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(Bai nh@n ngay 12 thang 05 nam 2008, hoan chinh sira chiza ngay 07 thang 08 nam 2008)

TOM TAT: Say thang hoa |a mgt quéa trinh ki thugt kha phizc tap bao gém ba giai
dogn: giai dogn 1: 1am lgnh déng vat liéu am (VLA) chuyén toan bg am ti do trong VLA tir
trang théi long sang trang théi ran; giai dogn 2: sdy thang hoa tgo ra moi truong sdy co nhiét
dé va ép suat thap nhé hon trang théi ba thé (. 0098°C; 4. 58mmHg) a“‘ amtrong vat liu ter
trang thai rén thang hoa sang trgng théi hoi, ka thic giai dogn ndy am dong bang trong vat
ligu sdy thang hoa hoan toan, nhiét dg vat ligu sy 0.0098°C; giai dogn 3: siy chan khéng lam
bay hoi dm lién két ¢ trang thai long con lgi trong vat liéu sd'y, két thic giai dogn nay khi co
sir can bang nhiét xdy ra. Véi 1 qué trinh tréi qua 3 giai dogn nhue vdy thi viéc xac dinh ché do
cdng nghé gap rat nhiéu khd khan va phirc tap.

O bai viét nay, ching t6i nghién ciru phuong phép xac dinh nhiét d@é lanh déng thich
hop cua VLA thdng qua viéc xac dinh ti I¢ nuéc dong bang trong VLA (nhom giap xac: tom su,
tom bac, tom the) theo nhiét d@6 lanh dong cua chlng, két qua thu diroc gdp phan gigi quyét
bai toan lanh ddng ¢ giai dogn 1 trong sdy thiang hoa, dong thoi 1am co s6 khoa hoc cho viéc
X&c dinh ché dg cong nghé sdy thing hoa cac sin pham thiec phdm cao cdp néi chung va thuy
san hai nhém gidp xac co gia trj kinh té néi riéng.

1. PAT VAN PE

Khi nghién ctru xay dung md hinh todn dé xéc dinh ché do cong nghé siy thang hoa thi
can giai quyét cac bai todn cho ting giai doan (giai doan 1, 2 va 3) vagiai doan 1 lagiai doan
lanh ddng VLA dé chuyén am tir trang théi 1ong sang trang tha ran. Bai todn dit ra o day, |am
thé ndo dé xéc dinh duoc nhiét do caa VLA lanh déng nam trong khoang nao 1a thich hop. Néu
khong xéc dinh duoc thi khi lanh dong ¢ nhiét do am cao am ty do khéng dong bang hét din
dén giai doan sy thiang hoa chi thang hoa phan am tu do da dong bang, phan am tu do chua
déng bing boc hoi trong giai doan siy chan khong vatiéu ton rat nhiéu nang luong, dong thoi
do nhiét d6 sy cao |am giam chit lwong san phim, con néu khi lanh déng & nhiét d6 am sau
hé théng lanh tiéu ton nhiéu nang lugng kéo dai thoi gian lanh dong, kéo dai thoi gian siy dan
dén khéng kinh té. Vi vay, viéc nghién ciu phuong phép xéc dinh nhiét do lanh déng thich
hop ciia VLA thdng qua x&c dinh ty 1é nuéc déng bang la rat can thiét dé giai quyét bai toan
lanh déng ¢ giai doan 1 trong siy thang hoa. Bi vai nhom gidp xéc (tém si, tdm bac, tém the)
nghién ciru thi am tong cong chiém tir (72.22 , 77.34)% trong d6 am ty do chiém (65.57 |
68.21)% con lai am lién két chiém (6.65 , 9.13)%, vi thé can phai ha ¢én mot khoang nhiét do
n&o d6 sao cho téng lrong 4m trong VLA déng biang (65.57 , 68.21)%, ldc dé ti I 4m déng
bang phai tir (0.8, 0.95) ladat.
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2.NQI DUNG
2.1. Co sé khoa hoc xé&c dinh ti 1€ nwéc ddng biang theo nhiét d9 lanh d@dng caa VLA
vanhiét d¢ lanh @oéng thich hep
2.1.1. Xay deng m6 hinh toan
- Bai toan dit ra ¢ day la phai xay deng ham:
w(T)=w(r,t)=f(Rt,T,, T, Ty, LLW,..) )
Vi
- W(T)T [0,1]: ty I& 4m d6ng bing trung binh theo nhiét dong lanh dong cia vat lidu 4m.
- W=G/G,1 [0,1]: ty Ié 4m dong bang bén trong vat liéu am.
- G Gn, G [kg]: khdi lugng am dong bang; khdi luong am c6 trong vat ligu am; khoi
lugng vat liéu am.
- - W=G/GT (0,1): ty I¢ am (hay d6 4m twong ddi) c6 trong vat ligu 4m, véi gia thiét |a
am phén bo déu.
- Bai toan lam lanh d@dng VLA [ubn trai qua 3 giai doan:
@) Giai doan 1 (a): Lam lanh VLA tir nhiét do ban dau Tes = Tyia = const, xudng nhiét do
két tinh am 6 bé mat VLA Tywia) = Tk = const.
b) Giai doan 2 (b): Lam két tinh 4am bén trong VLA.
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c) Giai doan 3 (c): Can bing nhiét, lam giam nhiét do VLA sau khi két tinh hoan toan,
xudng nhiét do cudi cling T.. Vi giai doan 1 va giai doan 3 chi |a nhitng bai todn truyén nhiét
trong mot pha, vi vay thoi gian thyc hién qua trinh tuan dinh luat Plank, tai liéu tham khdo
(TLTK) [3],[5], [6].

