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TOM TAT: Khi lanh dong thuc pham dé bao quan ciing nhu thuc hién giai dogn I trong diéu

kién sdy thang hoa thi viéc xdc nhiét o lanh déng 16i wu la vdn d@é phiec tap. O bai viét nay, sé cong bé

xdy dung mot mé hinh todn truyén nhiét lanh déng, xdc dinh ti Ié nuéc déng bang theo nhiét d lanh

dong cua vdt liéu dm (VLA) dang hinh tru hitu han, két qua nhan lam co s¢ xde dinh nhiét @6 lanh dong

161 1wu, xdc dinh ché d cong nghé giai dogn 1 trong diéu kién sdy thang hoa va iing dung trong tinh

toan thiét ké hé thong lanh ciing nhie hé thong sdy thang hoa.

Tir khéa: m6 hinh todn truyén nhiét lanh déng, xdc dinh ti I¢ nwéc dong béng, vt liéu am (VLA),

dang hinh tru hitu han, hé théng sdy thang hoa.

1. GIOI THIEU

Khi nghién ciru xdy dung md hinh toan
truyén nhiét lanh déng, truyén nhiét tach am dé
xdc dinh ché dé céng nghé siy thing hoa
(STH) thi cdn giai quyét céc bai toan cho timg
giai doan 1, 2 va 3 trong diéu kién STH. O giai
doan 1 la giai doan lanh dong VLA dé chuyén
4m tir trang thai long sang trang thai rin. Bai
toén dit ra & ddy, lam thé nao dé xac dinh dugc
nhiét do lanh déng ti wu. Néu khéng xic dinh
dugc thi khi lanh dong ¢ nhiét d¢ lén hon nhiét
d6 lanh déng téi wu thi 4m trong VLA khéng
déng biang hét, khi d6 giai doan sdy thing hoa
chi thang hoa phan 4m da déng bang, phin 4m
chua déng bang béc hoi trong giai doan siy
chin khong va sé tén kém nhiéu ning lugng,

nhiét d¢ sdy cao lam giam chét lugng sin

phim, con néu khi lanh déng & nhiét d6 nho
hon nhiét d9 lanh déng tdi wu thi hé théng lanh
tiéu ton nhidu nang lugng do thoi gian lanh
déng kéo dai, nhur vay khéng hiéu qua kinh té.
Theo nghién ciru cua Plank R (1913) da
dua ra mé hinh xdc dinh thoi gian lanh dong
dbi véi VLA, thit gia sic dang tdm phéng,
Lame, Clapeiron, Shijov G.B (1931) da dua ra
mb hinh xéc dinh tdc do nuée déng bing trong
VLA, cé va thit fillet dang tim phing, Plank,
Veinik (1937), Raoult (1958), Sbhijov G.B
(1967), Golovkin N.A (1972), Luikov, A.V
(1974), [2, 3], Dennis R. Hledman (1999) dua
ra md hinh xdc dinh ti 1& nuéc déng bing dbi
v6i VLA dang tdm phing [2, 3, 8, 9, 10]. Tuy
nhién chwa c6 mot mé hinh nao thich hop dé c6

thé 4p dung xac dinh ti 1& nuéc déng bing
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trong VLA dang try hitu han. Chéng han nhu
VLA thuy hai san nhém gidp xdc: t6m su, tém
bac va tém the.

Vi vdy, viéc nghién ciru xdy dung mé hinh
todn truyén nhiét lanh déng xéc dinh ti 1 nudc

MGt s6 thudt ngir

déng bing va nhiét do lanh déng téi wu cua
VLA la can thiét.

e om(T)e [0,1]: ti 1¢ im déng bing trung binh
theo nhiét déng lanh déng cua vit liéu 4m (VLA).

o ©=G/G, e [0,1]: ti 1é im déng bang bén trong
vit liéu dm.

» G [kg)]: khéi lugng &m déng bing.

o G, [kg]: khdi lugng 4m c6 trong vit liéu.

o G [kg): khdi hrong vit lidu dm.

o W=G,/G e (0,1): d6 4m cia vit lidu dm.

* W la d6 4m ban dau cia VLA

e D=2R [m]: dudong kinh VLA

e H=2h[m]: chiéu cao ciia VLA.

¢ 1,z [m]: phuong ban kinh va chiéu cao.

¢ T, [°C): nhiét do tim cia VLA

® T, [°C): nhiét 6 bé mat cua VLA

* Ty ['C]: nhiét d két tinh cua 4m

e T, [C]: nhiét d6 méi truomg lanh déng.

e T¢[°C]: nhiét d6 ban diu ciia VLA.

e T, [°C]: nhiét d% cudi cia VLA.

e T, [°C]: nhiét dd trung binh ctia VLA.

e ty(r, z, 1); t(r, 2, T): nhiét d¢ vang (1) va (II).

