 1ap duoc cac
duong cong siy 1y thuyét & cac nhiét d6 sy khac nhau, dong thoi xac dinh duoc nhiét

d06 tac nhan siy phu hop dé sy duong tinh luyén RS bang phuong phép ting sbi xung
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khi 1a 70 dén 80°C, thoi gian sdy dao dong tir 18,7 phut dén 13,8 phit, tdc do giam am
trung binh dao dong tir 0,078 %/phit dén 0,105 %/phdit.

Viéc bd tri cac thiét bi do nhiét do, van téc khong khi, ap suét khi trong budng
sdy & cac vi tri khic nhau ciing dd gitp xac dinh cac gia tri thuc nghiém dé so sanh voi
két qua mo6 phong. Két qua cho thiy dit liéu moé phong duoc twong dong vai thue nghiém
va c6 thé sir dung mo hinh mé phong sé nay dé thuc hién nghién ciru, thiét ké va kiém
tra hoat dong ciia may siy tang soi xung khi & kich thudc may sdy 16n hon, quy méd ning
sudt sdy cao hon hodc ap dung siy voi cac vat liéu sy khac nham giam chi phi thiét ké
va kha nang phat trién loai may sy tang soi xung khi vao trong san xuat cong nghiép
thue tién.

Anh huéng cta 03 thong sd cong nghé chinh dén qua trinh sdy da duoc nghién
ctru théng qua quy hoach thyc nghiém truc giao cap 2. Két qua da xac dinh duoc pham
vi phtt hop cua cac thong sé nhiét d6 siy, tac nhan sdy va tan sb xung khi 1an luot tir 65
—75°C, 1,5 -2 m/ls, 0,5 — 0,75 Hz. Tién hanh t6i wu héa 03 ham muc tiéu ciing d3 xac
dinh duoc ché do siy ting soi xung khi hop 1y d6i voi dudng tinh luyén RS 12 nhiét do
sfiy 67,1°C, van tdc tac nhan sﬁy 1,73 m/s, tan sb xung khi 0,51 Hz.

Dé kiém chung va so sanh chi phi ning lugng giita may sy tang soi xung khi va
may sdy ting soi thong thudng, cac thuc nghiém ciing dd duoc thuc hién trong cing
diéu kién vé nang suat, nhiét do, van tdc, chi khac 1a tang soi thong thuong khong co
thiét bj tao xung khi. Két qua cho thy k¥ thuat siy tang s6i xung khi giup giam dén
30% chi phi nang lwong cho qué trinh sdy, mdc du tiéu hao dién ning cao hon khoang
2% do str dung dién niang cho thiét bi tao xung khi. Pdng thoi, tiéu hao nhiét ning riéng
cho qua trinh sdy ciing dugc d6i chiéu v6i nghién ctru trén thé gi6i cho thiy khi sdy
dudng tinh luyén RS bang phuong phap tang soi xung khi thip hon 27% so voi két qua
dugc cong bd bang phuong phép siy tang soi thong thudng.

Nhu vay, két qua nghién ciru cia luan 4n di chimg minh dugc hiéu qua cua
phuong phép tang s6i xung khi trong qua trinh sdy duong tinh luyén RS, thé hién qua
kha ning ting cudng su hoa sdi vat liéu, su twong tac gitta khi va hat t6t hon trong budng
sdy thong qua thong s6 d6 rong khéi hat siy, van téc 1am viéc va luu luong khi cép vao
khi sdy tang s6i xung khi thap hon so véi tang soi thong thudng nén gitp tiét kiém nhiét
nang khi sdy. Tuy nhién, do su thay d6i van toc khi cap xung khi nén ton that ap suat
qua 16p hat 16n hon so véi tang soi thong thudng nén chi phi dién ning s& cao hon. Quan

trong hon, tang s6i xung khi c6 su thay doi vé van toc tac nhan say nén doi vdi cac loai
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vat liéu c6 dic tinh két tinh nhu duong, mudi,... sé tao ra trang thai “nghi” ¢ cac giai
doan van tdc giam, gitip am c6 thé dich chuyén ra bé mit vat liéu t6t hon ma khong can
thiét phai ting nhiét do tic nhan sy, tir 46 gitip dam bao chat luong san pham sy va
tiét kiém dién nang cho quat cap khi néng cho qua trinh sy.

4.2. Kién nghi

Nghién ctru k¥ thuat sdy tang so6i xung khi d6i voi duong tinh luyén RS da dat
dugce myc tiéu dé ra bao goém ca 1y thuyét 13n thuc nghiém.

Két qua nghién ctru Iy thuyét da 1am rd duoc truyén nhiét va truyén 4m trong qua
trinh sdy duong tinh luyén RS bang phuong phap tang soi xung khi, 1am co so khoa hoc
cho nghién ctru thuc nghiém, gdp phan dy doan va xac dinh duoc cac thong sé vé thuy
khi, dong hoc cta qué trinh siy duong tinh luyén RS bang phuong phap ting soi xung
Khi.

Nghién ctru thuc nghiém giup kiém chimg cac két qua ctia nghién ctru 1y thuyét
va chimg minh kha ning ap dung k¥ thuit siy tdng s6i xung khi ddi v6i dudng tinh
luyén RS vao thuc tién dé nang cao chit lugng san pham sdy va tiét kiém ning luong.
Dong thoi, nghién ciru thue nghiém da yéu t6 ciing giup thiét 1ap duge cac thong sd cong
nghé phu hop ctia qua trinh sdy, lam nén tang cho viéc thiét ké va van hanh may sdy quy
mo cong nghiép trong thuc té.

Két qua nghién ctru ciing cho thiy phuong phap siy tang sb6i xung khi mang lai
hiéu qua trong viéc giam chi phi ning luong cua qué trinh sdy cling nhu nang cao chat
lwong san phdm. Tuy nhién, ludn 4n méi chi tip trung vao nghién ctiru vé& co ché gia
16ng, truyén nhiét va truyén 4m trong qué trinh sdy tdng s6i xung khi va ciing méi chi
thuc hién thue nghiém trén mé hinh quy mé ning suit 5 kg/mé.

Dé c6 thé danh gia toan dién hon vé mit cong nghé sy ciing nhu kha ning phat
trién cong nghé siy duong RS quy mé cong nghiép tmg dung cho cac nha may mia
duong tai khu vyc dong bang séng Ciru Long ndi riéng va ca nude noéi chung, huéng
nghién ctru tiép theo ctia luan an 14 tiép tuc nghién ctru va phat trién may sdy tang soi
xung khi v6i quy mo ning suét sy cao 500 kg/mé, 1000 kg/mé va 3000 kg/mé dé tir 46
c6 thé danh gia day du tinh hiéu qua kinh té cua sy tang sdi xung khi cho say duong

quy mo cong nghiép trong tuong lai.
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PHU LUC

Phu luc 1: Tinh toan, thiét ké mo hinh siy duong tinh luyén RS bang phuong phap tang
s0i xung khi dang mé, ning suat 5 kg/mé
1. Nguyén li hoat dong

May sdy tang soi xung khi dang mé duoc thiét ké dua theo nguyén ly sau:

1- tu diéu khién; 2- Quat cap tac nhan; 3- Bé gia nhiét dién trd; 4- Buong lang; 5-
Buang sdy; 6- B tao xung khi; 7- Buong phan phéi khi; 8- Péng co tao xung; 9- Vi tri
lay mdu say
Hinh 1 So d6 hé thong sy tang sbi theo mé

T4c nhan say:

Quat (2) thoi khong khi tuoi di qua bo gia nhiét (3) 1am khong khi nong 1én dat
trang thai nhiét do yéu cau caa hé thong say. Tac nhan sy duoc dan theo dudng ong roi
khoi bo gia nhiét di vao b phan phéi tac nhan siy (7), & day dong tac nhan say dugc
phan phéi luan chuyén theo céc vi tri khac nhau trong budng say (5) nho bo tao xung
khi (6). Sau khi di qua budng say thi tdc nhan siy bi thai ra méi truong.

Vit liéu say:
Vit liéu sdy duoc cap vao buong say (5) qua phéu cap lidu, truéc khi vat liéu say

duoc cap vao budng sy thi vat liéu sy phai dugc danh toi dé tranh bi bon cuc. Trong
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budng sdy nho ¢ 16p dém tro sdi nén vat liéu am dé dang duoc hoa s6i va tién hanh trao
ddi nhiét — am vai vat liéu khd va tac nhan say. Trong qua trinh siy thi vat liéu duoc ldy
mau qua ctra lay vat liéu (9).

Quat trong hé théng siy:

Quat cap khi twoi c6 nhiém vu thoi dong khi troi qua bo gia nhiét vao budng siy
dé thue hién qua trinh sdy. Luu lwong 1am viéc caa quat chinh 1a luu lugng khi néng can
thiét cho qua trinh sdy tai mdi vi tri cap xung khi. Cot &p 1am viéc caa quat 1a tong ton
that tir bo gia nhiét dén may sy bao gdm: tén that qua bo gia nhiét, qua cac éng dan khi,
qua ghi phan phdi khi va qua l6p hat trong budng say.

2. SO liéu thiét ké

Thong s6 cua vat ligu say:

Vit liéu say: duong tinh luyén RS
Ning suat dau vao cua may say®: 5 kg/mé
DPuong kinh vat ligu®: dp =892 um
Khéi lwong riéng thé tich®: v = 889 kg/m3
Khéi luong rieng®: pp = 1598 kg/m?3
Nhiét dung riéng®: Crs = 1,3184 kl/kg do
Hé s6 dan nhiét®: Ars = 0,2716 W/m.K
Do 4m ban dau cua vat lieu®: M = 1,5%
D6 am sau qué trinh say©: M, = 0,05%

Trang thai cua khong khi:
Truéc khi vao gia nhiét©: to = 32°C, po= 80%
Sau khi ra khoi budng gia nhiét®: t1 = 80°C
Sau qué trinh say©): t, = 50°C

Trang thai cua vat liéu
Trudc khi vao budng say®): O =to=32°C
Trong d6:  (a): Céc s6 liéu theo yéu cau thiét ké.
(b): Cac sd lidu dugc xac dinh bang thuc nghiém.

(c): Céc s6 lieu thu duoc tir khao sat thuc té hoac theo tiéu chuan.
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3. Tinh toan qua trinh siy ly thuyét

3.1. Tinh toan céc thong sé tac nhan say

|
(kJ/kg)

t

1

d=d, d, d, d(g/kgkk)
Hinh 2 D thi sdy i thuyét
< Thong sb tac nhan trudc khi vao bo gia nhiét.
Dja diém lip dit tai Khoa Cong nghé Nhiét Lanh, Trudng Pai Hoc Cong Nghiép Tp
Ho Chi Minh ¢6: to = 32°C, go = 80% |4y theo nhiét d6 va do 4m trung binh hiang nam.