- Van d& ma chlng ta quan tam ¢ dy chinh la ti 1¢ 4m déng bing bén trong VLA theo
nhiét d6 lanh déng ciaa VLA, tir d6 xéc dinh khoang nhiét d6 lanh dong thich hop. Pay lavin
dé rat phuc tap c6 nhiéu théng sb tham gia nhu: truong nhiét do, bé mat VLA, bé day 1op két
tinh, bé mit tuyén phan pha, ban chit VLA, céch thirc va méi truong thyc hign qua trinh két
tinh, ... Chinh vi vy, chiing ti s3 tap trung nghién ctru xem xét bai todn & giai doan 2 dé lam
rd vin dé dit ra

- Truée khi di x8y dung md hinh toén thi céc gia thiét dat ra can nghién ciru nhu sau :

i) VLA lanhém gidp x&c nhu: tdm s, tdm bac, tdm thé, ...va xem VLA cin nghién ciu
gin dang véi hinh tru cd kich thuéc: D = 2R, H =2h >> 2R, vi thé xem hinh tru d& vo
han.

i) Xem céc thong sb nhigt vat Iy:r ;,C

i8] {,... 1ahdng sb 4y trung binh theo thé tich.

iii) He s cap nhiét (toanhiét) ciamdi truong xem nhu khong déi: a = const .
iv) Phuong trinh can bang nhiét tai tuyén phan pha tuan theo dinh luat Leibenzon LS.
- Tir gia thiét dat ra, c6 thé xay duyng mé hinh todn nhu sau:
® ~
E+W.gradt+iDt:q—"+aLN2t 2
it Cpf Cpf
Vi VLA nghién cau dang hinh tru ¢ R<<H, khong co6 ngudn nhiét bén trong (v =0),
khéng c6 dong cap, toc do tuong doi gira VLA vamai truong lanh dong bang 0, dong thoi
Xem céc mat dang nhiét 1a cac mat tru ¢ong tam, do d6 phuong trinh vi phan dan nhiét & dang

ft_ S 190

co ban dugc viét nhu sau: = St- 3
Tt w2 rirg
Py, Py 19 O
Poi véi vung (1), I6p 4m dong biang: i Tt 1% w2 rirg )
.
T TErER,t20
1o, 3P, 190
Poi véi vang (11), 16p 4m chwa déng bang: i Mt Zg w2 o 5
:
0 Of£reErnt30
Céc diéu kién don tri dé giai bai toan (4) va (5):
a) Pidu kign du: t =0thit, [, _, =t(R,0) =T, = const (6)
t, =t,(0,0) =T, = const: nhiét do tam tai thoi diémt =0 (7
T, = const: nhiét @6 madi treong (8)
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b) Didu kign bien: (-t =2 (R1)- Tol ) 0D —o o)
rol=r 11 r lr=o
©) Tai bé mit phan pha: t,(r,t) =t,(r,t) =Ty, (11)
d) Phwong trinh can bing nhiét tai bé mit phan pha:
rlvva%:rl\ANde(R_r):—rlvvaﬂ:—Ilaéﬁg +I2@2 (12)
t t dt W g &N g
Vi I 1,1 ,: hé sb dan nhiét cia lép dong bang caa am valép am chua dong bang

[W/(mK)]; r ;: khdi luong riéng cia VLA & 16p am dong bang & vang | [ kg/m’]; w: ty 1§ am
da két tinh (dong bang); w: d6 am cuaVLA; (R —r) = x : bé day cialép dong bang [m]; L: an
nhiz{;t]déng bang caa nuoc [ kJkg]; a5, &: hé 0 dan nhiét do cua vung (1) va vang (11),
[m7g].

