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TOM TAT: Khi nghién ciru amg dung STH trong bdo qudn cdc san pham cO gid tri kinh
1¢ thi viéc xdy dumg mé hinh todn va giai bai todn truyén nhiét — truyen khoi dong thoi trong
diéu kién STH, tir d6 lam co sé dé xdc dinh ché dg cong nghé la rat quan 1rong. o bai viét nay
chung 16i sé trinh bay két qua nghién ciru thiét Idp mé hinh todn va giai bai todn truyén nhiét —
téch dm déng thoi & dang tru trong diéu kién STH, két qua thu dwoc sé vng dung STH trong
bdo quan san phdm thity hai san nhém gidp xdc (t6m s, tom bac va tém thé) cd gid tri kinh té.

1. DPAT VAN PE

Thuc té cho thay viéc img dung STH trong bao quan cac san phdm thuc pham co gza tri
kinh té thi vén de dit ra can phai xac dinh cho dugc ché do cong ngh¢ thich hop, vi STH say o
diéu kién ap suat thap va nhiét d6 thip va nho hon trang thai ba thé O(4, 58mmHg, 0.0098°C)
clia 4m bén trong vat lidu 4 &m (VLA) va day 1a ky thuat ché bién tién tién nhat hién nay, san
pham dugc ché bién bang k¥ thuat ndy s& gif duge gan nhu hoan toan cac t5 chét tw nhién ban
dau cia ching. Tuy nhién, ky thudt STH khé phic tap, viéc xac dinh ché do cong nghé thich
hop dé dua vao tmg dung khong gap it mudn van khé khan. Chinh vi vy, bai toan dat ra & day
la can phal nghién ctru thiét lap m0 hinh toén va giai bai toan truyén nhiét — tach 4m khéi dng
thoi cia VLA & dang tru trong diéu kién STH, tir d6 lam co s& cho viéc xac lap ché do cong
nghe STH va ng dung c6ng nghé nay trong viéc bdo quan cac san phdm thiy hai san nhom
giap x4c (tém si, tdm bac va tdm thé) cé gia trj kinh té.

2. NOI DUNG

2.1. M6 ta qua trinh STH

Qua trinh STH gbm 3 giai doan nbi tiép nhau /3], /4], 151, [6]:
» Giai doan 1: lanh dong VLA dén nhiét d6 lanh dong t6i vu, nudc trong VLA déng bing

hoan toan. ]
» Giai doan 2: STH, két thuc giai doan ndy nhiét d6 VLA vuot qua nhiét do két tinh,

nhung & lan cin dlem két tinh va con lai la pha long.
* Giai dogn 3: Say chan khong (SCK) dé tach lwong 4m con lai.
V& mit thiét bj c6 thé tham khao tai liéu /4/.

2.2. Cacgia thiét ban diu

i) VLA nghién ciru la céc loai thuc pham dang tru c6 ban kinh R (d = 2R), chiéu cao la H
= 2h. Ching han thity hai sidn nhém gidp x4ac nhu: tdm si, tém bac, tom thé boc vo, cat bo déu
va dudi xem gin déng hinh tru c6 kich thuge: D = 2R =2x4. 5x107 [m], H = 75x10°[m], xem

mo ta O hinh 1.
ii) Xem céc thdng sb nhiét vt 1y: p;,C i, A;,8;,... 12 hang s6 Iy trung binh theo nhiét o,

4n nhiét thdng hoa ry, va 4n nhiét héa hoi ry, goi chung 1a Ly xem la hémg sb.
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iii) Vi trong diéu kién STH thi 4p suét thang hoa ciia 4m déng bing va nhiét do cua chung
nho hon diém ba thé O(4. 58mmHg, 0. 0098° C) nén trao dbi nhiét trong dleu kién STH chu yeu
1 trao ddi nhiét birc xa tir ngudn birc xa dén bé mit VLA, sau dé dan truyén tir bé mit vao cac

16p bén trong dé thyc hién thang hoa 4m déng bang. Vi vdy, hé sb tda nhiét: dbi luu og = 0,
birc xa oy # 0.

iv) Xem ham 4m phén b6 déu trong hinh try va ¢é céc mat dang nhiét ddng tim, dong thoi
xem viing (I) 12 16p khé 4m da thing hoa, ving (IT) 12 16p 4m dong bang chua thang hoa.