Ap suat hoi bao hoa duoc tinh nhu sau:

thozexp 1Z_M exp 12_m =0,04726 (bar)
235,5+t, 235,5+32

Ham am:

d,=0,621.— P —0,621,—PoPono

P— Py P —®5-Pno
—0,621, 28008726 4 550y (kg/kgkk )
1-0,8.0,04726
Enthalpy:

lo= 1,0048.t + do.(2500 + 1,842.t5)
= 1,0048.32 + 0,0244.(2500+1,842.32) = 94,59 (kJ/kg)
Nhiét dung riéng dan xuat tai do:
Cax(do)= Cok + Cpa.do= 1,0048 + 1,842.0,024401= 1,04 (kJ/kgk)

Khéi luong riéng:
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_ P _ (P—@-Puo) _ (1—0,8.0,04726).10°

RT, R(t,+273) 8314 (32+273)
29

Lo = 11(kg/m®)
Théng sé tac nhan sau khi ra khoi bo gia nhiét.
Téc nhan sy di vao b gia nhiét va dugc gia nhiét 1én t; = 80°C.
Ap suat hoi bdo hoa tai t; = 80°C:

Popy = EXP [12 - —;3?52211) =e (12 - —2222:f§oj =0,467 bar
Ham am:

do=d1=0,0244 (kg/kgkk)
Enthalpy:

I, =1,00481% +d,.(2500+1,8421)=1,0048.80 + 0,0244.(2500 +1,842.80) = 144,98 kl/kg
Do am sau khi gia nhiét:

~ d.P ~ 0,0244.1 ~
(0,621+d,).p,, (0,621+0,0244).0,467

(2 ,1%

X/

< Thong s tac nhan siy sau khi ra khoi budng sy
Téc nhan sy sau khi ra khoi budng say c6 nhiét do t.= 50°C.

~ 4026,42

o —expl12- 4026,42 exp[ 12 026,42
bh2 = B 235,54+ 50

— =0,1221 bar
235,5+t,

Enthalpy: ddi véi sdy Ii thuyét thi dang enthalpy.
I, = I, = 144,98 (kJ/kg)
Ham am:
_ 1,-1,00481, _ 144,98-1,0048.50
2 2500+1, 8421, 2500+1,842.50

= 0,0365 kg/kgkk

Do am sau khi ra khoi budng say.

~ d,.P ~ 0,0365.1
(0,621+d,).p,, (0,621+0,0365).0,1221

, = 45,5%

Luong nguyén lidu dau ra may say:

100-M, _ 100-15
,=G,. =5,
100-M,  100-0,05

=4,927 (kg/mé)

Luong am can tach khoi vat liéu say:
W = Gy — G2 = 5— 4,927 = 0,073 (kg/mé)
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Chi phi tic nhan riéng (Iwong khong khi kho can thiét dé boc hoi 1 kg am):

1 1
d,—d, 0,0365-0,0244

—82,64 (kgkk/kg 4m)

Luong khong khi kho can thiét dé bbc hoi luong 4m trong vat liéu say:

L =W.l =0,073.82,64 = 6,03 (kg/m¢)
Tiéu hao nhiét lwong riéng cho qua trinh sy 1y thuyét:

q=I(l,—-1,) =82.64.(144,98 —94,59) = 4164, 23 ki/kg
Nhiét luong tiéu hao toan qué trinh sdy 1y thuyét:

Q=W.q=0,073.4164,23=303,99 kJ
3.2. Tinh toan van toc tac nhan say

Van téc bat dau ché d6 sdi (van toc hoa soi tdi thiéu):
Tinh toan van téc hoa soi toi thiéu duoc dé cap & chuong 3. Theo d6, van toc soi

t6i thiéu lay theo gia tri thuc nghiém 1a Ums = 0,47 m/s.

Van téc lam viéc téi vu:

U :M
T 4dp,
Théng s6 vat ly cua khong khi ¢ nhiét d6 trung binh tm = 0,5(t1 + t2) = 65°C:
pk = 1,045 kg/m? ax = 27,9.10°° m?/s
Cox = 1,0105 k/kg vk = 19,59.10°6 m¥s
Ak = 2,93.1072 W/m.K Pr=0,695
tk = 20,35.10°6 N.s/m? g=19,81 m/s?

Tinh tiéu chuin Reynolds theo tiéu chuan Fedorov:

49.0,.(p, - -
Fe— (g, ) 27 (pzp pg):(o’85.892l106)3 49811085 05B1045) _ g ;¢
p 347 3.(19,59.10°°)

O ché @6 1am viéc tbi vu:

0,19+0,285

Re, =(0,19+0,28)Fe"* = 29,16 = 45,3

-6
Theo (3.10): U, = 45’3'20’3210 =116 (m/s)
0,85.892.107°.1,045

Tinh tiéu chuan Reynolds theo tiéu chuan Archimedes:
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P (0, —pa).($d,)*  1,045.(1598-1,045).9,81,(0,85.892.10°°)’
Ha (20,35.10°)

=17231

Ar

O ché do 1am viéc toi vu:

0,22+0,33

Re, = (0,22+0,33)Ar®® = .17231°% = 43,87

6
Theo (3.10): U, = 2872035107 _ 45 )
0,85.892.10° 1,045

Sai s:
116-113

=0,39
116 %

Theo thyc nghiém:
U = (2+3)U,, =(2+3).0,47=0,94+141 m/s
Vay chon Us = 1,2 m/s
% Van tdc tGi han trén
Uc duoc xac dinh theo phuong trinh:

1/3

4(p,-p)g | 4.(1598-1,045)" 9,817

(0, =) 9 ~(0,85.892.10°) ( ) —4,5m/s
225,11, p, 225.20,35.10°° 1,045

U =(¢-dp)-{

peU.d, ¢ 1,045.4,5.892.10°.0,85

- =175,2
M 20,35.10

= Re, =

Vi 0,4 < Rec < 500 nén khdng can nhan thém hé sé hiéu chinh.
Tinh theo tiéu chuan Lyasenco:

Tiéu chuan Reynolds:
Re, - Ar _ 17231 1757
18+0,61/Ar 18+0,61/17231

Tiéu chuan Lyasenco:
Re! 175,7°

C

Y= "Ar T 17231

=314,8

Toc do téi han cua dong khi:

Ly.u..9.(p, — E -
U yugg(fp Py) _ i/314,8.20,35.10 .9,821.(1598 L048) _ ¢ e
P 1,045
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Hoic tinh theo hé sb luc can:

d. )% B 5/7
U, = 0’072.9.(415 o) Py —py)

(0,85.892.10°°)"" (1598 -1,045)

-10,072.9,81.
P2 ul® 1, 0452’5.(20,35.10*6 )3/5

Vay chon Uc = 4,5 m/s.
3.3. Xac dinh thai gian say vat liéu

a. Thoi gian d6t néng vat liéu:

57

=4,2mls

Theo Tran Vian Phu [163], thoi gian d6t ndng vt liéu dugc tinh theo mdi quan hé giira

tiéu chuan Fourier véi tiéu chuan Biot va nhiét d6 khong thir nguyén.
Nhiét do khong thir nguyén:
g — t,—6, 65-37

= = = 0,848
t -6, 65-32
voi: t —att _80%50_ geac
2 2
g, =t, =32°C
g, =t,, =37°C

Hé sb trao d6i nhiét ddi luu trong qua trinh sdy ting s6i duoc xac dinh bang phuong

trinh thuc nghiém (theo Bui Trung Thanh, 2014):
a, =5,6+4U,, keal/(m?.h.K)

= a, =5,6+4.1,2=10,4kcal/(m* h.K) =12,1 W/(m® K)

Tiéu chuan Biot:

o a..R
Bi=—
Ars

Vi R 12 ban kinh cua hat vat liéu, R =446.10° m.

-6
Bi = 12,1.446.10

=0,0199<0,1
0,2716

Trong trudng hop gia nhiét hodc lam ngudi vat cau c6 Bi — 0 (Bi < 0,1) thi:

9* — e73.Bi.FO

Tiéu chuan Fourier:

—In¢" = _3Bi.Fom Fo=_M¢ _-In(0.848) _,
3Bi  3.0,0199
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H¢ so6 khuéch tan nhiét cua vat liu:

B = s 02M0 09107 mess
Ces-p, 1318,4.1598

Thoi gian d6t nong vat lidu:

ar, Fo.R?  2,76.(446.10°°)
Fo="0=r7, = = -
R a 1,29.10

=4,26 s=0,07 phut

b. Thoi gian siy ding tdc:
Téc d6 siy, theo Tran Van Phu [163]:
U, 1000,
R.p,
Mat o dong nhié¢t lién hé véi mat do dong Am trén bé mat vat liéu séy theo phuong
trinh: Q=0 r
Véi:  q=a,(t, —6,) =12,1.(65—37) = 338,8 W/m? =1219,7 kJ/(m2h)

r = 2345 kJ/kg, nhiét an hoa hoi tai nhiét do tm

q_1219,7

=0,52 kg/(m*h
r 2345 g/(m7h)

=0qy =

Vay tdc do siy giai doan ding tdc:

_100.0,52
' 446.10°°.1598

=72,96 %/h
P) Am can bing cia vat liéu:
Ap dung két qua nghién ctru trong chwong 3, phuong trinh thuc nghiém xac dinh d6 4m
can bang (3.25):
M, =0,0069+0,0012.0+1,2.10°t—3,45.10°.p> —7,6.10 ..t +4,0.10 ".¢° +1,0.10 7. t
=0,0069+0,0012.0,8+1,2.10°.32-3,45.10°.0,8° - 7,6.10°°.0,8.32
+4,0.107.0,8 +1,0.10.0,8%.32 = 0,008%
Véi nhiét d6 va do am moi truong bao quan 1a 32°C va 80%.
Chuyén d6i tir 46 am co s& udt sang d6 am co s¢ kho:

M
M. =
® " 100-M

100, %

Do do:
e Mi1=15% = M1 =1,523%
e M2=0,05% = M2 = 0,05%
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e My =0,008%
18 18

Hé say twong dbi: = =——=1182
7 SaY THOnS =M, 1523
AR o 1 1
D0 am t61 han: Mgy =—+ My, =——=+0,008=0,854%
X 1,182

Thoi gian sdy dang tdc duoc xac dinh bang phuong trinh:

M,-M,, 1523-0,854
U, 72,96

=0,009 h = 0,55 phit

1

c. Thoi gian siy giam toc:
Theo Tran Van Phu [163]:

2_2:2'3“.] kal_Mke . h
Mkz_Mke

Thay céc gia tri vao, ta dugc:

o 2,3 n 0,854 —0,008
> 1,182.72,96 | 0,05-—0,008

J=0,08 h = 4,81 phat
Tong thoi gian siy:
T=1,+17,+7,=0,07+0,55+4,81=5,43 phit
Day 1a thoi gian 1y thuyét can thiét dé hat duong RS ton tai trong budng sy nhim dam
bao sau khi ra khoi may sy dat d6 4m yéu cau. Thong sb nay con goi 1a thoi gian luu 1y
thuyét.
4. Tinh toan qua trinh siy thuc

Tir cac dit liu thiét ké:

Ning suat dau vao cua may say: 5 kg/mé

buong kinh vat li¢u: dp =892 um
Khéi lugng riéng thé tich: o = 889 kg/m?3
Khdi lugng riéng: pp = 1598 kg/m?®
D6 rong & trang thai tinh &= 0,444

Thé tich 16p vt lidu thuong xuyén nam trén ghi phan phdi (Tran Vin Phi, 2009):

G, 5

V = =
&-p, 0,444.889

=0,0127 m®

ma V=A_h
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Chiéu cao 16p hat nam trén ghi d& hat, chon h = 0,3 m, chiéu cao budng say la H
= 0,65 m dé lp cira kinh quan sat va phéu cap liéu.

