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TOM TAT: Khi nghién citu izng dung STH trong bio quan cac sin pham cé gia tri kinh
té thi viéc xay dizng md hinh todn va giagi bai toan truyen nhiét — truyen khoi dong thoi trong
diéu kién STH, tir 46 1am co so dé xac dinh ché dg cong nghé 1a rdt quan trong. O bai viét nay
chiing téi s trinh bay két qua nghién cizu thiét |gp mo hinh toan va gidi bai toan truyéen nhiét —
tach am dong thoi ¢ dang tru trong diéu kién STH, két qua thu duwoc sé 1ing dung STH trong
bao quan san pham thiy hai sin nhom gidp xac (tdm si, tdm bac va témthé) co gia tri kinh té.

1. PAT VAN PE

Thuce té cho thiy viéc ing dung STH trong bao quan c&c san phiam thuc phim co gia tri
kinh té thi vin dé dat ra can phai xéac dinh cho dugc ché d6 cong nghé thich hop, vi STH siy ¢
didu kién &p suit thap va nhiét o thap va nho hon trang théi ba thé O(4,58mmHg, 0.0098°C)
ctia am bén trong vat ligu am (VLA) va ddy 1a ky thuat ché bién tién tién nhat hién nay, san
pham duoc ché bién bang ki thuat ndy s3 giit dwoc gan nhu hoan toan céc té chét tu nhién ban
dau cia chiing. Tuy nhién, ky thuat STH kha phirc tap, viéc xéc dinh ché do cong nghé thich
hop dé dwavao (rng dung khong gap it mudn van kho khan. Chinh vi vy, bai toan dit ra ¢ day
|a cAn phai nghién ctru thiét 1ap md hinh todn vagiai bai toan truyén nhiét — tach 4m khéi dong
thoi cia VLA ¢ dang tru trong diéu kién STH, tir d6 1am co s& cho viéc x&c 1ap ché do cong
nghé STH va ng dung cong nghé ndy trong viéc bao quan cac san pham thay hai san nhém
gidp x&c (tdm su, tém bac vatém the) oo giatri kinh té.

2.NOI DUNG

2.1. Mo ta quatrinh STH

Quatrinh STH gom 3 giai doan néi tiép nhau [3], [4], [5], [6]:

§ Gial doan 1: lanh dong VLA dén nhiét @6 lanh dong t6i uu, nudc trong VLA déng bang
hoan toan. ) )

§ Giai doan 2: ST H, két thac giai doan nay nhiét do VLA vuot qua nhiét do két tinh,
nhung & lan can diém ket tinh vacon lai 1aphalong. i

§ Giai doan 3: Say chan khong (SCK) de tach luong am con lai.

V& mit thiét bi co thé tham khao tai liéu [4].

2.2. Cac gia thiét ban dau

i) VLA nghién ciru la cac loai thuc pham dang tru ¢ béan kinh R (d = 2R), chiéurcao laH
= 2h. Chang han: thuy hai sin nhém gidp x&c nhu: tdm 0, tém bac, tdm thé bdc vo, cat bo dau
vadudi xem gan dang hinh try c6 kich thuéc: D = 2R = 2x4.5x10°%[m], H = 75x10°[m], xem
md ta ¢ hinh 1.

i) Xem céc thong s nhigt vat Iy:1,Cp, | §,8,... 1ahing s Iy trung binh theo nhigt do,
an nhiét thang hoary, vaan nhiét hoahoi ry, goi chung la L, xem la hing s5.
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iii) Vi trong diéu kién STH thi &p suat thang hoa caa am déng bang va nhiét do cia ching
nho hon diém ba thé O(4.58mmHg, 0.0098°C) nén trao doi nhiét trong dieu kién STH cha yéu
latrao doi nhiét birc xa tir nguon bic xa dén bé mat VLA, sau dé dan truyén tir bé mit vao cac
I6p bén trong dé thyc hién thang hoa am déng bang. Vi vay, hé sb toa nhiét: ddi luu ag = 0,
birc xa apx * 0.