*  p[kgm™]: khéi lugng riéng trung binh ciia VLA.

e L [kikg']: 4n nhiét dong bang cia nudc trong
VLA,

¢ ¢ [kJkg'K']: nhiét dung riéng ciia chit khé cua
VLA.

e ¢, ¢ [kJkg'K']: nhiét dung riéng trung binh
cua VLA ¢ ving (I) 4m da déng bang va & ving (IT) dm
chua dong bang..

*  py, P2 [kgm™]: khéi lwvong riéng trung binh cua

VLA & ving (I) 4m di déng bang va ¢ vung (II) 4m

chua dong bang.
e A, A [Wm'K'): hé sb dén nhiét trung binh
cia VLA & ving (I} di dong bang va ¢ ving (I) &m

chua déng bang.

e a, a [m:s"]: hé s6 din nhiét dg trung binh
ciaVLA ¢ ving (I) am da déng bang, VLA & vang (1)
am chura déng bang).

*  Bijg. Bim, Bim, Biy: chuin sé Bio theo
phuong ban kinh va chiéu cao.

e Foyp, Fosg, Foyp, Fosy: chuidn sé Fourier theo
phuong ban kinh va chiéu cao

o o [Wm?K'): hé sb toa nhiét méi trudmg lanh

dong.

2. MO HINH TOAN TRUYEN NHIET
LANH PONG

2.1. Cic gia thiét xdy dyng m hinh toan

- Bai toan lam lanh dong VLA ludn trai
qua 3 giai doan, xem hinh 1

a) Giai doan 1: Lam lanh VLA tir nhiét
d6 ban dau T, = Ty = const, xuéng nhiét do

két tinh 4m & bé mit VLA T, = T, = const.

b) Giai doan 2: két tinh am bén trong
VLA.

¢) Giai doan 3: Can bang nhiét, lam giam
nhiét 4 VLA sau khi két tinh hoan toan, xudng
nhiét dé cubi cung T.. Vi giai doan 1 va giai
doan 3 chi 1 nhimg bai toan truyén nhiét trong
mdt pha, vi vy thoi gian thuc hién qua trinh
tuan dinh luat Plank, [3, 5, 6, 9, 10].
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- Vén dé ma quan tim ¢ ddy chinh la ti 1¢
dm dong bang theo nhiét d¢ lanh dong cua
VLA, tir d6 xac dinh nhiét d¢ lanh dong 161 wu.
Piy la vin dé phic tap ¢6 nhiéu thong sb tham
gia nhu: truong nhigt do, bé mit VLA, bé day
16p két tinh, bé mat phan pha, ban chat VLA,
phuong thirc va méi truong thuc hién qué trinh
két tinh, ... Chinh vi vay, cin phai xem xét bai
todn o giai doan 2 dé lam rd vin dé dat ra.

- Céc gia thiét dat ra can nghién ciru nhu
sau:

i) VLA nghién ciru la thuc pham thuy hai
san nhom giap xdc 1a tom su

i) VLA cit ddu, cit dudi duge xem la vat
liéu rin dong nhat gan dung véi hinh tru c6

kich thudc hiru han: D = 2R, H = 2h, xem hinh

R
- = ; 1 1
om(1) = o(r,z,17)=— ||| o(r,z,1)dV = —
M) = of Vj\j ( nR,Hl

2, 4m phan bd déu, ¢6 cic mat dang nhiét dong
tam.
thong so6  nhigt  vit

iii) Céc

1Y: y1Cpir8j, Ais-oe lay trung binh theo thé tich
1a hiing sb.

iv) He¢ s6 toa nhiét ciia mdi truong lanh
dong xem nhw khéng doi: o = const .

v) Phuong trinh cén bang nhiét tai bé mat
phan pha tuan theo dinh luat Leibenzon LS.

- Bai toan dat ra o day la phai xdy dung

I, .. -

=D RS

ham:
2 R h
(r,z,t)2nrdrdz = — -”m(r, z,7)2nrdrdz (1)
nR°H
00
: tlh)
N

Hinh 1. Cac giai doan lam lanh déng VLA
(1): giai doan lam lanh; (2): giai doan ket tinh;
(3): giai doan cén bang nhiét
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2.2. M6 hinh todn
At[°C]
+h T titic
\_\_‘__'_,..// W UITt
o= | —=o, T=const
e
H B H=
|
!
-h |-
Hinh 2. M6 hinh VLA nghién ctru dang tru hiru han d=2R
Phuong trinh vi phan dan nhiét viét cho tru hitu han, ddng nhat c6 cac mat déang nhiét 1a
vét thé rin bat ky mé ta & dang téng quat: cac mit tru ddng tam. Do dé phuong trinh (2)
=3 duoc viét nhu sau:
?+wgradt=ﬂl’-+avzt 2)
E CpP a (&% 18t 8%t
e e e = (3)
Vi lanh déng vat liéu rin nén o, = 0 va o - * s

