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HE SO TRAO POI NHIET THE TICH TRONG THIET BI SAY PHUN
POI VOI CAC SAN PHAM GIAU PUONG
THE VOLUMETRIC HEAT TRANSFER COEFFICIENT OF SPRAY DRYER
FOR SUGAR-RICH PRODUCTS

Nguyén Pirc Quang, Ping Quéc Phii, Nguyén Tién Quang Trin Vin Vang
Truong Pai hoc Bach Khoa Ha Noi Truwong DPHBK Pa Nang
TOM TAT

Hé sé trao déi nhiét thé tich trong thiét bj sdy phun la mét théng sé rat quan trong, phan énh
hiéu qué trao déi nhiét va trao déi chét trong bubng sdy. P4 tién hanh xac dinh hé sé nay theo ly
thuyét cda Luikov va thuc nghiém khi sdy phun sira bo twoi va dich qua chanh day. Két qua cho thay,
hé sé trao doi nhiét thé tich xac dinh bédng thuc nghiém héau hét cé gia tri cao hon khi xac dinh bang ly
thuyét déi véi ca sika va chanh day, tuy nhién sita cho két qué cao hon va gén véi ly thuyét hon chanh
day. Phuong trinh héi “quy thue nghiém chung cho hai san phédm da dwoc xay dung voi cac bién la:
Ieeu Iwong tac nhén say riéng, &p suét khi nén, nhiét do tac nhan sdy vao va dé nhét déng luc cia
dung dich sy, phuwong trinh thu duoc dat dé chinh xac cao hon so véi ly thuyét.

ABSTRACT

The volumetric heat transfer coefficient of spray dryer is a very important parameter. It shows
the heat and mass transfer capacity in the spray drying chamber. This coefficient was investigated by
both theoretics and experiments for fresh milk and passion fruit. The results showed that, most of the
experimental values are much higher than the theoretical values; The experimental value of drying the
milk is higher and closer to theoretical value than passion fruit. The general experimental equation of
both products was established with variables: specific air flow, compressed air pressure, inlet air
temprature and viscosity, the accuracy of this equation is higher than theoretical calculation.

KY HIEU F Dién tich tiét dién ngang budng sdy(m?)
i Nhi¢t d6 khong khi vao (°C). Fp,  Dién tich tiét dién 15 phun khi (m?)

t,  Nhiét do khong khi ra (°C). D  Duong kinh trung binh hat dich thé (m)
t,  Nhiét d6 dung dich cip vao (°C). G Luu lugng khong khi (kg/h)

t,  Nhiét do san pham ra (°C). Gun Luu lugng khong khi nén (kg/h)

t,  Nhiét do bé mat hat-nhiét d6 uét (°C). G Luu luong cia long (kg/h)

At D9 chénh nhiét d6 trung binh logarit (K)
Pww  Ap suit khi nén (bar)

L DO nhét dong lyc cia long phun (Pa.s)

c Stre cang bé mit cua 1ong (N/m)

Qus - Nhigt luong vt liéu say nhén duge (k/h) Vi Van tbe twong ddi gitta khi va 1ong tai
V  Thé tich budng say (m°) dau phun (m/s)

W Lugng 4m bdc hoi trong mét gio (kg/h) P Khdi lugng riéng cta khi nén(kg/m?)
G, Nang suit tinh theo san pham khé (kg/h) pi Khéi luong riéng cua 1ong(kg/m°)

C,  Nhiét dung riéng clia vat liu sy (KJ/kgK) ®  Tbc do tic nhan sdy (m/s)

a,  Hé sb trao ddi nhiét thé tich (W/m*K) o Tbc do lo limg cua hat kho (m/s).

