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Thu'c hanh qud trinh ky thudt thuc phdm co bdn i

MG DAU

Ky thuit thuc phdm c6 lién quan dén cic qud trinh thiy luc, nhiét, hod, sinh...
Viéc tinh todn cdc qué trinh trén cAn nhitng s liéu thuc nghiém nhu 4m do, hé s6 ma
sat, trd Iuc, @6 nhét, nhiét dung riéng, téc dod siy, v.v. Céc so liéu thuc nghiém c6 thé
da dugc xud't ban va ciing c6 thé chua dude do dac. Vi vay, hi€u dugc phudng phap do
dac sé& gitip cho k§ su thuc phAm nim dugc ban chit clia van dé ciing nhu c6 kha ning
tu xdc dinh céc tinh chat trén.

Tai liéu dugc chia 1am hai phdn. Phan 1 bao gébm cic bai thuc tip do dac 4m
dd, nhiét dung riéng, do nhdt, sa'y khay va thdy Ivc. Phan 2 bao gdbm cdc bai thuc tip
vé truyén nhiét, thanh tring, nhiét dong hoc cia quéd trinh dong lanh thuc phdm, cin
bing khdi va ning lugng va mot s phan khic.

Ngoai ra, tai liéu con c6 mdt phan vé thi nghiém céc tinh chi't clia vat liéu ding
trong thyc pham.

Nhom tac gia
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Bai 1 XAC BINH AM PO VAT LIEU THUC PHAM

1.1 Muc dich & yéu ciu:

L . A N 2y A 7 . R A A A N
Gidp sinh vién lam quen vdi viéc xdc dinh Aam d6 cta vat liéu dung trong thuc
/(’ ~ Pl . /(7 A A" Zy* A’ N M A A N
pham hodc x4dc dinh Aam do do61 véi bat ki loai vat li€u nao.

1.2 Cdsé 1y thuyét:
1.2.1 Am d6 toan phan (dm d6 theo ciin ban u6t):

La tf sd gitta khdi lugng 4m chifa trong vat liéu vdi khdi lugng cla vat liéu Am.

M =M, = 2100 (%) (0
w

1.22 Am dd tuyét d6i (Am d6 theo cin ban kho):

La tf 1& gifta khdi lugng 4m c6 trong vat liéu so v&i khdi lugng vat chit khod cla
vat liu.

Wn Wn 0
X =M = 100= 0100 (%) (1.2)

k n
1.2.3 M0i quan hé giita cic loai 4m d9:
Ta c6 mdi quan hé giita 2 loai &m do trén theo cong thifc sau:
M % X%
100 -

- M%=— 2"
100— M % hay *T 100+ X% (1.3)

1.3 Trang thi€t bi phuc vu thi nghiém:
1.3.1 Ta sdy:

C6 nhi€u loai th sdy dugc phan loai dua vao nguyén tic hoat dong clia khong
khi sdy hodic dya vao di€u kién cla mdi trudng siy:

- Ti sdy thuong hoat dong theo nguyén tic doi luu tu nhién: tdc nhin siy
(khdng khi néng) tuan hoan ddi luu ty nhién trong td siy.

- Ti sdy thuong hoat dong theo nguyén tic doi lvu cudng bic: tdic nhin siy
(khdng khi néng) tuan hoan ddi luu cudng biic trong ti siy.

- Tii sdy chdn khong: sy vat liéu 4m trong moi trudng chian khong.
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Céc thong s6 can quan tAm khi ti sdy hoat dong 12 nhiét do siy, thdi gian siy,

luu lugng khi vao/ra, 4p suat chan khong (d6i vdi ti sdy chan khong),...
1.3.2 Can 4m hdng ngoai:

C6 ciu tao nhu mdt cdi cAn chiu nhiét can khdi lugng vat liéu thay d6i theo thoi
gian trong khi vt liéu dugc say hay dun néng bing tia hong ngoai.

Céc thong sd can quan tim khi si dung cin xdc dinh 4m bing hdng ngoai: nhiét
dd sdy, thdi gian sdy, khdi lugng vat liéu trudc & sau khi say, lugng 4m bdc hoi, Am do
vat liéu say...

1.3.3 M4y do 4m d hat:

La mdy dudc ch€ tao chuyén ding d€ do 4m dd mot s loai hat xdc dinh nhu
lda, gao, bdp...dwa vao viéc x4c dinh dién trd hoic dién dung clia hat, tit d6 suy ra Am
do hat.

Nguyén tic hoat dong: dwa vao su thay ddi dién trd hodc dién dung cda hat khi
Am do hat thay ddi.

1.4 Phuong phdp thi nghi€m: ngudi ta thudng xdc dinh Am do vat liéu bing cédc
phuong phap sau:

1.4.1 Phuong phdp truc ti€p: xdc dinh lugng 4m chita trong vat liéu
Dung td siy hodc cAn x4dc dinh 4m biing hdng ngoai.
a. Dung ti sdy:
Dung dé€ x4c dinh 4m do ctia hiu hét cdc loai vat liéu & nhiét do thich hop.

Tuy vao loai vat liéu ma ta chon nhiét d6 siy cho thich hgp. C6 thé cung mot
loai vat liéu it bi€n tinh ta c6 thé sdy & nhiét do cao trong thdi gian ngin hoic siy &
nhiét d6 thap hon trong thdi gian dii hon. P&i v6i vat liéu dé bién tinh (t6n that
vitamin, chit hitu cd dé bay hdi,...) & nhiét dd cao thi ta nén sdy & nhiét do ma vt
liéu it bi bi€n tinh nhat nhung nhiét do khong nén thdp qud vi sé kéo dai thoi gian sdy
vt liéu ciing nhu tao di€u kién cho vi sinh vat phat trién.

2 . A A ~ . A cA cA A
Béang xdc dinh am dd cua so6 loai vat li€u theo tiéu chuan:

Nhém vit liu T sdy thudng T sdy chin khong
Rau qua T =70°C, 4 ngay T =70°C, 1 ngay
Ngii cdc T =105°C, 10h T = 105°C, 4h
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Nguyén tic x4dc dinh 4m do6 bing ti siy:

+

+

Can mot khdi lugng xdc dinh miu vat liéu can xdc dinh 4m (W).

X 1y vat liéu biing cdc phuong phdp co hoc d€ lam ting bé mit boc hdi clia
vat liéu nhv cit méng & cit nhd, tdn nhd (cd 2-3 mm)...

Say kho va cAn hop dung miu sau khi say (Wp).

Cho vat liéu d3 xtt 1y co hoc vao hop dung miu, dan déu vat liéu va cho vao
th say.

Cai diat nhiét do siy & thdi gian sy theo yéu ciu cho td say (T,t).

Vit liéu sau khi say dudc cho vao binh hiit 4m d€ 1am ngudi & dem di cin
xdc dinh khoi lugng cuing v6i hop dung mau (W»)

N N A cA
Am d0 toan phan cia vat liéu:

W, —W
M=—""2100 (%)
W

V6i W, =W +W, : khoi lugng hop & vat liéu trude khi sdy (g)

W, : khoi lugng hop & vat liéu sau khi sdy (g)
W, —W, : khdi lugng Am d3 bdc hoi sau qué trinh sdy (g)

W : khdi luong vat liéu 4m can xdc dinh 4m do6 (g)

Uu di€m cda phuong phap: don gidn, két qua khd chinh xdc (sai s6 khodng +
0,2%) va 1a phudng phdp chuidn d€ so sanh vdi cidc phudng phdp khic.

Nhudc diém: ma't thdi gian dai méi xdc dinh duge Am do.

b.

N A /\9 k .
Dung can am hong ngoai:

Dung dé xdc dinh 4m dd cia mot s loai vat liéu & nhiét dd & thdi gian thich

hop.

Hoat dong: Bat cong tic, cai dit ch€ do siy thich hgp cho cin: cai dit nhiét do
& thdi gian sy hoic sdy dén khdi lugng khong ddi, 1dp dia can kho sach vao cin va
trir bi. Cho mot lugng miu x4c dinh 1én dia can, din méng va déu rdi déng nip may
lai d€ ti€n hanh cin. Sau khi siy d&€n hét thdi gian cai dit (theo kinh nghiém hoic
ch& @6 di c6 sin) hodc khdi lugng vat liéu siy khong d6i (d6i v6i vat lidu c6 it chat
dé bay hdi nhu vitamin, axit hitu cd,...) thi cAn phét tin hiéu bdo cho ngudi st dung
bi€t d€ ghi lai k&t qua va k&t thic qua trinh cAn. Trudc khi ti€n hanh sy miu mdi ta
phdi IAm ngudi cAn r6i mdi dudc sy tié€p.
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Uu di€m: xdc dinh 4m do trong thdi gian ngin (it hon 99 phiit, thong thudng 15 +
30 phuat tuy vatli€u & 4m dd ban dau), c6 ch& d6 xac dinh 4m do, nhiét do, thdi gian,
khdi lugng ty dong. C6 thé sy mau dén khdi lugng khdng doi.

Nhudc di€ém: chi siy dugc khdi lugng vat liéu nhd (vai gam) c6 bé mit boc hoi
16n (phdi x& 1y c¢6 hoc mau), chi x4dc dinh dugc 4m tu do (khong siy kiét dugc). N&u
sy qud thdi gian sdy toi da 1a 99 phiit (do mdy mic dinh) thi k&t qua 4m d6 do dudc
khong chinh x4c. Phdi lam ngudi cAn trudc khi sy mau mdi.

1.4.2 Phuong phdp gidn ti€p:
Diing miy do 4m dd hat: mdy Kett (hoat dong theo nguyén tic dién trd)

Hoat dong: bat cong tic may, cai dit ch€ do thich hgp d6i véi tirng loai hat. Cho
hat vao ngdn dung dé xac dinh 4m d6.

Uu diém: nhanh, doc dugc 4m do chi sau vai giay.

Nhugc di€m: dd chinh xdc khong cao vi con tuy thudc vao kich thudc, hinh dang
hat, @6 ban... G khodng 4m d06 thap, sai s6 c6 thé chi + 0,3% nhung § 4m dd cao (rit
uGt), sai s6 c6 thé 1én dén + 3%.

1.5 Hudng din thi nghiém:

1.5.1 Vatliéu & chuén bi vét liéu:
Hat: lda, gao, bip
Rau qua: ca rot, ca chua, hanh 14

D6i v6i rau qud phai ti€n hanh x{t Iy c¢d hoc: ca rdt, ca chua, hanh 14 dudc Iam
sach, cit nhd va mong.

1.5.2 Phuong phap:
Xdc dinh 4m d6 hat: bing ti siy & mdy Kett
Xdc dinh 4m d6 rau qui: bing td siy & cAn 4m hong ngoai.

MJi loai vat liéu dudc ti€n hanh sy vé6i 3 1an lip lai: mdi vat liéu can 1am 3
mau v6i khoi lugng gan bing nhau.
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1.6 B4do cdo két qui & xit Iy & liéu thi nghiém:

1.6.1

Thuc hanh qud trinh ky thudt thuc phdm co ban

Céc ch€ do sdy tng véi cdc thiét bi say:

Tén thi€t bi Nhiét d6 (T,’C) Thdi gian (t, h) Ghi cha
T sdy S1 105 10 Hat
T siy Memmert 75 (cai bién) 24 (cai bién) Hat, rau qua
T sdy chan khong 70 24 Hat, rau qud
Can 4m hong ngoai 130 0,25 Rau qua

MAu hat:

Xdc dinh 4m do bing td say (T,t):

Xdc dinh 4m do6 trung binh clia titng loai vat liéu (theo cin bin khd & wét)

MaAu

Ky hiéu | W (g)| Wi (2)| Wi (2)| Wa(2)

W, -W,| M%

L,

L,

L;

Gao

Gi

G,

G;

B,

B>

B3
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Xdc dinh 4m d6 bing may Kett:

Miu | Ky hiéu MY% M % X
L,
Laa L,
L;
Gy
Gao G,
G;
B,
Bip B,
B3
1.6.2 MAu rau qui:
Xdc dinh 4m d6 bing ti siy (T,t):
Mau | Ky hiéu| W (g)| Wi (2)] Wi (2)| Wa(g)] Wi-W,| M% M % X
G
o
G
T,
Ca
chua T
T;
H,
Hfténh H,
H;
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Xdc dinh 4m d6 bing cAn hdng ngoai (T,t):

Miu | Ky hiéu M% M % X
C

C3

” C,

10
Cs
T,

Ca

chua T2
T;
H,

Hanh

14 H,
H;

1.7 Thao luin:

So sanh 4m dd x4c dinh bing 2 phuong phap ddi véi mdi loai vat liéu ding so
sanh 2 dan s&. Nhan xét.

Ban luan vé dod chinh xdc & sai s6 cda tirng phuong phép.
1.8 Yéu ciu viét bai bdo cdo:

Bai bdo cdo vi€t hoic ddnh mdy trén khd gidy A4, c6 tJ bia ghi tiéu dé bai thuc
hanh va danh sdch cdc thanh vién trong nhém thuc hanh, déng lai thanh cudn.

Bai bdo cdo trinh bay theo cdc muc sau:

+ Tém tit 1y thuyét: cc loai 4m do, cdch x4c dinh 4m do...

+ Phuong phdp ti€n hanh thi nghiém: cdc cdch xdc dinh 4m do, trang thiét bi xdc
dinh 4m d6 & cdch st dung, cdc thong s& qud trinh sdy ng véi mdi loai vat liéu, cong
thitc tinh k&t qua tir s6 liéu thu dudgc tr thuc nghiém. ..