— . N I Phuong trinh (3) dugc viét cho 2 ving,
w =0 va khong c6 ngudn nhiét bén trong nén . .
ving (I) Iép am déng bang va vang (II) 16p am

q, =a,At+R(-AH)=0, VLA la dang hinh chua déng bang, xem hinh 2, [4].

at d%y 18y 8%y
5 — =3 —+——+—
* Ving (I), 16p 4m déng bing: { ot ot ror g2 4
r srsR,zsz5h 120
® Ving (II), 16p 4m chua déng bing: i * ol rar g8 ()
0<r<rt, 022", ©20
= Céc didu kién don trj dé giai bai todn (4) va (5):
a) Diu kién ddu: t=0 thi t; (r,z,0) = t;(R,h,0) = T, = Ty, = const (6)
ty(r,z,0) = t,(0,0,0) = T, = const (N
T.¢ = const (8)
a
b) Bidu kign bien: 21020 __ %oy 1)), L LUL), 9)
a r=R A'1 a r=0
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sy _ a _T.)- HEzY 10
oz z=h_ 1(t](r’h,1) ) o ()

Vgi:nhiét do thira & vang (I) va (II) nhu sau:
9] (I‘,Z, ‘C) = tl (I’, Z, 'E) - Tef = 9,1821 - (tﬂ (I’, T)_Tef )(tz] (Z, T) . Tef ) (1 1)
9(1,2,1) =t (5,2, 1)~ Ter =929, =(tr (60~ Teg )(t2(Z D~ Te ) (12)

¢) Tai bé mit phén pha:

* Theo phuong ban kinh: t,(17,2,7) =t,(r",2,7) =Ty, (13)

* Theo phwong chiéu cao: G D=2 =Ty (14)

» Mat d9 dong nhiét theor:  gqRr =—} (ﬁj ==hy (-@J =oAtg (15)
O Jreg™ or r=r"

» Mit d6 dong nhiét theoz:  q =-A) [ﬁ) ==\ (ﬁz-) = adty (16)
O )p=g~ O Jp=g*

d) Phuong trinh cin biing nhiét tai bé mat tiép xic vang (1) va (ID):

dQg =dQ, +dQ, (17
Trong do: dQg [KJ]: tong luong nhiét trao tinh 4m ving (I); dQ, [kJ]: lugng nhiét tir viing
dbi cin ldy ra khi lam lanh déng VLA; (II) truyén qua ving (I) trao déi véi méi trudng
dQ, [KJ]: lugng nhiét can ldy ra khi lam két lanh déng dé 1am giam nhiét d & ving (II).
dQ, = LdG, g, = Ld(GW,0) = LGW,do = LWyprR*Hdo, (18)
t t
dQ, =-2, (B—Z—J 2nrHdt -2, (-?—2] nride (19)
or Jp=rt 0z )=zt

Gl &

dQp = -2y (Er—] i anHdt—ll ( > ) " nrldt (20)
r=r z=

yA

Tir phuong trinh (18), (19) va (20) thay vao (17) s& thu duoc:

L 2{_x,[ﬁ] +xz(§2-] }kﬂ{&{ﬁ] +xz(ﬁJ }2 @1)
dt  LW,HpR O Jp=r~ o Jr=gt 0z Jz=7~ 0z )y=gt

Phuong trinh (21) 1a co s& xdc dinh xac 2.3. Giai md hinh toan
dinh ti 16 nuéc déng bing trong qua trinh lanh Giai phuong trinh (4): bang phuong
dong ciing nhu ¢ giai doan 1 trong STH. phép phan ly bién sé Fourier, cic hing sé tich

phén dugc xdc dinh tir didu kién bién, qua bién

ddi s& duge nghiém nhu sau:
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g ry [ z (a1

4 (r,z,t) Tef + Tkl Z: Z;; AmAnJ{)[“u EJCOSL“m EJQKPI:*L n
.. 21y () 2sinp.. I g pl
Véi: A, = - P B = = , —=-—l4-

l__'t

ol )+ 3 (un)]

M, : la nghiém cua phwong trinh dac trung:

m : 1& nghiém cua phuong trinh dic trung:
Biy, : chuan sé Bio vung I theo phwong z:
Foyp : chuén sb Fourier vung [ theo phuong z:
Bijg : chuén s6 Bio viing I theo phuong r:

Foyp : chudn s4 Fourier viung I theo phuong r:

[um +sm Hm cos p'm] ‘ nl R2 hz

J()(Hn) — l"ln
Ii(ny)  Big
cotgpy, = s
1h
. ah
By, =—
at
Foy =y
aR
Biip =——
IR k[
T
FO”)\ =;
RZ