Giai phwong trinh (4): bing phuwong ph& phan ly bién sb Fourier.
pat:t,(r,t) =y ,(r)j 1(t), c&c hing sb tich phan duoc xéc dinh tir didu kién bién, qua bién
d6i s8 duoc nghiém nhu sau:

g Jl(nn)
trt)=T,+(T,-T.)a?2 5 5
DT e L e+ F )

Véi: T, =const : nhi¢t d6 méi truonglanhdéng; rEr£R,t3 0

J(m expniFo)  a3)

Ty, : nhiét d¢ két tinh caaam trong VLA

N, : langhiém caa phuong trinh dac trung: Jo(Mn) = ﬂ 14
Ji(m,) Biy
Bi, : chuan s Bio caatruong nhiét do ving I: Biy=aR/l4 (15)
Fo, : chuan s Fourier ciatruong nhigtdo vangl:  Fo, =agt / R? (16)
Jo(rr,), Ji(m,): lacéc ham Bessel loai 1 bac O, 1; voi: TLTK [7]
1 1 1 1 1 1
1 (EX)4 (*ZX)G (*ZX)B 1 (*ZX)S (*ZX)S (EX)7
W= O+ -5t a5 W= HH =X S+ -+
27 PP PPF PrF4 2 P2 P23 P2F4

Giai phwong trinh (5): Tuong tu nhu trén, dat: ty(r,t) =y »(r)j »(t) tim c&c hé sb tich
phan bing c&c diéu kién don tri, cudi cuing thu dugc cdng thirc nghiém nhu sau:

to(r,t) =Ty +(To - TKt)g 2 (M) Jo (M, L) exp(- nf,Fo,) (17)
w1 MM+ 3 M) R

Véi: Ty - nhiét 6 tam VLA [°C], xacdinh tai thoi diém t =0va T, =Ty,
Ty, : nhiét d6 két tinh chaamtrong VLA; O£r£r,t 2 0
Jo(r
o(Mm) _ M (18)
J;(m,) Bi,

N, : langhiém caa phwong trinh dac trung:
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Bi,: chuan sb Bio cuatruong nhiét do vang 11 Bi, =aR/l , (19)
Fo,: chuan sb Fourier ciiatruong nhigt do vang I1: Fo, = ayt / R? (20)
Jo (), i () : lacée ham Bessel loai 1 bac O, 1

2.1.2. Thuc nghiém kiém tra mé hinh toan

Viéc thuc nghiém kiém tra mé hinh nhu d4 gia thiét cia tém sd, tém bac va tém thé hoan
toan twong ty. Do d6 trong bai bao nay nhém nghien ciru chi kiém tra tinh pht hop caa loai
t6m st ma thdi.. O d thi hinh 3a va 3b, duong lién 1a duong ty(r, t)yvaty(r, t) ly thuyét va
duong chiam la duong t; vat, do dac thuc té, rd rang duong thyuc té gan tring voi duong ly
thuyét diéu ndy khang dinh md hinh ma nhém nghién ciru gia thiét 14 phi hop va chap nhan
dugc. Tuy nhién c6 sy khéc biét d6 1a sai sd do tdm khéng tuyét dbi 1a hinh try ma gan ddng
v6i hinh try ma théi. Bé cb sy twong ddng véi ly thuyét thi két qua do dac thuc té can phai
nhan hé sb hiéu chinh.

twlt twdo [doC]  r=R: 3RM: R2: RM: RE: 0

8 i i i i i thol gian.1000[s] 8 thol gian.1000(s]
T T - I TR L R R R R R TR R TR T

Hinh 3a. Trudng nhiét do bé mat hinh tru gitra Hinh 3b. Truong nhiét do tam hinh tru gittatinh
tinh toén |y thuyét vado thuc té toan |y thuyét vado thuc té
2.1.3. X&ac dinh ham ti | nwéc ddng bing
w(r,t) =w(T) vi T=T(r,t) (21)
Giai phuong trinh can bang nhiét (12) véi diéu kién bién cua lop déng biang dich chuyén:
Khi t =0 thir =R tai bé mit tru: ® X=0;t =t thi r=rtai bémaitphénpha:@ X=R-r; ]?é
6 thé giai duoc phuong trinh (12) ¢ bé mat phén pha thi can phai l1ay ham Bessdl ¢ dang gan

;
J. Ji(m, )»”hﬁ; 05‘”\1_
ding: 3, (x) = - Jg(x) » —x 0£|x|<<10 i
i {3 L o0g|m,—
(M ) mn ‘mm R
Thay phuong trinh (22) vao (13) va(17), bién dol sau do thay véo (12), lay tich phan hai
vé; biénrchaytr R® r; biént chay0® t taduoc:

-1 J(h)
Wrt)=—{-Crq(T, e)a 1- exp(- nfFoy)]
rleIn(F:){ S n—1”?1[\]0(n?w)+\11(”?1)]

<<1

(22)

<<1

(23)

¥

§ 3
+Cof o(To- Tir) [1- exp(- fF0y)]
el ad s Rl hFo2))
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Phuong trinh (23), dai legng 1/In(r/R) 12 dai lwong suy bién & 2 bién khi r = R; r = 0 dén
day can phai tim cach khr dai lugng suy bién nay, bang cach lay ti I¢ nuéc dong bang trung
binh theo bé day r.