dex! Clpxy
Ts

dQ, = dQy,

P

d=2R
Hinh 1. M6 hinh nghién ciru dang hinh tru hitu han

Ving (I): I6p khé, dm da thang hoa.
Viing (I1): 16p chua khé, dm chuwa thing hoa

2.3. Lap md hinh todn truyén nhiét — tich 4m trong diéu kién STH
2.3.1. Phuong trinh truyén nhiét [2]

- Tir céc gid thiét it ra va md hinh nghién ciru thi ching ta c6 thé viét phuong trinh vi
phéan din nhiét khong 6n dinh dudi dang tdng quat sau:

-
ﬁ+w.gradt =Av v (1)
ot CpP

- Xem m6 hinh nghién ciru dang hinh tru ¢6 d = 2R ; H = 2h, khéng c6 nguén nhiét bén

trong (g, = 0), VLA rén nén W = 0, dong thoi xem cac mat dang nhiét 1a cac mit try dong
tdm, do d6 phuong trinh vi phan dan nhiét (1) dwgc viét nhur sau:

2 2
ot(r,z,1) s at(r.z2,7) " _I_Bt(r,z,‘t) . a°t(r,2,%) 20
o or2 r or 82>

)
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(ot (8%t 10, 0%
—=a|—+-—
ot or2 r or 522

= P6i voi viing (I): 3 (3)
r  <r<R,z £z <h
20
oy (2,10 82t1
x| ar? r&r 0z>

= Pdi véi ving (I0): 3 (4)
. 0Sr$r+,OSz$z+,1‘20

| t)(r,z,7) =Ty, = const

* Céc diéu kién don tri dé gidi bai toan (3) va (4)
Diéu kién dau:

t=0 thi t(r,z,0)=t(R,2,0)=1t(r,h,0)=T,, =T =const (5)
t;(1,2,0) = 1;(0,0,0) = Ty, = const (6)
T¢ = const : nhiét d6 mdi trudng bire xa. D
T, : nhiét d6 bé mit cia VLA “ (8)
Diéu kién bién:
s, |, S (Tf ~t(R,2,7)); | (9a)
or r=R A or r=0
6t(r, Z, T) = O"bx (T t(f, h, ‘C)) : at] (I', Z, T) =0 (9b)
oz z=h oz z=0

Tai bé mat 16p khé tiép véi I6p dong béng:

4",z 1) =t(r,z",7) =Ty, =const; qg = (ﬁ] ) (ﬁz_) =0pAtg - (10a)
o r=r o ="
23] oty

t(r”,z,1) =t(r,z ,1) =Ty, =const ;q, =—N ==y | == =0 Aty (10b)
OF ) 0z )+

2.3.2. Phuong trinh truyén nhigt — tich dm trong d@iéu kién STH
* Phuong trinh ndy dugce thiét 1ap tir phuong trinh cén bang nhiét trong didu kién STH:
dQp, = dQ; +dQ, (11)
Véi: dQyy [kJ]: Irong nhiét birc xa cAp vao trong thoi gian dt [s] dé thuc hién thing hoa
4m dong bang va nung néng 16p kho ma am da thiang hoa. Lugng nhiét nay duoc xac dinh theo
phuong trinh: dQyy = —l[gt-] 2nRHdt - A(i] R 2dt (11a)
or r=R : oz z=h
dQ; [kJ]: Iwong nhiét can thiét cho thing hoa lam tich lrgng 4m déng bing & ving ()
dQ; =LydG gy, = -LoGdW = —LopnR*HdW (11b)
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dQ, [kJ]: lwong nhiét dan truyén qua 16p kho (Am da thang hoa) nung néng 16p khé cé bé
day (R —r) va (h — z) trong thoi gian dt. Xac dinh theo phuong trinh sau:

szz—x(ﬁJ 2::er:—1(9’-] nr2dr (11c)
ar r=r 62 =Z

* Khai trién phuong trinh (11) s& thu dugc phuong trinh truyén nhiét — taich 4m trong diéu
kién STH nhu sau:

Loy R2HdW=[—-A(§] 2R+k(§t-) Zr}H{—?{-@t—) R%?{Q[—J r{l (12)
dr o r=R or r=r" 0z z=h 0z =z

Véi A: hé s6 dan nhiét ctia 16p khé 4m da thing hoa, [W/(mK)].
py : khéi lugng riéng 16p déng bang ciia VLA, [ kg/m’].
W: d6 4m ctia VLA [%], Lo ky hiéu chung cho 4n nhiét thing hoa (ry) hodc héa hoi
(rus) [kJ/kg].