Jo(uy), Ji(p,): 14 cdc ham Bessel loai 1 bac 0, 1. [7]

) ()

UQ

gt

kz ]3+(1 ]S_[%"

Lhxy=-J4(x)=

1 297329°

3y

ae g

%2 973
Giai phwong trinh (5): Tuong tw nhu

trén, tim cac hé so tich phan bang cac diéu kién

« w
tz(r,Z,T)szt +(T0 _Tkl)z ZAPAQJ

Paryis

]

(23)

(24)

(29)

(30)

don tri, cudi cung thu duge cong thirc nghiém

nhu sau:

(oo o {22

p=lg=1
; 2 2
2] 2sin
Véi: A, = N%L ) Ay = ot , Lm%+%
up[lﬁ(up)+11(up)] [uq-+sn1uq005pq] M2 R° h

31
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0<r<r',0<z<z,120

I
t, , : d nghiém ciia phuong trinh dc trung: Jolipd | Wp (32)
Ti{up)  Bigg
WY e Hq
: 12 nghiém cua phuong trinh déc trung: cotgu, =—— (33)
Hq p gHq Biy
2
: A £y \ : ah
Bi,y, : chudn so Bio vung I theo phuong z: By, = T (34)
2
Fo,;, : chudn sé Fourier viing I theo phuong z: Fo,y, = 2—2;- (35)
. A A . i aR
Biyg : chudn s0 Bio ving I1 theo phuong r: Bisg =l_ : (36)
2
Fosgp : chuén s6 Fourier ving II theo phuong r: Fojyp = a_22t 37
R
- Nhiét dj trung binh cia VLA (ké ca 2 Thay phwong trinh (22), (31) vao phuong
vung (I), (II)): theo Luikov A.V. et al. (1961) trinh (21) sé nhédn dugc:
duoge xdc dinh theo cong thie sau [10, 11].
T(T 2 JJ (ty(r,z, 1)+ t5(r,z.7))2rdrdz (38)
2R"h
2.4. M6 hinh toan xidc dinh ti 1¢ nuéc
dong bang
T 4T
oy(rz1)= [{clp: Ty~ t‘F)ZZAnAm (”n_J [LWJ[I exp[ H
}MOL n=lm=l R Y
r z a»T
~0(To—Tii) ZZApAq ( RJ“’S[% ;J{l—exp( 5 H 2Hr+
et e (39)

NN

n=lm=l

ol s ZZApAq ( ;JSi”(““ hJ{] exp( azrﬂ:,l]

p=lg=l L

| SS—

Nhu vdy, tir phuong trinh (39) thay vao (1) s& xac dinh dugc ti I¢ nudc dong bing trung binh cua

am bén trong VLA theo thé tich:
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om(7)= o l:clpl (Tie —Tef ZZAnAm sl
PR7W n=lm=| n
(T -T) S A
p=lg=l
+m[ (T —Teg z_l:g,AnAmﬂl

) T0~TKI)ZZA,,Aqnz

[Ir JU(
p=lq=I
Trong d6: 1=f(T) < T =g(t): nhiét do
lanh dong trung binh cia VLA la mdt ham thoi
gian lam lanh déng cua theo phuong trinh (38).
2.5.. X4c dinh ti 1¢ nwée dong bing bing
thye nghiém
Nudc trong VLA dong bang khi nhiét dé
VLA nhé hon nhiét dé két tinh (T < T PO

[J’PJO( ] ](I‘C"S(um)){l-w( _%

e
st

|

(40)

| S—

ot ]

Pé xac dinh ti 16 nuée dong bang bang thuc
nghiém thi phai st dung phworrg phap gian
tiép, xac dinh nhiét dung riéng cua VLA sau d6
thay vao phuong trinh (41) xdc dinh ti 1é nudc
dong bang [13, 14]:

_ cp W, +Coi (1-W, )—c¢
mE(t)= n''a ck( a) - Ulr @1
W, (Cn ‘Cnd) $2G(T.-Ty)
Trong dé6: 15 - 7 [s]: thoi gian dbt néng dién trg, Ty=T, =
. W g (1-Wg) T, = T; tai thoi diém 1, T, =T, =T, = T; tai
W, (cn "Cnd) i thoi diém 1., xem hinh 3.
42 =W, (cp —cn ) [Tkg 'K'] 3. DUNG CU - THIET BI, VAT LIEU VA

Véi: ¢, = 4184.7 + 2.74T, [Jkg'K']: nhiét
dung riéng cia nuéc & T [°C); ¢ = 2090 +
7.79T, [Jkg'K'']: nhiét dung riéng cia nuéc da
& T[’C); ¢y [Pkg'K™']: nhiét dung riéng cua
chét khé trong VLA; W, [%] : 46 4m tu nhién
cia VLA; ¢ [Jkg'K™']: nhiét dung riéng cua
VLA, xéc dinh bang thuc nghiém, [1], U [V]:
dién ap vén ké, 1 [A]: dong dién am pe ké, t =

PHUONG PHAP NGHIEN CUU

3.1. Dung cuy va thiét bi khao sit

Dung cu va thiét bi xac dinh ti 1& nudc
déng bang tom su gdm cac thiét bi sau, xem
hinh 3.