3 7z.Db2S \Y

= =—=0,042 (m?
A=Y o0 ()

Puong kinh budng say:

D, - \/4-% _ \/4.0,042 0232 m
T T

Chon dudng kinh budng sy 1a Dus = 0,25 m = 250 mm va chiéu cao H = 650 mm.

Dién tich mit cat ngang budng sy khi d6 1a Aps = 0,049 mZ.
Luu luong tac nhan thyc té di vao budng siy:

V,, =U.A, =1,2.0,049 = 0,0588 m®/s
Xac dinh kich thudc budng ling:

Tinh vén tdc tac nhan tai thoi diém bét dau trang thai 161 cudn hat, U ddi véi hat
c6 duong kinh bé nhat dmin= 100.10° m. Ap dung phuong trinh tinh van téc cudn hat
theo Kunii (1991):

4(pp _pg)2-92
225.4,.p,

1/3 2 9 13
o [ 4(1598-1,045)" 9,81
- (0,85.100.10°°). =0,5m/s

v, =(¢.d).
n = (¢ p){ 225.20.35.10°°.1,045

Vay vén tbc dong tac nhan tai budng lang phai c6 gia tri U, <U!, va vi trong qué
trinh sy tang s6i cac hat dudong va cham véi nhau s& giy v tao ra mot thanh phan hat

nho hon, do d6 dé tranh thét thoat thanh phan méi sinh ra nay, ta chon U= 0,5 m/s.

Tiét dién budng ling:

A =vn 00588 _ 9976 m2
U, 0,5
Puong kinh budng lang:

D, - \/4./3, _ \/4.0,1176 _0.38m
V3 v

Vay ta chon dudng kinh phan rong nhat ciia budng lang 1a 400 mm va chiéu cao budng
lang 1a 250 mm.
a) Tinh nhiét thiét bi sdy

e Ton that do vat liéu séy mang di:
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Q,=G,C,(6,-6)=q, = % 6,-6,), kJ/kg am

Trong do:  G2=4,927 kg/mé
W =0,073 kg/mé

02, = 50°C
01 =32°C
Do vay: q, = % (50—32) =1601,7 kl/kg 4m

e Ton that nhiét ra moi truong
Khéng gian sy bao gdm hai phan budng siy va budng ling.
Dién tich xung quanh budng siy:

= 7.D,..H,, =7.0,25.0,65=0,511m’
Dién tich budng ling:
Xem nhu budng ldng c¢6 hinh dang hinh try tron:

2 2
700 _ 10,40 254+ %4

0 =7.D,H, + =0,44m?

Téng dién tich xung quanh: A, = 9+ A =0,511+0,44 =0,951m*
Thiét bi sdy duoc lam bang thép khong ri day 81 = 0,003m, hé sé dan nhiét A = 50
W/(m.K), bén ngoai dugc boc mdt 16p cach nhiét day 62 = 0,020m, h¢ s6 din nhiét A, =
0,055 W/(m.K).
Ta co: tr = tm = 65°C
tro = to = 32°C
Mat @6 dong nhiét:
O = . (t, —t,)=12,1.(65—-t,,) W/m? *)

Truyén nhiét qua tim thép 1a dan nhiét qua vach phang c6 mat d6 dong nhiét:

0,
Oz = Zl'(twl _th) W/mz

Hé s6 dan nhiét trén mot don vi chiéu day: % = 05—%3 =16667 W/(m*.K)

Do ty s6 % qua 16n nén xem nhu tw1 = twz (Hoang Binh Tin, 2001).

Truyén nhiét qua 16p cach nhiét ciing 1a dan nhiét qua vach phang c6 mat d6 dong nhiét:
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0,055
qm3 = %'(tWZ _tWS) = 0’07'(tw2 _tw3) = 2’75'(tw2 _tw?,) W/m2 (**)

Toa nhiét ra bén ngoai xem nhu 14 dbi luu ty nhién chay rdi véi hé s6 téa nhiét ddi luu:
a, =1,715.(t,, —t,)*** W/m?K

Mat d6 dong nhiét: g, =a,.(t; —t,) =1,715.(t 5 — t.,)"** W/m? (***)
Két hop cac phuong trinh (¥), (*¥%), (¥**), ta dugc hé phuong trinh:

q,, =12,1.(65-t,,)

Qs =2, 75.(t,, —t,3)

s =1, 715.(t,, —t,)"*®
Gia sir qua truyén nhiét 1a 6n dinh thi: gmi = gm2 = gms = Qma
Dung phuong phép lip bang cach cho trude gia tri twa, ta lan luot tim cac gi tri con lai
va 1ap thanh bang sau:

Bang 1 Két qua tinh nhiét qua trinh sy thuc

STT | tw (°C) (V\Cj;;;z) tws (°C) | o2 (W/m3K) (V\(j;:]z) Sai 56 (%)
1 65 0 65 5,495 181,32
2 64,5 6,05 59 5,139 138,76 95,64
3 64 12,1 53 4,727 99,26 87,81
4 63,5 18,5 47 4,226 63,39 71,37
5 63 24,2 41 3,565 32,08 24,56
6 62,9 25,41 39,8 3,399 26,51 4,15
7 62,5 30,25 35 2,473 7,42 25,45
Vay chon:  tw1 =62,9°C
tws = 39,8°C

o2 = 3,399 W/(m?.K)
Hé sb truyén nhiét:
_ 1 _ 1 B 2
=T 5 5 11 0003 000 1 ~LHWMK
+ + + +
@ A A4 a, 121 50 0,055 3,399

Mat @6 dong nhiét truyén qua mot don vi dién tich bé mit truyén nhiét:

q =k,.(t; —t;,) =1,35.(65—32) = 44,55 W/m*
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Tén that nhiét ra mdi truong:

Qmt = Axq.0.7= 0,951.44,55.5,43.60 = 13801 J = 13,801 kJ

=, = Qu 13801189 05 ki/kg 4m
W 0,073

Hinh 3 Truyén nhiét qua vach phang 2 16p

Nhiét luong c6 ich qu:
Theo Tran Vian Phua [163]: q1 = i2 — 4,186.to

V6iiz =1+ 1,842.t; = (2345 + 1,842. 50) = 2437 kJ/kg 4m
Nén: qi = 2437—4,186.32 = 2303,15 kJ/kg am
Nhiét lugng bd sung thuc té:

A=c,t,—q,—q,, =4,186.32-1601,7-189,05 = -1656,8 kl/kg 4m
b) Tinh todn qud trinh sdy thuc

Do chira hoi ctia khi thai sau qua trinh sdy thuc (Bui Trung Thanh, 2014):

+Cdx(do)-(t1_tz) -d + Cdx(do)-(tl_tz)
: ~— Yo
I, —A (r+1,842t,)-A

d, =d,

1,05.(80—50)
(2345 +1,842.50) +1656,8

=d, =0,0244 + =0,0321 kg/kgkk
Phuong trinh c4n bang nhiét ciia qua trinh siy thyc:

l, = |l+% =1,+A(d, —d,) =144,98-1656,8.(0,0321—0,0244) =132, 22 ki/kg

Do am tuong dbi sau qua trinh sdy thyc té:
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P.d, 1.0,0321

- - = 40,2%
Py,(0,621+d,) 0,1221.(0,621+0,0321)

?,

Luong khong khi thyuc té can thiét cho qua trinh sdy:

1
| =
0,0321-0,0244

=129,87 kgkk/kg 4m

Theo Bui Trung Thanh (2014), ton that nhiét do tic nhan sdy mang di dugc xac dinh
bang:
02 = I. Cdx(do).(t2— to) = 129,87.1,05.(50 — 32) = 2454,55 kJ/kg 4m

|
(kd/kg)

tl

\
\
\
|
d=d, d, d, d(g/kgkk)

Hinh 4 D6 thi qu4 trinh say thuc té
Nhiét lugng ti€u hao riéng:
q=1(1,-1,)—A=129,87.(132,22-94,59) +1656,8 = 6543,81 kJ/kg am
Néu tinh theo phuong trinh can bang:

Q=01+ 02+ Qv+ Omt
= 2303,15 + 2454,55 + 1601,7 + 189,05 = 6548,45 kJ/kg am

Sai s tuong dbi do tinh toan: @ =0,07%

Nhiét luong tiéu hao cho ca qua trinh siy:
Q=W.q' =0,073.6548,45 =478 kJ
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Bang 2 Can bang nhiét luong cho qua trinh sdy

STT Dai luong Ky hiéu | Trisd, ki/kg am
1 Nhiét lugng co ich (o1 2303,15
2 | Ton that do TNS mang di 02 245455
3 T6n that do VLS mang di Qv 1601,7
4 T6n that ra méi trudng Qmt 189,05
5 | Tiéu hao nhiét lugng riéng q 6548,45

5. Thiét ké budng gia nhiét dién tré

Budng d6t loai nay c6 cu tao don gian, gdm cac thanh dién trd (loai thanh thang
hoic chit U) lip sole nhau. Cac thanh dién tro nay co thé duogc thiét ké riéng hodc chon
tlr cac loai c6 san trén thi truong. Khi thiét ké bo gia nhiét loai nay, cach don gian Ia tir
cong suét can thiét, lya chon thanh dién trd ¢ sin, tir d6 tinh ra sd thanh dién tro. Néu
$6 luong thanh qua 16n, c6 thé chon loai thanh c6 cong suét 16n hon, tuy nhién gid thanh

khi thay thé s& dét hon.