+ Bdo cdo két qud & xit 1y s6 liéu thi nghiém:

Bédng s6 liéu tho.

Béng két qua trung binh & phan tich thong ké.
+ Thao luin: nhu trén da ggi y.
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Bai 2 PO NHGT THUC PHAM

2.1 Muc dich thi nghi€m
Tim hi€u dic tinh nhét clia chi't 16ng Newton va chat 1dng phi Newton.

Xdc dinh @6 nhét cia mot s6 chat 16ng thyc phim bing nhét k€ mao quin va
mdy do do nhdt truc quay.

2.2 Cd s6 1y thuyét

2.2.1 Khéiniém vé d6 nhét

Luu chit khong c6 kha ning chiu lyc cit, va mot khi c6 luc nay tdc dung, nd s&
chdy va xuat hién luc ma sat bén trong. Hinh (2.1) md td mot cdch dinh tinh bié€n thién
clia mot dong chdy bén trén mot thanh rin. Van tc cla phan ti luu chit tiép xic véi
thanh rin biing 0. Cang ra xa thanh ridn, van toc cla cdc phan tif lvu chat cang ting. Ta
c6 thé chia lwu chdt thanh cdc 16p chuyén dong song song nhau. Ung sui't ma st (luc
ma sit trén mot don vi dién tich) giita cdc 16p do su chuyén dong twong ddi gifta ching
phu thudc vao gradient van t6c (du/dy hay y) giita cdc I6p. Su phu thudc nay dugc md
ta bdi dinh ludt Newton:

du

& 2.1)

T=U

Trong d6 u 1a d6 nhét dong Ivc hoc (dd nhét), T 12 ng suat cit

y
u
TR
b| FEREEEEE
\\\\\\\‘u\\\\“
du
> u

Hinh 2.1: M6 ta sy bién thién cia dong chdy
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ChA't 16ng dudc phan loai thinh 2 nhém:

- Chat 16ng Newton: 1a nhitng chit 16ng ma dudng bi€u dién mdi quan hé giita
ng sudt cit T va van toc cit du/dy 13 mot dudng thing di qua goc toa dd.
Nhitng chit 1dng nay tuan theo dinh ludt Newton vé do nhdt:

du

T:Hd—y

vl W = const (2.2)

Vi du: nudc, dung dich loang, dung moi hitu cd, sita, nude trai ciy, dau thuc
phdm...

- Chat 18ng phi Newton: 1a nhitng chit 1dng khong tuan theo dinh ludt Newton
v€ do nh6t. MGi quan hé gifta (ng sut cit va toc do cit khong phdi 1a dudng
thing hoic khong di qua gdc toa do. PE mo t3 luu chi't phi Newton ngudi ta
dung phuong trinh sau:

T=my" +71, (2.3)
Trong d6 n: chi s6 dic tinh dong chay.
m: chi s& do dic.

Sy phu thudc clia ¢ng suat cit va gradient vin toc cia mdt sd luu chi't dude mo
ta nhu hinh 2.2:

A Luu chat Bingham

/ plastic

Luu chit Newton

du/dy
Hinh 2.2: Sv phu thudc ciia ¢ng sudt cit va gradient van toc

Bén canh d6 nhét dong luc hoc, ngudi ta con st dung khai niém dd nhét ddong hoc
v dudc dinh nghia:

v=* véi p: khoi lugng riéng ciia Iuu chat . (2.4)
o,
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DPon vi do ludng cia d6 nhdt: 1cP =107 Pa.s = 10” kg/m.s.

1 stoke = 1 cm?/s.
2.3 Céc phuong phdp do d6 nhét

2.3.1 Do dd nhét biing nhét k€ mao quin

Nguyén 1y: n&u cho chat 16ng chdy qua cdc mao quin, chat 1dng cang c6 do nhét
cao thi chdy cang chim. Vi vay ta c¢6 thé€ dua vao tinh chit d6 d€ xdc dinh dod nhdt cla
chat 1dng.

DP&i v6i dong chdy tang &n dinh ctia chit 1dng Newton trong dng mao din,
phuong trinh ¢§ dién ctia Hagen Poiseuille d4 dwa ra nhitng nén tdng cho viéc do ludng
do nhét.

_ AP.z.R*

Q 8.u.L

(2.5)

trong d6, Q: lvu lugng thé tich, m’/s.
AP : t0n thi't 4p suat doc theo 6ng mao din, Pa.
R: dudng kinh 6ng mao din, m.
L: chiéu dai 6ng mao din, m.
4 : d6 nhét chat 1dng, Pa.s
Ngoai ra, ton thit 4p sudt AP = p.gh (2.6)
V6i p: khoi lugng riéng chdt 16ng, keg/m’.
h: chiéu cao cot thdy tinh, m.
h=L.cosa, v6i a 13 géc tao bdi 6ng mao din véi phuong thang ditng
g: gia t&c trong trudng, m/s>.
Thay phuong trinh (2.6) vao phuong trinh (2.5) ta dudc:
#_,_mR'gh

=V

P 8.L.Q

2.7)

Trong d6 v : dd nh6t ddng hoc clia cha't 1dng, m*/s

Goi V 14 thé tich chat 1dng chiy trong dng mao din trong thdi gian t, ta ¢

_Vv
Q_t
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Phuong trinh (2.7) dudc vi€t lai nhu sau:

4 4
7.R".¢ cosa)t=(ﬂ'R .g.h
8V 8.LV

)t. (2.8)

v =(

Khi cho chit 1dng chdy tir diém C dén E , thé tich V va chiéu cao cot 4p thiy tinh
h 14 c¢6 dinh, do d6 biéu thitc trong diu ngoic trd thanh hiing s6. Phuong trinh (2.8)
dugc vi€t don gidn nhu sau:

v =b.t (2.9)

4 4
n.R*.9 cosa ] = [7Z'.R .g.h
8V 8.LV

Trong d6 b = 112 hiing s8 ctia nhét k€.

A—>

C——

E— )

Hinh 2.3: CAu tao nhét k€ mao quan Ostwald.

Hing s6 nhdt k& c6 thé xdc dinh bing cdch thay cdc gid tri clia thong sd nhdt k&
hoiic biing cdch do thdi gian chdy clia mot chi't 16ng da bi€t dd nhdt, khi do:

b= anown / 1:known

Khi di bi€t dugc hiing sd nhdt k&, ta c¢6 thé xdc dinh dude d6 nhdt dong hoc v
clia chat 16ng cAn ki€ém tra biing cdch do thdi gian t va st dung phuong trinh (2.9). Tir
do xdc dinh dugc d6 nhGt dong luc hoc x.

C6 nhiéu loai nhét k€ mao quin vdi hinh dang khdc nhau. Trong bai thi nghiém
nay ching ta sit dung nhét k& Ostwald c6 cau tao nhu hinh 2.3.
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2.3.2 Do d6 nhét bing miy do dd nhét truc quay:

Nguyén ly: do nhét chat 16ng dudc do bang cdch cho truc xylanh quay & mot toc
dd chon tru6c va & mot moment quay can thi€t d€ thing luc cidn dd nhét clia chat 1dng
can do. Phuong phdp ndy cho phép ta xdc dinh lién tuc mdi quan hé giita @ng suit cit

va toc do cit.
Véi chat 16ng Newton (u it thay d6i theo s6 vong quay), dd nhét dugc tinh nhu

n
Z,Ui

— i=1

sau: n=- , n:solan do (2.10)
n

V6i chd't 16ng phi Newton, ta tim 2 chi s6 m, n § phuong trinh sau:
log (1 ) =nlog(1/n) + log(m) + (n-1)log(4 = N) (2.11)
véi:  N: toc dd quay cta xylanh (vOng/s)
u : do nhét clia chdt 16ng tuong dng véi toc do quay N (Pa.s)
Khi thay d6i p ta tim hdi quy tuyén tinh giita log(u ) va log(4 zN) dé xdc dinh m va n.

- Man hinh hién
thi

|_— Phim diéu khién

Céc dung miu

Hinh 2.4: C4u tao mdy do do nhét truc quay.
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SYNCHRONOUS MOTOR

S~

cLUTCH

s

6-—
i
F
r
0
il
C
Fig.3

/ S‘uu""m
prvor - SPIRAL SPRING

% JEWELLED
PIVOT BEARING

TE

-

Fig. 1

SPINDLE —

A
F
11t

SAMPLE CONTAINER ——_

Cylindrical Spindle Dimensions
b

Hinh 2.5: CAu tao bén trong miy & céc loai Spindle.

2.4 Phuong phép thi nghi€ém

2.4.1 Do d0 nhét chit 16ng Newton bing nhét k€ mao quin:
Dung dich m4u: nu6c dudng & cac néng do 0, 10, 20, 30, 40, 50% va nuGc cam
ép.
C4ch tién hanh:
1. Trang nhét k€ bing chinh dung dich can do it nhit 2 1an.
2. Cho 20ml dung dich miu vao nhét k€.

3. Ding qui bép cao su hiit § nhanh A hoic ddy vao dng mao dan F cho
mit chit 1dng dang cao khdi vach C (khi hiit hodc ddy phdi lam tir tir
va tranh c6 bot khi 14n trong chit 18ng).

4. Bo qud bop ra d€ chat 16ng chdy ty do xudng. Dung ddong hd bam gidy
do thdi gian chat 16ng chdy tir vach C dén vach E.

5. Lip lai phép do bing cdch thuc hién lai tit budc 2 dén budc 4. Po thdi
gian it nhi't 3 1An d€ 14y gid tri trung binh.

Luu y: sau mdi 1an do phdi rira sach nhét k&€ biing nudc cit, sau d6 tring lai
bing aceton va 1am khd hoan toan nh6t k€.
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2.4.2 Po do nhét bing mdy Brookfield

Dung dich miu:

dudng sucrose nong d6 40%

puree ca chua nguyén chat

puree ca chua nguyén chat + 10ml nu6c cat
puree ca chua nguyén chat + 20ml nuSc cat

nudc cam ép

C4ch tién hanh:

1. Cho khodng 400ml miu chit 1éng vao cdc thiy tinh 500ml va dit cdc
vao binh diéu nhiét (30°C) trong 10 phiit. Po nhiét d mau.

2. Chon spindle phit hgp v6i miu can do (dudng kinh spindle cang I6n
khi d6 nhét cang nhd).

3. Chon tdc do quay sao cho %moment quay trong khodng 30 - 70%.

4. Ghi nhan dd nhét ng véi tirng tdc dd quay da chon (it nhit 13 5 s6
vong quay khédc nhau).

5. Tién hanh do theo mdt trong hai trinh tu: s& vong quay ting din hoic

s6 vong quay gidm dan.

Luu y: d6i v6i miu puree ca chua va nudc cam ép cin xdc dinh Am d6 mau trudc khi
do dd nhét.

2.5 K&t qua & xt 1y s6 liéu thi nghiém

2.5.1 Po dd nhét bing nhét k€ mao din
Ky hiéu nh6t ké: ...2... (A hoic B)

Bdng s0 liéu (nhém A):

C% | T(C) [ V(D | m(g) | pkgm) | t() | &6 | 66 | t(s)
0 20
10 20
20 20
30 20
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Nudc cam ép: do dd Brix cua nudc cam
Bx | T(O) | V(D | m(g) | pkg/m) | t(5) | &) | 66 | t)
20

Hing s6 nh6tké: b=7?

Bdng s0 liéu (nhém B):
C% | TC) | V(mD) | m(g) | pkg/m’) | t;(s) | (s) | t3(s) t(s)

0 20
40 20
50 20

Hing s6 nh6tké&: b=7?

Bdng két qua:
C% t (s) v (m*/s) i (Pa.s) n (cP)
0
10
20
30
40
50

Nuéc
cam

Vé d6 thi mdi lién hé gitta ndng do dung dich dudng & dod nhét dong luc hoc (C, p) dya
theo bang k&t qua trén.

2.5.2 Do d6 nhét bing mdy Brookfield

Mau:
Am do: (do bing cAn 4m hdng ngoai)

Béng s0 liéu:
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N (rpm hay vong/phiit) u (cP)

> D6i v6i miu 1a dung dich dudng: 14y gid tri trung binh clia d6 nhét & cdc vong
quay.
> D01 véi mau 1a puree ca chua, nuéc cam ép:
V& gidn do (log(4zN), log 1 ).
Xdc dinh phuong trinh hdi quy tuyén tinh clia do thi, tir d6 x4dc dinh 2 hé s& m,n Gng
v6i mdi dung dich mau.

2.6 Thao luian

2.6.1 Do d6 nhét biing nhét k& mao din
Nhin xét dd thi trong 2 khodng: dung dich lodng va dung dich dic.

So sidnh két quid do do nhét dung dich dudng 40% va nudc cam ép bing 2
phuong phéap. Gidi thich.

Néu uu, nhude diém cia nhét k& mao quan.

2.6.2 Do do nhét bing mdy Brookfield
So sanh k&t qua do d6 nhdt puree ca chua & cic 4m dd khic nhau. Gidi thich.
Néu vu, nhugc diém ctia mdy do do nhét truc quay.
2.7 Yéu ciu viét bai bdo cdo:
Bai bdo cdo trinh bay theo cdc muc sau:
+ Tém tit 1y thuyét
+ Phuong phdp ti€n hanh thi nghiém
+Bdo cdo két qud & xit Iy s6 liéu thi nghiém

+ Thédo ludn

Chi y: PO nhét & khdi lugng riéng cia nudc theo nhiét dd cho & phu luc 2.1 & 2.2
trang 64 - 65.
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Bai 3 PO NHIET DUNG RIENG THUC PHAM

3.1 Muc @ich thi nghi€ém

Xdc dinh nhiét dung riéng cia mau thuc phdm bing cich st dung nhiét lugng k& cé va
khong c6 hop dung mau.