Thay t =f(T): thoi gian [am lanh déng la mot ham caa nhiét d6 lanh dong, nhiét do lanh
déng dugc liy lanhiét do trung binh theo thé tich caa vat lidu lanh déng s3 thu dugc.

9,2877 H(my) af (1)
Wi t) =- 220y (T - Te) 1- el- 0
o UGl ‘firm[Jo(nmwl(nm R o
3,(my) azf(T)
+Cof o(Tg- Tky) expl - My =)
S almn[Jo(mnwl(mn)] e

Vay ti 1& nuéc dong bang dugc lay theo trung binh caanhiét do lanh dong dugc xéc dinh:

oL ¥
W)= Lo 928771 CraTie - Te e)é ) (- n%aif(l')

To- Ty O rat B W) +E ) 5
¥
2 I azfm
+Cor »(Ty- Tit) (-
TR L T e T

V6i: Ty, Toa[°C]: 1anhiét do bé mat vanhiét do thm cling x&c d;nh tai mot thoi diémt nao
de.

Nhiém v bay gio 1a phdi tién hanh thuc nghiém d@é xéac dinh cac thoéng so vét |y, nhiét -
vat ly va hamquan hé giira thoi gian lanh @ong véi nhiét do trung binh lgnh dong cia VLAt =
f(T), sau d6 thay vao phurong trinh (25) dé xac dinh ti 1¢ nuéc dong bang trung binh theo nhiét
dg, tur d6 xac dinh nhiét dg lanh d@bng thich hop cua vdt liéu say ¢ giai dogn 1 trong say thang
hoa.

11 R

T= R 1 ddl(r t)dr + dz(r t)dr]dt (26)

T[°C] nhlet do trung binh Cuavat liéu theo thé tich x&c dinh theo cong thirc PlanK (26).

2.2. Pbi twong va thiét bi dung cu nghién ciru

2.2.1. Thiét bi dung cu thi nghigm

Thiét bi, dung cu thi nghiém dé thuc nghiém : Hé théng siy thing hoa DS-3 cd giai doan
lanh d6ng do chding tai tu thiét ké, ché tao, xem hinh 3c, trén d6 gan cac cam bién dé xé&c dinh:
nhiét ¢6 mdi truong lanh déng T, nhiét d6 tam vat liéu Ty, nhiét @6 bé mat vat liéu T, thoi
gian thuc hién qué trinh lanh déng t [s], do 4m vat liéu W[%], p suit budng thing hoa Py,
[mmHg].

2.2.2. Nguyén vt ligu nghién ciru

~ Do tugng nghién ciru laloai thyc pham thiy hai sin nhém gidp xéc co giatri kinh té, chi

yéu [& tém sU, tdm bac vatdém thé. Thanh phan co ban cia nguyén liéu, xembang 1 TLTK [4].
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Hinh 3c. Hé théng siy thing hoa DS-3 ty lanh déng (-50 | - 45)°C

2.3. Phwong phép nghién ciu
Phuong phap nghién ciru laxay dung mo hinh todn va phuong phap thuc nghi¢m
Dé tinh toan phuong trinh (26) chiing t6i sr dung phuong phép s, dong thoi 1ap trinh trén

may tinh bang ngbn ngit Visual Basic 6.0.

3. KET QUA NGHIEN CUU VA BAN LUAN
3.1. Két qua nghién ctru
3.1.1. S ligu therc nghiém cac thdng so vat |y, nhiét - vat |y cia vit ligu nghién ciu
Bang thuc nghiém chiing t6i dé xé&c dinh duoc céc thong sb vat Iy va nhiét vat Iy cia doi

tugng nghién ciu nhom gidp xac (tom s, tdm bac vatom the), phuong phap va thict bi dung

cu thuc nghiém dé xéc dinh céc thong 5 nay TLTK [8].

Bang 1. Céc théng sb nhiét vat ly caavat liéu nghién ciru

SNVL Khéi luong riéng Hé s dan nhist Nhiét dung riéng
NVL [kg/m’] [W/(mK)] [kJ(kgK)]
M1 o l1 P G C
Tom su 838,48 839,34 1,084 0,562 2,574 3,570
Tom bac 839,23 840,64 0,996 0,566 2,799 3,593
TOm thé 843,52 844,77 1,052 0,565 2,590 3,591

Chu y:- 1y, | 1, Cy: céc thong sé & viing (1) dm d& dong bang; T2, | 2, Co: cac thong S0 ¢ viing
(1) @m chera @ong bang; TSNVL: théng so nhiét vat ly; NVL: nguyén vat liéu nghién citu.