iv) Xem ham am phan b déu trong hinh tru va co cc mét dang nhiét dong tam, dong thoi
xem vung (1) 1alép khé am @& thang hoa, vang (11) 1alép am déng bang chua thang hoa

dQ; =dQu

dQ,

-h

d=2R
Hinh 1. M6 hinh nghién ctru dang hinh try hitu han

Viing (1): 16p kho, 4m d4 thang hoa.
vang (11): 16p chira khd, dm chua thang hoa

2.3. Lap mé hinh toan truyén nhiét —tach am trong diéu kién STH

2.3.1. Phwong trinh truyén nhiét [2]

- T c&c gia thiét dat ra vamd hinh nghién ciru thi ching ta c6 thé viét phuong trinh vi
phan dan nhiét khdng 6n dinh duéi dang tong quét sau:

®
$+w.gradt = 4 aR2t @

Cyl
p
- Xem md hinh nghién ciru dang hinh tru ¢6 d = 2R ; H = 2h, khéng c6 ngudn nhiét bén
trong (g, = 0), VLA ran nén w =0, dong thoi xem c4c mat dang nhiét 14 cac mat try dong
tam, do d6 phuong trinh vi phan dan nhiét (1) duoc viét nhu sau:
2 2 o)
t(r,z,t) _ aaeﬂ t(r,z,t) +lﬂt(r,z,t) N 1°t(r, z,t) 2120

2
it 2 roo A @
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§ Poi véi vung (1): i
T

I

i

I 2 u
S R S tl

l
i Tt 2 rqr
§ Péi vai ving (11): : i S (4)

T0ErE£r',0£2z£2",t3%0
}tl(r,z,t) =Ty, = const

§ Céac diéu kién don tri dé giai bai toan (3) va (4)
Piéu kién dau:

t =0thi t(r,z,0)=t(R,z0)=t(r,h,0) =T, =Ty, =const (5)
t1(r,z,0) =t,(0,0,0) = Ty, = const (6)
T¢ =const: nhiét o mbi truong bic xa. @)
T,y : nhiét do bé mat caa VLA (8)
Piéu kién bién:
W20 o Bog(r yqr z); 2D <o (o8
fir r=R | fir r=0
ﬂt(rvzvt) - aﬂ(-]—f _ t(l‘,h,t)), ﬂtl(r,z,t) :O (gb)
fiz z=h I 1z z=0
Tai bé mat [6p kho tiép véi [6p @ong bang:
(™20 = (r 2 1) = Ty =oonstigr =-1 10020 =-1,8020 =3, (109
8ﬂr q:r' gﬂr Q:r+

t(r,zt)=t(r,z ,t) =Ty, =const;q, =-I 18E+ =ayD, (10b)

892 5,

2.3.2. Phwong trinh truyén nhiét —tach 4m trong diéu ki¢n STH

§ Phuong trinh ndy dugc thiét 1ap tir phuong trinh can bang nhiét trong diéu kién STH:

dQux = dQ; +dQ; (11)
V6i: dQyy [KJ]: lwong nhiét birc xa cip vao trong thoi gian dt [s] dé thuc hién thing hoa

am d6ng bang va nung néng 16p khdé ma am da thang hoa. Luong nhiét ndy dwgc xéc dinh theo

phuong trinh: dQp, = - | atho 2pRHdt - | &t o pdet (11a)
&1 - 2 By 7
dQ; [kJ]: luong nhiét can thiét cho thang hoalam tach lugng 4m déng biang ¢ ving (1)
dQ; = LgdG gy = - LoGAW = - L g ;pR?HdW (11b)
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dQ; [kJ]: luong nhiét dan truyén qualp khd (am da thang hoa) nung ndng 16p khd cé bé
day (R —r) va(h—2z) trong thoi gian dt. Xé&c dinh theo phwong trinh sau:

dQ,=-1 FM0 oorHgy - | EMO
8 firg - 8 2%-;

§ Khai trién phuong trinh (11) s3 thu duoc phuong trinh truyén nhiét — téch am trong diéu
kién STH nhu sau:

7

e
-LorleH _é- ?ri; 2R+l
=R

pr2dt (11c)

At o 2

u
aéTto 2ruH+€|aéTto ru (12
8112@—2 1]

g I’q = 0 8 f2g=n
Vil : he SO dan nhiét caalép khd am da thang hoa, [WI/(mK)].
r 1: khéi lugng riéng I6p dong bang ciia VLA, [ kg/m’].
W: d6 am caa VLA [%], Lo ky hiéu chung cho 4n nhiét thang hoa (r,) hoic héa hoi
(rn) [kI/kg].