« 0 giai doan 2 séy thing hoa Ly = ry,

g leZH dw . I:_;{E] 7R + 1(2] 2r:|H+l:_;{ﬁ] R? + l[gt-) rZ}
4 dt or =R or =r oz z=h oz =z (13)

Ltl(r+,z,‘r) =t(r ,z1)=1(r, Z+,‘C) =t(r,z ,7)<T:T1=14,
= O giai doan 3 sdy chan khéng Lo = ry,

—%mRszW_[-x(ﬁ) 2R+x(§) zr]H{-x(ﬁ] R? +x[§] rz]
o & =R O Jrar 02 ) e )y | (14)

\tl(r"',z,t) =t ,Z271) =t1(r,z+,1:) =,z ,1)>Tiy; =T
Vi Ti [°C]: nhiét d6 két tinh cua am; p, [kg/m’]: khéi luong riéng VLA chua
dong bang.

A

2.4. Giai m6 hinh toan
a) Vit(r",z,1) =1;(r,z",1) = Ty, = const nén phuong trinh (4) ding nghiém.

b) Giai phwong trinh (3): bang phuong phép phan ly bién sé Fourier. Cac hing sé tich
phén dwgc xac dinh tir dieu kién bién (5), (6), (7), (8), (%9a,b) va (10a,b), qua bién dbi s& thu
duoc nghiém tong quat:

t(r,2,1) =T; +(Ty, — Tf)z_:an;A A Jo(u R)cos(umg]exp[—[%ﬂ (15)

2] (kn) A 2sinpp, 1_pl +um
- [ +sinp. cos ] T R2 p?
a3 0a) + ) | [+ sinpig cOsip ]

Véi: A, =

Tf =const : nhiét 6 moi trudng birc xa; 0<r<R,0<z<h,t2>0

Ty, : nhiét o thing hoa ctia 4m trong VLA
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J
W, : 12 nghiém cta phuong trinh dac trung: o(kn) _ u_“ (16)
J 1 (H‘n ) B IR
W, - 1a nghiém cua phuong trinh dac trung: cotgu, = %ﬁ a7n
1p
. A Ay \ § ﬂ’.bxh
Biy, : chuén s6 Bio ving I theo phuong z: Bi, = A (18)
A A . \ at
Foy, : chuén s6 Fourier ving I theo phuong z: Foy = L—z— (19)
. x £ . ~ . abe
Biy : chuén s6 Bio vung I theo phuong r: Big = A (20)
X bk . s at
Fop : chuan so Fourier ving I theo phuong r: Fogp = F (21)
| & o Kl sar % 1z P ai ks A
a [m?s™']: hé so dan nhiét cua 16p kho tuyét doi: a= (22)
CokPek

A[W/(mK)], a[m%/s]: hé s6 din nhiét va hé s6 dan nhiét d6 cia 16p kho.
R[m]: ban kinh hinh tru cia mé hinh nghién ctru.
Jo(,), Jy(1y): 14 céc ham Bessel loai 1 béc 0, I; TLTK [7], véi:

e (] () (G
1 3 2 2

Jo =14 =x| + i

e {2"] 22 P23 PPRR
3 G GJ

-X -X -X

2 + 2 z L

22 P23 P24
¢)H¢ s6 téa nhiét birc xa dwgc xdc dinh theo phwong trinh /7], 18], [9]:
0t = Cokegg10™8 (TP + T2 (T +T)  [WAm'K) 24)

Véi: Tr = const: nhiét d6 ngudn birc xa. Hé sd birc xa trung binh xac dinh theo nhiét do
xem nhu khéng thay d6i trong qua trinh cép nhiét dugc xac dinh theo phuong trinh sau:

9= =3 x-

T
abx = Cokegg.10™ I I (Tf2 + '1‘2)(Tf +TWT [W/(m’K)] (25)
C T =Ty,
T
Véi: Co = 5.67 [W/(m*K*)] hé sb birc xa ciia vat den tuyét dbi; g4 =1 /(i+ LA -1):do
‘ )

den quy din; £,= 0.96, &, = 0.9: dd den cia Vit birc xa va VLA. Nhu vdy: £44 = 0.867
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2.4.1. Xdc dinh phwong trinh bién thién ham dm theo thii gian trong diéu kién STH

- Thay phuong trinh (15) vao (12) sau d6 bién déi ldy do 4m trung binh ctia VLA theo thé
tich s&€ nhan duoc:

- ([ at
W(T)=W0‘5£:°;§{—d§h—2'[[ 4h°R*(Ty, T ) Z_IZI:AnAm T::J (p)sin (“m)(l exp\-;D

_4h_ (T-T) ZZAnAmUnﬂ J‘2r211(u;-lri)dr]sm(ym)(l—wcp[—;ﬂ_n-

m=I1n=l n

TR RS

m=In=] \ 0

(Tn=T; ZZA,,Amn[ Joeo ]](l_m(%))[lm[_fﬁﬂ @)

m=1n=1

» O giai doan 2 sdy thing hoa

(
Wi =W kP || p2p2(T _ MM e T
W) =% ZWWHM (T EEA,,A,D s 120
L Fan el | &
(=T mZIEAnAm“m jzﬁ:r{un R]dr}sm(um)(l exp[ ; ]}
] +HRY(T, —T)ii%%%nf?m (un -r-}if Sin(wn)(l—exp(ﬁ\\
) ol m=1n=l ’ R nJJ
art \-
~(Tn=T;) ZZAnAmn Jzﬁio[ R] (l—om(um))[l—a@(~
m=1n=I n )_
t,(*,z1) =tz )=t ,27)=t(r,2 1) =Ty, <T,
(7= W) = Wy | @7)
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= () giai doan 3 siy chin khong

rv_V(r)=w S rh"'R2 (Ta-T; ZZAnAm““”J (ka)s (um)[l—e»q{i‘:\
. 21'hthZRt‘lhz l m=In=1 nJJ
/R % |

_ l‘_ o BN o2y [y g L gl P
4R Tn=Tr EEAnAm sz Jl(“n R]df Sln(lv"n)(l exp( ")

< + R3(T,~Ty) ZZAnAnJJmﬂ J‘2ﬂo[ﬁlni}f Sirl(if‘m)[l“e-’qﬁ[—ﬁ)\
m=In=| R nJ)

~(Ta=T) ZZA,,Amn jzr%[ ) (l—oos(un))[l—e}q{%])

m=1n=1

4", z0)=4@z",)=tC",27)=trz,7)>T
(T=Taks W) =We
2.4.2.. Xdc dinh diém két thuc giai doan sdy thang hoa chuyén sang sdy chén khong

- Két thuc giai doan sdy thing hoa khi dé: E(r, Z, Ty ) = Ty thay vao (15) sau khi lay
nhiét d6 trung binh theo thé tich dé tim thoi gian siy thing hoa theo phuong trinh sau:

(28)

6=0,0, = e~ Ir ZZ 41 (ug) "
Tth Tf m=1n=1| Hn [JO (l-ln)"'Jl (p'n):l (29)
2sin? at
d P B JexP[ [Hn 2 ﬁ1 ;h H
K + by SiD R, COS L, R h

- Phuong trinh (29) 14 co s xac dinh thoi gian sdy giai doan 2: sdy thing hoa.

2.5. Dung cu thiét bi, di twong va phwong phip nghién ciru dé kiém chirng mé hinh
toan

2.5.1. Thiét bi dung cu thi nghi¢gm

= Thiét bi, dung cu thuc nghiém gdm: Hé théng sdy thing hoa DS-3 cé giai doan lanh
dong ngay trong budng thang hoa do chiing tdi tu thiét ké, ché tao, xem hinh 2.

= Hé théng STH DS-3 c6 gén cac cam bién nhiét do, d6 4m va ap suét do ludong va didu
khién, rat thuan loi cho viéc thyuc nghiém.
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Hinh 2. Hé théng sdy thang hoa DS-3 tu lanh déng (-50 + - 45)°C

2.5.2. Nguyén vit ligu nghién cieu

Péi tugng nghién ciru 1a loai thuc phim thuy hai san nhom gidp xac: tom su, tom bac va
tom theé boc vo bo dau cit bo déu va dudi dé tao hinh gin dung véi hinh tru cin nghién ciu,

¢6 kich: H=75x10" m,R= 4.5x107°m.