Tac nhin ra khéi calorifer
Céac thanh dién tré
=" .
= h“
b, o
LA
B, ®
= ||, ¢
C &~ Chén thanh dién tré

A;: nhén vao calorifer

Hinh 5 Cau tao cua buéng gia nhiét dién tr&
Luu lugng tac nhan can van chuyén viao may say:
Pé dap tmg duoc cac thyc nghiém da yéu t6 v6i van toc khi trong budng sy 1én dén 3
m/s, buéng gia nhiét can duoc thiét ké véi cong suat 1on hon.

Dién tich vi tri xung khi: A, = % = &349 =0,016 m’

Luu luong tac nhén téi da di vao budng say:

V, =U_,.A,, =3.0,016=0,049 m*/s
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Nhiét luong can cap cho tac nhan:

Q = Vin.pr.(I1 — lo) = 0,049.1,045.(144,98 — 94,59) = 2,58 KW

Chon cac thanh dién tr¢ chit U, dung nguén dién 220V, v&i cac thong s6 sau:

Vit liéu: Inox 304
Duong kinh ngoai thanh: 12mm
Puong kinh dai ¢ ¢d dinh thanh: 22mm
Puong kinh canh: 28mm
Bé day canh: Imm
Budc canh: Smm
Khoang céch gitra hai chan thanh dién tré: 80mm
Cong suit nhiét: 1,0 kKW
Chiéu dai: 600mm
Q 2,58

S6 lugng cac thanh dién tro: n= == - 258

qthanh 1

Ta chon n = 3 thanh dién tr& dé d& cip ngudn.

Hinh 6 Thanh dién tr¢ chtr U

Cac thanh dién tré duoc lép sole vao hai mat bén cua buéng vo1 budc doc S1 = 50mm,

budc ngang S, = 40mm dé tang tiét dién tiép xuc voi gié vao. Budng gia nhiét co kich

thude nhu sau: 400mm (dai) x 300mm(rdng) x 220mm (cao)

6. Tinh chon quat cip tac nhin siy

Luu lugng quat dugc xac dinh qua cong thue (Bui Trung Thanh, 2014):

Vq = K.th, m3/S

Trong d6 K 13 hé s6 du phong. Do quat dugc Iya chon dé tién hanh thi nghiém &

cac murc van tdc khac nhau nén can chon luu luong 16n hon gia tri can thiét. O day, chon
K=1,5.
Do vay: Vg =1,5.0,049 = 0,074 md/s
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Téng cot ap can khic phuc AP, dugc tinh theo cong thure:
AP = APL + APc» + APms, Pa
a) Tro lyc qua lop vat liu trén ghi
— Khbi luong riéng cua dong khi & nhiét do tm, pg = 1,045 kg/m?3
— D0 nhét dong hoc cuia dong khi & nhiét @6 tm, pg = 20,35.107° N.s/m?
— Do rong cua 16p hat trang thai soi tdi thiéu, em = 0,488
— Van tbc khi bé mit qua 16p hat & trang thai s6i tdi thiéu, Ums = 0,47 m/s
— Cau tinh cua hat, ¢ =0,85
— Chiéu cao cua 16p hat ban dau, ho = 300 mm
— Chiéu cao cua 16p hat ¢ trang thai soi tbi thiéu, theo [14]:

_H 18 0,3 120448 4 3o6m—326mm
1-¢, 1-0,488

H

mf

Trdé luc qua 16p vat liéu & trang thai so1 tdi thiéu, theo Ergun [14]:

APf (1_gmf )2 H U f (1_‘9mf ) P U2f
— M =150~ 41,750
H mf gmf (¢d P ) gmf ¢d p

(1-0,488)° 20,35.10°.0,47 L 75(1-0,488) 1,045.0,47°

= AP, =0,326(150 ,
" 0,488° (0,85.892.10‘6)2 0,488° 0,85.892.10°°

= 2600 N/m’
Do trang thai s6i tdi thiéu co tré Iyc 13 10n nhat nén day ciling chinh 13 tré luc qua 16p vat
liéu khi xac dinh cot ap quat: APL = APms = 260 Pa
b) Tré luc qua ghi phdn phdi tic nhan
Theo Krishnaiah [17]:
APpok = (0,2 + 0,4)AP. = 0,3.260 = 780 N/m?

¢) Tré luc cuc bé qua budng gia nhiét
B gia nhiét dién trd 12 thiét bi trao d6i nhiét voi cac thanh dién tro dang dng voi
canh xoan uén cong, dong khi chuyén dong ngang qua chum 6ng, trd luc duoc tinh theo
cong thuec, theo [14]:
APs = EU.pg.@?, N/m?

Trong d6, theo [14] chuan sé Euler duoc tinh theo:
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| 03
Eu= C.CZ.CS.(d—‘)j Re"

td
Vé6i chum 6ng b tri so le [14]: C=2,7; Cs = 1; n =-0,25
Hé sb C; tra theo bang 9.1 [14] phu thudc vao sb hang 6ng Z.
Véiz=8thiC,; =8

Céc thong s6 cua thanh dién tré nhu sau

— Van tbc dong khi tai tiét dién thu hep: o =10,73 m/s
— Duong kinh ngoai ctia thanh dién tro: dng = 0,012m
— DPuong kinh ngoai cta canh: D =0,028m

— Chiéu cao canh: hc =0,013m
— Bé day canh: 8¢ = 0,001m

— Budc canh: S¢c=0,005m

— Khoang céach giita hai thanh theo chiéu doc: ~ S1=0,05m
— Khoang céch giita hai thanh theo chiéu ngang: S, = 0,04m
Dién tich mat ngoai c¢6 canh F tinh trén mdt mét chiéu dai thanh dién tro:
F = Fcanh + Fthanh

“Z(p2-dg )| 2241+ 2, = Z(0,0282-0,012%) 222 41|+ 70,012
4 5 4 5

=0,139m’
Dién tich khong bi canh choan chd (gitra cac canh) Fo tinh trén mot mét chiéu dai thanh

dién tro:

F, = Foan + Fa =70, —[@ +1)+7rdng5C = ﬂ.O,OlZ—(@+1J+7r.O,012.O, 001
5 5

=0,0301m’
Ti s6 giita tong dién tich mat ngoai c¢6 canh (F) va dién tich khong bi canh choan chd
(gitra cac canh) (Fo):

y_F_0139 oo
F  0,0301

0

Pudng kinh twong duong cua tiét dién thu hep:
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~2[S.(8,~d,)-25h, |
v 2h, +8,
~2[0,005.(0,05-0,012) - 2.0,001.0,013]
2.0,013+0,005

=0,0106m

Kich thudc dac trung quy udce lo tinh theo [11]:

d
, = {1—%}/0,785.(02 —dz)
o U9
-1, =202 1y b 1 5785.(0,028% —0,012%) = 0,0206m
4,618 | 4,618
Chuéan s Reynolds:

_ p.oly 0,8815.10,73.0,0206

Re -
1 24,9.10

=7825

Chuan s6 Euler:

0,0206
0,0106

0,3
Eu =2, 7.1.8.( j 78257°% =2 803

Khi @6 tré luc qua bd gia nhiét:

APs = 2,803.1,045.10,732 = 337,2 N/m?

d) Tré liec ma sdt tir quat dén buong sdy

Vi khoang cach tir quat dén budng sdy ngan, tong chiéu dai éng din khong khi
do duogc sau khi bé tri trén ban v& 13 1,8 m, do vay ton thit ap suit do ma st rat thap, c6
thé str dung phuong phap ma sat ddng déu dé tinh toan. Chon ton that ap suét trén 1 m
6ng 1a 1 Pa/m, ton thit ma sat trong toan hé thong la:

AP_=181=18Pa

Cot 4p toan phan cua quat:

AP = 2600 + 780 + 337,2 + 1,8 = 3719 N/m?
Cong sut quat 1y thuyét:

N = APV, _3719.0,074 _ ooy
" 1000,  1000.0,5

Chon hé s6 cong suat 1a 1,2 [1]. Cong suat dong co quat:

Nac = 1,2.Nit = 1,2.0,55 = 0,66 kW
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Vay chon dong co quat c6 cong suat 0,75 kW (1Hp), Ivu luong quat 300 m3h va cot ap
380 mmH:0.
7. Thiét bi tao xung khi

Luu lugng tac nhan di vao bd tao xung (theo tinh toan & muc 5):

V, =V, =0,074 m®/s

Véi may sdy ting soi xung khi c6 bo tao xung dang dia quay thong thudng thi

budng sdy duoc chia thanh 01 hodc 02 ving riéng biét (Gawrzynski va cong su, 2007;
Rogula, 2009; Todor, 2001). Trong hé thdng sdy nay, bo phan phdi khi s& duoc thiét ké
dang dia quay véi dudng kinh 246 mm, véi 01 16 cip khi dugc khoét theo kich thudc
nhu sau (Kudra, T., & Mujumdar, A. S. (2009)):

Hinh 7 Pia quay phan phdi khi trén may say tang s6i xung khi dang mé
Vi budng sdy c6 duong kinh 250 mm thi chon dudng kinh dia quay 14 Dgq = 246

7D, 7.0,246°
4 4

mm. Dién tich dia quay la: Ay, = =0,048m?

Chon 15 phan phdi khi trén dia quay c6 tiét dién bang 1/3 dién tich dia quay. Vay
dién tich cua 16 phan phdi khi 1a:

_ P

A =0,016m’
3

ppk
Khéi luong dia quay tao xung:

m= (Adq - Appk )5'pthep
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Trong do:

+ Aqgq la dién tich dia quay, m?

+ Appk 12 dién tich 16 phan phdi khi, m?