3.2 Co sd 1y thuyét

Dinh nghia nhiét dung riéng: nhiét dung riéng ctia mot loai vat liéu 13 nhiét lugng can
thiét dé nang nhiét do cia mot don vi khoi lugng vat liéu d6 1€n 1°C hodc OF, hoidc K.

Nhiét dung riéng ciing nhu cdc tinh chit nhiét khic cia vat liéu thyc phd&m nhu
enthalpi, hé s6 trao d6i nhiét va hé s6 khuéch tan nhiét giit vai tro rit quan trong trong
viéc thi€t k&€ nhitng quy trinh c6 lién quan d€n sy trao d6i nhiét nhu thanh triing, tiét
tring, bdc hdi, ngung tu, siy, dong lanh,...Gi4 tri nhiét dung riéng cla tirng chit rat
khdc nhau phu thudc vio thanh phdn, do 4m, nhiét do clia chi't d6 (su phu thudc ciia
nhiét dung riéng vao 4p suit khong ding ké).

Nhiét dung riéng ctia mot chit c¢6 thé dugc xdc dinh biing cdch sit dung nhiét lugng k&
doan nhiét. Trong do, su thay d6i nhiét @6 ctia mot lugng xdc dinh vat liéu chua biét
nhiét dung riéng dudc so sdnh véi su thay d6i nhiét dd ctia mot lugng xac dinh vat lidu
da bi€t nhiét dung riéng sau khi hai vat liéu d6 dudc tron 1dn va dé dat dén trang thdi
can biing. Gia st ring nhiét lugng k& cdch nhiét tuyét doi va bd qua sy that thodt nhiét
ra mdi trudng. Ta xdc dinh nhiét dung riéng ctia miu thuc phdm biing phuong trinh cin
bing nhiét lugng:
W.C.. T;+W,.C,. T+ W,. C,. Ty =( W, .Co+ W,.C,+W,.C) . T, 3.1)
Trong d6: T 12 nhiét do, W 1a khdi lugng, C la nhiét dung riéng, i: ldc dau, s:vat
mau, m: hdn hgp, c: nude, v: vach binh
Sdp x€&p lai bi€u thic trén ta tinh dugc nhiét dung riéng ctia vat mau Cg:

C=(C, . W +C.. . W) (T, =T/ (W .(Ts-Ty)) (3.2)

3.3 Phuong phap thi nghi€m
MaAu thuc phdm cin xdc dinh nhiét dung riéng: bip hat c6 4m do 10%.

ChA't da biét trudc nhiét dung riéng: nudc.
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3.3.1 Phuong phédp 1

Dung dung cu khong ¢6 hop dung miu (hinh 3.1).

/ Nhiét k&
/— Nép binh

Lép cdch nhiét

et

<L

Hinh 3.1: Dung cu do nhiét dung riéng khong c6 hop dung mau.
Céch ti€n hanh:
Can nuéc lanh c6 khoi lugng W, va nhiét dd Tj; vao binh 1, lic cho déu.
Sau d6 d6 nudc néng c6 khdi lugng Wy, va nhiét do Ty, chd cho hé cAn bing.

Ta c6 phuong trinh cAn biing ning lugng:
Cpl Wi (Tey = Ty) + va W, (Ter - Ty) = Cpn Won( Ty = Ter) (3.3)
Vé6i: + Cpy, Cpi, Cpy : nhi€t dung riéng cia nuéec néng, nuc lanh va vach binh.
+ W, Wo, W, : khoi luong clia nuéc néng, nude lanh va vach binh.
+ T, : nhiét dd khi hé dat trang thdi cin bing.
+ Gi4 thi€t : nhiét @6 ban ddu clia vach = nhiét do ban dau cda nudc lanh = Tj;
DPE€ cho binh dat nhiét dd ban diu Ty;. Ti€p tuc cAn miu hat bip c6 khdi lugng Wy, ¢6
nhiét do gia thi€t bing nhiét dd cia nudc lanh Tj; vao binh 2. Sau d6 cho nudc ndng cé
khoi lugng W,, va nhiét @6 ban diu T,; vao binh 2. D€ cho hé dat can bing.
Phuong trinh cAn bing ning lugng:
Cpm Wm (Te2 - Tli) + va Wv ( Te2 - Tli) = Cpn Wnn( Tni - Te2)- (34)
VGi:  + Cpp, : nhiét dung riéng clia hat bip mau.
+ T, : nhiét dd cta hé khi dat trang thai can bing.
Tur (3.3) va (3.4) ta tinh dudc nhiét dung riéng ctia mau hat bip:
C = 1 Te2 _Tli
"W, (T, T To =Ty

el

{Cpnwnn (Tni _Tez) - [Canpn (Tni _Tel) + CpIVVnI (Tel _Tli )]} (35)
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3.3.2 Phuong phdp 2

Dung dung cu do nhiét lugng c6 hop dyng miu di bi€t nhiét dung riéng (Xéc dinh tir
phuong phap 1).

Nhiét dung riéng C,, clia hop dung mau da bi€t & nhiét dd moi trudng Ty,

/— Nhiét k&

- Nép binh

/— Ldp cdch nhiét
| _—— Hop dyng miu

NANANNNANNNNNNN

Hinh 3.2: C4u tao nhiét lugng k& c6 hdp dung mau

Céch ti€n hanh:

Pau tién ta dun néng hoic 1am lanh hat ciing hop dung miu dén nhiét do T;.
P38 nuée nong c¢6 nhi¢t do T, vao hop c6 chita hat va ddy kin. Chd cho hé dat
trang thai can bing.
Phuong trinh cin bing ning lugng clia hé:
Coh Wh (Te = Ti) + Cpmy Wi (Te - Ti) = Cpy Wi Ty = To).
Cann (T, -Ty) _Cchc(re -T,)
W, (T, =T5)

=C, = (3.6)

Trong do:
W, , Wy, Wy, : khdi lugng nuéc néng, hdp dung miu va mau.
T, : nhiét dd ban dau ctia nu6c néng ( 70 — 80°C).
T, : nhiét dd ban dau cda hat va hop.
T. : nhiét dd ctia hé § trang thdi cAn bing.

MBJi thi nghiém thurc hién it nhat ba 1an dé 1y k&t qui trung binh
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3.4 Kétqua thi nghiém

3.4.1 Phuong phdp 1

Thuc hanh qud trinh ky thudt thuc phdm co ban

Béng 3.1: K&t qua thi nghiém 1

20

Nudc lanh Nudc néng Hon hgp
1. Khi lugng (W)
2. Nhiét do (T)
3. Nhiét dung riéng (C)
Béng 3.2: K&t qué thi nghiém 2
Mau thyc phim Nuéc Hon hgp
1. Khi lugng (W)
2. Nhiét do (T)
3. Nhiét dung riéng (C)
3.4.2 Phuong phidp 2
Béng 3.3: K&t qua thi nghiém 3
Vat liéu hdop dung miu Nudc Hon hgp

1. Khdi lugng (W)

2. Nhiét do (T)

3. Nhiét dung riéng (C)
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Thuc hanh qud trinh ky thudt thuc phdm co ban

21

Nuéc

Hon hgp

1. Khdi lugng (W)

2. Nhiét do6 (T)

3. Nhiét dung riéng (C)

3.5 Tinh todn k&t qué va thdo luin

- X4c dinh nhiét dung riéng cia mau thuc phdm bing 2 phudng phap.
- X4c dinh nhiét dung riéng clia vach binh nhiét lugng k€.

- So sdnh két qua do bing 2 phudng phép, gidi thich su khdc biét.

- Nhan xét vé do tin cdy clia cic két qud va cic yéu td dnh hudng dén két qud thi

nghiém.
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Biai 4 SAYKHAY

4.1 Muc dich thi nghi€ém

Nghién cifu qud trinh sy rau qué, tir d6 x4c dinh dudng cong siy, tdc do siy
ciing nhu méi quan hé gitta cdc thong s6 trong qud trinh s&y. Ngoai ra con khio sdt 4nh
huéng clia cdc qud trinh x& 1y rau qud dén qud trinh sdy vA cdm quan cla sin phim
sdy.

4.2 Co sé ly thuyét

4.2.1 Khdiniém
Say la qud trinh 1am b&c hdi nudc tir vat liéu vao moi trudng (thudng 12 khong
khi) bing cdch cap nhiét cho nudc trong vat liéu Am bay hoi.

4.2.2 Dudng cong siy va dudng cong toc d0 sdy

Dudng cong siy: 12 dudng bi€u dién sy gidm 4m cda vat liéu siy theo thdi gian.
Pudng cong siy 12 dudng bi€u dién mdi quan hé gitta &m d6 (cin ban kho - ky hiéu 1a
X) theo thdi gian t.

XA

XoN

v

81 t 3

-

Hinh 4.1: Pudng cong siy
Trong d6: X=X;- X 1a 4m do tu do
X, 12 4m dd vat liéu tai thdi diém t
X, 12 4m d6 cin bing cia vt liéu Gng v6i ché do siy
X, 12 Am d0 ban diu cda vit liéu
X, 1a 4m do vat liéu tng vSi bt ddu qud trinh si'y ding toc

[N A A LN . 22 e 2 N ~ 2 e
X, la &m @9 vat li€u &ng v4i cudi qud trinh say dang toc
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Pudng cong tdc d6 siy: 1a dudng bi€u dién toc dd sy hay 1 lugng hoi nu6c
thodt ra khdi vat liéu trng v6i mdt don vi dién tich bé mit vat liéu siy trong mdt don vi
thoi gian. Ky hi€u la R.

R A

R,

2
“\
é i

0 X, XX, X

i\ |
7"
Na

Hinh 4.2: Pudng cong tdc do sy
Ghi chid: 1 & 2: vat liéu x8p mao din c6 bé mit bdc hoi 16n (gidy, da,...)

3: vat liéu x8p - mao din c6 bé mit boc hoi nhd (gdm,...)
4,5 & 6: vat liéu xdp - mao dan - thé keo (bip, banh mi,...)

Pudng cong toc do siy c6 thé vé bing hai phuong phap:

. Phuong phdp 1: Xem gin ding d6 doc bing %(hinh 4.3)

Xdc dinh do gidm 4m AX theo thdi gian At. Tir d6 tinh tdc do siy va vé toc do siy
R theo 4m do X. A

Toc do sdy R= _LaX 4.1) \
A At AX

V6i R: toc dd say (kg H0/m*h) L
L,: khoi lugng vat liéu kho (kg) L

v

A: dién tich bé mit vat liéu ti€p xdc khi siy (m?) Hinh 4.3

A

. Phuong phap 2: (hinh 4.4)

AX, +AX, AXI{AXZ{ '
N n an . AX 2
Binh quan d6 doc =
At At

v

Hinh 4.4
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4.2.3 Xic dinh thdi gian siy & c4c giai doan va thdi gian sdy d&€n d6 4m cén thiét
Qud trinh sdy d&€n do 4m khong ddi thudng trdi qua 1an lugt 3 giai doan sau:

Giai doan hAm néng: trong giai doan ndy, 4m bay hdi khong nhiéu do d6 ham
4m clia vat liéu thay d6i rat chAm va chi x3y ra trong thdi gian ngin.

Giai doan sy ding tdc: trong giai doan nay 4m trong vat liéu con nhiéu nén cé
thé xem 4m bdc hdi tif mit thodng va ham 4m cla vat liéu thay d6i tuyén tinh theo thdi
gian hay toc d6 sdy khong d6i nén dugc goi 1a giai doan si’y ding tdc. Xdc dinh thdi
gian si'y ding toc:

- Biing thuc nghiém: x4c dinh trén d6 thi dudng cong toc dd sy theo thdi gian.

- Dung cong thuc tinh:

j dt=—|— @42 1

Vi tdc @6 sdy khong d6i nén thdi gian siy dé
gidm Am tir X; d€n X, bat ki 1a (hinh 4.5):
LS
R=R, =const =t :ﬁ(x1 -X,)

»

0 Xy X; X Xo XXy X

Khi X; = X, va X, = X, ta ¢6 tong thdi gian
say ding toc 12 t.. Hinh 4.5

Giai doan sd'y gidm tOc: trong giai doan nay tdc do sdy ngdy cang gidm dén khi
vat liéu dat d€n dd Am cin bing thi tdc do siy biing 0, qud trinh sy k&t thic. Toc do
sdy trong giai doan nay thay ddi theo cdc qui luat khdc nhau tuy thudc tinh chi't va ciu
tric vat liéu say.

Xdéc dinh thdi gian sdy trong giai doan siy gidm tdc:

X
1dX
Idt = | 43

Khi X, = X, ta c6 t()qng thdi gian sy gidm toc 12 t. (hinh 4.5).

Ve %theo X, tu do tinh dién tich S, bén dudi dudng cong

X R (kg/m’h) 1/R Se (m?)
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L

=1, =—>3S,. So sdnh vdi thdi gian siy gidm t6c xdc dinh trén dudng cong t8c do siy.