X Ham lugng chét kho dich sy (%) vik DO nhdt dong hoc clia khong khi siy (m?s)

A He s6 dan nhiét cta khong khi (W/mK)
psp  Khdi lugng riéng ctia san pham (kg/m®)
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I. HE SO TRAO POI NHIET THE TiCH

H¢ s6 trao doi nhiét thé tich (a,) 1a mot
dai luong c6 y nghia rit quan trong khi nghién
clru qua trinh trao ddi nhiét giira cac hat ran voi
mdi truong 1ong hodc khi trong mot thé tich cb
dinh, dac biét voi dong hai pha trong buéng sdy
phun. ay dac trung cho cudng do trao d6i nhiét
va trao doi chat gilta cac hat voi dong tac nhan
sdy trong budng say. Trong rat nhiéu linh vuc
cong nghé, hé sb trao d6i nhiét thé tich ciing
dugc stir dung dé danh gia va nang cao hiéu qua
trao doi nhiét cua thiét bi, vi vy di c6 nhiéu
cong trinh nghién ciru nham xac dinh dai lugng
nay. Trong khi mot s6 nha khoa hoc xay dung
cong thirc thye nghiém duoi dang phuong trinh
khong tht nguyén dé xac dinh tiéu chuan
Nusselt va qua dé xac dinh hé s6 trao doi nhiét
thé tich gitra dong khi nong va vat liéu c6 cau
tao rong xOp [1], hodc trong dong san pham
chdy cia cic budng lira [2] thi tic gia
ArunS.Mujumdar [3] va Furnas [4] lai tim cach
thiét 1ap cac cong thirc dang tuong minh dé xéac
dinh hé s6 nay cho cac thiét bi sdy 16p chat va
16p chuyén dong véi gia thiét cac hat déu co
dang hinh cau. Poi v6i thiét bi siy phun,
phuong trinh xac dinh tiéu chuan Nusselt thé
tich do tac gia Luikov [5] d& xuét cho dén nay
van 1a phuong trinh duy nhat dugc biét toi vé
linh vuc nay. Do pham vi ung dung rit rong,
nén phuong trinh nay c6 d¢ chinh xac khong
cao, dic biét 1a khi ing dung dé tinh toan qua
trinh sdy phun cac san pham giau dudng - loai
cong ngh¢ ngay cang dugc img dung rong rai ¢
cac nude nhiét doi — sai sb ¢ thé 1én t6i trén
50%. Piéu nay doi hoi phai co nhitng nghién
ctru toan dién hon dic biét 1a ddi véi cac san
phim siy méi nham xay dung duoc cong thirc
tinh toan c6 do tin cay cao hon phuc vu cho viéc
nghién ctru, thiét ké va van hanh cac thiét bi sdy
phun.

Il. CAC PHUONG PHAP XAC PINH o,

Heé s6 trao doi nhiét thé tich trong budng
say phun sé dugc xac dinh bang 1y thuyét va
thuc nghiém theo trinh ty sau:

* Phwong phap thwc nghiém [6,7]:
a = Qvls
NAY

Nhiét luong vdt liéu scfy nhan duoc .

73

Q. =W.{(2500+1,8421,)—4,1861t,, } +
+GZCV (tv2 - 1:vl)

i Do chénh nhiét do trung binh : xac dinh
bang thyc nghiém theo [7]:

(t1 _tvl)_(t2 _tu)

1n[t1 _tvlj
tz_tu

* Phwong phap ly thuyét [5]

=6,615.10"° 2% A6, (ijlve L)
Pyp-F \D \o+o

Toc dg tac nhan sdy:
_ 0,5.(V; +V,,).Gy
3600.F

Vi, Vie - thé tich riéng ctia khong khi am ung
voi lkg khong khi kho:

Vi = 4,64.10°.(0,621 + d).(273 + 1)
Toc dg lo limg ciia hat kho:

DZ-(/O| ~ Pu)9
18.v,,

At =

Lukop

VVI:

Puong kinh trung binh hat dich thé, véi
voi phun khi dong hoa tron ngoai, xac dinh theo
Kim-Marshall [7] :

0,41 0,32
D =5356.—~ __* +
(Vara)  Repre

2 0,17 G m
+344o( all j vt;°~54(ij
G.p G

M ~3=m=-05
|

I11. XAC PINH o, KHI SAY PHUN SUA
TUOI VA CHANH DAY

3.1 Nguyén liéu

Nguyén liéu dugc st dung dé nghién cuu
la sita bo twoi Ba Vi va dich qua chanh day vo
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tim sau khi phéi tron véi nuéc va chat phy gia
Maltodextrin c0 cac tinh chat vat 1y nhu sau :