+ o la do day cua dia, m. Chon 6 = 0,005 m

+ pinep 12 khdi luong riéng cua thép, pmep = 7950 kg/m?3

m= (O, 048 -0, 016) .0,005.7950 =1,272kg
Téc d6 quay cua dia xoay:

1601 _ 6050

p

=1500RPM

Voi:
+ flatan sé dong co, Hz
+ pla $6 cap cuc, chon dong coco p=2
zn  7.1500
=—=
30 30
Momen quén tinh cua dia quay quanh tryc thing ding:

mR?  1,272.0,123
2

=157,1rad/s

| = =0,0096 kg.m®

Trong do :
— m la khéi luong dia xoay, kg
— R 1a ban kinh dia xoay, m. R =0,123 m
Cong suit can thiét cua dong co:

lo* 0,0096.157,1°
2 2

N = =118,5W

Vay ta chon dong co ¢ cong suat 125 W.
7. Két luin

Thong qua nghién ctru 1y thuyét, luan an da thiét ké duoc cac kich thudc co ban
cta thiét bi séiy va lya chon duoc cac thiét bi di kém trong h¢ théng nhu quat, b gia
nhiét, b tao xung khi. Ttr cac két qua nay s€ tién hanh thiét 1ap ban vé va ché tao mé
hinh dé tién hanh nghién ctru thuc nghiém. Céc théng sd co ban cta hé théng sy da

thiét ké duoc trinh bay trong bang sau:
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Bang 3 Thong sb co ban ciia cac thiét bi trong hé thong say

STT

Thiét bi/bd phan

Thong s6 k¥ thuat

Quat cip tac nhan

Luu luong: 300 m®/h

Cot ap: 3800 Pa

Cong suit dong co: 1 Hp
Puong kinh gudng: 350 mm
Nguén dién: 380V-3Ph-50Hz

Budng gia nhiét

Kich thudc tong thé: 400 x 300 x 220 (mm)
Cong suit nhiét: 3 kW
Nguén dién: 380V-3Ph-50Hz

Thiét bi tao xung khi

Puong kinh dia quay: 246 mm
Dién tich 16 phan phdi: 0,016 m?
S6 16 trén dia quay: 01

Cong suit dong co: 125 W
Nguén dién: 220V-1Ph-50Hz

Buodng say

Puong kinh: 250 mm
Chiéu cao: 650 mm
Vat liéu ché tao: SUS304

Budng ling

buong kinh: 400 mm
Chiéu cao: 250 mm
Vat liéu ché tao: SUS304

1643

1346

564

2
\ ‘l@ — 7| 8
o) L

]
AN N

1008

1124

Hinh 8 Kich thudc tong thé cia mo hinh
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Hinh 9 Cac dung cu do phuc vu thi nghiém
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Phu luc 2: Giao dién phan mém Mfix sir dung hd tro mo phong s6

M MFDCTFM - PFBD,

ase13.mix

Description Pulsating 20 TFM flud bed
Geometry
Regions Sobver | Two-fluid model (MFEx-TFM) -
Mesh §
= options
Fluid
Solids Dissble flud solver (pure granular flow)
Scalars
T Enchle ensrgy equatons
Boundary condifions  Turbulence mode Hone ~
Point sources — .
e a turbalent viscosity s
Chemistry
Numerics Gravity
Output x [oa v [om z[o0
Monitors.
Run
Dashboard Drag model Gdamow -
Advanced Syamial-0'8rien model parameters
alos o1 [z6s
HYS lubrication cutoff distance "
DiFelice-Ganser model para
sphericty |1 Reference length [1 m
Advanced
Momentum formudation Model A -

Subgrid model Hane

grid fite atia 20

Enable subgrid wiall cormection
W] Enable user-dafined subrautines
Enable user scalar tracking

ReACHANRELES aTay e o

[Wicxialor] +iodeorks  Edtor History

Model | Meshstats X VK X +

Oz cadesdadooe

Ready

Loading PFB0_case13.mf from :\Simulation by MFDALATSsmulation|PFED. case13
Salver: MEXTFM

Reading
Reading mesh stats:
Loaded PFBD_case13.mb

Previous MFX run s resumable. Reset job to 662 medel

by MFIX) _casel 3\PFBD_CASELS_boundary.vtk
by MFDXLAT Ssit {_STATS.L0G

Oemors  Owemngs 0 messages

rae@gaocM®e -~

Hinh 1 Giao dién thiét lap cac thong s mo phong

M MFiX-TFM - PFBD_case13.mix

=Q » CIROR NV - MONCNY 3

Project files PFEO_caseld.méx [read only] | +
Search project

6% BED.csv

P4 BOTTOM_INLET_Zesv
BOTTOM_INLET 3csv
B BOTTOM_INLET 4.csv
85 BOTTOM _INLET Scsv
6% BOTTOM_INLET.csv
1
El
e

DASHBOARD.TXT
data_kf_0001.bet

5 ENTIRE_DOMAIN.csv
| EPgEmiog

7] MESH _STATSLOG
[ PFBD_case13mix

7 PFBD_CASEISL0G
[ prBD_CASE1S.0UT
1] wsr_init_namelist{

ag_type
turbulence_mode
enable_dmp_leg

1 ust_mods -
ek te buffer
Search source writs dashboard
fall Tog

b 70 cartesian_grid b project
b BE check data read_kf(1) True.
. species_sq(0) .False.
chem species_sqil) = .Falss.
b cmake
+ 2 des 1 parameters
T dmp_modules
b 3 dgmom
v =2 GhdTheory . .
+ B incude 88 Cartesian grid
- - cartesian grid = .False.
+ T3 monitors £_dashboard =1
+ T gmomk use_stl = .False.
+ T thermochemical
8 " &8 Numeric
accum feskd ! nlet_vel fac = 1
£ adjust agf °
) adjust_a_sf B iacx “ “ .
iscretize(l) sy pe(l) = 'Ho
] adjust_epsf 3
-] adjust leq.f

Bl acjust theta D:\Simulatian by MFDALAT Ssimulation| PFED_case13\PFAD_caseld. i 1

Mesdalee  roceuncis [RMBAR vismry

Model  MeshStats X VTK X +

Bz a@moiK < » > g

Ready
Loading PFaD_case13.mifx from D:\Simulatan by MFDO\LATSsimulation|\PFBD_case13
Sobver: MFX-TFM

Reading by MFDCL
by MFXILAT

Previous MEX run is resumable. Reset job to edit model

)_case13\PFBD_CASELSboundary.utk
)_cose1 HMESH_STATS.LOG

Qemors Qwamings 0 messages

X LT
o0 X
1251 s

=l

Hinh 2 Giao dién bién soan code va quan sat két qua mo phong
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Phu luc 3: Két qua kiém ching mo hinh mé phong qua trinh gia long v6i nghién ctu
d3 cong bd cua Zhizhong Ding va cong su [105]

Trong nghién ctru nay [105], mé hinh ting s6i xung khi c6 dudng kinh 400 mm
va chiéu cao 800 mm duoc dung dé gia 1ong vat lidu hat c6 dudng kinh dong nhat 360
um va khéi luong riéng 2500 kg/m3, chiéu cao 16p hat tinh ban dau 13 400 mm. Dong
xung khi cdp vao theo phuong trinh JJ? =A+Bsin(2zfr) v6iA=1,3,B=0,5vaf=
0,5 Hz. M6 hinh hai pha Euler — Euler va m6 hinh luc can theo Gidaspow ciing dugc ap
dung trong nghién ctru nay. Kich thudc ludi duge chia 5 mm, budce thoi gian 0,0001 s.
Mo hinh duogc giai boi sy hd tro ciia phan mém ANSYS FLUENT 17.

Bang céach thiét 1ap dang hinh hoc, chia ludi, dit diéu kién ban dau va diéu kién
bién ciing nhu cac thong s cua vat liéu nhu trén, két qua mo phong theo mé hinh Iy
thuyét duoc xac dinh trong luan 4n sé& so sanh vdi két qua nghién ciru cia Zhizhong Ding
va cong su [105] & 03 thong s chinh: do rdng, van téc khi qua bé mat hat va ton thit ap
suat qua 16p hat.

V& van tc khi qua bé mat 16p hat: két qua mo phong twong d6i & gia tri van toc
trung binh theo thoi gian dat 0,4 m/s va gia tri van tdc 16n nhat dat tai thoi diém 8,25 s

12 0,78 m/s (Hinh 1).

(a) —Vin téckhi tai v=0.15m (b) —Vén toc khi tai y =0.15m

Lg

B

w11 11

=

1)
2

=

0 - - - 0 . \ -
6 8 10 6 8 10
Thoi gian, s Thoi gian, s

Hinh 1 So sanh vén toc khi qua bé mit 16p hat theo moé phong va theo Ding [105]

(a) Két qua mo phong theo Ding; (b) Két qua theo mé hinh toan cia luan an

Dbi v6i ton that ap suat qua 16p hat: theo Zhizhong Ding va cong su [105], ton
that ap sudt qua 16p hat thay do6i trong khoang 3100 — 4900 Pa, dat gia tri trung binh

3900 Pa trong khi d6 véi két qua mo phong tir mo hinh toan ciia luan an, gia tri ton that
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ap suat trung binh dat 4000 Pa nhung dao dong trong khoang 3000 — 5100 Pa (Hinh
3.14).

5000 - ——Tén that ap suat& f=4 Hz —Tén that 4p sudt & f=4 Hz
£
|
£4000
b=
=
5
: V

3000 |

6 8 10 6 8 10
Thoi gian, s Thoi gian, s

Hinh 2 So sanh ton that ap suit qua 16p hat theo mé phong va theo Ding [105]
(a) Két qua mo phong theo Ding; (b) Két qua theo mo hinh toan cta ludn an

Vé d6 rong: mo6 phong theo mo hinh 1y thuyét cta luan an dao dong tir 0,4 dén
0,5 & cac mdc thoi gian 5; 5,5; ...10 s va dao dong tir 0,4 dén 0,6 & cac mdc thoi gian
5,25:5,75; ...9,75 s (Hinh 3.15) twong di pht hop véi két qua trung binh theo Zhizhong
Ding va cong su [105] nhung sy dao dong cta 16p hat néu xét theo phwong x thi 1én hon
& cac ving x = 0,2 — 0,4 m. Diéu nay c6 thé 1a do mé hinh rdi cua hai truong hop khac
nhau.