§ O giai doan 2 sdy thanghoa Lo =ry,

RZ

I u

i- rthrleH —efl ?to 2R+l géTto 2ruH+e'| ngto R?+| ?Tto 2

i ra—r ra= @ Tz g-n 2= 0 (13
}tl(r ,ZY) =t(r,zt) =ty (r, Z 0=tz D) ETt =ty

§0 giai doan 3 &y chan khéng Lo = rpp

] 0

I- rhhrszH ?to 2R+ I?[to 2ruH+€| ?to R%+ I?to rzu

i ra-r ra= @ zg=n g 0 (19
%tl(r ,Zt)=t(r zt) t(r,z"t) =t(r, 2 ,t) > Tt =t

Véi: T [°C]: nhiét d6 két tinh caa am; r, [kg/m®: khdi lwong riéng VLA chua

dong bang.
2.4. Giai m6 hinh toan
a) Vi tl(r+, zt)= tl(r,z+,t) =Ty, =const nén phuong trinh (4) ddng nghiém.

b) Giai phwong trinh (3): bing phuong phép phan ly bién sb Fourier. C&c hing 0 tich
phan duoc xac dinh tu dieu kién bién (5), (6), (7), (8), (9ab) va (10ab), qua bien doi st thu
dugc nghiém téng quét:

— ¥ ¥ zo_ € ot dJ
t(nzt) =T +(Tin- 1) & & AvPm 308”?1 mgmn BpE ¢l (15)
m=1n=1 é &ha
Véi: A, = 23, () A= 2sinmy, 1 ﬁ nfy
m, §3(m)+ Z(m)4 " [mn+sinmycosmy] " h T R? b2

T; =const : nhiét 4o mbi truongbucxa; OEr£R,0£z£h,t2 0
Ty - nhiét do thiang hoa ciaam trong VLA
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', : langhiém caa phuong trinh dac trung: M = & (16)
Ji(m) Big
My, : langhiém caa phuong trinh dac trung: cotgm,, = Bﬁ an
Ih
Bij, : chuan sb Bio ving | theo phuong z: Bip, = a?—xh (18)
Foy, : chuan sd Fourier vang | theo phuong z: Fop, = % (19)
Big : chuin b Biovi - i = 208
R : chuan s6 Bio vung | theo phuong r: Bir I (20
Fog : chuan s Fourier viing | theo phuong r: Fogr = iz (21)
R
a[m?s"]: hé sb dan nhiét cialsp khé tuyét di: a= | (22)
Cckr ck

| [W/(mK)], alm%s]: hé sd dan nhiét vahé sb dan nhiét d6 caalop khé.
R[m]: ban kinh hinh tru cia md hinh nghién cau.
Jo (), Jy(m,,): lacéc ham Bessel loai 1bac 0, 1; TLTK [7], vai:

4 6 8
88 2,0 gxg gxg
:b(X)=1-&X++ 22" > g+2 g -
g P2 P23 PP3PE
3 5 7
. gxg @0 é‘%x?
W= PR =x- L+ L. 8 4
2 P2 P23 P2P34
C)Hé sb téa nhiét birc xa dwoc xac dinh theo phwong trinh [7], [8], [9]:
abx:Cokeqdlo-S(Tf2+T2)(Tf+T) [WI(m2K)] (24)

Vi Ty = const: nhiét do ngudn birc xa. H¢ sb birc xa trung binh xé&c dinh theo nhiét d¢
xem nhu khéng thay doi trong quatrinh cap nhiét dugc xéc dinh theo phuong trinh sau:

Ti
abx =co|<eqd.10'8T 1T (‘)(sz +T2)(Tf +T)dT [WI(mPK)] (25)
7 Tt
r: 21/ 4 A A /. 5 A A A — 1 1 A
Véi: Co = 5.67 [W/(m*K™)] hé sb birc xa cua vat den tuyét doi; qq =1/ (—+—-1):4d0
& &

den quy dan; ;= 0.96, &, = 0.9: d6 den ciia vat birc xa vaVLA. Nhu vay: e, = 0.867
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2.4.1. X&c dinh phwrong trinh bién thién ham dm theo thei gian trong diéu ki¢n STH