I.Cén  khéi
(Satoriusbasic Type BA310S), cé thang do (0 +

lugng, cdn dién

350)g, sai s6 cua can khdi luong cho phép +
0.1g =+ 0.0001 kg.
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2.Dung cu do nhiét dj: ding cac bé cam
bién hién thi do nhiét do (Dual Digital
Thermometer), c6 thang do (-50 + 70)°C, sai sb
nhiét do cho phép + 0.05°C.

3.Heé théng STH DS-3 ¢ giai doan lanh
dong ngay trong budng thing hoa, nhiét d
lanh dong (-50 + -45), xem hinh 4.

4, Ngoai ra, con co cic dung cu va thiét bi
kém theo.

» Sung ban nhiét d6 (Smart sensor,
infrared thermometer: -55°C = 180°C) va ba bd
cam bién hién thj do nhiét do VLA, sai s6 cho

phép = 0.008°C va = 0.05°C.

B{ do nhigt 4§

T, T,

Bien tra

,'V\.-l :4[
N

RN

==
] Ngudn AC-220V

. X —®
Cam bién
nhigt 46

Lép cich nhiét
Hinh 3. So d6 mach dién cua thiét bi x4c dinh nhiét dung
riéng VLA

3.2. Vit liéu nghién ciru

Péi tuong nghién ciru 1a tom su, co thanh
phs"m hoa hoc co ban cia nguyén liéu, [1, 4, 8,
9].

3.3. Phuong phép nghién ciru

Phuong phap nghién ciru la phuong phdp
tiép cén hé théng xay dung md hinh toén va

thue nghiém kiém tra md hinh toan.

» Hai dién tro dang tim 14 dung dé dbt
néng cung cép nhiét luong cho qua trinh do.

» Mot bién tré thay dbi dién 4p roi trén
hai dién tro d6t nong.

» Mot Volt ké do dién ap roi trén hai dién
tr&r chp nhiét, cé thang do (0 = 110)V, sai sb
cua Volt ké cho phép + 1V. Mét Ampere ké do
dong dién qua hai dién tro dét néng, cé thang
do (0 + 2)A, sai sb cia Ampere ké cho phép +
10mA. Mét déng hd do thoi gian, sai s6 cho
phép £ 0.001s

Hinh 4. Hé thdng say thing hoa DS-3 tir lanh
déng (-50 + - 45)°C

Pé tinh toan phuong trinh (40) cong cu su
dung 1a phuong phép sb, dong thoi viét chuong
trinh tinh todn trén mdy tinh bing ngdn ngit
Visual Basic 6.0 [8, 9]
4. KET QUA NGHIEN CUU VA BAN
LUAN

4.1. K ét qua nghién ciru

Céc thong sd nhiét — vt 1y cia tdm s

dung trong tinh todn md hinh truyén nhiét —
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lanh dong, xdc dinh ti 1é nudc déng bing tham

khao [8, 9], xem bang 1..

Bang 1. Cic thong s6 nhiét — vat 1y cia tom st diing trong truyén nhiét — lanh dong

Don
Ky hiéu Gia trj . Tham khao Ky hi¢u | Gia tri Don vi Tham khao
vi
7
W 74.67 | % | Data2007, [1] Pl 838.48 | kgm® | Data2007,[1]
R 4.5E-03 m Da;a 2007, [1] P2 839.34 kgm™ Data 2007, [1]
h 37.5E-03 m | Data 2007, [1] % 1.084 | Wm'K"' | Data 2007, [1]
Tw -1.21 | °C | Data2007,[1] By 0.562 | Wm'K™"' | Data2007,[1]
To 512 °C | Data2007,[1] ¢ 2.574 | kJkg'K' | Data 2007, [1]
Tt -45 | °C | Data 2007, [1] ¢ 3.570 | kJkg'KT | Data 2007, [1]
Perry et al. oy
L. 333.6 | klkg' o 7.612 | Wm~K™ | Data 2007, [2]
1992

5.0226E- Calculation )

a m’s” Bijr 0.0316 Calculation [2]
07 (2]

1.8756E- | Calculation )

a, m’s™ Biy, 0.2633 Calculation [2]
07 [2]

kJkg’ . :
Gk 1.7454 it Data 2007, [1] Bi-g 0.0610 Calculation [2]
p . 83891 | kgm™ | Data 2007, [1] Bisy, 0.5079 Calculation [2]