A
4.3 Chutao mdy siy

43.1 Cautao

6)
Xem hinh 4.6

(1) (4) /
2) / /

\

A\
(3)

N\

)

Hinh 4.6: Mdy siy khay: Pong cd (1); Quat gi6 (2); Bd diéu khi€n nhiét do (3);
Caloriphe (4); Budng siy (5); Khay sdy (6)

4.3.2 Nguyén tic hoat dong

Cap dién cho dong co hoat dong 1am quay quat gié hit khong khi tir moi trudng
ngoii vao caloriphe d€ cap nhiét cho khong khi. Khong khi di qua cdc bé mit truyén
nhiét cda caloriphe thi néng 1én dat nhiét do cai dit cho mdy sdy va khong khi siy
dugc 6n dinh & nhiét do cai dit nhd bo On nhiét. Dong khong khi néng sau d6 di vao
budng siy c6 chita vat liéu 4m trén nhiéu khay sy sip thanh chong cdch nhau khodng
cdch khong ddi. Khi dong khong khi néng ti€p xtc v6i bé mit vat liéu siy thi hoi 4m
lap tiic boc 1én di vao trong dong khi va dude dong khi van chuyén ra ngodi mdy siy di
vao moi trudng. Quat gié lai hit dong khi méi tf moi trudng vao may sdy va qud trinh
cit thé ti€p dién theo chu trinh trén.

4.3.3 Thao tdc st dung

Bat cong tic dién cia mdy sy cho dong co hoat dong lam quay quat gié va lam
néng caloriphe. Thi€t 1ap nhiét dd cho qué trinh siy. Cho mdy siy hoat dong mot thdi
gian cho 6n dinh nhiét 6 say méi cho vat liéu sy vao. Khi qud trinh sy két thic thi
ngit dién cho mdy ngirng hoat dong, md cira budng sa'y d€ 1am nguodi khay say.
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4.4 Phuong phdp thi nghi€ém

44.1 Vitliéu sy

Ca rot tuci cat lat.

442 Dungcu & héa chit

Nhiét k€ (bau khd, bau uét) R& dung vat lidu

Nhiét k& rugu R4S 1am rdo

Can 26 18 Chau ngdm

Binh hiit &m CAy nhiing (chin)

DPong hd do van tdc gi6 Ludi dung vat liéu sy

Mdy do mau Natri metabisunfit ( Na,S,0s )
Dao, thét, thuSce do Axit ascorbic ( vitamin C )

4.4.3 C4ch ti€n hanh thi nghiém

MOdi nhém ti€n hanh sdy ci rdt da cit 14t méng khodng 2mm trong mdy siy
khay. SAy ca rdt trong trudng hop khong xr Iy va di qua xit 1y (nhiét, héa chat...).
Nhiét do tic nhan sdy (khong khi néng) 1a 60°C.

Ca rot khong qua xt& 1y 12 ca rot rita sach, 1am rdo, got vd 16i cit theo chiéu
ngang thanh 14t méng hinh tron day 2mm. SAy ca rot cit 14t d€n do 4Am khong ddi va
x4c dinh bié€n thién do 4m clia 14t cit theo thdi gian. Tr d6 suy ra tdc d6 siy cda ca rot
citlat va thdi gian siy d&€n do 4m can thiét.

Ca r6t ¢6 qua xt 1y nhiét hay héa chit ciing trii qua cdc giai doan chuin bi nhu
ca rot khong qua x@ 1y nhung cudi giai doan chudn bi ¢ ti€n hanh x& 1y nhiét (nhu
chan) hay xtt Iy héa chat nhu ngdm trong dung dich natri metabisunfit hay trong dung
dich axit ascorbic.

Sau day 1a huéng din nhitng cdch xit 1y ca rot cit l4t:

1) Chén: 13 nhing ngép ca 1ot cit 1at vio trong nuéc néng & 90°C trong khodng thdi
gian 30 gidy. Xong vétra rd dé rdo 5-10 phiit.

2) Ngim trong dung dich natri metabisunfit: ngdm ca rot cit lit vao dung dich

Na,S,05 0,5% trong 3 phiit rdi v6t ra rd dé rdo 5-10 pht.

3) Ngim trong dung dich axit ascorbic: ngdm ca rdt cit 14t vao dung dich vitamin C
1% trong 15 phiit rdi vt ra rd d€ rdo 5-10 phiit.

Ca 16t sau khi d€ rdo dugc x€p lén ludi dua vao khay sy d€ xdc dinh d6 4m cla lat
cit va toc do sdy theo thdi gian.
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> Céc budc chuin bi siy:

- L&y miu xdc dinh 4m do ban dau bing ti sdy ( 75°C /24h)

- Can mau trude khi cho vao ti sdy.

- Po dudng kinh cdc 14t cit cda miu cho vio mdy siy dé€ xdc dinh bé mit boc hoi.
- Lap bang theo ddi su gidm khdi lugng miu trong mdy sy theo thdi gian.

> Giai doan sdy:

- Bat cong tic cho mdy siy hoat ddng mot thdi gian cho nhiét do khi sdy dat 6n
dinh 60°C.

- Po nhiét do bau khd va bau uét clia khdng khi mdi trudng.

- Do nhiét do khi siy vira ra khoi mdy sdy.

- Cho miu vao va theo doi su gidm khoi lugng maiu trong mdy sdy theo thdi gian
(At = 10 phit) cho d&n khi khdi lugng miu thay ddi khong ddang ké (Am < 0.01g).

Ta goi miu khong x& 1y 12 miu ddi chitng. Poi v6i miu d6i chiing hay miu ¢ xi
1y nhé sau khi lam rdo hay trudc khi dua vao mdy sy phai 1dy 1 phan miu dé sdy dén
khdi lugng khong ddi d€ xdc dinh do 4m ban ddu truSc khi ti€n hanh qud trinh siy,
phan con lai ding lam thi nghiém siy.

Ti€n hanh lam thi nghiém véi hai nghiém thic: A (khong x 1y) va B (c6 xit 1y) véi
dé lflp 13.1 2 lﬁn (Al, A2 va B], Bz)

» Céch sdp x€p mau trong mdy siy:
- Chon nhitng It ca rot c6 dudng kinh gan biing nhau va x&p

trén lu6i thanh hang, thanh day nhu hinh v& (hinh 4.7).

- M6i nhém do van toc khi sdy tai cac vi tri c6 dau chéo

trong khu vurc sy clia minh nhu hinh vé 4.8. P6 ciing chinh 1a

van t6c vio (v) va ra (v') khdi 1u6i sdy nhu hinh v& 4.7, Hinh 4.7
- X&p lu6i chita mAu clia mdi nhém vao khay sdy theo thif ty nhu hinh vé:
Khay 1:
1A, | | 1AL ] 1] 2A,] | 24,
> Ix X xix X X
IB, | |1B, | :|2B,| | 2B,
Khay 3:
3A, | |3A, ] [4A,] | 4A,
X X xi X X X
3B, || 3B, | | |4B, | |48,
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Hinh 4.8: Vi tri lu6i sy trén cdc khay

* Ghi chd: P€ so sanh mau sic sidn phdm ta ti€n hanh do mau bing miy do mau
Minolta cia Nhat.

w i
1 - 1

]
X -

B

\

=

|
iz

San pham sau khi si'y dudc cho vao bao nylon chdng hiit &m va ddn lai. Khi ti€n
hanh do mau sdn phdm ta dan déu san phim ra hét cic géc canh cda bao nylon va 1dy
mau & vi tri 4 g6c va tAm bao dem di do mau. Ta do cdc gid tri L, a, b cda vién miu
(khdng do & tim) va do & 2 vi tri d6i dién cda vién. Sau d6 14y gid tri trung binh cda L,
a, b clia san phdm & tirng 1uSi va so sanh miu d6i chitng vdi miu cé xi 1y (c6 cling
mau sic co bdn khong, vé do sdng...).

4.5 B4o cdo k&t qud va xit Iy s6 liéu thi nghiém:
4.5.1 Xéc dinh c4c thong s6 cla mdi trudng

Nhlét d6 moi trtIGng: Ty, Tow => Hy, RHy, E

Nhlét dﬁ khi Sﬁ.,y vao khay Sf{y: Tl => le, Hl’ RH], El

Nhiét do khi sdy ra khdi mdy say: T, => H,, RH,, E,

~ N ~ A . A g R
Vé chu ky sdy trén gidan do trac am:
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H (kg H20/ kg khong khf kho )

Ly

TOWT1WT() T?, Tl
Hinh 4.9 : Chu ki sy trén gidn dd tric 4am

0: trang thai khi moi trudng
1: trang thdi khi sy
2: trang th4i khi ra khéi mdy sdy
4.5.2 Toc @6 khi sdy
Vé vi tri lu6i, khay va vi tri do van tdc.

Khay s0: ? , bén trdi hay bén phdi khay ? (vi tri 1ugi sdy trén khay)

TA1 | | 7A,

B, || 7B,

=
>
_________x__________

C4c gid tri van tdc vao & ra khdi lu6i sdy tai 3 vi tri dinh diu trén khay theo thi
tu tir trdi qua phdi: v, v’, v’ ?

Tinh t6c d6 sy giai doan ding tdc R, biing 2 phuong phap:
> Biing thuc nghiém:
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AX
R, :iu = _id—xzconst
A At A dt

> Tinh theo hé so truyén nhiét doi luu:

r - MT-T)
A

w

4.4)

Vi R.: toc do sdy (kgH,0/m’s)
h: hé s6 truyén nhiét d6i luu (W/m* °C)
T: nhiét do khong khi s&y (OC) (=T))
T,: nhiét do bau udt clia khong khi sdy (OC)
Aw: 4n nhiét héa hoi cia nu6c & nhiét dd binh quan cta khong khi sdy Ty, =

(T+Ty)/2 (J/kg) (tra bing cdc thdong s6 vat 1y clia nude va hdi nude)

Hé s& truyén nhiét ddi luu tinh theo 2 c4ch:

k.Nu

* Tinh theo chu&n s& Nusselt nhusau: N= .

V6i k: hé s6 din nhiét ctia khong khi tai nhiét do binh quin ctia khong khi siy T,
(W/m°C) (tra bang phu luc 3.5, tai liéu [1]).

S: dic tinh hinh hoc cta vat (m)
S =D cho vat hinh cau dudng kinh D hoic xylanh dudng kinh D.
S =L cho vat dang tim dai L.
Chuin s& Nusselt phu thudc hinh dang vat va phuong thdi ctia dong khi say:
Nu = f (Re,Pr) (4.5)
Da&i vdi vat dang tAm dai L, khi si'y thdi song song bé mit vat liéu Am thi:

Nu = 0,664 Re” Pr'>  khi Re < 3.10° va Pr> 0,7 (4.6)

Nu = 0,0366 Re”® Pr'’* khi Re > 3.10° va Pr> 0,7 4.7)
Trong d6 Re = pLy
7

p : khoi lugng riéng khi sdy & nhiét do Ty, (kg/m’) (phu luc 3.5, tai liéu [1])
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1+ d0 nhét khi sdy tai nhiét do Ty, (Pa.s hay N.s/m?) (phu luc 3.5, tai liéu [1] )
v : vin tdc trung binh cla khi siy (m/s)

Pr=v/a: chuin s& Prandlt tra § phu luc 3.5 & nhiét d@o T,

Ghi chu:

Tinh R, theo dic tinh hinh hoc ctia vat S = D (binh quan dudng kinh 14t) va so sdnh v&i
thuc nghiém. Tinh Re theo v (trung binh van tdc vao va ra khdi luéi).
Nu
. ) - Re h
Tém lai: Ty, s 1,V = =k = =R,
Pr A,

D

D(@m) | v (m/s) | Re Nu | h(W/m?°C) | R.(kg/m’h)

(Chui y don vi cia R,)
v6i D = X(D;.ny)/ Zn;
* Tinh theo cong thic thuc nghi€ém:

Trong thuc t&, vat liéu siy thudng khong c¢é hinh dang nhat dinh nén ngudi ta
thudng ding cic cong thifc thyc nghiém d€ tinh hé s6 truyén nhiét d6i luu khi nhiét do
sdy trong khdang 45 + 150°C.

D&i v6i dong khi van téc v = 0,61 + 7,6 m/s thdi song song véi bé mit vat lidu
thi h = 0,0204.G"%, trong d6 G = 3600pv (kg khong khi/m’h) .

Tém lai: Tb,p,g =G =hR,

p (kg/m’) | v (m/s) | G (kg/m’h) | h(W/m?>°C) | R. (kg/m*h)

(Chd y don vicuaR,)

4.5.3 Béng sd liéu
Bédng s6 liéu thu dudgc tir thi nghiém:
* Ca r6t khong xt 1y:
» Nghiém thic Al:
Ky hiéu khéi lugng:
Lu6i 16n (Lu), Iugdi nhd (Ln), mau trudce khi sdy (L’;), mau sau khi sy (L))

B¢ mén thiét bj — Khoa Céng Nehé Thuc Phim PHNL



Thuc hanh qud trinh ky thudt thuc phdm co ban 32

Lu(?) (kg) | Ln(?) (kg) | Ln+L’(kg) | Ln+L’, (kg)

Dau (?): ghi s6 thit ty clia ludi (Iu6i s6 may)

t (min) | t(h) | Lu+L (kg) D(m)| Sm? | nddt) | A(@m?
0
10
20

Vi L: khdi lugng vat liéu (wét) , D: dudng kinh 14t ct, S: dién tich mot bé mit 14t cit,
A: dién tich bé mit boc hoi clia tat cd 14t cit c6 cling dudng kinh, M: dd 4m cin ban
uGt, X: @6 4m cian ban kho.