- Thay phuong trinh (15) vao (12) sau d6 bién doi lay ¢6 am trung binh cia VLA theo thé
tich s8 nhan duoc:

a8 Y ¥
Wit = Cokl ok 252 o o aeatoo

W(t) =Wp- — & ca?R2(T, - T, AA Ty 1- e
gt o A A A A ong 2

h S S ”hhag 2 0 & aeatoou

4 (T T) & AAAT S T~ Mm( )91- e —

R m=1n=1 Mh O 8 Rg B 8 QEH

é ® aeatoo

? (Ten - Tf)é é.A Ammhgé?%a?m .d‘sn ”Pn)gl exp8
é m=1n=1 8 %

- cos{m)) &- = a o
- (Tin- Tf)a_.lg.lAA héé’r Jogm ﬂil )gl e e (26)

§ O giai doan 2 siy thiang hoa

i ¥ ¥

W) =wp- — B 994h2R2T-T 2 3AA, M APt
: (t) =W 2y 88 (Tin f)”?:.l;'s_ll A anl( m,)d (”ﬂn)@ 9@8 he
' h2 5 & & aeatod’l
| -4 (T Tf)ne.lglAnAm 9(‘3&3@ rsn (Mgl epg = TFs
|

i .

? +& (T Tf)aaAnAmmcéwogm -so(rg - 00T L2
| é m=1n=1 e h o
|

: (T Tf)aaAnAwhcéwo?a ﬂ%l—oos(mn)ﬁ-e@“"dp
I m=ln=1 € 8 hﬂzb';,
|

j:jtl(r+,z,t) =ty(r,2",t) =t(, 2 t) =t(r,Z ,t) =Ty, £ T

Tt =ty Wt ) =Wor )
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§ O giai doan 3 siy chan khong

L o
1) Wy CorRe T Tf)aaAnAmanl( mlsnim) T 0w |15

- (Tn-T) 3 & aAnAnhcéa b R-d_(l' cos{ ) )gl- °9g H%

:IZ (", zt) =tz ) =t zt) =t(r,Z ,t) > T,
ft=tas Wtg) =W )

2.4.2.. Xac dinh diém két thic giai dogn sy thang hoa chuyén sang siy chan khéng

|

|

: thrZRAhZee meln=1

| A1 T) & AAA @Jl _d"sn oI- e o
' SERLLES eI o
|

I é

I ze d 00
| +§?2(Tm Tf)naplrglAnAnmnh@@Jogﬁa sin(m, )§ ¢
|

! sea 6fP
|

|

|

- Két thic giai doan siy thing hoa khi do: f(r,z,tth) =Ty thay vao (15) sau khi lay
nhiét d6 trung binh theo thé tich dé tim thoi gian siy thiang hoa theo phuong trinh sau:
y y & 0

— = T-T 2 :
=0tz =—r=3 3¢ _Am)___+q
=T m:ln:lgnﬁgJo(nmul(nmgv 9
e 2sin’m,, 0 a i at 4y, O
® Sex g P2
', + My, SN, CosMy, pe 8 g h? @

- Phuong trinh (29) l1a co so x&c dinh thoi gian sy giai doan 2: Sy thiang hoa.

2.5. Dung cu thiét bi, ddi twong va phwong phap nghién ciru dé kiém chieng md hinh
toan

2.5.1. Thiét bi dung cu thi nghigm

§ Thiét bi, dung cu thuc nghiém gém: Hé théng siy thing hoa DS-3 cd giai doan lanh
déng ngay trong budng thang hoado ching toi tu thiét ké, ché tao, xem hinh 2.

§ H¢ théng STH DS-3 ¢6 gin céc cam bién nhiét do, do am va &p suat do luong va diéu
khién, rat thuan lgi cho viéc thuc nghiém.
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Hinh 2. Hé théng sdy thang hoa DS-3 ty lanh dong (-50 , - 45)°C

2.5.2. Nguyén vit ligu nghién ciru

Déi tugng nghién cau laloai thuc pham thay hdi san nhom gidp xac: tom s, tom bac va
tém thé bdc vo bo dau, cat bo dau va dudi deé tao hinh gan dlng véi hinh tru can nghién cau,

co kich: H = 75x10°m, R = 4.5x10°m.
2.5.3. Phwong phap nghién criru

Phuong phép nghién ciru: thiét 1ap va giai md hinh todn, kiém ching mé hinh toén bing
thuc nghiém.