Bang 2. Céc théng sb nhiét vat ly cia vat liéu nghién ciru

TSNVL Kr']f:h“;]ggc Hiﬁ‘i’éi"a Chuén sb Bio Bi Hé s dan nhiet d6 a[m?/s]
NVL R [m] [W/(;ZK)] Bi1 = aR/I 1 aB'l?ZII_Z al = I l/(Clr l) az = I ZI(CZr 2)
Tém st 4.10° 8.12 0.02996 0.05779 | 5.021x10°7 1.875x10”7
Tom bac 4107 8.12 0.03261 0.05738 | 4.232x10”7 1,8739x10”
Tomthé 4107 8.12 0.03087 0.05748 | 4.811x10”" 1.863x10”"
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Bang 3. Céc théng sb nhiét vat ly caavat liéu nghién ciru

TSNVL D6 im cia Nhiat do két An nhiét Nhi?t d6 moi Nhiét qé_télﬂ vat liéu
vat lieu tinh ciaam ddng biang t[uong lanh tai thoi diémt =0va
- cuaam dong = const Tul=0=t:(R0) = Ty
NVL W [%] T[°C] L [KJkg] Td°C] T, [°C]
TOom s 74.67 -1.21 333.6 -45 5.12
TOm bac 74.21 -1.18 333.6 -45 4.97
Tom thé 74.23 -1.17 333.6 -45 5.01

X&c dinh nghiém phuong trinh (14) va (18): Khi 0 < Abs(x) << 1 (*) thi c&c ham Bessdl
duoc lay gan dang nhu sau: Jy(X) » 1- (% x)2; 3y (X) = - IB(x) » %x.
Tir phuong trinh (14) va (18) viét lai:

M:ﬁo*ﬁﬁ:ﬂpﬂﬁﬂ @7)
Ji(my) Biy 2m, Biy \2+Bi,
() _ My g 40 _ My o | 4BEp 28)
Ji(m,) Bi, 2m,  Bi, \2+Bi;

Thay giatri Biy, Bi, ¢ bang 2 vao (27) va (28) st xac dinh dugc nghiém caa phuong trinh
dac trung (14), (18) vacac giatri ciaham Bessel, xem bang 4, 5.

Bang 4. Cac nghiém phuong trinh dac trung (14) vagiatri cac ham Bessel

hiém Nghiém ctia phurong (14) Giatri ciacac ham Bessel Jo(m) vaJ(my); n=1, 2

NVL m m J(m) J(m) J(m) Jy(m)
Tom st 0.24297 -0.24297 0.98524 0.12148 0.98524 -0.12148
Toém bac 0.25333 -0.25333 0.98396 0.12666 0.98396 -0.12666
Toém thé 0.24658 -0.24658 0.98480 0.12329 0.98480 -0.12329

Bang 5. Cac nghiém phuong trinh dac trung (18) vagiatri cac ham Bessel

ghiém Nghiém cua phuong (18) Giatri ciia cac ham Bessel Jy(my,) vaJy(my); m=1, 2

NVL m m 3(m) J(m) Jo(m) J(m)
Tom su 0.33516 -0.33516 0.97192 0.16758 0.97192 -0.16758
TOm bac 0.33407 -0.33407 0.97211 0.16702 0.97211 -0.16702
Tom thé 0.33432 -0.33432 0.97206 0.16716 0.97206 -0.16716

Tt nghiém caa phuong trinh dic trung (14) va (18) tim dugc ¢ bang 4, 5 ro rang no thoa
diéu kién (*). Vi vay, viéc lay gan ding cia ham Bessel 14 phii hop. Bay gio phai kiém tralai
viéc lay gan dung céc phuong trinh Bessel ¢ hé (22) c6 dugc thoa man hay khéng? Vi: 0 £ r
<< 2R nén 0 < 1/2R << 1, mat khac: 0 < Abs(m,) << 1; 0 < Abs(my)<< 1. Cho nén: 0 <
Abs(mr/2R) << 1; 0 < Abs(my/2R)<< 1 ® viéc |y cac ham Bessel dang gin ding ¢ hé (22)
ciing thoa man.

Thay céc thong s vat ly, nhiét — vat ly & bang 1, 2, 3 va nghiém phuong trinh dac trung
(14), (18), giatri cac ham Bessel tim dugc ¢ bang 4, 5 vao phuong trinh (25) dé xéac dinh lai
cdng thirc ham ti 1€ nudc déng bang bén trong VLA theo nhiét do caavat liéu lanh dong:
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T To &
W(T) =0.09597 L& (1~ exp[- 2.73268x10" °f (T)])dT -
Tor- Tw ¢
Péi véi tom st: v (29)

