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A most modern method of processing and preserving food in the world today is the
sublimation drying method. It dries foods at a temperature range of -450C to 400C without
changing the substances’ characteristics: the proteins are not denatured, the lipids not oxidized,
the vitamines and natural pigments and smells not destroyed, etc. It is for this reason that it is
indispensable to do research in the designing and engeneering of sublimation drying systems to
use in Vietnam in order not to be dependent on foreign technologies

I. it vin dé Siy 1a qua trinh tach 4m ra
khoi thuc phém v&1 muc dich: 1am gidm trong
lugng, gidm chi phi van chuyén, tang gia tri
cam quan, tang do bén, ...v.v kéo dai thoi
gian sit dung. Vi Cong nghé sdy thang hoa
(STH), qua trinh tach 4m lam kho san pham
dién ra ¢ nhiét do thap, ap suét thip va nho
hon diém ba thé (0,0098°C; 4,58mmHg). San
pham sau sdy gitt dugc chét luong nhu ban
dau rat tot: vitamine va cac hop chit c6 hoat
tlnh gia tri sinh hoc khong bi pha huy, mau
sdc va mu1 vi tu nhién khong thay doi, tao
duogc do XOp, lipit khong bi oxy hoa, glux1t
khong bi ho hoa..., protein khong bi bién
tinh, mot sb loai axit amine khong thay thé
khong bi pha huy. Thé nhu’ng ky thuat siy
thang hoa rat phirc tap, thiét bi va cong nghé
thuong phai nhap ngoai nén gia thanh cao, do
do viée nghien ctru tinh toan thiét ké, ché tao
hé thong say thang hoa (HT- STH) phu hop
v6i diéu kién Viét Nam thay thé thlet bi va
cong nghé ngoai nhap 1a diéu hét sirc can thiét
dé budc dau trién khai STH vao cong nghiép
ché bién thuc pham.
II. Co s& khoa hoc thiét ké HT-STH
1. Co sé khoa hoc STH

Qu trinh STH x4y ra theo ba giai doan

(xem do thi hinh 1 duoc xdc lap bcing thuc
nghiém).

= Giai dogn 1: lanh dong VLS,
chuyén 4m bén trong VLS tir trang thai
1ong sang trang thai ran. Két thuc giai
doan nay nhiét do VLS dat tdi nhiét
do cAp dong, xem tai liéu tham khdio
(TLTK) [4].

. Giai dogn 2: STH trong moéi
truong co6 nhiét do thdp va ap suit
thap nho hon diém ba the 0(0,0098°C;
4 58mmHg) chuyén am tir trang thai
ran sang trang thai hoi, két thic giai
doan nay khi nhiét d§ nguyén li¢u dat
0°C (chinh x4c 0,0098°C) va am tu do
da duoc tach hoan toan.

. Giai doan 3: siy chan khong
(SCK), chu yéu tach am lién két cua
VLS, két thuc giai doan nay khi xay ra
su can bﬁng nhiét gitta vat li¢u séy va
moi trudng sdy (MTS), nhiét 36 VLS
dat toi nhiét d6 MTS va nhi¢t do tdm
buc xa, d@)ng thoi d6 4m cudi cung cua
san pham dat (2 + 4)%.

2. Phwong phap tinh toan thiét ké,
ché tao HT-STH
2.1. Céc thong sé Ky thuit can thiét
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cho tinh tosn thiét ké, ché tao

= Khi tinh toén thiét ké HT-STH
cong nghiép tu lanh dong phuc vu cho
ché bién nhitng loai thuc phém cao
cép, chéng han nhu: tom su ..., cua,
... (nhom giap xéac) do ching c6 gia tri
dinh dudng, gia tri kinh té cao thi can
phai biét cac thong sb ky thudt cua qua
trinh sdy va VLS, ma cac thong sb do
dugc xac dinh tir thyc nghiém. Vi thé
trude khi di tinh toan thiét ké chung t6i
da tién hanh thyc nghiém xac dinh cac
thong s6 ky thuat can thiét d6 (xem s6
liéu thanh phan héa hoc VLS va ¢ bang
1,2) ‘

Thanh phan héa hoc VLS (tom su)
xac dinh bang thwe nghiém, xem TLTK
[4]: nudc (72,31+77,29)%; protein
(19,25+23,45)%; lipit (1,62+2,12)%;
tro (1,91+2,21)%; vitamine B,C (173,4
+ 1,5)%mg.