3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Xac dinh nghiém ciaa phwong trinh dac treng (16), (17)

Céc thong sé vt |y va nhiét - vt ly cia vt liéu nghién ciru

Céc thong sb vat ly va nhiét — vat ly cua vat lieu nghién ciu thuy hai san nhom gidp xac
(tébm s, tém bac vatdm thé) TLTK [1]. Bé kieém chirtng md hinh todn dathiét 1ap, chang téi da

thuc nghiém trén nguyén vt liéu nghién ciru dai dién cho nhdm nay latém su.

Bing 1. Ky hiéu vagiatri cac thong sb nhiét - vat ly cuatoém si

Ky higu Giatri Théng sb nhigt —vat Iy Tham khao

Wy 0.7467 D6 4m ban diu cna VLA Experiment (2007)
T [°C] -1.21 Nhiét do két tinh ciadm bén trong VLA Experiment (2007)
T: [°C] 35 Nhiét d6 ngudn birc xa nhiét. Experiment (2007)
Tin [°C] -25.11 Nhiét d6 thang hoa Experiment (2007)
Ton [kIkg™] | 2569.4196 | An nhiét héahoi cia nudc Perry et al. (1992)
rm [kkg'] | 3230.875 | An nhiét thang hoa cuanuée Perry et al. (1992)
ri[kgm? | 838.48 Khéi lugng riéng cia VLA déng bing hoan |  Experiment (2007)
ro[kgm? |839.34 | toan. Experiment (2007)
r [kgm] 364.03 Kh(?i luong riéng cia VLA khong déng bang. Experiment (2007)
ro [kgm? | 112.32 Kh(j)i luong riéjng cﬁa\{LA voi W = 008 -0.1 Experiment (2007)
c [kkglK" | 1.7454 Khoi lugng riéng chat kho tuyét doi trong |  Experiment (2007)

Trang 74




TAP CHi PHAT TRIEN KH&CN, TAP 12, S0 08 - 2009

=
o

9 0.0507 VLA Experiment (2007)
| [wm'K | 1.084 Nhiét dung riéng caa lop khd Experiment (2007)
] 4.9x10° | He sb dan nhiét caalép kho Experiment (2007)
| [Wm'K™ | 37.5x10° | Hé sb dan nhiét caa VLA Calculation
] 7.98x10® | Bankinh hinhtry Stefan Boltzmann
R[m] 5.67 Nita chiéu cao hinh try Liapis and Bruttini
h[m] 0.96 Hé s dan nhiét do (1994)
?:lz(_clf ) |09 Hé sb bic xa cua vat den tuyét déi Luikov (1966)
(ms] ] 0.867 Do den cuavat birc xa Calculation (25)
Co[Wm' | 9957 Po den ciaVLA Calculation (22)
K™ Do den quy din Calculation (22)
& 4.3088 He sb hing buc xa cua bé mit di¢n tich trao
& 0.3824 doi nhiét
Eqd 3.187 Hé sb toa nhiét bing birc xa tai Py, = 0.1mmHg
k Chuén sb Bio theo phiong ban kinh R
Chuén sb Bio theo phirong chiéu cao h
Apx [Wm
2K-1]
Bir
Bih
10
Tk oy
08 €
06 | >(\ ©
04 2
0 T T T T
AN NN N [ I N B N P
" \W M 15\></20 4
04 1 6
06 8

Hinh 4. B4 thj biéu di&n nghiém cua phuong
trinh dac trung (16), (17)

Hinh 3. B4 thj biéu di&n sir bién thién cuaham
diéu hoaBessel loai 1, bac0val

Nhin vao db thi & hinh 4 ré rang phuong trinh dic trung (16), (17) c6 vo sé nghiém m, m,
v6i (n=1® ¥; m=1® ¥). Vi vay, phai chon n, m sao cho chudi (15) hoi tu nhanh, c6 nghia
céc sb hang ciia chudi (15) tiép theo n, m 1ai, j d& chon vé cling bé, nén co thé loai bo (d; <
0.0001): véi:

d; =AA; g (M é) cos(m E) eng’, (anOR +anoh)8 (30)