T
0.1332410° Tkt TT 0(1 expl- 3.69726x10 °f (T)])dT

01" 'w T,
.
T 01 5
W(T) =0. 10501TKt O exp- 2.721705x10" °f (T)])dT -
o~ W
Poi véi tdm bac: TT (30)
01
0.1350210" Tkt O~ expl- 3x643564x10° >f (T)])dT
Tor- Tw ¢
T To O
W(T) =0.09715-KL—€ (1~ exp[- 2.77835x10" >f (T)])dT -
. TOl' TW T
Péi véi tom thé: v (31)
To- Teg '
0.13489_0——KL (1. exp[- 3.634014x10™>f (T)])dT
Tor- Tw T

3.1.2. Thuc nghigm xéac dinh ham quan h¢ t =1(T)

Dén day can phai tién hanh thyc nghiém dé xéc dinh quan hé giita thoi gian lanh dong véi
nhi¢t do lanh dong trung binh cua VLA t =f(T) =& + & T + . +ahTn thay vao phuong trinh
(29), (30) va (31) rdi tinh tich phan gan diing bang phuong phap b, cho phép sai & 10™.

Bang 6. S liéu thuc nghiém vatinh toan cho

6m S Bang 7. S0 liéu thyc nghiém vatinh toan cho

tém bac
rwea | Twea | tea | oug | W(T) -

TwlCl | Tul’cl °cl st | w(T)

@ (b) () (d) (e (a) (b) (©) (d) (e)

-1.21 5.12 2.778 0 0 -1.18 4.97 2.695 0 0
-3.23 3.26 0.859 720 0.0880 -4.14 1.61 -0.517 720 0.0915
-6.13 0.73 -1.808 1500 0.1850 -6.16 0.17 -2.172 1200 0.1531
-8.07 -0.64 -3.389 2760 0.3210 -8.12 -0.67 -3.426 2520 0.3024
-12.15 -0.85 -5.031 3840 0.429% -12.01 -0.93 -5.03 3720 0.4285
-20.24 -0.98 -8.106 5040 0.5613 -20.28 -1.09 -8.19 4680 0.5499
-24.19 -1.04 -9.605 6120 0.6599 -24.39 -1.11 -9.724 5880 0.6683
-26.53 -115 -10.541 7380 0.7521 -26.68 -1.13 -10.584 7080 0.7663
-28.21 -1.18 -11.181 8220 0.8089 -28.49 -1.15 -11.266 7620 0.8147
-29.41 -1.21 -11.644 8700 0.8423 -29.55 -1.18 -11.677 8280 0.8620
-30.22 -1.56 -12.164 9480 0.8886 -30.39 -1.38 -12.114 8520 0.8863
-31.17 -2.07 -12.837 9720 0.9167 -31.23 -1.85 -12.721 9420 0.9482
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-32.29 -12.16 -19.608 10500 1.0000 -32.09 -10.57 -18.532 10500 1.0000
-33.08 -13.37 -20.663 11100 1.0000 -32.67 -12.87 -20.196 11100 1.0000
-34.11 -14.53 -21.775 12060 1.0000 -33.23 -14.67 -21.537 11580 1.0000
-35.24 -16.37 -23.352 12900 1.0000 -33.87 -16.11 -22.681 11880 1.0000
-36.73 -17.21 -24.432 13740 1.0000 -34.45 -17.09 -23.513 12120 1.0000

Xembdng 6, 7, 8 s lidu thuc nghiém va tinh toan cia tém sa, tdm bac, tdm thé. Trong do:
cot (@) nhiét bé mat vat liéu, (b) nhiét d6 tam caa vt liéu, (c) nhiét d6 trung binh cua vat liéu
xé&c dinh biang cong thirc (26) theo T,,, Toy Vat (co nghiathay cot (a), (b) va (d) vao cong thic
(26) sz tinh todn ra gia tri ¢ cot (c)), (d) thoi gian thyc hién qua trinh lam lanh, (e) ti 1€ nuéc
déng bang trung binh theo nhiét do trung binh.

Biing 8. S ligu thyc nghi¢m, tinh ton cho tom the Hinh 4Ha’2’9‘(‘)glt'5i‘;°ggst(l’$i‘11201 B2
TW’Cl Tul’Cl T[] tfs w(T) 3 = 0.9692 A oo
(@) (b) (c) (d) (e) 4000
-1.17 5.01 2.723 0 0 'Nhiét ?6 ["C]' ' ' ' ~ )
-3.79 1.16 -0.672 72000934 |, o0 15 .12 -8 -4 0
-5.19 0.09 -1.864 1260  0.1613
-8.56 -0.74 -3.633 2640  0.3179 Hinh 5. Ham muc tiéu caatom bac
-14.35 109  -5.996 4020 0.4651 _y=-7.9642¢- 6B1.42x + 89689 45
-18.86 -1.11 -7.677 4620  0.5356 52 8000
2454 -1.12 -9.785 6120  0.6792 iF 4000
-26.02 113 -10.339 7380  0.7665 Nhigt o [°C] | ‘ e
-28.73 115 -11.355 8280  0.8369
-29.03 117 -11.478 9000 08733 |2+ 20 16 12 8 4 0O
-30.57 -1.34 -12.155 9600  0.9168 Hinh 6. Ham muc tiéu caatdm thé
-31.03 -9.68 -17.579 10320  1.0000 y =-6.5712x? - 688.15x +710.82 g 12000
-32.07 -10.98  -18.783 10860  1.0000 52
‘© "~ 8000
-33.19 -12.33  -20.048 11760  1.0000 4000
-34.34 -14.04  -21.551 12900  1.0000 Nnigt d¢ [oc]‘ | ‘ e
-35.16 -16.22  -23.228 13200  1.0000
-36.41 -17.98  -24.799 13380 10000 |24 20 -6 12 8 4 0