3.2 M6 hinh thi nghiém

Thi nghiém duoc tién hanh trén thiét bi

Dai lwgng Swabd | Chanhday | 4o pin 1C40D cia DIDACTA (Y) sau khi
Ham lugng am (%) 87,8 834-849 dugc ning cAp va cai tao [8]. Nang suat sy
Khoi lwgng riéng 400ml nude boc hoi/gio, toc do bom toi da 45
(kg/m?) 1029 1027 vong/phut, nguyén 1y siy phun cung chiéu sir

Stc cang be mat (N/m) 0,0444 0,01379 dung voi phun khi dong 2 dong hon hop ngoai.
Do nhét dong luc (Pas) 0,0018 0,015
Bang 1. Két qua thi nghiém doi Véi sita.
No X1 X2 X3 |Za(kgim?h)| Zp(bar) | Z5(°C) | a" (W/MK) e, (WIm'K)
1 -1 -1 -1 911.35 15 160 287.787 150.054
2 1 -1 -1 2485.5 15 160 588.409 164.801
3 -1 1 -1 911.35 160 356.044 495,349
4 1 1 -1 2485.5 160 518.906 335.387
5 -1 -1 1 911.35 15 200 229.505 190.215
6 1 -1 1 2485.5 15 200 772.375 229.173
7 -1 1 1 911.35 4 200 285.183 484.839
8 1 1 1 2485.5 4 200 916.473 649.514
9 0 0 0 1698.43 2.75 180 735.103 585.865
10 0 0 0 1698.43 2.75 180 790.797 645.422
11 0 0 0 1698.43 2.75 180 810.862 643.074
12 1.215 0 0 2485.5 2.75 180 792.930 438.538
13 -1.215 0 0 911.35 2.75 180 356.433 469.666
14 0 1.215 0 1698.43 4 180 971.944 771.197
15 0 -1.215 0 1698.43 15 180 435.806 194.898
16 0 0 1.215 1698.43 2.75 200 874.638 645.759
17 0 0 -1.215 | 1698.43 2.75 160 608.380 468.559
Bdng 2. Két qua thi nghiém doi véi chanh day.
No | x Xo Xa Xy |Za(kg/m*h)|Z, (bar)| Zs (°C) | Zu(%) | (WIm*K)|e S (W/mPK)
1| 1 | -1 -1 1 | 1391.88 | 2 160 9 303.382 144.052
2 1 -1 -1 -1 1391.88 2 160 10 311.548 155.273
3 -1 1 -1 -1 2087.82 2 160 9 448.822 187.417
4 1 1 -1 -1 2087.82 2 160 10 406.089 161.789
5 -1 -1 1 -1 1391.88 3 160 9 436.654 206.857
6 1 -1 1 -1 1391.88 3 160 10 467.352 222.912
7 -1 1 1 -1 2087.82 3 160 9 481.072 194.635
8 1 1 1 -1 2087.82 3 160 10 374.115 174.834
9 -1 -1 -1 1 1391.88 2 180 9 343.484 203.432
10 1 -1 -1 1 1391.88 2 180 10 246.086 158.597
11 -1 1 -1 1 2087.82 2 180 9 372.542 166.802
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No | x X X3 Xs  |Za(kgim*h)(Z, (bar)| Z5(°C) | Zu(®%) | o] (WIMK)|as (WimPK)
12 | 1 1 -1 1 | 208782 | 2 180 10 328.786 166.946
13 | -1 -1 1 1 | 139188 | 3 180 9 251.603 161.579
14 | 1 -1 1 1 | 139188 | 3 180 10 234.641 162.029
15 | -1 1 1 1 | 208782 | 3 180 9 304.379 160.374
16 | 1 1 1 1 | 208782 | 3 180 10 301.993 162.547
17| 0 0 0 0 | 1739.85 | 25 170 9.5 453.270 203.463
18| 0 0 0 0 | 1739.85 | 25 170 9.5 441.260 200.179
19| o 0 0 0 | 173985 | 25 170 9.5 405.543 188.983
20| 0 0 0 0 | 1739.85 | 25 170 9.5 466.858 210.012
21 | 1414 | 0 0 0 | 1739.85 | 25 170 10 340.917 178.851
22 |-1414| 0 0 0 | 1739.85 | 25 170 9 444.784 206.518
23| 0 |[1414] O 0 |2087.82 | 25 170 9.5 343.276 165.784
24 | 0 |[-1414] O 0 | 139188 | 25 170 9.5 320.046 199.709
25| 0 0 | 1414 | 0 |173985 | 3 170 9.5 386.233 199.033
26 | 0 0 |-1414| 0 | 1739.85 170 9.5 424,523 227.862
27| 0 0 0 | 1414 | 1739.85 | 25 180 9.5 228.569 153.443
28| 0 0 0 |-1.414 | 1739.85 | 25 160 9.5 379.646 163.005