Giai phuong trinh (16), (17) kém theo diéu kién (30) bang Iap trinh trén méy tinh s thu
duoc nghiém nhu sau, o thé xem bédng 2:
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Bang 2. Nghiém caa phwong trinh dic trung ¢ diéu kién &p suat thang hoa Py, = 0.01
mmHg

mi (16) 0.8344 | 39299 | 7.0698 | 13.3524

Tomsa | Mhi (17) 1.2084 3835 | 6.7257 9.741 | 12.8102 | 15.9057 | 19.0156
n 4

m 7

Nhu vay, phuong trinh (16) c6 4 nghiém (n = 4), phuong trinh (17) c6 7 nghiém (m = 7)
thoadieu kiém (30)

3.2. Thuc nghiém dé kiém chitng mé hinh toan dathiét lap

Thay céc théng sd nhiét —vat ly ¢ bang 1 vanghiém phuong trinh dac trung o bdng 2 vao
phuong trinh (27) va (28) roi viét chuong trinh trén méy tinh sg tinh todn vamo phong duong
cong say ly thuyét, dong thoi thuc nghiém va mé phong duong cong say thuc nghiém doi voi
VLA tom s, dicu kién STH ¢ 8p suat Py, = 0.01 mmHg, ket qua nhan dugc co the xem hinh 5.
RO rang, duong cong say tinh toan tr mo hinh va duong cong say thuc nghi¢m cd dang gan
giong nhau.

0.8

Wx107 [%]

0.7 \
Tinh toén ttr md hinh

) & . £ N a N
0.6 \. ¢ Diém thwc nghiém

0:5 \i

*
\’»
0.4 5
e
0.3
*°
0.2 e,
.“.\.1
00....’.
0.1 *9¥ e
R S oo The&i gian, [h]
(0]
0 2 4 6 8 10 12 14 16 18 20 22 24

Hinh 5. M6 phong dudng cong STH & Py, = 0.01 mmHg, ap, (Opt) = 4.3088 [Wm2K™]

Sai sb gitta sd liéu tinh todn tir mé hinh so véi sb lidu thuc nghiém duoc xéc dinh theo
phuong trinh sau:
t

t
O (t) ct - oW (t) ct
0 0

n J—
& [Wen (t)- wae (1) o
ss(w(t)) ==L X100% = .
a Wit (t) o oWy (t) ct
=1 0
Tur phuong trinh (31) sau khi tinh toan béng chuong trinh duoc vi &t trén méy tinh s3 nhan
duoc két qua: SS(W(t)) = 9.13%. Vi vy, co thé khang dinh rang: mé hinh toan truyén nhiét —
tach Am ma ching toi thiét 1ap c6 thé hoan toan chap nhan duoc cho nhitng VLA tém si STH
néi riéng vaVLA hinh tru STH néi chung.

x100% (31)
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D¢ |am ting thém do chinh xac ciia mo hinh todn khi ing dung md hinh toan truyén nhiét
— tach am nay vao thuc t€ dé tinh toan thict ke, cling nhu xac dinh che d6 cong nghé thi can
phai nhan thém hé s6 hiéu chinh trong md hinh toan, hé s6 hiéu chinh dwoc xac dinh nhu sau:

W. , N X .

Goi: Hc(t) = ﬁ (32), bién dién ham (32) trén do6 thi, xem hinh 6, trong d6: Wy,: 46 am
It

VLA trong qua trinh siy do dac bang thuc nghiém, W, d6 4m VLA tinh toan tir md hinh.

2
Hc(t) ——DPuwong thwc té
—Duwong ly twédng

1.5

AR s O O %
1 9
0.5
Thori gian, [h]

(0]

(o] 2 4 6 8 10

Hinh 6. D4 thi biéu dién quan hé He vathdi gian: He(t) = Wy, / Wi =1(t)

Néu He(t) = 1 c6 nghia |a duong cong siy tinh todn tir mé hinh tring véi duong thuc
nghiém, diéu nay ching ta luén mong mubn va md hinh toan thiét 1ap rat chinh xéac, trén do thi
hinh 6 tathdy Hc(t) blen thién xung quanh duong He(t) =1, do d6 md hinh toan dugc thiét lap
chua dang véi thuc té. Vi vay, can phai nhan thém hé sb hiéu chinh, gid tri hé sd hiéu chinh
chinh 1a dién tich trung binh cua hinh thang cong biéu dién ¢ hinh 6, dugc xé&c dinh theo
phuong trinh sau:

t; t:
n 1 i+1 n 1 i+1 W
A= & —=— & He(t)dt = & o — dt (37)
i=0tj+1- b =0t~ tj t, Wit
Tur phuong trinh (37) sau khi tinh toan bang chuong trinh dugc viét trén méy tinh, s& nhan
duoc ket qua: A = 1.0913. Nhu vay: Wi, = AW, = 1.0913W,