2.5.3. Phurong phdp nghién ciru

Phuong phép nghién ctru: thiét 1ap va giai mo hinh toén, kiém chimg mé hinh toan bing
thuc nghiém.

3. KET QUA NGHIEN CU'U VA THAO LUAN
3.1. Xdc dinh nghiém ciia phwong trinh déc trung (16), (17)

Cdc thong sb vt Iy va nhiét - vit Iy ciia vit liéu nghién ciru

Céc thong sb vat ly va nhiét

— vét ly ctia vat liéu nghién ctru thuy hai san nhém gidp xdc
(tdm su, tom bac va tém thé) TLTK [I]. Dé kiém chirng md hinh toan da thiét 14p, ching t6i da

thue nghiém trén nguyén vét liéu nghién ciru dai dién cho nhém nay 1a tém su.

Bang 1. Ky hiéu va gi4 trj cac théng sb nhiét - vét 1y clia tom st

Ky hiéu Gia tri Théng s6 nhiét — vat ly Tham khao

W 0.7467 D¢ 4m ban diu ciia VLA Experiment (2007)
Tul'C] -121 Nhiét d6 két tinh ctia 4m bén trong VLA Experiment (2007)
T 1°C] 35 Nhiét d6 ngudn birc xa nhiét. Experiment (2007)
T [°C] -25.11 Nhiét d§ thang hoa Experiment (2007)
i [kJkg™'] | 2569.4196 | An nhiét héa hoi clia nuéc Perry et al. (1992)
ra [kikg'] | 3230.875 | Annhiét thang hoa ciia nuéc Perry et al. (1992)
py [kegm™] | 838.48 Khéi luong riéng cia VLA déng bing hoan | Experiment (2007)
p> [kgm?] | 839.34 toan. Experiment (2007)
P [kgm"] 364.03 th?i luong riéng cia VLA khong déng béng. Experiment (2007)
Pt [kgm™] 112.32 Khoi lugng riéng cia VLA voi W = 0.(?8 -0.1 Experiment (2007)

c Ao g £ « a L
¢ [kKkg'K 1.7454 Khoi lugng riéng chat kho tuyét doi trong |  Experiment (2007)
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] 0.0507 VLA Experiment (2007)
A [Wm'K | 1.084 Nhiét dung riéng cua 1dp kho Experiment (2007)
g 4.9x10° | Hé sé dén nhiét cia 16p kho Experiment (2007)
A [Wm'K | 37.5x10° | Heé s6 din nhiét cia VLA Calculation
g 7.98x10® | Béan kinh hinh tru Stefan Boltzmann
R [m] 5.67 Nita chiéu cao hinh tru Liapis and Bruttini
h [m] 0.96 Hé s6 dan nhiét do (1994)
a =?;(gp)' 0.9 Hé sb birc xa ctia vit den tuyét doi Luikov (1966)
[m’s”] 0.867 D6 den ciia vit birc xa Calculation (25)
Co[Wm™ | 0957 D den cila VLA Calculation (22)
K] DO den quy din Calculation (22)
B 43088 Hé sé hing birc xa ciia bé mit dién tich trao
g 0.3824 déi nhiét
Eqa 3.187 - Hé sb toa nhiét bang bic xa tai Py, = 0.l mmHg
k Chuén s6 Bio theo phwong ban kinh R
Chuén sé Bio theo phuong chiéu cao h
Clpx [wm-
ZK-i]
Biz
Biy
“.1.2'
:._1.\
08 |-
06+
0.4 +-
02
0
.oj‘i SR, (e
'0.4 R

-ﬂ.B ol e

Hinh 3. D4 thi biéu dién sy bién thién ctia ham

diéu hoa Bessel loai 1, bac 0 va 1

Hinh 4. D5 thj biéu dién nghiém cta phuong

trinh dic trung (16), (17)

Nhin vao d6 thi & hink 4 rd rang phuong trinh dic trung (16), (17) ¢6 v6 sb nghiém py, pm
v6i (n = 1-00; m = 1- ). Vi vdy, phai chon n, m sao cho chudi (15) hdi tu nhanh, c6 nghia
cac sb hang ctia chudi (15) tiép theo n, m 1a i, j d4 chon v6 cung bé, nén cé thé loai bo (8; <