0.65 1

------ Céacmocthéi gian = 5,25; 5.75:...9.75s (b)
——Cac mocthoi gian = 5; 5.5;...10s

Céc moc thoi gian = 5; 5,5: ...10s (a)

- — — = —— Céc moc théi gian = 5,25; 5,75; ...9,75s

)

0.55

P 1ong trung binh theo thoi gian

0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3 0.4

Mit cit ngang budng sdy, true x (m) Mit cit ngang budng say. truc x (m)

Hinh 3 So sanh d9 rong theo md phong va theo Ding [105]

(a) Két qua mo phong theo Ding; (b) Két qua theo mo hinh toan cia ludn an
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Phu luc 4: Két qua giai mo hinh toan dong hoc qua trinh sy ting soi xung khi duong

tinh luyén RS bang phuwong phap hoi quy phi tuyén

Phan code:

% 05 mo hinh toan nhu sau:

%(13) Newton MR = exp(-k*t)

%(9) Henderson and Pabis: MR = a*exp (-k*t)

%(10) Two_term exponential: MR = a*exp (-k*t)+(l-a)*exp (-
k*a*t)

%(6) Approximation of diffusion: MR = a*exp (-k*t)+(l-a)*exp (-
k*b*t)

%(3) Lorgarithimic: MR = a*exp(-k*t)+c

%Nhap du lieu

MR = importfile('D:\Mo phong say tang soi xung khi by
matlab\Duong RS\Duong RS.xlsx');

n=size (MR) ;

N=n (1) ;

interval =5;

t=[0:interval:interval* (N-1)]"

disp('l') %(1) % // Newton: MR = exp(-k*t) \\

S =
fitoptions ('Method', "NonlinearLeastSquares', 'Lower', [], 'Upper’
, [inf], "Startpoint', [0.00189]) ;

myfittype = fittype ('exp (-
k*t) ', '"dependent', {'MR'}, 'independent', {'t'}, 'coefficients’', {'
k'}, 'options', s);

% luu y so diem du doan ban dau = so he so
[Newton, gof Newton] =fit(t,MR,myfittype)
diSp(' l)

disp('2')%(2) % // Henderson and Pabis: MR = a*exp(-k*t) \\)

S = fitoptions ('Method', 'NonlinearLeastSquares', 'Lower', [-
inf, 0], 'Upper', [10,10], 'Startpoint', [0.008 7.89e-05]) ;
myfittype = fittype('a*exp (-

k*t) ', '"dependent', {'MR'}, 'independent',{'t'}, 'coefficients"', {'

a','k'},'options', s);

% luu y so diem du doan ban dau = so he so

[ Henderson and Pabis, gof Henderson and Pabis ]
=fit (t,MR, myfittype)

disp (' ")
disp('3')%(3)% //Two_term exponential: MR = a*exp(-k*t)+(1l-
a)*exp (-k*a*t) \\

S =
fitoptions ('Method', "NonlinearLeastSquares', 'Lower', [0,0], 'Upp
er',[],'Startpoint', [0.288 0.149]);
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myfittype = fittype ('a*exp (-k*t)+ (1l-a) *exp (-
k*a*t)', 'dependent', {'MR'}, '"independent', {'t'}, 'coefficients’',
{'a','k'}, 'options', s);

% luu y so diem du doan ban dau = so he so

[Two term exponential, gof Two term exponentiall]
=fit(t,MR, myfittype)

disp (' ")
disp('4')%(4) % // Approximation of diffusion: MR = a*exp(-
k*t)+(1-a) *exp (-k*b*t) \\

S =

fitoptions ('Method', 'NonlinearLeastSquares', 'Lower', [0,0,0],'U

pper', [10 10 10 ], 'Startpoint',[0.8 0.1 0.2]);

nyfittype = fittype('a*exp(-k*t)+(1l-a) *exp (-
k*b*t) ', 'dependent', {'"MR'}, '"independent', {'t'}, 'coefficients"',

{'a','k"'",'b'"}, 'options', s);

% luu y so diem du doan ban dau = so he so

[Approximation of diffussion, gof Aprroximation]
=fit (t,MR, myfittype)

disp (' ")

disp('5'")%(5)% // Lorgarithimic: MR = a*exp (-k*t)+c\\

S = fitoptions ('Method', '"NonlinearLeastSquares', 'Lower’', [
1, '"Upper', [ ], 'Startpoint', [0 O 017);

myfittype = fittype('a*exp (-
k*t)+c', 'dependent', {'"MR'}, "independent', {'t'}, '"coefficients"',
{'a','k'",'c'}, 'options', s);

% luu y so diem du doan ban dau = so he so

[Lorgarithimic, gof logarithimic]=fit (t,MR,myfittype)

disp (' ")

%$% Ve do thi

figure (1) ;

plot (Newton, t,MR)

title ("Newton')

xlabel ({'Thoi gian say (phut)'});
ylabel ({'MR'}) ;

figure (2);

plot (Henderson and Pabis, t,MR)
title ('Henderson and Pabis')
xlabel ({'Thoi gian say (phut)'});
ylabel ({'MR'}) ;

figure (3);

plot (Two term exponential,t,MR)
title('Two term exponential')
xlabel ({'Thoi gian say (phut)'});
ylabel ({'MR'}) ;
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figure (4);

plot (Approximation of diffussion, t,MR)
title ('Approximation of diffusion')
xlabel ({'Thoi gian say (phut)'});
ylabel ({'MR'}) ;

figure (5);

plot (Lorgarithimic, t,MR)
title('Lorgarithimic')

xlabel ({'Thoi gian say (phut)'});
ylabel ({'MR'}) ;

Phén két qua:
1. O nhiét 9 siy 50°C
1
Newton =
General model:
Newton (t) = exp(-k*t)
Coefficients (with 95% confidence bounds) :
k = 0.1486 (0.1212, 0.1761)
gof Newton =
sse: 0.0170
rsquare: 0.9820
dfe: 8
adjrsquare: 0.9820
rmse: 0.0460
2

Henderson and Pabis =
General model:

Henderson and Pabis(t) = a*exp (-k*t)
Coefficients (with 95% confidence bounds) :
a = 1.023 (0.9114, 1.135)
k = 0.1513 (0.1185, 0.1841)
gof Henderson and Pabis =
sse: 0.0164
rsquare: 0.9826
dfe: 7
adjrsquare: 0.9801
rmse: 0.0484

3
Two term exponential =
General model:
Two term exponential (t) = a*exp(-k*t)+(l-a)*exp(-k*a*t)
Coefficients (with 95% confidence bounds) :
a = 1.047 (=73.57, 75.67)
k = 0.1486 (-0.8402, 1.137)
gof Two term exponential =



181

sse: 0.0170
rsquare: 0.9820

dfe: 7
adjrsquare: 0.9794
rmse: 0.0492

4
Approximation of diffussion =
General model:

Approximation of diffussion(t) = a*exp(-k*t)+(1l-a)*exp(-
k*b*t)
Coefficients (with 95% confidence bounds):
a = 3.432  (-2734, 2741)
k = 0.1163 (-4.455, 4.687)
b = 0.9074 (-83.78, 85.59)
gof Aprroximation =
sse: 0.0159
rsquare: 0.9831
dfe: 6
adjrsquare: 0.9775
rmse: 0.0515
5
Lorgarithimic =
General model:
Lorgarithimic (t) = a*exp(-k*t)-+c
Coefficients (with 95% confidence bounds) :
a = 1.021 (0.8853, 1.157)
k = 0.1522 (0.1033, 0.2011)
c = 0.002241 (-0.06521, 0.06969)
gof logarithimic =
sse: 0.0164
rsquare: 0.9826
dfe: 6
adjrsquare: 0.9768
rmse: 0.0522

Newton

Henderson and Pabis

T T T T T T
+ data
ool B + data
\ flted curve

08F \ 1 1K
\\ \\

07F \
0.6
4 “'\
Lost \ 1 o)
04 g \
\
03
0.2

0.1r

1 L 1 L L L 1 L L I 1
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Thoi gian say (phut) Thoi gian say (phut)
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Two term exponential
T T T

1 T : : T Approximation of diffusi
. data Ty r r : . r
0.9 ’\ —— fitted curve | | \ R——
\ \ —fitted curve
081 \ 1 08k \ i
07F |\ \
06 0.6
4
0.5
= \ Z 04
0.4
0.3 0.2
0.2
ok
0.1
0 . . . h 02
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Thoi gian say (phut) Thoi gian say (phut)

Lorgarithimic
1.2 T T T

+ data
fitted curve

1

0 5 10 15 20 25 30 35 40
Thoi gian say (phut)

2. O nhiét d6 siy 60°C
1
Newton =
General model:
Newton (t) = exp(-k*t)
Coefficients (with 95% confidence bounds) :
k = 0.1745 (0.1376, 0.2114)

gof Newton =

sse: 0.0187
rsquare: 0.9796

dfe: 8
adjrsquare: 0.9796
rmse: 0.0483

2
Henderson and Pabis =
General model:

Henderson and Pabis(t) = a*exp (-k*t)
Coefficients (with 95% confidence bounds) :
a = 1.016 (0.8968, 1.136)

k = 0.1766 (0.1331, 0.2202)
gof Henderson and Pabis =
sse: 0.0184

rsquare: 0.9799
dfe: 7
adjrsquare: 0.9770
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rmse: 0.0513

3
Two term exponential =
General model:
Two term exponential (t) = a*exp(-k*t)+(l-a)*exp(-k*a*t)
Coefficients (with 95% confidence bounds) :
a = 2.811 (1.294, 4.328)
k = 0.3396 (0.2186, 0.4606)
gof Two term exponential =
sse: 0.0059

rsquare: 0.9936

dfe: 7
adjrsquare: 0.9927
rmse: 0.0290

4
Approximation of diffussion =
General model:

Approximation of diffussion(t) = a*exp(-k*t)+(l-a)*exp (-
k*b*t)
Coefficients (with 95% confidence bounds) :
a = 3.141 (-3728, 3734)
k = 0.1434 (-7.534, 7.821)
b = 0.9151 (-117.8, 119.6)
gof Aprroximation =
sse: 0.0182
rsquare: 0.9801
dfe: 6
adjrsquare: 0.9735
rmse: 0.0550
5
Lorgarithimic =
General model:
Lorgarithimic (t) = a*exp(-k*t)+c
Coefficients (with 95% confidence bounds) :
a = 1.007 (0.8646, 1.15)
k = 0.1818 (0.1192, 0.2445)
c = 0.01008 (-0.05423, 0.07438)
gof logarithimic =
sse: 0.0179
rsquare: 0.9804
dfe: 6
adjrsquare: 0.9738
rmse: 0.0547
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Henderson and Pabis