3.3 Quy hoach thuwc nghiém

Str dung quy hoach truc giao cap 2 [9]
v&i ham muc tiéu 1a hé sb trao ddi nhiét thé tich
(o). Cac yéu td anh huong 1a: luu luong tac
nhan sdy riéng (Z,), 4p suat khi nén (Z,) va
nhiét d6 khong khi vao (Z3), ddi véi chanh day
xét thém ham luong chit kho dich qua (Zy).
Khoang bién thién ciia cac bién nhu sau:

Doi voi stta bo:

Yéutd | gu(kg/m?h) | Py(bar) t,(°C)
Dit bién Z Z Zs
Z’, 1698.425 2.75 180
AZ; 787.075 1.25 20
Cantrén | 2485.5 4 200
Canduéi| 911.35 1.5 160
Doi voi dich chanh day:
Yéutd | gukghh) | Pe(bar) | t.(°C) | X(%)
Dit bién Z Z, Zs Z
Z°; 1739.85 2.5 170 9.5
AZ; 347.97 0.5 10 0.5
Can trén | 2087.82 3 180 10
Can duéi| 1391.88 2 160 9
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3.4 Phuwong trinh hdi quy thwe nghiém

Sau khi ma hoa va 1ap ma tran thuc
nghiém, tién hanh 17 ché d6 say thi nghiém dbi
vGi sira va 28 ché do thi nghiém ddi véi chanh
day. Két qua tinh toan va xur 1y s lidu thé hién
trong bang 1 va 2 voi:

Phuong trinh hdi quy thuc nghiém thu
duoc doi1 voi sira:

a, = -5244,144 +0,2134g,, +381,882P_ +
+52,794t, +0,005649,,t, —0,000288g;, —
~58,145R2 —0,163t?

Déi vai chanh day:

a, =—13575,046 — 41,822 X +1,0649,, +
+1211,492P,_ +145,123t, —0,1007g,, P, —
—6,095P, t, —0,00021g2 —0,397t’

3.5 So sanh cac gia tri a, thwe nghiém va ly
thuyét cia sira va chanh day
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Két qua tinh toan o, theo phuong trinh
hdi quy thyc nghiém «" d6i voi ca sita va
chanh day, so sanh v&i cac gia tri tinh theo
Luikov @, dugc thé hién trén hinh 1.

ry
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Gia tr| o, tinh theo phwong trinh héi quy (Wim’K)
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Hinh 1. So sanh o, thiec nghiém va Iy thuyét

C6 thé thdy: hau hét cac gia tri a, tinh
theo phuong trinh hdi quy déu 16n hon gia tri
tinh theo Luikov. Sai léch trung binh giita két
qua tinh theo phuong trinh hdi quy véi két qua
thyc nghiém cua sira la 14%, ctua chanh day la
8,9% trong khi sai 1éch giita két qua tinh theo
Luikov so v&i thyc nghiém cua sita 1€n t61 38%,
cua chanh day la 49%. «, cua chanh day tinh
theo Luikov bién d6i khong 16n, trong pham vi
thi nghiém chénh 1éch 16n nhét chi 36%. Két
qua ctia chanh day thip hon va xa 1y thuyét hon
sita do chanh day 1a san phdm rat nhay cam véi
nhiét do (co6 nhiét do hoa déo rat thip) khong
thé séy duoc & ché do nhiét do qué cao. Pé ¢o
thé séy dugc & ché do nhiét d0 cao hon nham
tang cuong hiéu qua trao d6i nhiét va trao doi
chat (o), phai ting nhiét do hoa déo cia dich
chanh day biang cach st dung chit phu gia
Maltodextrin tuy nhién o, dat dugc van khong
cao bang sita.