0.0001): véi:

r z
8; = AT (, E) cos(i; E) exp [_(H?FOR + ;,LJ?Foh )]

(30)

Giai phuong trinh (16), (17) kém theo diéu kién (30) bang lap trinh trén may tinh s& thu

dugc nghiém nhu sau, cé thé xem bang 2:
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Bang 2. Nghiém ctia phuong trinh dic trung & didu kién 4p sut thing hoa Py, = 0.01
mmHg

ni (16) 0.8344 | 3.9299 | 7.0698 | 13.3524

Tomsa | MPmi{17) | 12084 | 3.835| 6.7257 | 9.741 | 12.8102 | 15.9057 | 19.0156
n 4

m 7

Nhu vy, phuong trinh (16) c6 4 nghiém (n = 4), phuong trinh (17) ¢6 7 nghiém (m = 7)
théa dieu kiém (30)

3.2. Thye nghiém dé kiém chirng mé hinh todn di thiét 1ap

Thay céc thng s6 nhi¢t — vét Iy & bang 1 va nghiém phuong trinh déc trung & bang 2 vao
phuong trinh (27) va (28) rbi viét chuong trinh trén may tinh s& tinh todn va mé phong dudng
cong say ly thuyet déng thoi thuce nghiém va mé6 phong ducmg cong sy thuc nghiém dbi voi
VLA tdm su, diéu kién $TH 0 ap suét Py, = 0.01 mmHg, két qua n!lz_m duoc c6 thé xem hinh 5
R& rang, dudng cong say tinh toan tir md hinh va dudng cong say thuc nghiém cé dang gan
giong nhau.

0.8 +— .2 s N e ) e i maa. s ot TS e
; Wx10™ [%] ! ! : ] ' : : : i
Tinh toén tir md hinh |

s ¢ Dibmthyo nghigm |
' ! H f
i : : : 3 E : : : : : ; t
_0!5__ ?.. .......... . ........... ' ............ . ........... ' ............ ............ ............ .:.._‘
o S 5. S S S — - S— SR iy T S S !
03 - o boseaninns onennanenes oo aessmen o oo oo s TR e :
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Hinh 5. M6 phéng dudng cong STH & Py, = 0.01 mmHg, oy, (Opt) = 4.3088 [Wm?K™']

Sai s6 gifta s6 ligu tinh toan tir md hinh so véi sb lidu thu‘c nghiém duoc xac dinh theo
phuong trinh sau:

P IWm () - Wit (t)l At J Wi () de— | Wi (<) de
ss(W(x)) = =—— x100% = 12 - 3 | X100% G1)
B (o e
i= 0

Tir phuong trinh (31) sau khi tinh toan béng chuong trinh dugc viét trén may tinh s& nh4n
dugc kct qua SS(W(1)) = 9.13%. Vi viy, c6 thé khang dinh rang: mé hinh to4n truyén nhiét -
tach 4m ma ching t3i thiét 14p c6 thé hoan toan chép nhén dugc cho nhitng VLA tém st STH
néi riéng va VLA hinh tru STH ndi chung.
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Dé lam tdng thém do chinh xéc clia mo hinh toan khi ung dung mé hinh toan truyén nhiét
— thch 4m nay vio thue t& dé tinh toan thiét ké, ciing nhu x4c dinh ché d6 cong nghé thi can
phai nhén thém hé sé hiéu chinh trong mé hinh toan, hé s6 hiéu chinh dugc x4c dinh nhu sau:

W, . s

Goi: He(1) = th (32), bién dién ham (32) trén do thi, xem hinh 6, trong d6: Wi,: d0 4m
lt

VLA trong qua trinh say do dac bang thyc nghiém, Wy: do &m VLA tinh toan tir mé hinh.

i
Mm;%«iém il

—.—Buvbng thc té
—Bwb-ng ly twrdrng

.................................................................................................