4 NeV(!on 12
\ . data - data
fitted curve | | fitted curve
0 ' : : ‘ 0 ' : : : . !
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Thoi gian say (phut) Thoi gian say (phut)
14 TwP term e‘xponenﬁal 4 ‘ Appl‘ imati ! of di
1.2 {,\\ i ::;ad curve | | osl i ::':;1 curve
‘ \
1o
06
0.8
Z £ o4f
0.6 [
021
04
02t or
0 - L - L L 0.2 : ! . ! - - -
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Thoi gian say (phut) Thoi gian say (phut)
12 ‘ ‘ ‘ Lorgarlithimic ‘ ‘ ‘
+ data
fitted curve
1 ]
0.8 1
S os i
0.4 4
0.2 4
0 ! : ! t i :
0 5 10 15 20 25 30 35 40
Thoi gian say (phut)
3. O nhiét do sdy 70°C
1
Newton =
General model:
Newton (t) = exp(-k*t)
Coefficients (with 95% confidence bounds) :
k = 0.1983 (0.1631, 0.2335)
gof Newton =
sse: 0.0114
rsquare: 0.9871
dfe: 8
adjrsquare: 0.9871
rmse: 0.0377

2
Henderson and Pabis
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General model:

Henderson and Pabis(t) = a*exp(-k*t)
Coefficients (with 95% confidence bounds) :
a = 1.009 (0.9151, 1.103)

k = 0.1996 (0.1586, 0.2407)
gof Henderson and Pabis =
sse: 0.0113

rsquare: 0.9872

dfe: 7
adjrsquare: 0.9854
rmse: 0.0402

3
Two term exponential =
General model:
Two term exponential (t) = a*exp(-k*t)+(l-a)*exp(-k*a*t)
Coefficients (with 95% confidence bounds) :
a = 2.697 (0.9367, 4.457)
k = 0.3641 (0.2167, 0.5115)
gof Two term exponential =
sse: 0.0048

rsquare: 0.9946

dfe: 7
adjrsquare: 0.9938
rmse: 0.0261

4
Approximation of diffussion =
General model:
Approximation of diffussion(t) = a*exp(-k*t)+(l-a)*exp (-
k*b*t)
Coefficients (with 95% confidence bounds) :
a = 0.9888 (0.9464, 1.031)
k = 0.2049 (0.1565, 0.2534)
b = 8.43e-11 (fixed at bound)
gof Aprroximation =
sse: 0.0108

rsquare: 0.9878
dfe: 7
adjrsquare: 0.9861
rmse: 0.0392
5
Lorgarithimic =
General model:
Lorgarithimic(t) = a*exp(-k*t)+c
Coefficients (with 95% confidence bounds) :
a = 0.9988 (0.8886, 1.109)
k = 0.2065 (0.1498, 0.2633)
c = 0.01143 (-0.03566, 0.05852)

gof logarithimic =



sse:
rsquare:
dfe:
adjrsquare:

0.0107
0.9880
6

0.9840
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gof Newton

k 0.2605

sse: 0.0037

(with 95% confidence bounds) :
(0.2292,

0.2918)

rmse: 0.0422
Newton
T T T T r T 12 Henderson and Pabis
\ + data ’ ' ' '
0.9 1 fitted curve | | goea
\ fitted curve
0.8 \ "
o7} | \
\ 08\
0.6 |\ J \
4 \ \
s05¢ ] £ o6
04f
03f \ o4r
0.2
02F
0.1
0 L 1 L I i 1 0 I L L n 1
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Thoi gian say (phut) Thoi gian say (phut)
14 Two term exponential
’ ‘ ‘ Approximation of diffusion
- data i r T T : : :
N fitted curve \
H\ 4 \ + data
\
\ 0.8 \
1T ]
\\ 0.7 \
o8 | 061\
£ \ x ‘
0.5
o6f | 1 =
\ 0.4
\ \\
041 03 F \
‘ 0.2
02 A
\K 0.1
0 . ! : : 1 ' r o . . ; : 2
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Thoi gian say (phut) Thoi gian say (phut)
Lorgarithimic
1.2 T T T T T T T
+ data
— fitted curve
1 |
0.8 1
Z o6 1
0.4 1
0.2 d
0 . L . N x : :
0 5 10 15 20 25 30 35 40
Thoi gian say (phut)
o r
* A A A o
4. O nhiét d¢ say 80°C
Newton =
General model:
Newton (t) = exp(-k*t)
Coefficients
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rsquare: 0.9957

dfe: 8
adjrsquare: 0.9957
rmse: 0.0214

2
Henderson and Pabis =
General model:

Henderson and Pabis(t) = a*exp(-k*t)
Coefficients (with 95% confidence bounds) :
a = 1.002 (0.948, 1.056)
k = 0.2608 (0.2253, 0.2963)
gof Henderson and Pabis =
sse: 0.0037
rsquare: 0.9957
dfe: 7
adjrsquare: 0.9951
rmse: 0.0229

3
Two term exponential =

General model:

Two term exponential (t) = a*exp(-k*t)+(l-a)*exp(-k*a*t)
Coefficients (with 95% confidence bounds) :
a = 2.15 (0.6095, 3.691)
k = 0.3903 (0.2132, 0.5674)
gof Two term exponential =
sse: 0.0027
rsquare: 0.9969
dfe: 7
adjrsquare: 0.9964
rmse: 0.0195

4
Approximation of diffussion =
General model:

Approximation of diffussion(t) = a*exp(-k*t)+(l-a)*exp (-
k*b*t)
Coefficients (with 95% confidence bounds) :
a = 2.478 (-3893, 3898)
k = 0.2318 (-13.76, 14.22)
b = 0.9275 (-145.3, 147.2)
gof Aprroximation =
sse: 0.0036
rsquare: 0.9957
dfe: 6
adjrsquare: 0.9943
rmse: 0.0246




Lorgarithimic
General model:

Lorgarithimic (t)
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a*exp (-k*t)+c

Coefficients (with 95% confidence bounds) :
a 0.9886 (0.9348, 1.042)
k = 0.273 (0.232, 0.3139)
c = 0.01421 (-0.006938, 0.03536)
gof logarithimic =
sse: 0.0025
rsquare: 0.9970
dfe: 6
adjrsquare: 0.9961
rmse: 0.0205
Newton Henderson and Pabis
1 ! 1.2 T T T T
E - data . data
0.9 \ fitted curve | | fitted curve
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Phu luc 5: Két qua phan tich da yéu té qua trinh sy duong tinh luyén RS bang phuong
phap tang soi xung khi

1. Phan tich ham Y1 — Téng chénh léch ddé mau

Estimated effects for Y1

Effect Estimate |[Stnd. Error |V.I.F.
average [20.6388 0.360999

A: X1 6.53725 0.474935 1.0
B: X2 -1.7854 0.474935 1.0
C:X3 -0.500551 |0.474935 1.0
AA 4.69646 0.544805 1.0
AB -1.6825 0.589589 1.0
AC 1.4325 0.589589 1.0
BB -2.21539 |0.544805 1.0
BC -0.2375 0.589589 1.0
CC 1.29598 0.544805 1.0

Standard errors are based on total error with 9 d.f.

Analysis of Variance for Y1

Source Sum of Squares |Df [Mean Square |F-Ratio |P-Value
A:X1 131.72 1 |131.72 189.46 |0.0000
B:X2 9.82504 1 ]9.82504 14.13 |0.0045
C:X3 0.772248 1 |0.772248 1.11 0.3194
AA 51.664 1 |51.664 74.31 10.0000
AB 5.66161 1 |5.66161 8.14 0.0190
AC 4.10411 1 [4.10411 5.90 0.0380
BB 11.496 1 [11.496 16.54 ]0.0028
BC 0.112813 1 10.112813 0.16 0.6965
cC 3.93407 1 |3.93407 5.66 0.0413
Total error |6.25708 9 (0.695231

Total (corr.) [225.547 18

R-squared = 97.2258 percent
R-squared (adjusted for d.f.) = 94.4516 percent
Standard Error of Est. = 0.833805
Mean absolute error = 0.443098
Durbin-Watson statistic = 2.94437 (P=0.9966)
Lag 1 residual autocorrelation = -0.483291

Regression coeffs. for Y1

Coefficient |Estimate
constant 20.6388
A: X1 3.26863
B:X2 -0.892702
C:X3 -0.250275
AA 2.34823
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AB -0.84125
AC 0.71625

BB -1.10769
BC -0.11875
CcC 0.647989

The equation of the fitted model is

Y1 = 20.6388 + 3.26863*X1 - 0.892702*X2 - 0.250275*X3 + 2.34823*X1"2 -
0.84125*X1*X2 + 0.71625*X1*X3 -
1.10769*X2"2 - 0.11875*X2*X3 + 0.647989*X3"2

Optimize Response
Goal: minimize Y1

Optimum value = 16.2614

Factor |Low High Optimum
X1 -1.47119 |1.47119 |-0.526704
X2 -1.47119 [1.47119 |1.47119
X3 -1.47119 |1.47119 |0.619568
Standardized Pareto Chart for Y1
AX1 | ' | =+
AA | =
se | T
sxz | [T
~s | [
ac |1
cc ]
cxs | [
gc [
0 3 5 5 1 15

Standardized effect

Hinh 1 D thi Pareto ham Y:

Main Effects Plot for Y1

26 N

24 .

Y1

22 N

N
N\ |

-1.0 1.0 -1.0 1.0 -1.0 1.0
X1 X2 X3

20

Hinh 2 D6 thi cac thong s6 anh huéng dén ham Y



191

2. Phéan tich ham Y2 — Tiéu hao dién nang riéng

Estimated effects for Y2 (Wh/kgSp)

Effect Estimate [Stnd. Error |V.I.F.
average [236.03 9.35048

A: X1 -104.305 |12.3016 1.0
B:X2 177.232 [12.3016 1.0
C:X3 35.2511 |12.3016 1.0
AA -49.5332 |14.1114 1.0
AB -44.5 15.2714 1.0
AC -9.0 15.2714 1.0
BB 21.1561 |14.1114 1.0
BC -28.0 15.2714 1.0
CC 24.3903 |14.1114 1.0

Standard errors are based on total error with 9 d.f.