IV. PHUONG TRINH HOI QUY TONG
QUAT

V61 muc dich tim mét phuong trinh thyuc
nghiém xac dinh h¢ s6 trao d6i nhiét thé tich
chung cho mét sb san phdm néng nghiép cia
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Viét Nam nham phuc vu viéc so sanh, danh gia
cuong do trao ddi nhiét va trao d6i chat trong
budng sdy phun ciia cac san pham, tir két qua
thue nghiém di tién hanh xay dung mot phuong
trinh hdi quy cho ca hai san pham v&i ham muc
tidu 1a hé sb trao doi nhiét thé tich o, va cac
bién chung: luu lugng tac nhan siy riéng (g,
ap sudt khi nén (Py,), nhiét d6 khong khi vao
(t1), d0 nhdt dong luc cua nguyén li¢u ().

Phuong trinh hdi quy dugc xdy dung
dudi dang ham mi:
a, = K.gg Bt .4°

Sau khi xac dinh hé s6 tu do K va cac sb

mil n, m, p, q thu duoc phuwong trinh hdi quy
sau:

av — 0’ 01265.gl(()k6775.|3|<Cr)],3lltf,7957 ./Jﬁ,ZOGI

Pé danh gia kha nang sir dung cong thirc
trén day, da tién hanh so sanh céc gia tri o, tinh
theo phuong trinh hdi quy voi cac gia trj thuc
nghiém va gia tri tinh theo Luikov.

Hinh 2 va 3 cho thdy: gia tri tinh theo
cong thirc hdi quy gan véi két qua thuc nghiém
hon khi tinh theo cong thirc Luikov. Sai 1éch
trung binh giita gia tri hoi quy va gia tri thuc
nghiém 1a 19% trong khi sai 1éch trung binh
gitra gia tri tinh theo Luikov v&i thyc nghiém la
45%. Diéu nay ching to rang st dung cong
thire hdi quy s& cho két qua chinh xac hon khi
st dung cong thirc Luikov.
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Hinh 2. So sanh o, 46i quy va thuc nghiém



TAP CHi KHOA HQC & CONG NGHE CAC TRUONG PAI HQOC KY THUAT & SO 74 - 2009

800
TUU J..
600
500 ~
400
300 ~
200 A

100 i
100 200 300 400 500 600 700 &O0O

a, héi quy (WmK)

av Lukov (Wim*K)

Hinh 3. So sanh o, 46i quy va o, Luikov
V. KET LUAN
Két qua thuc nghiém trén hai san pham
sita tuoi va dich qua chanh day cho thiy hau hét
céc gia tri hé sb trao ddi nhiét thé tich trong
budng sdy phun xac dinh bang thuc nghiém déu

cao hon két qua tinh toan theo cong thic van
duogc stir dung phé bién hién nay cua Luikov véi
sai 1éch 1én t&i 50%. Cong thirc hdi quy thuc
nghiém duoc thiét 14p chung cho ca hai san
pham cho két qua tinh toan chinh xac hon so
véi cong thue cua Luikov. Viéc xay dung mot
cong thic hdi quy cho cic san pham nong
nghiép Viét Nam c6 y nghia rat quan trong
trong nghién ciu ciing nhu trong san xuét.
Ngoai hai san pham sita twoi va chanh day, cac
nghién ctu can tiép tuc thuc hién trén nhiéu san
phérn khac nhu ca chua, dira, cam...cling nhu
trén cac thiét bi c6 quy md khac nhau, dé co thé
xay dung dugc cong thirc tinh toan c6 kha nang
ung dung rong rai.

Loi cam on : Cdc tac gia chdn thanh cam on sy giup do' cua nhom sinh vién Nhiét lanh K48 trong viéc
tien hanh cdc che do thi nghiém ciua nghién cuu nay.
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