3.3. Xac dinh thoi gian siy ly thuyét caa giai doan STH va SCK

Khi siy & nhiét do buc xa Ty = 35°C va ép suat budng thiang hoa Py, = 0.01 mmHg thi thoi
gian say duoc xé&c dinh quahai giai doan nhu sau:

O giai doan siy thing hoa: khi két thic giai doan STH thi nhiét d6 VLA
t(r,Z,t ) = T bt du vurot qua nhigt do két tinh Ty, = -1.21°C, béi vi Itc d6 4m dong biang
chua thiang hoa hét s3 chuyén sang pha long thuc hién giai doan siy chan khéng. Tir phuong
trinh (29)

Thay cac giatri ¢ bang 1 va 2 vao phuong trinh (29) s¢ xac dinh duoc: ty, = 10.975h; khi
d6 @6 am vat liéu khi két thiic STH xé&c dinh tir phuong trinh (27) 1& Wy, = Wy, = 0.0533 =
5.33%

§0 giai doan sz“iy chan khéng: khi két thic giai doan siy chan khong thi ¢ am cubi
cung dat do am yéu cau Wy, = 0.035 = 3.5%. Thay vao phuong trinh (31) s2 x&c dinh dugc: t
= 8.05h, tong thoi gian quatrinh say: t = ty, + t = 10.975 + 8.015 = 18.99h
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3.5. Ban luan

Qua thyc nghiém d&kiém chirng, c6 thé khang dinh ring mé hinh toan da dugc thiét lap 1a
phl hop cho céc loai VLA dang tru trong diéu kién STH, tuy nhién giita duong tinh toén tir mo
hinh va dudng thuc nghiém cé sy khéc biét nhau dang ké trong STH 1a do mot sb nguyén nhan
sau:

- Ban dau am déng bing c6 ham luong 16n nhét nén qué trinh thang hoa xay ramanh ligt,
[7], [8], [9] tuy nhién qua trinh thiang hoa 4m bang tir cac [6p bén trong khdng truc tiép ra
ngoai mdi truong, ma thyc té ¢ day phai xay ra qua trinh khuéch tan noi, tir bén trong ra bén
ngoai bé mat sau khi thing hoa, sau d6 khuéch tan ra ngodi méi truong, déy 1a nguyén nhan
|am cham qua trinh bay hoi.

- Mait khéac am trong VLA khong phai 1& 4m nguyén chit, 4n nhiét thing hoa va an nhiét
héa hoi khdng phai 1a hang s ma ching luén phu thudc vao nhiét do ddy ciing 1a nguyén nhan
anh huong qua trinh thang hoa.

- Tom sii duoc gia thiét 1a hinh tru c6 kich thuéc H = 75x10°m, R = 4.5x10°m, thyc té
tom st chi gan dung vei hinh try, hon nirakhi STH xay ra hién tugng bién dang bé mat, day |a
nguyén nhan dan dén sai sb.

- Ham am trong VLA tém st dugc gia thiét |a phan bd déu, truyén nhiét khdng 6n dinh
theo 2 phuong r, z c6 cac mat dang nhiét ddng tam dé don gian héa bai toan khi giai, nhung
thuc té ham 4m khodng phan bb déu vatruyén nhiét theo 3 phuongr, z vagoc | .

- Cé&c thong sb nhiét - vat Iy duoc iy trung binh va xem 1& hang sb, nhung thuc té cac
théng sb nhiét — vat Iy ndy phu thuc vao nhiét do.