Tir sb lidu ¢ cot (c) va (d) cho phép xir 1y sd liéu vaxay dung phuong trinh hdi quy quan
hé gitta thoi gian véi nhiét do lanh déng trung binh caa VLA t = f(T) bing phuong phép do
léch binh phuong cyc tiéu, hodc ciing c6 thé xay dyng ham thyc nghiém t = f(T) trén phan
mém Excel.

Xemhinh 4, 5, 6. R6 rang quan h¢ thoi gian t[s] vanhi¢t d¢ lanh ddng trung binh theo thé
tich T[°C] trong qué trinh lanh déng thay doi theo quy luat parabol, xem bang 9. Sau d6 thay
hamt = f(T) vacéac s5 liéu o cot (a), (b), Ty va Te ¢ bang (3) vao phuong trinh (29), (30), (31)
dé tinh ti I¢ am dong bing trung binh theo nhiét d6 w(T) .

3.1.3.Tinh toan xac dinh ti 1¢ nwéc dong bang trung binh theo nhiét dé lanh dong ciia
VLA

Viét chuong trinh cho phuong trinh (29), (30) va (31) trén ngdn ngir Visual Basic 6.0 véi thuat
giai: chiadoan [T, Toy] = [&, b] thanh k doan nho bang nhau, véi buéce chia: h= (b —a)/k; cac
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diém chia Xo = a X = Xo + ih; X = b; yi = f(x); voi: i = 1,0, ..., k; véi sai s5 cho phép 10* thi
buéc chiavaso dieém chiadugc xac dinh theo cong thirc Newton-Cotes:

4 -
h= ﬂpk:(b-a) M;Mzzmax
(b-a)M, | 1210 A [ab]

Nhu vay tich phan (32), (33) va (34) dugc tinh gan ding mot céch dé dang theo cong thirc
sau:

f* ()| (32)

b
1= Of (¥dx »h(%+yl+y2+ya+...+yk.1+y—2k) (33)

Chay churong trinh d& viét trén may tinh s cho két qua rat nhanh chong ¢ cot (€) ¢ bang 6
(tom s), 7 (tom bac) VA 8 (tom thé).

Bang 9. Ham thuc nghiémt = f(T) cuatdm sU, tdm bac vatém thé

vat ligu Ham thuc nghiém t = f(T) R*

Tomsi | t =f(T)=-7.0215T°—665.15T + 1120.1 | 0.9692
Tombac | t =f(T)=-7.9642T>—681.42T + 696.89 | 0.9730
Tomthé | t =f(T)=-6.5712T>—688.15T + 710.82 | 0.9720

3.1.4. Nhigt dg lanh d@ong thich hep ciia VLA ¢ giai dogn 1 trong siy thang hoa
Tur ket qua tinh toan ti 1€ nuéc dong bang trung binh theo nhiét d6 ciaVLA ¢ bang 6, 7 va
8 cho phep chiing taxac dinh duoc nhi¢t d6 lanh dong thich hop ciaVLA canlanh dong o giai
doan 1 trong iy thang hoa. Xem bdng 10.
Bing 10. Nhiét d6 lanh déng thich hop cia VLA trong siy thang hoa

Vit ligu nghién Khoang nhiét dg thich hgp
ciru Tu [l To [°C] T[] w(T)
Tom st -32.29 -12.16 -19.608 1.0000
TOm bac -32.09 -10.57 -18.532 1.0000
Tom thé -31.03 -9.68 -17.579 1.0000
3.2.Ban luan

§ V& mit co so khoa hoc, trong qua trinh lanh déng chuan bi cho siy thing hoa n6 riéng
va ché bién lanh déng thyc phdm néi chung, khi nhiét d6 tm san phim dat téi nhiét do két
tinh ciaam cd bén trong vat ligu thi luong am két tinh phai 1a w(T) = 1 (100%), TLTK [3].