> Nghiém thitc A2: trinh bay gidong nghiém thifc trén

* Ca 16t c6 xit 1y (x& 1y bing gi ?)
> Nghiém thitc B1: trinh bay gidng cdc nghiém thifc trén
> Nghiém thitc B2: trinh bay gidng cdc nghiém thitc trén
454 Xitl§ s6 liéu
D6i v6i mdi nghiém thifc:
t(h) |L(kg) | AL(kg) | M (%) | X=X;-X. | AX R | AX, | AX, | AXyp | Ry
0 Lo M, Xo - Xe

Tinh Xo: 4m dd ban diu cta vat liéu
Ln+L', )—(Ln+L' M
0:( 0)—( ) =X, =
(Ln+L',)—Ln 1-M,

Tinh L,: khoi lugng cha't kho cia vat liu
L, =L,(1-M)
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Tinh X.: 4m d9 lién k&t cda vat lidu (tai thdi diém cin bing clia qué trinh siy trong
mdy sdy) (tinh theo phuong trinh hit 4m ding nhiét hay xdc dinh tai thdi di€m khdi
lugng khong ddi)

L -L M
M, =—2 S = X, = £
oL, " 1-M, X4
AX, =X, =X,
, X, - X |
szzxz_xz_ 2 3(1:2_'[1) :
t, —t, :
AX, = AX| +AX, X; : :r :
2 | ! !
L | i |
R:_S‘& 1 ! ! >
A At tl t2 t3
4.5.5 PO thi

> Xic dinh dudng dic tinh sdy (dudng cong sdy) va dudng cong tdc do sdy.

> Tinh thdi gian d€ gidm dd 4m vat liéu sy tir X; xudéng X, trong cic giai doan
si'y ding toc va gidm tdc: dua vao dd thi va tinh todn

- Tinh thdi gian d€ siy vat liéu tir 6 4m 85% xudng 80% (cin bin udt).
- Tinh thdi gian d€ siy vat liéu tir 36 4m 45% xudng 40% (cin ban uét).
- Tinh thdi gian d€ siy vat liéu tir @6 4m 5,5 xudng 5 (cin ban kho).
- Tinh thdi gian dé say vat liéu tr do Am 1,5 xudng 1 (cin ban kho).

* C4ch xdc dinh thoi gian sdy giai doan gidm tdc:

X, + X,

V& R, theo X = L sau d6 vé do thi %theo X.

4.5.6 Pomau
Maiu khong xtt 1y:

Thong s6 do Gid tri trung binh

L

a

b

B¢ mén thiét bj — Khoa Céng Nehé Thuc Phim PHNL



Thuc hanh qud trinh ky thudt thuc phdm co ban 34

Mau c6 xtt ly:

Thong s do Gi4 tri trung binh

L

a

b

4.6 Théo luin:
Nhan xét @6 thi.

Ban luan k€t qua thi nghiém (phan tich, so sdnh véi 1y thuyét, gidi thich nguyén
nhin giy su khéc biét so v6i Iy thuy€t, rit ra nhan xét, quy luat...).

So sdnh R, gifta 1y thuy€t va thuc nghiém, giita cdc phuong phéap xit 1y.

T mau sic va két qui do6 4m, tdc dd siy thu dudc ta ti€n hanh so sdnh ca rot
cit lat khong qua xif 1y véi ca rot cit 1at c6 qua xi Iy va cho biét qud trinh x{ 1y nhiét
hay héa chit c6 dnh hudng d€n chit lugng ctia sdn phdm siy (cdm quan, dd 4m...)
khong?

- C4dm quan mau sic, hinh dang (d9 co, gidm dudng kinh), miii sin phadm say.
- So sdnh 4m dd tai cling thdi diém.
4.7 Yéu cau vi€t bai bdo cdo:
Bai bdo céo trinh bay theo cac muc sau:
+ Tém tit 1y thuyét
+ Phuong phdp ti€n hanh thi nghiém
+Bdo cdo két qud & xit 1y s6 liéu thi nghiém

+ Théo luan
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Bai 5 TINH CHAT THUY LUC VA DONG CHAY

5.1 Muc dich, yéu cau

W Muc dich: Tao diéu kién cho sinh vién ti€p cAn md hinh, thi€t bi lién quan dén
dong chay ctia thuc pham ché bi€n. Van dung nhitng ki€n thiic d€ tinh todn cic
thdng s trong qu4 trinh thyc hanh.

™ Yéu ciu: Nim vitng 1y thuyét, tuan thd nhitng qui dinh trong phong thi nghiém,
ddm bdo an toan vé con ngudi va thi€t bi trong qué trinh thyc hanh.

5.2 Co s& 1§ thuyét
5.2.1 Kién thitc chung
e SO Reynolds (R,)

_ pDth
o

Re (5.1)

Trong d6: D : Pudng kinh &ng, do bing m
Vi : Van toc trung binh clia dong chdy, do bing m/s
p :Khéi lugng riéng, do bing kg/m’
i : Do nhdt clia chi't 18ng, do bing Pa.s

Vo Q_ 40
S =D

(5.2)

e Dong chdy ting va dong chdy rdi
R. <2100 :Chay ting
R.>4000 :Chay roi
2100 < R, <4000 : Qué d0, chuyén ti€p gitra 2 loai
T&n that 4p suat (AP) va hé s6 ma sit
AP = AP, + AP, (5.3)
Trong d6: AP,,: Tén that ma sit, AP.: T6n thit cuc bo
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2
APy — 2fpV-°L (5.4)
Trong d6: f : Hé s& ma sat
L :Chiéu dai dudng 6ng
2
Apc = 2PV Le (5.5)

L. : Chiéu dai tuong duong (tra Bing 2.2, trang 13-Gido trinh cd s§ k§
thuat thuc phgm 1)

e Heé s6 ma st (f) vi dong chdy tang

f = 11{—66 (5.6)
e Hé s0 ma sit v6i dong chiy rdi
f =(L0014-%§§§%§ (5.7)
e Luu lugng dong chdy (Q) qua 6ng
Q- “lg‘:f (5.8)
e (CoOng suit bom (N)
N = Q8P (5.9)

n
Trong d6: n : Hiéu suat bom
e Phuong trinh Bernoulli tong quat

Trong trudng hdp tong quat, trong hé thdng dudng 6ng c6 gan bom nhu Hinh 1. Chat
16ng dudc bom tir vi tri 1 1&n vi tri 2. GoiW,, 1a cdt 4p bom tinh bing do cao cdt chat
16ng (mét), ta c6 phuong trinh Bernoulli:

P 2 ;
Wb+_1+v_1+zlzi+v—2+zz+hf+hc (5.10)
pg 2g pg  2g

Trong do:
- P,, P, 1a tinh 4p clia luu chit tai cdc mit cdt 1 va 2, do bing Pa.

- Vi, V,1a van toc dong chdy tai cdc mit cdt 1 va 2, do bing m/s.
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- 71,75 1a cdc khodng cdch tif cdc di€m 1 va 2 d€n tAim bom, do bing m.
- hy, h. 12 tdng ton tha't ma st va cuc bo trén doan dng tir 1 dén 2, do bing m.
- p 12 kh&i Iugng riéng chat 1ong, kg/m’; va g = 9.81 m/s”.

van

BEAm— -

A 4

Z,

Bom

\ 4 _>Oi v

Hinh 5.1: SJ 6 mo td dudng dng bom thuc pham 16ng

&
[

5.2.2 Do Iuu lugng dong chdy bing orifice

Orifice (Hinh 5.2) 12 tAim chin c6 khoét 15 cho dong chdy di qua dung @€ do luu lugng
dong chdy. Biing cich do dd chénh léch 4p suit (AP) gifta hai di€m 1 va 2 truc va sau
orifice, ta c6 thé xdc dinh dugc luu lugng cua dong

; Ong din Orifice
chdy trén cd sG 1y thuyét sau: = .
Vi€t phuong trinh cin bidng Bernoulli giita hai g —
di€m 1 va 2 khi 6ng niim ngang, ta c6: Vi, Vo, 4 |D
A 4

RV _R LV
A2 p 2

SN
\)

Vi chat 16ng khong nén, p; = p, = p nén: AP
V, = mV, véim = (d/D) X
Hinh 5.2
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Tu d6 ta suy ra:

v, =\/ ! 2\/2(3‘%) (5.11)
I-m o

Phuong trinh nay da bd qua ma sit va sy ting tinh 4p truSc tim chin. N&u chiéu dai
dng trude va sau orifice khd 16n, sy hiéu chinh cho cdc yé&u t6 trén 1a ham s6 cda ti s6
gifta lvc quan tinh va Iyc nhét va hé s6 m (Lydersen, 1979). Vi vy ta c6 phudng trinh
hiéu chinh nhu sau:

G, = &520(P —P,) = a5,2pAP (5.12)

Trong d6, S = nd*/4 1a ti€t dién cia orifice [m?*], p 12 khdi lugng riéng cia luu chat
[kg/m3 ] va o 12 hé s6 hiéu chinh x4c dinh bing thuc nghiém. Pon vi cia AP la Pa va
clia qy, 12 kg/s. Theo tiéu chuan DIN 1952 ciia Diic, hé s6 o c6 thé xdc dinh biing giao
di€m cia hai dudng cong sau:

Re = ke™“
Re = ua

Trong d6 k va nla cic hiing s6 phu thudc m, con u dugc tinh theo cdng thifc sau:

4S,/2AP p (5.13)

ubD

u =

VGid =21 mm va D = 54,8 mm nhu cda bai thyc hanh, ta ¢6 In (k) = 139,19 va n =
210,91. Hoic c6 thé diing do thi nhu Hinh 5.3 dé tim o theo AP (mmH,0).

30000

25000 | — Pudng Re
20000 — 320mmH20
Qqﬁ) 15000 - — 280mmH20
10000 — 240mmH20
5000 —200mmH20
L L R —— 160mmH20
0.605 061 0615 0.2 —— 120mmH20

Hé s6 Alpha

Hinh 5.3: Tim o theo AP (mmH,0) khi d =21 mm va D = 54,8 mm.
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5.3 Thyc hanh
5.3.1 Céc bai thuc hanh yéu cdu
Phan thyc hanh gdm cdc bai sau day:
Bai 1: Do hé s6 ma sit va d6 nhdm 6ng.
So dd 14p dit nhu Hinh 5.4. Hé s6 f dugc tinh tir phuong trinh trd luc dudng ong:
AP = 2pfL/DV?
Trong do6:
e AP do bing dp k& chit U hoic ddng hd 4p ké.
e V tinh tif lvu lugng dong chdy do bing phuong phap bAm gidy

Tir s6 Re va f, ding gidn d6 Moody ta bi€t dugc hé s6 nhdm tuong d6i k va suy ra hé
s6 nhdm tuyét ddi cia 6ng: ¢ = kD (mm).

3
O O
f 1
1 a L
| 2 ﬂ
X 1 - Bom
—> 2 —Van
3 — Vi tri do 4p suit
L=3m

D = 0.018 m (dudng
kinh trong &ng)

Hinh 5.4: So do thi nghiém x4c dinh hé s6 ma sit va d nhdm 6ng.

Bai 2: Do trd luc cuc bo.

S0 dd 1dp dit nhu Hinh 5.5. Vi cdc co ndi ¢ cuing vat liéu vdi 6ng & hinh 5.4 nén hé s6
ma sat f 1a khong d6i. Goi AP 1a do gidm 4p giita hai bén co ndi. Do dai tuong duong
Le cida co ndi (dai dién cho trd luc cuc bo) dudgc tinh tir cong thitc trd luc:

Le/D = AP/(2pf V?)
Trong do6:
e AP do bing dp k& chit U hoic dong hd 4p ké.
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e V tinh tif lvu lugng dong chdy do bing phuong phiap bam gidy

1
I — Bom
2—-Van
3 — Vi tri do 4p suat
D=0.018 m

Hinh 5.5 : Sd db thi nghiém xdc dinh Lo/D ctia co 90°

Bai 3: Xdéc dinh lvu lugng bang orifice
Sd db thi nghiém nhu Hinh 5.6.

3
1 —Bom
2 —Van
Ve I -
_r— 3 —B{ Orifice
L, | L D =0.0548 m
‘8’—2— d=0.021 m
— L, =0.882 m
L,=0.383m

Hinh 5.6: So d6 thi nghiém do luu lugng bing Orifice

Qui trinh:
e P& cho bom hoat dong dn dinh, nudc chdy déu va gid tri AP &n dinh.
e Bim gidy d€ xdc dinh lvu lugng dong chay.
e Dung gidn d6 Hinh 5.3 @€ tim hé s6 a.
e Tinh g, va so sinh vdi phuong phdap bam gidy. LAy khdi lugng riéng ctia nu6c &
25°C.
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5.3.2 B4o cdo va thdo luan
M®di bai thyc hanh tién hanh véi 3-4 mic luu lugng.

Tinh todn va so sinh Le/D v6i 1y thuyé&t. So sdnh luu lugng giita hai phucng
phdp bAm gidy va orifice. Thdo luan.
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Bai 6 XAC PINH CHI SO VAT LY CO BAN CUA CAC VAT LIEU DANG HAT

6.1 Muc dich:

- Cung c4p nhitng ki€n thic chung vé phuong phdp xdc dinh céc dic tinh co bdn cda
vat liéu thyc phim dang hat.

- Hiéu biét dugc vai trd clia cic dic tinh d6 trong qud trinh ch€ bi€n & phat trién san
pham.