4.1.1. Giai ['_;hu'owg trinh dic trung (23),
(24), (32) va (33) [8, 9/

- Thay gia tri cac gia tri thong s6 nhiét -
vit ly ¢ bang 1 vao phuong trinh ddc trung
(23), (24), (32), (33) xac dinh dugc nghiém cua
phuong trinh dac trung [, Wm, Hp, He chon céac

gid tri n, m, p, q sao cho chudi s6 (21) va (31)

héi tu nhanh, céc sé hang ké tiép khin =n +1,
m=m+l,p=p+1l,q=q+! cd gid tri v6 cling
bé, khi loai bo thi sai sé khong dang ké (giai
cac phuong trinh dic trung nay bing chuong
trinh duge viét trén may tinh). Két qua nhan

duge nhu sau, xem bang 2:

Bing 2. Nghiém phuong trinh dac trung (23), (24), (32) va (33)

] 1 ? 3 4 5 6 S& nghiém
my | 02504 | 38399 [ 7.0201 | 13.3261 n=4 |j=1l+n
Wy | 04917 | 32231 63248 | 9.4526 | 12.5873 m=5 |j=1+m
Wy | 03465 | 38476 | 7.0243 | 13.3283 p=4 |j=1=+p
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Hai 0.6576 3.2946 6.3628

9.4783

126066 | 157402 [q=6 |j=1+q

4.1.2. Kiém tra mé hinh todn

- Thuc nghiém xéc dinh U [V], 1 [A] < [s]
Vi gi tri ¢y 0 bang 1, tat ca thay vao phuong
trinh (41) x4c dinh ti 1¢ nudc déng bing bing
thuc nghiém, roi mé phong trén d6 thi, xem
hinh 5, 6.

- Thay gi4 trj c4c thong sb nhiét — vt 1y o

bang 1 va nghiém phuong trinh dic trung cua

céc phuong trinh (23), (24), (32), (33) ¢ bang 2
vio mé hinh todn (40), sau dé tinh toan bing
chuong trinh, két qua tinh toan dugc mé phong
trén d6 thi nhu sau, xem hinh 5, 6. (IR (Ice
nuoc Time,

ratio): 1 lé dong  bang;

Temperature: thoi gian va nhiét do lanh dong).

1.1
I

11 :

s IR ot Lo N ORI SRS S
T A e S
(1 2 U (RN SIS SR brsases P R -
054 _: : : ; —Modeling (40
i ¢ : : ' + Experiment (41)

T e e e iy R Zenne
[ O SRR R beneees beseaees reeeeees
0.3 - f-®--bommmmitee e Leennes Lecenees t ...... Leemnns
il cihcscideiptocd s

0.1 E | b Foeenes beveeees e
H H H i . Tlnm qnu 0]

—Modelmg l-lO)
+ Experiment 1) e

Nhiet aa fe

0 0.5 1 1.5 2 25 3 3.5

4

Hinh 5. Quan hé giita ti I¢ nudc dong bang va

th&i gian lanh déng

G hinh 5, 6 c6 thé thay ring, ti 1& nudc
déng bang theo thoi gian lanh dong hodc theo
nhiét d6 lanh déng tinh todn tir mé hinh (40)
(Modeling) va xac dinh bfmg thuc nghiém (41)
(Experiment) co dang gan giéng nhau, ¢6 thé
chip nhan duge. Tuy nhién, dé mé hinh c6 thé
sir dung duogc thi cin phai hiéu chinh mé hinh

cho phu hop voi thue nghiém.

-30 -25 20 15 -10 5 0 5

Hinh 6. Quan hé giita ti 1¢ nudc dong bang va
nhiét d6 lanh déng

4.1.3. Xidc dinh sai s6 va hé sé higu chinh
méo hinh

4.1.3.1. Xdc dinh sai §6 ctia mé hinh

- Sai sb tuong doi giira s6 liéu tinh todn tir

mé hinh (GM (T)hay EM (t)) vei s6 lidu
thuc nghiém (55 (T) hay E)E (t)) xac dinh ti

1& nude dong bang ¢é thé xac dinh theo phuong
trinh sau, [8, 9, 10, 11, 12]:
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T T
n _ _ I=ﬂ_ 1= -
Yo (T)=ay(T)aT g (T)dT- | @ (T)
= _i=l _|Ta T 42
S8(f T} == — 100%= o 100% “2)
Saumar Taumar
1=l T,
T phuong trinh (42) thay s lidu da duoc o (1
, ) o " i . He(r) = =M——= ) (43)
tinh toan theo chuong trinh viét bang Visual o, (1)
Basic 6.0 va mé phf)ng trén may tinh, hinh 5, 6 Tir phuong trinh (43) thay s6 liéu 44 dirgc
xéc:dinh Qe gai 50 elamid ik & bing'3: tinh todn theo chuong trinh viét bang Visual
4.1.3.2. Xdc d:iﬂh hé $0 hiéu chinh cta Basic 6.0 va mé phéng trén méy til’lh, nhan
mo hinh duge két qua hinh 7.