§ Nhung khi thuc nghiém va tinh todn thi két qua cho thiy 1a khéc biét so vai ly thuyét 1a
do céc yéu té anh huong dén qua trinh nhu sau:

U Cé4c thdng sb nhiét - vat Iy vavat Iy nhu: |, r, C, ...v.v |y theo trung binh thé tich va
xem né khéng thay ddi dé thuan loi cho viéc giai bai todn truyén nhiét ¢6 chuyén pha, nhung
thuc té céc théng b nay ludn thay déi theo nhiét.

{IMb hinh toan xa&y dung duoc xem gin ding véi hinh try D = 2R = 8x10° [m] dai vo
han, nhung thirc t& n6 khdng dung véi hinh try, mit khéc chiéu dai caa tém s, tdm bac, tdm
thé H = 2h = 74x10° [m] Ién hon gép 18 14n so vai ban kinh R, vi vay hinh try ndy van xem |a
hinh tru ¢6 kich thugc hitu han vaday la nhitng yéu té co ban dan dén s khéc biét.

UMat khéac Am (nuéc) bén trong VLA khong phai 1a nuéc nguyén chit mané & dang dung
dich (gdbm céc chat tan 1a cc khoang chit, vitamine, axit amine,...v.v) va khi am két tinh am
téch ra khoi dung dich thi 1am nong do chat tan tang, diém két tinh am cang Itc cang giam.
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Diéu d6 chung o rang khi nhiét do tam dat t6i nhiét do két tinh ly thuyét thi ti 186 4m dong
bang w(T) khéng thé dat 100% duoc.

§ Qua két qua tinh toan dé xéc dinh khoang nhigt do lanh déng thich hop ciia vat ligu am,
xem bdng 10, cho thay rang ket qua nay phti hop véi thuc t€ san xuat. Khi nhiét d6 tam VLA
nhé hon -10°C Itc dé nhiét do trung binh VLA nho hon -21°C thi lwong 4m két tinh 16n hon
80%

§ Mot sd cong trinh nghién cru Heiss d& cong bé: dbi vai vat liéu dang keo x6p nhu loai
gidp x&c (t6m sU, tdm bac va tém the,...) am chiém (75, 79.5)% trong d6 c6 6,1% am ty do
qualai mang té bao thi két tinh & nhiét do t = -1, -1.5°C; 65.5% am ty do nam trong té bao thi
két tinh & nhigt do t = -1.5, -20°C; 7.5% am lién két thi két tinh 6 t =-20 | -65°C TLTK [2],
[3] dicu d6 ching to phuong phap xéc dinh ti I¢ am dong bang va nhiét do lanh dong thich hop
& trén co do tin cay rat cao.

4. KET LUAN

§ Qua viéc thuc nghiém kiém tramé hinh toan. Md hinh ma nhém nghién ciu gia thiét rat
phui hop véi két qua thue nghiém, vi vay chiing ta cé thé sir dung mé hinh nay dé tinh toan ti 18
nuéc déng bang theo nhiét do lanh déng déi voi VLA: tdm S0, tdm bac vatém the.

§ Hién nay, cac nhamdy, xi nghiép ché bién lanh déng thuc phim théng thuong ¢ nhiét do
khoang (-45 + -30)°C tuy theo loai san phim, sau d6 |y miu va kiém travi sinh, thiy vi sinh
vat bi giét chét hoic mat kha nang sinh truong va phét trién la dat, TLTK [1], [2], [5], [6] va
khéng biét khoang nhiét d¢ lanh déng ndo la thich hop. Vi thé viéc nghién cau dua ra phuong
phép x&c dinh ti 1& am déng bang va khoang nhiét d¢ lanh déng thich hop 1a mot giai phép vé
mit cdng nghé rat thiét thuc, qua dé cho phép xéc dinh ché do cong nghé & giai doan 1 trong
sdy thang hoa c6 co s khoa hoc. Xem bang 10.

RESEARCHED THE METHOD TO DETERMINE ICE RATIO IN
MATERIALSFREEZE AND OPTIMAL TEMPERATURE OF FREEZE IN
STAGE 1 OF PROCESSING FREEZE - DRYING

Nguyen Tan Dung®, Trinh Van Dung®®, Tran Duc Ba®
(DUniversity Technical Education Ho Chi Minh City
(2)University of Technology, VNU-HCM (3)University of Industry Ho Chi Minh City

ABSTRACT: In the fact that Stage 1 freeze humidity materials of processing Freeze —
Drying will be the most effect, when temperature of materials comes up to the optimal
temperature of freeze, at that time free water of materials will be completely crystallized,
therefore when finshed on stage 2 of processing Freeze — Drying free humidity of materials be
crystallized to completely sublimated. Like this, how to determine free water of materials
completely crystallized and optimal temperature of freeze in stage 1 of processing Freeze —
Drying. For this reason, We researched the method to determine the ice ratio and optimal
temperature in stage 1 freeze of processing freeze - Drying.
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