6.2 Phuong phap:

6.2.1

X4c dinh thé tich miu bing phuong phdp ding hat thay thé:

MAu:

» Tréicay (quyt dudng), giing

Vit liéu & dung cu:

» DPau xanh hat, hat é
»  HOp nhya
) 6ng dong 500ml

Céach thdc ti€n hanh:

>

Pong day dau xanh (hoic hat é) vao hop nhya. Xdc dinh thé tich lugng ddu xanh
(hodic hat é) (V) bing dng dong.

Pong d4u xanh (hoic hat €) vao khodng 1/3 hop nhua, cho miu vao rdi ti€p tuc
cho dau xanh (hoic hat €) vao cho d&n khi diy hdp.

Po thé tich ddu xanh (hoic hat é) (V,) da dung.

Uéc lugng thé tich cdia mau (V) bing sy khdc biét thé tich ban dau (V,) va sau
cung (V,) cua dau xanh (hodc hat é).

Lap lai thi nghiém 3 1dn. K&t qud sau cung 13 trung binh cong cta 3 lan thi
nghiém cong hoic trir dd 1éch chudn: x= X +t.SE ~ X +SD

Xéc dinh dudng kinh tuong duong ctia miu: d = 3 /ﬂ (6.1)
T

Tinh do bi€n dong: CV = STD.IOO%
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Xdc dinh khdi lugng riéng bing binh do khdi lugng riéng:

Mau:

»  DPudng, lia, gao

Dung cu & héa chat:

» Can2s81é
»  Binh do khdi lugng riéng (hay binh do ty trong Pycnometer) 50ml
»  Becher 100ml

» Toluen

Céach thdc ti€n hanh:

> Can khdi lugng Pycnometer va trir bi, sau d6 cho toluen vao day binh (50ml=V,)

roi can khdi lugng toluen trong binh (m,), tir d6 x4c dinh dugc khdi lugng riéng

2
cua toluen p, .

> Can mdt lugng miu c6 khdi lugng xédc dinh (m).

> Cho miu vao binh do khdi lugng riéng, dd toluen vio day binh, diy nip binh lai.

Diéu chinh lugng toluen trong binh sao cho myc chit 1dng day tran 6ng mao dan.

> Can khoi lugng binh c6 chita mau & toluen sau khi da trir bi: mg
> Ta suy ra dugc khoi lugng toluen c6 trong binh (m, = mg —m) va thé tich ma
toluen chi€m chd V, = m,
P
> Ta suy ra dugc thé tich miu trong binh V =V, -V, va khdi lugng riéng miu
_m
Py
> Lap lai thi nghiém 3 1an. K&t qud sau cing la trung binh cdng clia 3 1an thi
nghi€ém cdng hoac trr d 1€ch chuén (SD).
> Tinh do bi€n dong CV (%)
6.2.3 X4c dinh khdi lugng khdi (nén & khong nén) (Bulk density) — Chi s& nén:
Mau:
»  Gao, mudi, bdt (bot bip, bdt gao, bdt mi, bot ning)
Dung cu:
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» Can2sd1é
» 6ng dong 100ml
Céch thifc ti€n hanh:
Xdc dinh kho1 Iugng kho1 khong nén:
» Can khodng 50g miu va dd nhe nhang, tir tir vao 6ng dong.
» Khong vd 6ng dong. Po thé tich miu chi€m chd.
> Tinh kh&i lugng riéng miu tir khoi lugng & thé tich miu.
>

Lap lai thi nghiém 3 1an. K&t qud sau cung 13 trung binh cong cla 3 lan thi
nghi€ém cOng hodc tru do 1€ch chuén (SD).

> Tinh d6 bi€n dong CV (%)
Xdc dinh kho1 lugng khoi nén:

> Ciing theo nhu quy trinh trén nhung 1an nay thi v 6ng dong 20 Ian (dung ngén
tay vd ngang dng) trudc khi do thé tich.

> Lap lai thi nghiém 3 1an. K&t qui sau cung 13 trung binh cdng cta 3 Ian thi
nghiém cong hoic trir dd 1éch chuin (SD).

> Tinh do bi€n dong CV (%)
Chf s6 nén (compressibility index):

Pren — pkhong nen

lc (%)= x 100 (6.2)

nen

6.2.4 Xéc dinh dién tich bé mit:
MAu:
» Tréicay (quyt duong), giing
Dung cu:
» Dao got
»  Gidy ké 6
Céch thitc ti€n hanh:

P A A . M A 'A, A /{7 Ve . A vd
> Got vo trdi cdy hay cu roi trdi vo 1€n gidy ké 6 d€ xadc dinh dién tich.
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> Do 3 1an. K&t qua sau cling 1a trung binh cdng clia 3 1an cong hoic trir dd 1&éch
chuén (SD).

> Tinh do bi€n dong CV (%)

J

&

(

6.2.5 Xac dinh géc nghi:

MAu:
»  Gao, mudi, bdt (bot bip, bdt gao, bdt mi, bot ning)
Dung cu:
» D1ia petri
»  Thudc do k¥ thuidt (gdc vudng)
»  Phéu
Céch thitc ti€n hanh:

> Dit phéu sao cho ddy phéu cdch tAm clia mit trén dia petri khodng 5-15cm.
Maiu dudc dd qua phé&u cho tir tir vio dia petri cho dén khi miu bit dau tran ra

khéi canh dia.
> Do chiéu cao (h) clia khdi miu va ban kinh (r) clia dia petri, tir d6 tinh ra dugc
goc nghi 6 = arctg(h) N (6.3)
r) r

> Lap lai thi nghiém 3 1an. K&t qui sau cung 13 trung binh cdng cta 3 Ian thi
nghiém cong hoic trir dd 1éch chuin (SD).

> Tinh do bi€n dong CV (%)

B¢ mén thiét bj — Khoa Céng Nehé Thuc Phim PHNL



Thuc hanh qud trinh ky thudt thuc phdm co ban 46

6.2.6 X4c dinh dudng cong phin bd clia hat:

Mau:

»

Gao

Dung cu:

»

Thudc kep ky thuat

Céch thic ti€n hanh:

» Dung thudc kep k§ thuat

xdc dinh dudng kinh cia khodang 100 hat gao.

da

v

> V& dudng cong phian bd ti 1& hat (N: s& hat gao c6 cling dudng kinh) theo kich

6.3 B4o cdo két qui & xit 1y s8 liéu thi nghiém:

thudc hat (dudng kinh d).

a) Xac dinh thé tich:

Lin Thé tich ddu | Thé tich dau | Thé tich mau |
Mau o xanh ban diu | xanh sau cling AV (ml) V (ml) CV (%)
V, (ml) V, (ml)
1
2
3
Lin Thé tich hat ¢ | Thé tich hat é | Thé tich miu |
Mau ban dau V, sau cling V, AV (ml) V (ml) CV (%)
do
(ml) (ml)
1
2
3

Nhan xét, so sanh két qui & d6 bi€n ddng khi diing 2 loai vat liéu khdc nhau d€ thay

thé.
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b) X4c dinh khdi lugng riéng biing binh do khdi lwgng riéng:

47

| KhGi | Thg tich | Thé tich | Thé tich |  Khol
My | FAD lucing nudc nude mau .Ahr(jng; cv
©|m o | Vi | Vo) | avn | s | Gemd | ()
1
2
3
c) Xé4c dinh kh6i lugng kh&i nén & khong nén — Chi s§ nén:
Khoi | Thé tich | Thé tich | Khdilugng | Khdi lugng
| LAn | luong mau mau riéng mau | riéng mau Chi s6
Mau| .| miu |khongnén| nén | khongnén nén nén I
m(g) | Via(mD) | Vo@D | pi(kg/m’) | py (kg/m’)
1
2
3
Trung binh
CV (%)
d) Xéc dinh dién tich bé mit:
) Dién tich bé mit (mm?)
MZu CV (%)

Lando 1

LAn do 2

LAn do 3

0|
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e) Xac dinh géc nghi:

. | LAn | Bankinh dia | Chiéu cao khsi | Goc nghi | Géc nghi
Mau . x binh Cv (%)
do | petri r(mm) | mau h (mm) 0 (ml) | rungbin
1
2
3

f) V& dudng cong phan bd ciia hat gao:

- V& dudng cong phan bd nhu da hudng dan.

- Xd4c dinh kich thu6c hat ma ti 1& hat chiém trén 50%.
- Xd4c dinh kich thuéc hat ma ti 1& hat chi€m dudi 30%.

- Xdc dinh kich thu6c hat ma ti 1& hat chi€m khodng 90%.

6.4 Théo luan:

> Neéu vai trd clia cdc chi s6 vat 1y cd ban da x4c dinh & trén trong bdo quin & ché&
bi€n ndng san thyc pham.

> Néu sai sO giip phdi trong qué trinh do & y nghia clia cdc sai s6 nay.

6.5 Yéu ciu vi€t bio cdo:
Bai bdo céo trinh bay theo cdc muc sau:
+ Muc dich & yéu ciu bai thi nghiém
+ Phuong phdp ti€n hanh thi nghiém
+Bdo cdo két qud & xit 1y so liéu thi nghiém

+ Ban ludn
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Bai7: THANH TRUNG

7.1. Khai quit vé x& 1 nhiét
7.1.1 Lich si:

Vao nhitng nim 1800 Louis Pasteur di ti€n hanh phuong phdp thanh tring lan
dau tién nhim tiéu diét cdc vi khuin hién dién trong rugu. Ngay nay, phuong phip
thanh tring dugc st dung cho nhiéu loai sdn pha&m khac nhau nhu: bia, ddm, nudc trdi
ciy, sifa va sin pham sifa, rudu, trifng. ..

7.1.2 Khai ni€m:

Thanh triing 1a qua trinh x& 1i nhiét vira da cho phép ti€u diét cdc vi sinh vat gy
bénh va vi sinh vat gdy hu hdng thuc phdm, ngodi ra thanh triing con c6 tic dung ndu
chin sdn phdm. Nhiét d6 xi 1i thudng < 100°C trong vai gidy dén vai phit. Sau d6 thuc
phim thudng dugc bio quin lanh (+ 4°C) nhiim 1am cham sy phat trién ctia mam vi
sinh vat con hién dién, vi vdy ma thdi gian bdo quin sin phim thanh tring thudng
ngan.

Thanh trung dudc st dung dé€ cai thién mui vi va an toan thuc phim, kéo dai
thdi gian st dung sdn pham va giit chit lugng sadn pham.

7.1.3 Yéu cau

Thanh tring vira phai dam bao ti€u diét vi sinh vat ¢6 hai sao cho lugng con lai
it d&n mic d6 khong thé phat trién d€ 1am héng sdn phim va lam hai sitc khoé ngudi
tiéu ding déng thdi vira ddm bdo cho sin phdm c6é chit lugng tot nhdt vé mit cim
quan va dinh dudng.

7.2. Pong hoc vé tiéu diét vi sinh vat.
7.2.1 Anh hudng cla thdi gian x{ 1i nhiét & nhiét d6 c6 dinh.
* LogN

Log Ny

1 chu ki log

A
Y

1
D t

»
>

Hinh 1: Anh hudng cla thdi gian x{ 1i nhiét 1én s6 t€ bao vi sinh vat con song s6t
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Hinh 1 ta c6 phuong trinh: logN=at+b (7.1)
trong d6 N 12 s8 vi sinh vt con sdng sot

Ny 12 s6 lugng vi sinh vat ban dau
Phuong trinh (7.1) c6 thé dudc viét: log N = at +log N (7.2)
TU phuong trinh (7.2) ta d& dang tinh dudc thdi gian xi¥ 1i nhiét D (thdi gian cAn thi&t dé
l1am gidm 10 1an s6 lugng vi sinh vat).
Ta diit a= —% . Va phuong trinh (7.2) dugc viét thanh: log N =— %—i—log N, (73)

_t

Ta chuyén phuong trinh sang dang mii: N=N,10 P (7.4)
D: thdi gian gidm thdp phin dic trung cho stic khang nhiét cia mdt loai vi sinh vat §
nhiét dd nio d6. Gi4 tri D thay ddi theo tinh chit i héa clia mdi trudng vi sinh vat song.

7.2.2 Tac dong cia nhiét 36 x1 li

A

' log t

1 chu ki log

A
Y.

1
7 T

»
»

Hinh 2: Anh hudng cla nhiét do 1&n thdi gian x& 1i cin thit

Ta c6 phuong trinh: logt=aT+b (7.5)

Trong diéu kién chuén (T, t. ) ta c6: logt. =aT.+b (7.6)
; t

K&t hgp phuong trinh (7.5) va (7.6) ta c6: 1ogt— =a(T -T,)) (7.7

C
N 1 2 N 2 *A A 2 R o~ <2 A N, . 2, 17
ma a=-—— v6i z 1a khoang nhiét do cho phép d€ ting hay giam 10 lan thdi gian xu 1i
z
nhiét ma c6 cung hiéu qua xu li.
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—(T-T
Vi vay phuong trinh (7.7) trd thanh: logt Bl Ul 1) +logt,  (7.8)
z
_T-Tc
Biéu dién dusi dang mii: t=t.10 ? (7.9)

ma D ciing 13 dai lugng vé thdi gian vi th& phuong trinh ciing dugc 4p dung cho D.
T-Tc

Phuong trinh (7.9) viét thanh: D=D,10 Z (7.10)

z 12 thong s6 dai dién cho tinh khdng nhiét dic trung cho mdi loai vi sinh vat.

D, la thdi gian giam thap phan § nhiét do T.