- Hé sb hiéu chinh ctia mé hinh 1a A =

const dugc xac dinh nhu sau:

T
"
-
'
'
<
'
'
'
-
1
1

Hinh 7. Biéu dién ham Hc(t) theo thai gian t [h]

Néu He(L) = 1 c¢6 nghia la duomg biéu todn dugc thiét 1dp chwa ding vdi thuc thuc
dién ti 1& nudc dong bang tinh toan tir mé hinh nghiém. Vi viy, cén phai nhan thém hé s6 hiéu
tring véi thue nghiém, diéu nay ching ta ludn chinh va mé hinh (40), gi4 tri hé sb hiéu chinh
mong mudn va mé hinh toan thiét 1ap chinh chinh 1d dién tich trung binh cia hinh thang
xac, trén dd thi hinh 7 ta thiy He(L) bién thién cong biéu dién & hinh 7, dwoc x4c dinh nhu
nim phia trén duomg He((1) =1, do ¢6 mé hinh sau, [8, 9, 11]:

A :% : hé s6 hiéu chinh ciia m hinh. (44)

Nhu vay: o (1) = Aoy (7) =%Z0M (1) 0 (T) = Amy (T) =%5M (1) @5)

Hé s6 B dugc xac dinh nhu sau:
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Tisl

B=

-
i=0 v+l T T %

Tir phuong trinh (44) va (46) thay sé li¢u
di dugc tinh toan & hinh 7 sé xac dinh dugc hé

s6 hiéu chinh & bang 3.

I He(t)dt —z = J-i © ((3 dr (46)

Bang 3. Sai 50 va hé s6 hiéu chinh cta mé hinh toan

Sai sb SS((T)) [%]

A B

Hé s6 hiéu chinh 15.61

0.8439 1.185

4.1.4. Nhi¢t dp lanh dong téi wu ciia VLA
& giai doan 1 trong sdy thang hoa

Tir két qua tinh toan va mé phong ti 1&
nuéc dong bang trung binh theo nhiét d cua
VLA tém st & hinh 5, 6 lam co s& xac dinh

duoc nhiét do lanh déng tdi wu cua VLA ¢ giai

doan 1 trong sz‘iy thang hoa. Nhiét do lanh dong
tdi uu cua qua trinh lanh déng 14 nhiét d6 ma
tai d6 nudc trong VLA doéng bing hoan toan,
c6  nghia: khi T, = T thi
o, (T)=0, (T)=1 (hay 100%), sau khi tinh

toan s& nhan duoc két qua & bang 4, 8, 9].

Bang 4. Nhiét d6 lanh dong t6i wu ctia VLA & giai doan 1 trong sy thang hoa

_ —_ : Nhiét d¢ trung binh | Ti ¢ nude dong bang
Nhiét 4o bé T, [’C] | Nhiét d6 tam To ['C] \ = "
T [C] @y (T)=mi (T)
-34.57 -11.83 -25.32 1.0000 (100%)

4.2. Ban luin

* Tir két qua nghién ctru & hinh 5, 6 cho
thiy ring, duong biéu din ti 1& nuéc dong
biang trung binh (theo thé tich) thay dbi theo
nhiét dé tinh toan tr mé hinh (40) va thuc
nghiém (41) c6 dang giéng nhau va sai s6 cua
mé hinh (40) so véi thuc nghiém (41) la
15.61% twong déi 16n nhung hoan toan c6 thé
chép nhéin duogc va cd thé mg dung vao thyc té
khi md hinh d& duoc hiéu chinh. Sai s nay 1a
do céc yéu td anh huong dén qua trinh truyén

nhiét lanh déng nhu sau:

v Cac thong sd nhiét - vat Iy va vt ly cua
tdm st nhw: Aj, pj, Cj, ... V.V lz‘iy theo trung binh
thé tich va xem né khéng thay déi dé thuan loi
cho viéc giai bai toan truyén nhiét lanh déng,
nhung thue té céc thong sb nay luén thay doi
theo nhiét.

v An nhiét déng bang ciia m khi tinh toan
xem nhu la 4n nhiét déng bing cua nudc
nguyén chit va khong thay doi theo nhiét do,
nhung thyc té 4n nhiét déng bing cua im trong
tom su khong phai la dn nhiét déng bang cua

nudc nguyén chét, va 4n nhiét déng bang ludn
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thay doi theo nhiét dg, day 13 mot trong nhung
yéu t6 din dén sai sé cua mé hinh