Bang 1: So liéu thye nghiém céc thong sb ky

thuat can thiét cho tinh toan thiét ké

Giai doan 1 Giai doan 2 Giai doan 3
(lanh dong) (STH) (SCK)
Nhiét do
thang hoa Nhiét 36 SCK
(MTS) [°C]: (MTS) [°C]:
T, =-45+ Ty =035
0
. | o | Nnietdo VLS
Nhiét do cap T [°Cl [°C]
dong tbi VLS = =
on[%cc])'l uu 45-0.0098 T, = 0,0098+35
T =-45 = Nhigt do buc xa ['C]: T, =
cd .
40 35+40
Nhiét d6 ctra ra budng thing hoa
[°C]: T, = 10+15
Nhiét d6 ngung ty — dong bang
["C]
T, =-30+-25
Thoi gian cdp | POLEIAN |y i sian SCK
. STH [h]
dong [h]: T, = T =g = [h]
T, =1+15 STH5+6 ? Toex — T3 = 3+4

Ap suat Ap suat A
[mmHg] [mmHg] Ap suat [mmHg]
B = 760 P, = P,= 0,01+0,2
0,01+0,2
Am bay hoi Am bay hoi | Am bay hoi [%]:
[%]: 5+10 [%]: 80+85 5+10

= Ning suat HT-STH cong
nghiép ty lanh dong: G [kg/mé].

= Vi nhiét cap dong (-45 =
-40)°C, sir dung méi chat lanh (MCL)
R22, ty s6 nén p = P/P, > 9 nén h¢
thong lanh (HTL) chay budng cap dong
(BLP) ciing chinh 12 budng thing hoa
(BTH) 13 HTL 2 cép nén.

* Vi nhiét d§ ngung tu — dong
bang (NT-DB) (-30 + -25)°C, str dung
R22, B =P /P, <9 nén HTL chay cho
thiét bi NT-DB 1a HTL 1 cap nén.

= Chon thiét bi ngung tu cua
HTL lam mat bang khong khi.

Bang 2: Cac s liéu thwe nghiém cin thiét cho
tinh toan thiét ké HT-STH

Thatll:i ;) Ky Giai]dogm Giaizdoz_m Giai doan 3
P, [mmHg] - 0,1 0,1
P, [mmHg] - 0,01 0,01

r, [k/kg] - 2897.97

1, [kJ/ke] - - 2479,45

W [kg/h] W,=0,764 | W =0,874 | W, =0,191

7, [phit] - 0,5+2,5 0,5:2,5

Ghi chi: P, P, : ép suit moi truong STH va gi6i han

cua bom chan khong, r,, 1, an nhiét thang hoa va bay
hoi; W : lugng am thodt ra; t: thoi gian dudi khi.

Tur viéc do dac thuc nghiém, TLTK [4] va
cac thong s6 chon tir thuc té s& thiét lap ché
do lam viéc cua HT-STH lam co sé cho tinh
toan thiét, ché tao HT-STH.
2.2. Co sé khoa hoc tinh toin thiét ké
HTL
2.2.1. Tinh toan HTL cip dong VLS

= Tinh toan kich thwéc BLD:




Tap chi Khoa hoc Giao duc Ky Thuat, s 10( 4/2008)
Pai hoc Sur pham Ky thuit Thinh pbo”' H6 Chi Minh

G
1 V, =x. —abh

[m’] b,.r
Trong d6: G [kg/mé]:ning sudt sy
cua may STH, p [kg/m3] ‘khéi luong
rleng VLS, B,:h€ s6 lap day VLS, &:hé
sO khong gian chua VLS; a, b, h [m]:
chiéu rong, dai va cao, TLTK [3], [6].
*  Tinh toan phu tii lanh cta
HTL cip déng VLS: ning suit lanh
cia HTL chay cho budng cip dong

VLS duoc xac dinh, TLTK [6]:

Oy

=(Qp +0, +0,
@)

t

+0y +0, }bl

Trong do Q nhlet tda VLS Q nhlet
téa khay du’ng VLS, Q,,: nhiét lay ra
lam lanh khong khi trong budng cip
dong, QMT' nhiét xadm nhdp tor moi
trudong vao, Qun nhlet lam qua nhlet hoi
moi chat lanh vé may nén, B,:hé s tai
an toan, 7 : thoi gian.

Xay dung chu trinh 1am viéc ctia HTL 2 cap nén: tir bang 1, 2 thiét 1ap duogc cac thong
sO lam viéc ¢ bang 3 dé tinh todn chu trinh lanh 2 cap nén st dung may nén lanh piston

xem hinh 2.