7.2.3 Gié tri khit tring:
7.2.3.1 § nhiét d6 c6 dinh

Ta c6 cip don vi chudn (T, t.) cho qud trinh khi¥ triing va t, = 1 phiit

S6 don vi tich lliy trong qua trinh ti€t tring goi 12 gid tri tiét trung ki hiéu 1a F.
Qud trinh tiét tring thuc hién & khodng nhiét do 115°C - 130°C (240 - 270°F). Qud trinh
thanh triing thuc hién & nhiét do 70 - 100°C (160 - 212°F), gia tri thanh triing ki hiéu 1a
P. Vi vay gid tri thanh tring cda 1 qué trinh x& 1i nhiét & nhiét do T, trong t phit la:
PTC =t.

Né&u mong mudn 1 qué trinh xt 1 nhiét twong ng véi Pr.= 1 § nhiét do T thay vi

T-Tc

& nhiét do T, thi thdi gian cAn thi€tla: t=1.10 ?

Va G nhiét d0 T nay trong 1 phit gia tri tiét / thanh tring dat dudc s€ la:
1 T-Tc

7 z
Pi=i=10 2 = Lr g

Lr 1a gid tri di€t khudn sinh hoc cling chinh 1a gid tri ti€t/ thanh tring c6 dugc G nhiét
dd T trong thdi gian 1 phat. Nhu vay theo dinh nghia ta c6 dudc gia tri tiét/ thanh tring
cho 1 qua trinh x li nhi€t § nhiét do T trong thdi gian t phutla P’=L:*t (7.12)

7.2.3.2 ( nhiét d6 bién dong

Phuong phap Bigelow dua trén c¢d s§: & nhiét do bi€n dong, gi4 tri tiét / thanh triing cia
qud trinh x{¥ 1i nhiét dugc tinh biing cong thifc sau:

T-Tc T-Tc

t t r=lc 17
P:_!L(T)dt:}[lo Zdt=)10 2 .At (7.13)

C6 thé chia qud trinh xt 1i nhiét thanh 3 giai doan: ting nhiét, giit nhiét va gidm nhiét.
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L(T)

|
__________ :__________i___ ———

L ] L

Pl Pg | 2|

] L

o t I

g
| A — | t

Nhu vy gid tri tiét / thanh tring toan phan cho qud trinh x{ 1i nhiét sé& Ia:
P =P,+Pg+P, (7.14)
Véi Py gid tri ti€t/thanh tring cda ving dun néng
P, gid tri tiét/thanh tring cia ving duy tri
P, gid tri ti€t/thanh trung cia ving lam ngudi

7.2.3.3 Phuong phap Ball

- Iy >
+:,.>|4-—— e .
o 250 Y «— T,
& ' 9
Retort
;g' 200 9 Teu'npuram
£ 150
§ Ball
+ Temperalure
- 100 / Product
To—> A Temperalure
50
—| lena421, t
£ :n

0 10 20 30 40 50 60

Hinh 3: Pudng bi€u dién tinh todn theo phuong phip
Trong d6 t. = come-up-time = thdi gian can thi€t d€ nhiét do ndi nang 1én d&€n nhiét dod
xu ly.
T,: Nhiét do xit 1y ctia ndi
g =T, — T, : khdc biét giita nhiét @6 dun niu cla ndi va nhiét dd tdi da clia thuc phdm
& cudi qud trinh xtt 1y nhiét.
Ty, : nhiét do t3i da clia sdn phdm & cudi qud trinh x{ 1y nhiét.
t, : thdi gian duy tri nhiét do ndi trong qud trinh x¥ 1y.

ty: tOng thdi gian x¥ 1y =t +t,
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tg: thdi gian xi Iy Ball = 0.42 * t+ t,

Trong phuong phdp Ball, thdi di€ém bit ddu qué trinh x{ 1y 13 tai t=0.42 t. v sy khéc
biét gifta nhiét dd ndi va nhiét dd tAm thé hién qua do thi sau

T, -

™
T.-Ta —FS
T,—Ty —H—< :
w N
™ <
» NATOE =]
it
E \\
2 b \ ;:
* Ol oreis] N
1 =
v ~
3
2 \\\
' sunu / e
Ball Processing Time
N . t
Dura vao do thi ta ¢ phuong trinh: log(T, =T, )=od j, (T, =T,)]— f—B (7.15)

h

trong d6 Ty 12 nhiét @6 ban dau cda sdn phim

e e e . N . T.-T,
Jns Jc 12 y€u to tré trong giai doan dun nau va lam ngudi jn = e (7.16)
r— o

Ta 12 nhiét d6 tai di€m giao nhau giita truc thing ding & thdi gian xi 1y Ball va doan
kéo dai cia dudng bi€u dién trén dd thi ban logarith. Néu khong c6 y&u td tré nhiét thi
TA = T().

Ma g = T,-T, nén phuong trinh tr§ thanh: log(g)=log j (T, =T,)]— tf—B (7.17)
h
suy ra thdi gian xit Iy Ball t, =f, log{M} (7.18)
g

f,, f. 12 thdi gian gidm thap phan chénh léch nhiét dd ndi va nhiét do tAm san phim
trong giai doan dun niu va lam ngudi.

Trong cdng thitc ctia phuong phdp Ball thi f, = f, va j.= 1.41.
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D€ tinh gi4 tri tiét/thanh tring theo cdng thitc Ball, cin tinh:
- Gid tri j, va f, bing cdch v& trén dd thi ban logarith dé x4c dinh T, va tinh jj,

theo cong thic (7.16). Va f = -t
log(T, —T,) —log(T, -T,)

- Tinh gid tri log (g) theo cong thic (7.17).

(7.19)

- Dua vao bang f,/U theo g ctia Stumbo ta suy ra gia tri f;/U tir g (phu luc 3).
- Suyragid tri U

T, T,
- Tinh L=10 (7.20)
foL

- Tinh gi4 tri thanh tring hay tiét tring theo cdng thic: F, = £ 70 (7.21)
h

7.2.4 X4c dinh ch€ @6 xit 1i nhiét

Theo Pham Cong Thanh (1990) chi s& cd ban d€ xdc dinh ch€ dd xi& 1y nhiét 1a do
acid ctia thuc pham. Theo chi s& nay dd hop dugc chia thanh 2 nhém:

- Nhém cé dd acid thap pH > 4,4 gdm cdc loai d hop thit, c4..

- Nhém cé dd acid cao pH < 4,4 gébm céc loai d6 hop qud nuSc dudng, rau qua
dim dam, nu6c qua...

Bdng 7.1 Quan hé giita pH va gia tri tiét tring t01 thi€u F (phut)

pH 7.0 6.0 5.7 5.5 5.2 5.0 4.6

Finin 3.0 3.0 2.6 2.3 1.9 1.6 1.2

Bing 7.2 Piéu kién xt Iy nhiét cho vai loai thuc phdm

San phdm T.C) | z(°C) | D.(10%) s Téc dong
Qua (pH =3.4-6.2) 75 10 0.21 Bat hoat enzyme o-diphenyl
oxidase
Ca chua (pH =7) 99 21.6 1.0 M4t protein
Stra 121.1 | 253 209 Mat protein (methionine)

Nudc i (pH=4) 96 16.5 | 3.5%107 | B4t hoat enzyme pectinesterase

Nugc du di 80 7.8 16.7 B4t hoat enzyme pectinesterase

Nudc ca chua 140 | 31.0 115 M4t vitamine
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Stra 120 28.8 7.56 MA't vitamine B,

Trich ly nu6c ddu nanh 77 34 0.72 B4t hoat enzyme lipoxygenase

Bang 7.3 Gi4 tri D, va z cho tirng loai vi khuin

. . | Mycobacterium | Salmonella | Lactobacillus| Nim men | C botulinum
Vi sinh vat . ~
tuberculosis Spp spp & modc type E
T°C 82.2 82.2 82.2 82.2 82.2
D (phut) 0.0003 0.0032 0.0095 0.0095 2.5
z (°C) 6 7 7 7 9

D6i véi thanh tring, trong thuong mai, ta dung s6 chung 12 Fy= 6D titc bat hoat hay
ti€u di€t 99.9999 % enzyme hay vi sinh vat.

Theo Townsend et al (1954) d& nghi gid tri thanh tring P’ = 10 cho sdn phdm pH
4.3-4.5va P23 =15 cho sdn phim c6 pH 4.0 - 4.3.

Xdc dinh ch& do xit 1y nhiét bing cdch so sinh hiéu qua tiét/thanh triing cin thi€t
(ly thuy€t) P, v6i hiéu qua tiét/thanh trung thuc t€ P, Ch€ do tiét/thanh tring dudc xdc
dinh phdi ddm bao diéu kién P> Py,

Hiéu qud tiét/thanh tring can thi€t Py 1a thdi gian can thi€t (tinh bing phdt) ma do
hop chiu tic dung nhiét & nhiét d6 chudn dé€ 1am gidm s& lugng nha bao hoic hinh thai
sinh trudng cia mdi loai vi sinh vat d&€n mdc thip nhit, khong giy nguy hi€m cho
ngudi ti€u dung.

7.2.5 Hiéu qua tiét /thanh tring thuc t&€

P? (Py la tdng cdc hiéu qua tiét/thanh tring & nhitng nhiét d6 khac nhau trong
thGi gian tiét tring. Hi€u qua tiét/thanh tring & nhitng nhiét do khac nhau dugc xédc
dinh dya trén nhiét d6 dugc ghi & di€ém cham dugc dun néng nhit trong thoi gian tiét
/thanh trung.

Vi vay, tif ghi nhan nhiét d6 tai di€ém chim dugc dun néng nhat clia san phadm
trong khodng thdi gian tiét/thanh tring ta cé thé tinh dudc hiéu qua tiét/thanh tring
thuc t€ P/ theo cong thic: PF=>P? =) LiAt (14) (D

Trong d6 :  P? hiéu qud tiét /thanh triing thuc t&
PZ hiéu qua tiét/thanh tring riéng phan

L% gid tri diét khudn sinh hoc
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7.3 Xit Iy nhiét cho sin phdm cé d6 acid cao

Trong sdn pham c6 dd acid cao pH< 4,8 bao tit ctia C Botulinum khong thé phat
trién vi th€ ma qud trinh xi¥ 1i nhiét khong cin tiéu diét bio ti cia vi khuin nay. X 1y
nhiét cho sdn phim c6 pH < 4 nhim ¢ ch€ nAm md&c ndm men vi khuin sinh acid
lactic gy hu hdng thuc phdm, D5y r cia vi sinh vat1a 1 phut.

D&i v6i san pham sita, pH > 4,5 vi sinh vat gdy bénh quan trong cin chd y 1a
Mpycobacterium tuberculosis va cip nhiét dd va thdi gian xi Iy cho vi khudn nay 1a
62,8°C trong vong 30 phiit, 15 gidy & nhiét d6 71,7°C hay 126,7°C trong 4 gidy. Enzyme
phosphatase hién dién trong sita ciing bi tiéu diét & di€u kién x& 1y M.tuberculosis.

D61 véi nude trai cdy, thanh tring doi hdi phdi ic ch€ enzyme pectinesterase
(PE) phong chdng viéc duc nuéc trdi cdy hay sy tao dong khi c6 dic. Eagerman va
Rouse dé& nghi cip nhiét d6 /thdi gian tiéu diét PE 12 90°C trong vong 1 phiit. Gia tri pH
clia nifdc cam ép trong khodng 2,6 — 4,4, vi vdy né thudc san phdm cé d6 acid cao. Vi
sinh vat c6 kh3 ning phat trién trong nudc cam 13 vi khudn sinh acid lactic, nAm méc,
nam men. C4c vi sinh vat nay c6 thé gy hu hdng va 1am mat mui vi. Vi khudn gy hu
héng phan 16n 1a Leuconostoc va loai Lactobacillus. Gidng Saccharomyces va Candida
12 nhitng loai nAm 1én men giy hu hdng sidn phadm ho citrus. Kha ning chiu nhiét cdia vi
khu#n sinh acid lactic v nidm thi thAp hon so v&i enzyme PE. Vi vay ma ché do xt ly
nhiét thi€t 1ap d€ tc ch& enzyme ciing dd d€ bat hoat vi sinh vat.

7.4. Muc dich ctia bai thyc hanh

Thi nghiém nay cung cip nhitng ki€n thifc co bdn va ¢ng dung vao tinh todn
hiéu qui clia qud trinh x{ 1y nhiét sdn phaAm déng géi trong bao bi. Sinh vién s& ghi
nhan cdc dir liéu vé thdi gian va nhiét dd cia sidn phdm & di€m cham dudc dun néng
nh4t, tinh hiéu qua qué trinh x¥ Iy va d4nh gid chat lugng cAm quan sin pham.