¥"M&é hinh todn xdy dung duge xem gin
dung vo1 hinh tru hitu han ¢é: D = 2R = 9x 10
[m]; H = 2h = 75x10° [m)], thuc té kich thude
clia tém su khong phai 1a hinh tru. Vi vay diéu
kién déi xmg khi giai bai todn khéng dam bao,
ddy la nhitng yéu to co ban dn dén sai sé cua
mo hinh.

v'Mit khic 4m (nudc) bén trong VLA
khéng phai 1a nuée nguyén chit ma nd ¢ dang
dung dich (géln céc chédt tan 1a cic khoang
chét, vitamine, axit amine,...v.v) va khi am két
tinh dm tach ra khoi dung dich thi 1am néng do
chit tan tang, diém két tinh 4m cang luc cang
giam. Diéu d6 chimg t6 rang khi nhiét do tam
dat t6i nhiét do két tinh (Ty = T thi ti 1& dm
d6ng bang o(T) khong thé dat 100%.

= Néu air dung mé hinh dang tru dai vé
han hay dang tim phing [2, 3, 8, 9, 10] dé tinh
todn ti 1€ nude dong bing trung binh theo nhiét
d6 lanh déng ctia tom st thi sai s6 ctia mé hinh
dang tru dai v6 han 13 SS(e(T)) =29.41%, con
d6i véi mé hinh dang tdm phing la SS(E(T))
= 36.14%, vdi sai sb qua 1én nén khi su dung
hai loai mé hinh dang dang tru dai vé han va
dang tam phang 1a khong thé phi hop.

* Viéc giai mé hinh truyén nhiét lanh
dong cho phép xac dinh dugc nhiét do lanh
dong t6i uu, xem hdng 4, tir két qua nhan duoc
& bang 4 cho thiy ring. nhiét do lanh dong thi
uu cua tém su hoan toan phi hop véi thuce

san xudt (nhiét dd moi truong lanh déng -45°C;

nhiét d6 bé mit -35'C, nhiét do tim -12°C), [8,
9, 14]

* Do sai sé gita md hinh todn (40) va
thue nghiém (41), vi viy dé mé hinh c6 thé su
dung dugc trong thuc té san xuat chinh xac hon
thi can phai hiéu chinh mé hinh toan (40). tir
két qua tinh toan xac dinh duge hé sé hiéu
chinh cua mé hinh o bang 3 [9, 10, 12].
5.KET LUAN

* Tir két qua nghién ciu cho thay ring,
mo6 hinh todn (40) di duoc thiét ldp hoan toan
co thé ap dung dugc trong thyc té san xuat.

* Mo hinh todn (40) xdc dinh ti 1é nudc
dong bang ctia tdm sd ¢6 tinh goi ma, né ¢o thé
ap dung cho tdm bac, tdm the ndi riéng ciing
nhu céc loai thuc pham co kich hinh hoc la

dang hinh tru httu han néi chung, khi dp dung

chi can xac dinh cac thng s nhiét vit ly cua

ching réi thay vao phuong trinh (40) dé tinh
toan va nhin duoc két qua, tuy nhién sai s6 mé
hinh twong déi 1én nhung c6 thé chip nhin
dugc.

= Hién nay, cdc nha may, xi nghiép ché
bién lanh d6ng thuc phdm thong thuéng o nhiét
d6 khoang (-45 + -30)’C tuy theo loai san
pham, sau d6 ldy mau va kiém tra vi sinh, thiy
vi sinh vat bij giét chét hodc mit kha nang sinh
truong va phat trién la dat, [1, 2, 5, 6] va khong
biét khoang nhiét dg lanh déng nao la thich
hop. Vi thé viéc nghién ciru dwa ra mé hinh
todn xdc dinh ti 1¢ Am déng bang va nhiét do
lanh déng t6i uu 1a mgt gidi phap vé mat cong
nghé thiét thuc, qua d6 cho phép xac dinh ché
d6 cong nghé ¢ giai doan 1 trong sdy thing

hoa.
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BUIDING MATHEMATICAL MODEL OF FREEZING HEAT TRANSFER TO
DETERMINE ICE RATIO AND OPTIMAL FREEZING TEMPERATURE OF
HUMID MATERIALS IN THE FIRST STAGE IN CONDITION OF FREEZE

DRYING

Nguyen Tan Dzung”, Trinh Van Dzung®, Tran Duc Ba

(2)

(1) University of Technical Education Ho Chi Minh City VN
(2) University of Technology, VNU-HCM

ABSTRACT: Determine optimal freezing temperature for freeze drying and preservation of

foods is a complicated process. In this article, we present research results of a mathematical model in

describing freezing heat transfer to determine ice ratio of humid material following freezing

temperature, the calculated results was used in dertermining optimal frezing temperature, finding

technical regime for the first stage of freeze drying and designing of freeze drying system.

Keys word: Freezing model, freezing heat transfer model, ice ratio.
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