Hinh 6. Db thi biéu difn quan hé Hc va thoi gian: He(t) = Wy, / VV“ =f(1)

Néu He(t) = 1 c6 nghia la dudng cong sdy tinh toan tir md hmh tring v&i duong thuc
nghiém, diéu nay chung ta luébn mong mudn va mo hinh toan thiét 1ap rat chinh xac, trén d6 thi
hinh 6 ta thay Hc(7) blen thién xung quanh dudng He(t) =1, do d6 mé hinh toan dugc thiét lap
chua ding vi thuc t. Vi vdy, cin phai nhan thém hé s& hiéu chinh, gi tri hé so hiéu chinh
chinh 14 dién tich trung binh cua hinh thang cong biéu dién & hinh 6, dugc xdc dinh theo
phuong trinh sau:

n 1 i n 1 i
A=5 _1_ Pugon=3 [ G7)
i=0 Tj4+1 — Tj T i=0Tj+1 =7 T Wit

Tir phuong trinh (37) sau khi tinh toén bang chuong trinh dugc viét trén mdy tinh, s& nhan
duoc két qua: A =1.0913. Nhu vay: Wi = AW = 1.0913W,,

3.3. Xac dinh thoi gian say ly thuyét ciia giai doan STH va SCK

Khi sdy & nhiét d6 birc xa T;= 35°C va 4p suat budng thing hoa Py, = 0.01 mmHg thi thoi
gian say duoc xac dinh qua hai giai doan nhu sau:

O giai doan sdy thing hoa: khi két thic giai doan STH thi nhiét d6 VLA
t(r, 2, Ty, ) = Ty bt dBu vurot qua nhiét d két tinh Ty, = -1.21°C, bi vi luc d6 am déng bang
chura thing hoa hét s& chuyén sang pha 16ng thuc hién giai doan sdy chan khong. Tir phuong
trinh (29)

Thay cac gid tri & bang 1 va 2 vao phuong trinh (29) s& xac dinh duoc: Ty, = 10.975h; khi
d6 do 4m vat lidu khi két thc STH xac dinh tir phuong trinh (27) 1a: Wy, = Wq; = 0.0533 =
5.33%

» O giai doan sdy chin khéng: khi két thic giai doan sdy chan khong thi do 4m cudi
cung dat d’é 4m yéu cu W, = 0.03:5 =3.5%. Thay vao phuong trinh (31) s& xéc dinh dugc: Ta
= 8,05h, tong thoi gian qua trinh sady: T = Ty, + T = 10.975 + 8.015 = 18.99h
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3.5. Ban ludn

Qua thyuc nghiém d kiém chimg, c6 thé khéng dinh r?mg md hinh toan d3 dugc thiét lap 1a
phtt hop cho céc loai VLA dang tru trong diéu kién STH, tuy nhién gifra duong tinh toan tir mo
hinh va dudng thue nghiém 6 sy khac biét nhau dang ké trong STH 1a do mét s nguyén nhan
sau:

- Ban diu 4m déng bing c6 ham lugng 16n nhét nén qua trinh thdng hoa xay ra manh liét,
[7], [8], [9] tuy nhién qua trinh thang hoa 4m bang tir cac l6p bén trong khéng truc tiép ra
ngoai moi trudng, ma thuc te & ddy phai xay ra qua trinh khuéch tan ndi, tir bén trong ra bén
ngoai bé mit sau khi thang hoa, sau d6 khuéch tén ra ngoai mdi trudng, ddy la nguyén nhan
lam chidm qua trinh bay hoi.

- Mit khéc 4m trong VLA khéng phai 12 4m nguyén chat, 4n nhiét thing hoa va 4n nhiét
héa hoi khdng phai 1a hang s6 ma ching ludn phu thudc vao nhiét dé day ciing 1 nguyén nhén
anh hudng qua trinh thing hoa.

- Tém st dugc gia thiét 1a hinh tru c6 kich thuée H = 75x10°m, R = 4.5x10°m, thuc t&
tdm st chi gén ding véi hinh tru, hon nita khi STH xay ra hién tuong bién dang bé mt, day la
nguyén nhan din dén sai sb.

- Ham &m trong VLA t8m st duoc gi thiét a phan bé déu, truyén nhiét khong én dinh
theo 2 phuong r, z ¢6 cic mit ding nhiét ddng tdm dé don gian héa bai toan khi giai, nhung
thye té him 4m khong phan bd déu va truyén nhiét theo 3 phuong r, z va goc o.