7.5. Chuin bi nguyén liéu va thiét bi
7.5.1 Nguyén liéu va thi€t bi cho 1 nhém thi nghiém (20 sinh vién)

- Nguyén li€u: Cam tuci hay dra 8 kg, dudng saccharose 2 kg
- Mau: Dich nudc ép c6 bS sung dudng dat 14° Brix.
- Thi€tbi:  Chai thdy tinh 200 ml va nip 15-20 chai

Can Skgva 1 kg

Khiic xa k&, nh6t k&, pH k&
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M4y ép nudc trdi cAy (hay dd ép cam), bd loc hay vai loc, mdy
ghép ndp

1 ndi thanh tring, b&p dun, 2 bd ghi nhiét dd (hay nhiét k&)

1 gié biing kim loai chita chai sdn pha&m can thanh triing

7.5.2 Qui trinh ch& bién
Hinh 5: Qui trinh ch& bién nudc trdi cdy ~ Hinh 6: So do thi nghiém thanh triing

Nguyén liéu 3

So ché (rlra, got v,
ché d@j, 15y hat)

Ep

V6 chai va ghép nip

|

Thani tring 1. BE€ thanh tring
Lénl nguoi 2. Chai dung dich thanh phim
, , 3. Nhiét k&€ do nhiét d6 tim sidn pham
Bao quan ,
4. Nhiét k& do nhiét d6 bé thanh tring
7.5.3 Thyc hanh

Cam tudi sau khi dudc ép dem loc rdi rét nudc ép vao gan day chai, ghép nip,
cho vao gid chuin bi dem thanh triing (trong d6 1 chai s& c¢6 gin dau do do nhiét do dé
ghi nhin dién ti€n nhiét do bén trong va sinh vién s& ghi nhan dién bi€n nhiét do trong
mdi phiit, con 1 ddu do nhiét dd s& dit & trong ndi thanh tring d€ ghi nhan dién ti€n
nhiét do trong noi ).

Xir 1y nhiét
D6i v6i nude cam ép, qud trinh x{ 1y nhiim tiéu diét enzyme pectinesterase c6
Dy;=30 gidy, z=6.8 v néu mong mudn dat 6D thi Fy=3 phiit.
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boi v6i nude dida ép, qud trinh x{t Iy nhim tiéu diét Clostridium pasteurianum
cO Dgy=2.78 phut, z=16 trong modi trudng dém pH=5 (Spiegelberg). C.pasteurianum
phét trién t6t & pH > 4.5 va khong phat trién § moi trudng pH< 4.2 vi vy ma cdc nha
mdy thudng 4p dung khodng pH 3.2-4.0 cho sdn pham d6 hop dita. P3i véi nAm mdc va
nim men, kha ning chiu nhiét cia 7alaromyces flavus trong nudc dita cd dic va nudc
gidi khat 1am tir nudc dita ¢d dic 12 Dgy’c = 2 — 8 phit tiy thudc vao tirng giong va gid
tri 7=10.3°C (theo King va Halbrook (1987)).

Bai thuc hanh 1

bit tAim cdch nhiét vao ddy ndi rdi cho nudc vao khodng 2/3 ndi, bit diu gia
nhiét ndi thanh tring d€ nhiét do nudc dat khoing 88°C sau d6 dit khodng 4 chai nudc
ép vao nodi. Ghi nhan va duy tri nhiét d6 ndy trong sudt qud trinh thanh tring, dong thdi
do va ghi nhan nhiét dd tAm sidn phaAm sau mdi 1 phit. D&n khi nhiét do tim sdn phim
dat 88°C thi duy tri & nhiét do nay trong vai phit sau d6 14y sin phdm ra va ti€n hanh
1am lanh nhanh sdn phd&m vao trong thiing nudc lanh. K&t thiic qud trinh thanh triing va
bdo cdo két qua.

Bai thuc hanh 2

Cé4ch ti€n hanh ciing gi6éng nhu bai thyc hanh 1 nhung khi nhiét d6 tAm sdn
phim dat 88°C thi cho 1am ngudi ti¥ tit cho d&€n khi san pham dat 60°C thi 14y sdn phdm
ra 1am ngudi trong nudc lanh. K&t thic qué trinh thanh tring va bdo cdo k&t qua.

7.6. Bdo cd0 két qua thi nghiém

Bang ghi nhian két qua

7.6.1 Panh gi4 sin phdm thanh tring
Tinh trang bao bi (truc va sau x& 1y nhiét):

Trong lugng sAn pham.................coeeiiiiniins,

i . w
Hiéu suit ép (%) :WZ.IOO %

1
W, (g) trong lugng dung dich nudc ép
W, (g) trong lugng nguyén liéu ban dau
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Béing ghi nhan k&t qua d4nh gid sdn phadm

Lip Trudc thanh tring Sau thanh tring
lai | Mivi | Trangthdi | Mausic | Mdivi | Trangthdi | Mau sic
Maiu 1
2
3
Lip Trudc thanh trung Sau thanh trung
lai | ponhét | PopH | PO Brix | Ponhét| DPopH | Do Brix
Mau 1
2
3
7.6.2 Bang ghi nhin nhiét 6
Thoi gian (phit) | T° tdim sin phdm | T°ndi thanh triing Lt YL: kAt
0
1
2
3
4
5
6
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7.6.2.1 V& do thi dién ti€n nhiét do

7.6.2.2 Tinh P theo cong thic Bigelow
T-Tc

véi L;=10 ¢
P=) Li*At

7.6.2.3 Tinh P theo cong thic Ball néu trén va nhan xét (cong thic 7.21).

7.6.2.4 Tinh % tiéu diét enzymes & nhiét @6 T trong thdi di€m t
Tu gié tri Dggsuy ra Dt theo cong thitc (7.10)
Tinh lugng enzymes con s6ng sét theo cong thic
N%ZIO_ST (7.4)
trong d6 N 1a lugng enzymes con lai sau khi x{ 1y nhiét
Ny 12 lugng enzymes ban dau
t 12 thoi gian x& Iy nhiét & T°C

Dr 1a thoi gian gidm thidp phan & nhiét do T
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PHU LUC
Phu luc 2.1: P6 nhét cta nuGe phu thudc vao nhiét do

Nhiét do | Do nhét u.10°, | Nhiét dd | Do nhét p.10°, | Nhiét d6 | Po nhét p.10°,
°c N.s/m> °c N.s/m> °c N.s/m>
0 1.7920 35 0.7225 70 0.4061
1 1.7310 36 0.7085 71 0.4006
2 1.6730 37 0.6947 72 0.3952
3 1.6190 38 0.6814 73 0.3900
4 1.5670 39 0.6685 74 0.3849
5 1.5190 40 0.6560 75 0.3799
6 1.4730 41 0.6439 76 0.3750
7 1.4280 42 0.6321 77 0.3702
8 1.3860 43 0.6207 78 0.3655
9 1.3460 44 0.6097 79 0.3610
10 1.3080 45 0.5988 80 0.3565
11 1.2710 46 0.5883 81 0.3521
12 1.2360 47 0.5782 82 0.3478
13 1.2030 48 0.5683 83 0.3436
14 1.1710 49 0.5588 84 0.3395
15 1.1400 50 0.5494 85 0.3355
16 1.1110 51 0.5404 86 0.3315
17 1.0830 52 0.5315 87 0.3276
18 1.0650 53 0.5229 88 0.3239
19 1.0300 54 0.5146 89 0.3202
20 1.0050 55 0.5064 90 0.3165
21 1.0000 56 0.4985 91 0.3130
22 0.9579 57 0.4907 92 0.3095
23 0.9385 58 0.4832 93 0.3060
24 0.9142 59 0.4759 94 0.3027
25 0.8937 60 0.4688 95 0.2994
26 0.8739 61 0.4618 96 0.2962
27 0.8545 62 0.4550 97 0.2930
28 0.8260 63 0.4483 98 0.2899
29 0.8180 64 0.4418 99 0.2868
30 0.8007 65 0.4355 100 0.2838
31 0.7840 66 0.4293
32 0.7679 67 0.4233
33 0.7523 68 0.4174
34 0.7371 69 0.4117
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Phu luc 2.2: Khéi lugng riéng clia nuc phu thudc vao nhiét do

Nhiét do | Khdi lugng riéng | Nhiét dd | Khoi lugng riéng | Nhiét do | Khdi lugng riéng

°c p, kg/m’ °c p, kg/m’ °c p, kg/m’
0 999.87 22 997.80 44 990.66
1 999.93 23 997.57 45 990.25
2 999.97 24 997.33 46 989.82
3 999.99 25 997.08 47 989.40
4 1000.00 26 996.82 48 988.96
5 999.99 27 996.55 49 088.52
6 999.97 28 996.27 50 988.07
7 999.93 29 995.98 51 987.62
8 999.88 30 995.68 52 987.15
9 999.81 31 995.37 53 986.69
10 999.73 32 995.06 54 986.21
11 999.63 33 994.73 55 985.73
12 999.52 34 994.40 60 983.24
13 999.40 35 994.06 65 980.59
14 999.27 36 993.71 70 977.81
15 999.13 37 993.36 75 974.89
16 998.97 38 993.00 80 971.83
17 998.80 39 992.63 85 968.65
18 998.62 40 992.25 90 965.34
19 998.43 41 991.87 95 961.92
20 998.23 42 991.47 100 958.38
21 998.02 43 991.07
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Phu luc 7.1: Bang quan hé gitra f,/U va g khi z=8
Gi4 tri g khi j, 1a:

f,/U 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00
020 | 2.22%10° | 2.31%10° | 2.40%10° 2.49%10° | 2.59%10° | 2.68*%10° | 2.77%10° | 2.86*10° | 2.95*%10°
030 | 7.34%10* | 7.77%*10* | 8.21%10™ 8.65%10™ | 9.09*10” | 9.53*10™ | 9.97%10" | 1.04¥10° | 1.08*107
0.40 | 4.92¢107 | 527%107 | 5.61%107 5.96%107° | 6.31%107 |  6.66*10° | 7.01%107 | 7.35%10° | 7.70*107
0.50 | 1.62%107% | 1.74*107 | 1.87%102 2.00%107 | 2.12*%107 |  225*%107 | 2.38%107 | 2.5%107 | 2.63*107
0.60 | 3.63*107 | 3.95%¥107 | 4.27%107 4584107 | 4.90%107% | 5.22%107 | 5.54*107 | 5.86*107 | 6.18%107
0.70 | 6.47%107% | 7.13*107 | 7.78*102 8.43%10% | 9.09%107 | 9.74*107 | 1.04*10" | 1.10%10" | 1.17*10"
0.80 | 9.98%107% | 1.11%10" | 1.23*10" 1.35%10™ 1.46%10™! 1.58%10" | 1.69%10" | 1.81*10" | 1.93*10"
0.90 0.140 0.158 0.177 0.195 0.214 0.232 0.251 0.269 0.288
1.00 0.183 0.210 0.237 0.264 0.219 0.318 0.345 0.372 0.399
2.00 0.733 0.841 0.949 1.058 1.166 1.274 1.382 1.490 1.599
3.00 1.38 1.48 1.59 1.70 1.80 1.91 2.01 2.12 2.22
4.00 1.93 2.01 2.09 2.17 2.25 2.33 2.42 2.50 2.58
5.00 2.35 2.41 2.48 2.55 2.61 2.68 2.74 2.81 2.87
6.00 2.68 2.74 2.79 2.85 2.91 2.97 3.03 3.09 3.15
7.00 2.94 3.00 3.06 3.12 3.18 3.23 3.29 3.35 3.41
8.00 3.16 3.32 3.29 3.35 3.41 3.47 3.54 3.60 3.66
9.00 3.35 3.42 3.49 3.56 3.62 3.70 3.77 3.84 3.91

10.00 3.51 3.59 3.67 3.75 3.82 3.90 3.98 4.06 4.14

15.00 4.11 4.25 438 4.52 4.66 4.79 4.93 5.07 5.21

20.00 4.54 474 4.94 5.13 5.33 5.53 5.72 5.92 6.12

25.00 4.89 5.15 5.40 5.65 5.91 6.16 6.42 6.67 6.93

30.00 5.19 5.50 5.80 6.11 6.42 6.73 7.04 7.35 7.66

35.00 5.44 5.80 6.16 6.52 6.80 7.25 7.61 7.97 8.33

40.00 5.66 6.08 6.49 6.90 7.31 7.73 8.14 8.55 8.96

45.00 5.86 6.32 6.78 7.25 7.71 8.17 8.63 9.10 9.56

50.00 6.02 6.54 7.05 7.56 8.08 8.59 9.10 9.61 10.12

60.00 6.32 6.92 7.52 8.14 8.74 9.35 9.96 10.57 11.17

70.00 6.55 7.24 7.94 8.64 9.34 10.03 10.73 11.43 12.13

80.00 6.74 7.52 8.30 9.08 9.86 10.64 11.43 12.21 12.99

90.00 6.90 7.76 8.62 9.48 10.33 11.19 12.05 12.91 13.77

100.00 7.05 7.98 8.90 9.82 10.78 11.68 12.60 13.52 14.46

150.00 7.82 8.94 10.06 11.18 12.30 13.42 14.54 15.66 16.78
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200.00 8.72 9.86 10.99 12.13 13.26 14.40 15.53 16.67 17.80
250.00 9.66 10.72 11.79 12.86 13.92 14.99 16.06 17.12 18.19
300.00 10.5 115 12,5 13.4 14.4 15.4 16.4 17.3 18.3
350.00 112 12.2 13.0 13.9 14.8 15.7 16.6 17.5 18.4
400.00 11.9 12.7 13.5 14.3 15.2 16.0 16.8 17.6 18.4
450.00 12,5 13.2 14.0 14.7 15.4 16.2 16.9 17.7 18.4
500.00 12.9 13.6 14.3 15.0 15.7 16.4 17.1 17.8 18.5
600.00 13.7 14.3 15.0 15.6 16.2 16.6 17.4 18.0 18.6
700.00 14.4 14.9 15.5 16.0 16.6 17.2 17.7 18.3 18.8
800.00 14.9 15.4 15.9 16.4 17.0 17.5 18.0 18.5 19.1
900.00 15.3 15.8 16.3 16.8 17.3 17.8 18.3 18.8 19.3
999.99 157 16.1 16.6 17.1 17.6 18.1 18.6 19.1 19.6
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