Analysis of Variance for Y2

Source Sum of Squares |Df [Mean Square |F-Ratio [P-Value
A: X1 33532.8 1 |33532.8 71.89 0.0000
B:X2 96815.7 1 |96815.7 207.57 ]0.0000
C:X3 3830.07 1 |3830.07 8.21 0.0186
AA 5746.98 1 |5746.98 12.32 |0.0066
AB 3960.5 1 |3960.5 8.49 0.0172
AC 162.0 1 [162.0 0.35 0.5701
BB 1048.38 1 /1048.38 2.25 0.1680
BC 1568.0 1 |1568.0 3.36 0.0999
CC 1393.41 1 [1393.41 2.99 0.1180
Total error |4197.86 9 [466.429

Total (corr.) |152256. 18

R-squared = 97.2429 percent
R-squared (adjusted for d.f.) = 94.4858 percent

Standard Error of Est. = 21.597
Mean absolute error = 11.0501

Durbin-Watson statistic = 1.68678 (P=0.2828)

Lag 1 residual autocorrelation = 0.148894

Regression coeffs. for Y2

Coefficient |Estimate
constant 236.03
A: X1 -52.1524
B:X2 88.6161
C:X3 17.6256
AA -24.7666
AB -22.25
AC -4.5

BB 10.5781
BC -14.0
CC 12.1951
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The equation of the fitted model is
Y2 =236.03 - 52.1524*X1 + 88.6161*X2 + 17.6256*X3 - 24.7666*X1"2 - 22.25*X1*X2

- 4.5*X1*X3 +
10.5781*X2"2 - 14.0*X2*X3 + 12.1951*X3"2

Optimize Response
Goal: minimize Y2

Optimum value = 32.2943

Factor |Low High Optimum
X1 -1.47119 [1.47119 |1.47119
X2 -1.47119 [1.47119 |-1.47119
X3 -1.47119 |1.47119 |-0.572044

Standardized Pareto Chart for Y2

B:x2 | | | =~
A1 | | B
a | T
~e | T
cxs [ ]
sc | [
oo |
es | [_]
ac [
0 3 5 5 12 15

Standardized effect
Hinh 3 D thi Pareto ham Y2

Main Effects Plot for Y2
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230 ~/ .

190 - ]

Y2
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Hinh 4 D6 thi cac thong s6 anh huéng dén ham Y,



3. Phéan tich ham Y3 — Tiéu hao nhiét nang riéng
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Estimated effects for Y3 (kJ/kgSP)

Effect Estimate [Stnd. Error |V.I.F.
average [1064.19 [17.9908

A: X1 592.656 |23.669 1.0
B:X2 146.259 (23.669 1.0
C:X3 51.1593 |23.669 1.0
AA 3.87618 |27.151 1.0
AB 37.25 29.3829 1.0
AC 114.25 29.3829 1.0
BB -70.0473 |27.151 1.0
BC -12.75 29.3829 1.0
CcC 66.2491 |27.151 1.0

Standard errors are based on total error with 9 d.f.

Analysis of Variance for Y3

Source Sum of Squares |Df [Mean Square |F-Ratio [P-Value
A: X1 1.0826E6 1 |1.0826E6 626.97 |0.0000
B: X2 65933.3 1 |65933.3 38.18 |0.0002
C:X3 8066.95 1 |8066.95 4.67 0.0589
AA 35.1929 1 |35.1929 0.02 0.8896
AB 2775.13 1 |[2775.13 1.61 0.2367
AC 26106.1 1 |[26106.1 15.12 |0.0037
BB 11492.9 1 [11492.9 6.66 0.0297
BC 325.125 1 |325.125 0.19 0.6746
CC 10280.3 1 [10280.3 5.95 0.0374
Total error |15540.4 9 [1726.71

Total (corr.) [1.22315E6 18

R-squared = 98.7295 percent

R-squared (adjusted for d.f.) = 97.459 percent

Standard Error of Est. = 41.5537
Mean absolute error = 24.7614

Durbin-Watson statistic = 2.4797 (P=0.9220)
Lag 1 residual autocorrelation =-0.276813
Regression coeffs. for Y3

Coefficient |Estimate
constant 1064.19
A: X1 296.328
B:X2 73.1294
C:X3 25.5796
AA 1.93809
AB 18.625
AC 57.125
BB -35.0237
BC -6.375
CC 33.1246




The equation of the fitted model is

Y3 =

18.625*X1*X2 + 57.125*X1*X8 -
35.0237*X2"2 - 6.375*X2*X3 + 33.1246*X3"2

Optimize Response

Goal: minimize Y3

Optimum value = 471.163

194

1064.19 + 296.328*X1 + 73.1294*X2 + 25.5796*X3 + 1.93809*X1"2

Factor |Low High Optimum
X1 -1.47119 |1.47119 |-1.47119
X2 -1.47119 |1.47119 |-1.47119
X3 -1.47119 |1.47119 |0.734624
Standardized Pareto Chart for Y3
AX1 i — +
Bx2 | [] =
ac | L]
se | I
cc | []
cxa | []
A | []
gc | [l
Aa |
0o 5 1w 15 2 2
Standardized effect
Hinh 5 Do thi Pareto ham Y3
Main Effects Plot for Y3
1560 [ ]
1360 - _
£ 1160 |- .
/ -
960 [ -
760 £ =
-1.0 1.0 -1.0 1.0 -1.0 1.0
X1 X2 X3

Hinh 6 D6 thi cac thong s6 anh hudng dén ham Y3
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Phu luc 6: Két qua thuc nghiém siy duong tinh luyén RS bang phuong phap tang soi

thong thuong va tang soi xung khi

Muc dich thi nghiém: So sanh chi phi dién nang riéng va ti€u hao nhiét nang riéng gitra

tang soi xung khi va tang s6i thong thuong & cung diéu kién va trén ciing mo hinh say.

Phuong phap thwe hién: Siy cung loai duong tinh luyén RS véi cling ning suat 5

kg/mé, do am ban dau 1,5%, van toc tac nhan 1,73 m/s, nhiét d6 séy thay ddi & cac muc

60, 70 va 80°C. Mbi thi nghiém lap lai 03 1an va ldy gia tri trung binh:

- Tang s6i xung khi: Thuc hién sdy theo quy trinh (Hinh 2.19) va mé hinh say (Hinh
1 bén dudi hodc Hinh 2.16 trong Chuong 2).

- Tang soi thong thudng: Thao bo dia tao xung khi (8) va dong co tao xung (6), cac
bd phan khac trén mo hinh khong thay doi. Do luu lwong tac nhan sdy can thiét cho
tang s6i thong thudng 16n hon nén can ting s6 vong quay cua quat cip (dua vao bién
tan). Tién hanh do thiét 1ap cac thong sd hoat dong ciia mé hinh va ghi nhan dit liéu
sdy twong tu nhu tang sdi xung khi.

Két qua thwe nghiém: Dit liéu thuc nghiém dugc do va ghi nhan theo Bang 1. Két qua

so sanh chi phi dién nang va nhi¢t nang riéng dugc trinh bay trong Bang 2.

Hinh 1 M6 hinh may siy tang sdi

1- Buong say; 2- Bo do va ghi dit lidu van tc; 3- Bo do va ghi dit lidu nhiét do;

4- Bo do chénh ap; 5- May tinh; 6- Pong co tao xung; 7- Budng phan phdi TNS;

8- Pia tao xung khi; 9- Bu@)ng léng; 10- Tu dién diéu khién; 11- Quat cép khong khi;
12- B gia nhiét
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Bang 1 Tong hop thi nghiém say duong tinh luyén RS bang phuong phép tang s6i
thong thuong va tang soi xung khi trén cing mé hinh sy, nang suat 5 kg/me, do am
ban dau 1,5%, d6 4m san phém 0,05%

) a N Tiu Tidu
Nhiét \t/jcn Té’n Khdi | Nhiét N(}iléet I(;Iéng Tiéu hao Tiéu hao
N X ) luong | d6 vao ; C hao dién hao nhiét .
do tac \ A trong khoi o - o - Ghi
TN R nhan | XUng san budng budn budn dién nang | nhiét nang chi
(s;,acy) z khi | pham say uong uone nang | riéng | ning riéng
Wl HY) | (ko) | (O | A | (Wh) | (Wh | (wh) | (kI
(m/s) 0| (O kgSP) kgSP)
1| 60 | 173 | 0o | 492 | 605 | 592 | 568 | 870 | 1768 | 2269 | 1660
2 | 70 | 1,73 | o | 491 70 692 | 639 | 782 | 1593 | 2808 | 2059
3 | 80 | 1,73 | 0o | 48 | 802 | 789 | 741 | 687 | 1425 | 2813 | 2101
4 | 60 | 1,73 | 0 | 48 | 609 | 599 | 566 | 863 | 1779 | 2207 | 1638 | Ting
5 | 70 | 1,73 | o | 478 | 696 | 684 | 651 | 769 | 160,9 | 2709 | 2040 thsgr:g
6 | s0 | 1,73 | o0 49 | 803 | 785 | 761 | 693 | 1414 | 2849 | 2093 | thuong
7| 60 | 1,73 | o | 48 | 607 | 594 | 563 | 867 | 1784 | 2240 | 1659
8 | 70 | 1,73 | o | 48 | 697 69 683 | 775 | 1588 | 2761 | 2037
9 | s0o | 1,73 | o | 493 | 796 | 794 | 747 | 685 | 1389 | 2895 | 2114
10| 60 | 1,73 | 05 | 492 | 599 | 582 | 544 | 900 | 182,9 | 1486 | 1087
11| 70 | 1,73 | 05 | 48 | 703 | 698 | 67,5 | 787 | 161,9 | 1790 | 1326
12| 80 | 1,73 | 05 | 484 | 808 | 792 | 748 | 707 | 1461 | 2001 | 1488
13 | 60 | 1,73 | 05 | 484 | 603 | 585 | 545 | 877 | 1812 | 1476 | 1098 | Téng
14 | 70 | 1,73 | 05 | 48 | 711 | 705 | 681 | 799 | 1654 | 1823 | 1359 xi?:g
15| 80 | 1,73 | 05 | 492 | 807 | 792 | 726 | 685 | 1392 | 1967 | 1439 khi
16 | 60 | 1,73 | 05 | 48 | 604 | 591 | 554 | 874 | 1791 | 1529 | 1128
17| 70 | 1,73 | o5 | 483 | 698 | 695 | 663 | 765 | 1584 | 1802 | 1343
18 80 | 1,73 | 05 | 481 | 799 | 783 | 755 | 673 | 1399 | 1936 | 1449

Bang 2 Tong hop so sanh chi phi ning luong trong siy duong tinh luyén RS bang
phuong phap tang s6i théng thuong va ting so6i xung khi

Tiéu chi Phuong phép siy 60°C 70°C 80°C
Tiéu hao dién (1) C6 xung khi, 0,5 Hz, 1,73 m/s 181,1 161,9 141,7
nang riéng (2) Khéng xung khi, 1,73 m/s 177,7 159,7 140,9
(WhkgSP) Chénh 1éch (1) va (2) 1,9% 1,4% 0,6%
Tiéu hao nhiét (1) C6 xung khi, 0,5 Hz, 1,73 m/s 1104 1343 1459
nang riéng (2) Khdng xung khi, 1,73 m/s 1652 2045 2103
(kJ/kgSP)

Chénh léch (1) va (2) -33,2% | -34,4% | -30,6%