Bang 3: Cac thong s6 trang thai chu trinh lanh 2 cip nén cén thiét ké, ché tao.

Trang thai h [ki/kg] | vm¥kgl | s [kJ/(kgK)] P [bar] T [°C]
1 383,56 0,2452 - 0,6459 -50
1’ 392,48 0,3492 1,888 0,6459 -35
2 436,44 - 1,888 3,145 39,64
3 400,20 0,0725 1,772 3,145 -13
4 446,53 - 1,772 15,315 74
4 417,43 0,0154 - 15,315 40
5 249,99 - - 15,315 40
6 249,99 - - 3,145 -13
7 191,27 - - 15,315 -8
8 191,27 - - 0,6459 -50

=  Tinh chon may nén thip ap
- Luu lugng khéi luong (m,), thé tich
(V') MCL:

® m =% [kels]
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) V‘” =m.v, [,m3/s] o
- H¢ s0 chi thi the tich (L") va hé s0 ton
tht do tang nhiét do (A' ) : A\, = AL
AL )

Trong do :

1
1.1:PO_A'P0_C‘ (F;; +A'ngn_P0_APo
6 3 R
1= do 7); P =.P.P. [b

W' _T_ ; _— o-F [bar]
®) g

- Thé tich hat ly thuyét cia may nén cap
thap:

Vie= VI /AL, [mYs]
® ,
- Cong suat nén N'

N' =m,.(h,—h,) [kW]

10)

- Cong sut nén chi thi N'
N'=N'/n’

an

- Cong suat ma sat N'

N' =P _.V'/10°[kW]
12)
- Cong suat hitu ich N,

N' =N'_+N!
13)

Trong do: n': hi¢u sut chi thi; P :ap

suat ma sat [N/m?].
- Cong suat tiép dién N',

1
N, = N
(14) hyh,
Trong dé: m,,: hiu sudt truyén dong; Ny
hiéu suat hiru ich.
- Cong suat dong co dién N! @
N' =B.N', [kW]
as)
Trong d6: B- hé sb tai an toan cho dong
co, TLTK [2], [6].
* Tinh chon may nén cao ap: tuong tu
nhu tinh cho may nén cap thap. Voi m, tinh

theo c4n bang nhiét & thiét bi lam mat trung
gian, TLTK [5], [6].

- Luu luong khéi lwong (m,), thé tich (V2)
MCL:

h,—h
m, =m,.———L [kg/s]
(16) h3 - h6
V2, =m,. v, [m/s]

(17)
- Hé s0 chi thi thé tich (A?) va hé so ton that
do tdng nhiét do (A% ) : A°, =A% A7,
(18)

Trong do :

E :Pg —AF, _C {PkJFA-PkJn_Pg —AP,

a9y L P, B,
1.7 e

(20) T

- Thé tich hit 1y thuyét ciia may nén cap cao:
o Vi = V2 A, [ms]
- Cong suat nén N

N’ =m,.(h, —h,) [kW]

(22)

- Cong suét nén chi thi N
N2 = N2 /2

(23)

- Cong suat ma sat N
N =P _.V?/10° [kW]
(24)
- Cong suat hitu ich N,
N2 =N2 +N?
(25)
Trong dé: m*: hiéu suét chi thi; P_:ap
suit ma sat [N/m?].
- Cong suat tiép dién N°,

N?.
N?e =
(26) h, h,
= Tinh toin thiét bi ngung tu
(TBNT)
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hy—hs)+(N; =N;
Q7F,, _Q_K:m2( s —hs)+ (N s).q) 3
q: q:

Trong do: Q, [kW]: nhiét tai; F_ [mz] dién
tich trao d6i nhiét; q, [W/m?]: mat do dong
nhiét.

= Tinh toan thiét bi lam mat trung
gian

Qg _ m, (hs — h;)
qw.r qw.r

0°

28) F, =

Trong d6: ¢,,, [W/m?]: mat d6 dong nhiét;
Q, [kW]: nhiét tai; F, [m2]: dién tich trao ddi
nhiét.

2.2.2. Co s6 khoa hoc tinh toan HT-STH

= Tinh toan nhiét BTH: Xem s6 liéu
thuc nghiém o bang 1, 2.
- Lugng am tach ra:

W —-W.
29)W =G.———2 [kg/mé
@9V, = G. 70— kg/me]
Trong do: W ,W_: do am trude va sau khi
say.
- Nhiét lugng toa ra:

Q ch + Qbh th'(t 2 +t 3)
30)
=q, t,+q,.t; -KFAtt [k]]

Trong do: Q, [kJ]: nhiét thang hoa; Q,, [kJ]:
nhiét bay hoi; Q_[kJ]: nhi¢t moi truong xam
nhép vao; Q[kJ]: nhiét tda BTH.