- Céc thong so nhiét - vat ly dugc lay trung binh va xem la he"mg sb, nhung thuc té cic
théng s6 nhiét — vat 1y nay phu thugc vao nhiét do. :

Mot diéu dang chi y & day la dudng cong STH tinh toan tir mé hinh: tai thoi diém cubi
giai doan 2 STH va diu giai doan 3 sdy chan khéng c6 buéc nhay la do: nhiét do VLA vuot
qua nhiét d6 ket tinh nén dm bén trong VLA thang hoa khong hét khéng con t6n tai & pha ran
nita ma chuyén hét sang pha 16ng, co ché thiang hoa va co ché bay hoi khac nhau, 4n nhiét
thing hoa ry,[kJ/kg] va 4n nhiét hoa hoi ctia 4m khac nhau, téc d bdc hoi cudi giai doan thing
hoa bdo hoa, téc dé bbc hoi diu giai doan thiang hoa lén hon nhiéu. Do d6 khi tinh toan s& tao
ra bude nhay. Tuy nhién & dudng cong STH thure nghiém thi buédce nhay nay khong thé hién r&
rang: nguyén nhan khi két thic giai doan 2 STH ham 4m con lai trong VLA it va téc do héa
hoi cia 4m d4u giai doan 3 khong 16n vi xay ra khuéch tan ndi.

Duong cong STH tinh toan tir mé hinh va thuc nghiém & hink 5 dugc x4c dinh & diéu kién
&p suat budng thing hoa Py, = 0.01 mmHg, tuy nhién khi 4p suét Py, thay dbi din dén nhiét do
bé mit VLA t(R, h, 1) thay dbi, hé sb toa nhiét biic xa o, [Wm™K™] thay déi, chun sé Bio
va nghiém phuong trinh ddc trung (16), (17) May Him thay ddi theo, cudi cung dan dén dudng
cong sdy thay dbi, van dé nay phai ¢ nhitng nghién ciru riéng. & bai viét tiép theo ching toi s&
cdng bé két qua nghién ciru thiét 14p mbi quan hé giita hé sb toa nhiét birc xa o, [Wm?K]
v6i dp suat STH va viéc tmg dung mé hinh nay dé thiét 1p ché d6 sy thich hop.

4. KET LUAN

M hinh todn truyén nhiét - tich &m da duoc thiét 1ap & (27), (28), (29), qua kidm chiing
bang thuc nghiém ching t6i khing dinh ring mé hinh toan truyén nhiét — tach 4m véi sai s
SS(W(7)) = 9.13%. Vi hiéu s6 hiéu chinh cho VLA t3m st A = 1.0913, do d6 c6 thé chép
nhén dugc va viéc g dung mé hinh toan nay dé tinh toan thiét ké, ciing nhu xéac lap ché do
cong nghé trong bao quan cac san pham thyc phim dang tru néi chung va thuy hai san nhém
gidp xéc (t6m su, tom bac va tdm thé) néi riéng c6 gia trj kinh té hoan toan phu hop.
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Thoi gian STH ciing dugc xéc dmh tur phu'omg trinh (29) T=1Tm + T = 10.975 + 8.015 =
18.99h hoan toan phu hop voi thuc té san xuat. Tuy nhién, & déy ching toi cap nhiét bang tro
nhiét birc xa nén tho‘1 gian rat ngin xudng con (14-19)h tuy theo do am VLS yéu ciu cudi
cung, trong thyc te san xuét cap nhiét STH bang nudc néng thi thoi gian sdy kéo dai tir (22 -
25)h. C6 thé noéi cap nhiét bang birc xa nhiét lam ting hiéu qua kinh té.

Tém lai mé hinh toan truyén nhiét — tach 4 im da duoc thiét lap & (27), (28), (29) c6 tinh goi
ma, khong chi img dung cho VLA thuy hai san nhom giap xac (tém su, tom bac va tom the)
ma con c6 thé tng dung cho tat ca cac loai VLA c6 kich thuée hinh hoc 1a hinh tru c6 ban kinh
R va chiéu cao 1a H. Tuy nhién, do tinh chit nhiét — vat Iy khac nhau thi duong cong STH va
thoi gian STH s& khac nhau.

RESEARCH FOR THE ESTABLISHMENT AND SOLUTION
MATHEMATICAL MODEL OF HEAT AND MASS TRANSFER 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 form in 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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