Mot diéu dang chd y ¢ day l1a duong cong STH tinh toan tir md hinh: tai thoi diém cudi
giai doan 2 STH vadau giai doan 3 siy chan khéng cé budc nhay la do: nhiét do VLA vuot
qua nhiét d6 két tinh nén 4m bén trong VLA thing hoa khdng hét khong con ton tai ¢ pharin
nira ma chuyén hét sang pha Iong, co ché thang hoa va co ché bay hoi khéc nhau, an nhigt
thang hoa ry[kJ/kg] va an nhiét hoa hoi caa am khéc nhau, toc do bbc hoi cudi giai doan thang
hoa b&o hoa, téc d6 boc hoi dau giai doan thing hoa lén hon nhiéu. Do d6 khi tinh todn s3 tao
rabudc nhay. Tuy nhién & duong cong STH thuc nghiém thi budc nhay ndy khong thé hién ré
rang: nguyén nhan khi két thic giai doan 2 STH ham am con lai trong VLA it va toc d6 hda
hoi ciaam dau giai doan 3 khdng 16n vi xay rakhuéch tan noi.

Puong cong STH tinh todn tir mé hinh vathuc nghiém & hinh 5 dugc xéc dinh & diéu kién
&p suat buong thang hoa Py, = 0.01 mmHg, tuy nhién khi &p suit Py, thay d6i dan dén nhiét do
bé mat VLA t(R, h, t) thay doi, hé sd toa nhiét bic Xa ap [Wm'ZK' ] thay dbi, chuan sd Bio
va nghiém phuong trinh déc trung (16), (17) m, m, thay doi theo, cu0| cung dan dén duong
cong Say thay ddi, van dé nay phal co nhung nghién ciru rleng & bai viét tiép theo chung toi s3
cong bd két qua nghién ciru thiét 1ap méi quan hé giira hé sd toa nhiét birc xa ap, [Wm™?K™]
V6i &p suat STH vaviéc ting dung mé hinh ndy dé thiét lap ché do sdy thich hop.

4. KET LUAN

M6 hinh todn truyén nhiét — tach am da duoc thiét 1ap & (27), (28), (29), qua kiém chang
bang thuc nghiém ching t6i khang dinh rang mé hinh toan truyén nhiét — tach am véi sai b
SS(W(t)) = 9.13%. Vi hiéu sb hiéu chinh cho VLA tém st A = 1.0913, do d6 co thé chap
nhan duoc va viéc ang dung md hinh toan ndy dé tinh toan thiét ké, ciing nhur xéc lap ché do
cdng nghé trong bao quan cac san pham thuc phdm dang tru néi chung va thay hai san nhém
gidp X&c (t6m s, tdm bac vatém thé) néi riéng co giatri kinh té hoan toan phu hop.
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Thoi gian STH ciing dwoc xac dinh tir phuong trinh (29) t = ty, + t4 = 10.975 + 8.015 =
18.99h hoan toan phtl hop véi thuc té sin xuat. Tuy nhién, & day chiing téi cap nhiét bang tro
nhiét birc xa nén thoi gian rdt ngin xudng con (14-19)h tly theo do am VLS yéu cau cudi
cling, trong thuc té san xuat cap nhiét STH bang nudc nong thi thoi gian siy kéo dai tir (22 —
25)h. C6 thé ndi cap nhiét biang birc xa nhiét 1am tang hiéu qua kinh té.

Tém lai mé hinh todn truyén nhiét — tach am da duoc thiét 1ap ¢ (27), (28), (29) ¢ tinh goi
ma, khdng chi trng dung cho VLA thay hai san nhém gidp xac (tém sa, tém bac va tém thé)
ma con cd thé wng dung cho tat ca céc loai VLA c6 kich thudc hinh hoc [a hinh tru ¢ ban kinh
R va chiéu cao 1a H. Tuy nhién, do tinh chat nhiét — vat Iy khac nhau thi duong cong STH va
thoi gian STH sE khac nhaw.

RESEARCH FOR THE ESTABLISHMENT AND SOLUTION
MATHEMATICAL MODEL OF HEAT AND MASSTRANSFER AT THE
SAME TIME IN PROCESSING FREEZE - DRYING

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

ABSTRACT: When applied technology Freeze — Drying in preserving foods had
economy value, it seems that establishment and solution mathematical model heat and mass
transfer at the same time in conditional processing freeze — drying is very important problem.
From that point it is basis of science to determine regime technology Freeze — Drying. In this
article, we will publish result research to set up and solve mathematical model heat and mass
transfer at the same time of cylinder formin conditional freeze — drying. Result research will
apply for preserving fishery foods crustacean group (PENAEUS MONODON, PENAEUS
MERGUIENSIS, PENAEUS VANNAMEI) has economy value.
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