Voi: q, =r1,.W,, [kI/h]

31 qy, = 1, W, [KJ/h]
(32)

- Dién tich birc xa nhiét BTH:

qdn

r,\ (1,
100 100

- Budc song buc xa nhiét:
1 =nN, hc/Q

k.Cye, .
[m’] (33)

Trong d6: T, [K]:nhi¢t do tam buc
xa; T, [K}: nhlet d6 thang hoa; n.N :
proton btrc xa; k =1,2; €= =0,854; C
5,67, xem TLTK [1], [2], [3].

= Tinh toan thiét bi NT-PB

((gg)) Q =W, {rh+rh )+C (t a)}
37 Q VV13 {r,h +7, )+Cp .(th —1, )}

At

thl - Kngt—db'ant' ngt-db

Qm
_ O[ngt-4 ]
ant—ﬂ -

qur [ngt-d ]

_0+0,40,, 45
9oyt (ng-8 |
Trong do: Q,, Q,[kW]: nhiét lay ra dé
ngung hoi ¢ giai doan 2 va 3; Q_ [kW]: nhiét
tir moi truong xam nhap vao; le, W Ty T
t,, t,, xem so liéu thuc nghiém bang 1, 2.
- Xay du‘ng chu trinh lanh 1 cap nén chay
cho thiét bi NT-BB, xem hinh 3, bang
4.

Bing 4: Cac thong s trang thai chu trinh
lanh 1 cap nén can thiét ke chay cho

[m?](38)

thiét bi NT-PB.
Trang | h[kJ/ | v[m¥ | s[kJ/ P T
thai kg] kgl | (kgK)] | [bar] | [°C]
1’ 392,68 | 0,136 - 1,641 | -30
1 39485 | 0,137 | 1,810 | 1,641 | -27
2 451,88 - 1,810 | 14,59 | 78,5
2’ 415,64 - - 14,59 | 38
3 248,71 - - 14,59 | 38
3 243,55 - - 14,59 | 35
4 243,55 - - 1,641 | -30
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g

hy by by by

=

High 3, dvo ik lim vide HTL | cipnda

= Tinh chon may nén lanh va TBNT
chay cho thiét bi NT-PB: tuong ty nhu tinh
toan HTL 2 c4p nén nhung chi & phan thap ap
ma thoi, vi HTL nay 1a 1 cap nén, TLTK [6].

_ 0 0

KF, At, 6 [phitme]
Trong do:

K[W/(m2K)]: hé sd truyén nhiét;
At [K]: d0 chénh nhiét do logarit;
Q_,[kWT]: nhiét xa bang;

an[mz]: dién tich mat ngoai.

3G9ty

= Tinh toin ning suit (N,
lit/h) bom chan khong (B, P,P,T,
xem bang 1, 2)

N=bb. Lo 2l
(40) b 1 2'td' f)h_Pg

Trong dé: V[m?®]: thé tich BTH,

b,.b,: hé s6 an toan varo ri ctia BTH,
xem TLTK [2], [3].

* Tinh thoi gian xa bang cho
NT-DB

III. KET QUA V BN LUAN
1. Két qua

Bang 5. két qua tinh to4n thiét ké.

Cic thong sb can tinh toan, R , £ .
thiét ké Cong thire Keét qua
Kich thudc Puong lanh dong a=0,5m:
(hodc BTH) B
" \ 1 b=0,8m;
Biét: G =10 kg/mé h=0.6m:
p. =565 kg/m? T
Phu tai lanh budng lanh dong hay 5
BTH or = 1,57kW
Q0
Cong suit may nén thap ap 3+15 N,'= 1,675 kW
Cong suit may nén cao ap 5+17 N, = 1,138 kW
Dién tich trao d6i nhiét TBNT 18 ant = 0,33 m?
Dién tlch‘trao d’01 nhiét thiét bi 20 F = 0,047 m?
lam mat trung g
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Dién tich trao ddi nhiét BTH va a7 F~2m?
budc song burc xa A=50.10°m
Dién tich tr?\(l) EéDiélhiét thiét bi 58 =31 F = 0,67
N~ 182k
Ning suat hat bom chan khong 32 N, = 180 lit/h
Thoi gian xa bang 33 T, = (5= 10) phut

oc2 - Wicrosoft Wor
Dol B Vew Dvet Fomat Dok T W tob
iy el = WTines 212 2|B ZU Q& [ sy s e o2 A
HANCA® NENETIE NN A NP N A RN R e s
] S SRR R R R EE TR RS R R R R PR RN RERT EERRRRP S e e T a

Hunl 4. 56d6 thiét &' bé thong say thing hoa DS-3
1,2,3- méy nén lank; 4- boin chin Kneing; 5- thiét bi ngung w; 6- blnh lam mét trung gian; T- bk
tich déu; & b cha 19ng cao dp; 9- bink tich léng; 10- thk bj ngung w - déng bing; |1- bung
Ianh dong va thing hoa; 12- van tét Lty 13- van dién 1, 14- phin loc

Tir viée tinh toan thiét ké chung toi ¢ mo
phong HT-STH bang Macromedia-Director,
xem hinh 4.

2. Ban luan

Hinh 5 1a HT-STH DS-3 da dugc thiét ké,
ché tao hoan chinh va tng dung truyén nhiét
trong qua trinh sy (moi trudng chan khong)
bang birc xa voi bude song ngan (A = 50.107
m < 0,1m), TLTK /2], /3], bang thuc nghiém
sdy ddi tuong tom s trén HT-STH DS-3 nay
va kiém soat cac thong sd ki thuat bang hé
thong do luong va diéu khién ty dong bang
may tinh, d do dac vé& do thi Im viéc ciia budng
STH hinh 1, dua ra quy trinh san xuét, TLTK
[4]. San pham STH trén quy trinh cong nghé
[4] dem di phan tich tai Trung Tam Phan Tich
79 — Truong DPinh — Tp.HCM, xem bang 6.
Két qua cho thdy, thnh phan dinh dudng cua
san pham so voi nguyén liéu ban dau gan nhu
khong thay d6i. Thuc nghiém di cho thdy,

HT-STH chung t6i d thiét ké ché tao dap ung
dugc yéu cau trong viéc ung dung dé bao
quan cac san pham c6 gia tri kinh té va mg
dung vao trong cong nghiép ché bién va bao
quan thuc phém tai Viét Nam.

- Dung phuong phap STH bdo toan tinh
chat tu nhién cia cac san phadm c6 ngudn goc
thuc phadm va dugc pham, sinh hoc...v.v. San
phim dugc bao quan ¢ nhiét do thuong va
thoi gian sir dung rat dai co thé téi 6 nam,
TLTK [3]. Hon nita san phdm STH san xuét &
trong nudc gia thanh ré hon nhiéu 1an so véi
nhap ngoai. Chang han nhu: 1kg tém sa STH
san xudt ¢ trong nudc gia khoang 590000
VND, trong khi d6 néu nhu nhép tir Nhat Ban
hay Han Qudc thi gia thanh 1kg tom st STH
¢6 cung kich ¢& d6 am twong dwong tir 2+4%
la: 40USD x 16000 = 2240000VND, TLTK
[4]. Gia nhap nay gan 4 1an so véi san xuét

trong nudc.
Béang 6: Thanh phan héa hgc co ban ciia tom
st sau khi STH
Mau sic Nudc [%] Protein [%]
bo gach 3,45+0,55 | 20,89 +0,48
Do gach 2+4 19,25 + 23,45
o o VTM B, C
Lipit [%] Tro [%] [%omg]
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1,79+ 0,06 | 1,90+0,05 | 178+0,045
1,62 +2,12 191 =221 165,7+173,4
IV. KET LUAN

- HT-STH chiing t6i d thiét ké ché tao
dap tmg duoc yéu cau trong viéc ung dung
STH dé bao quan cac san pham c6 gia tri kinh
té. Chi phi thiét ké, ché tao HT-STH DS-3
khoang 7500 USD, néu nhap loai HT-STH
cling ning sudt tir Phap thi gia khoang 25000
USD, TLTK [4], gip (3+4) 1an so v6i ché tao
trong nudc.

- Do ung dung truyén nhiét trong moi
truong chan khong khi STH bang btc xa
nhiét c6 budc séng ngan (séong ngin cd A <
100cm = 0,1m) nén thoi gian siy dwoc rat
ngan (8+10)h/mé, chinh vi viy lam ting ning
suat cua hé thong thiét bi STH so véi hang
ngoai nhap (12+16)h/mé.
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