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‘ NGHIEN CUU SAY CA ROT
BANG MAY SAY BOM NHIET KIEU THUNG QUAY
V5 Manh Duy' va Lé Chi Hiép®

ABSTRACT

This paper presents the results on designing, manufacturing and testing a model of
combining heat pump and rotary drum dryer. The experimental results showed that
carrots were dried at drying temperature of 40°C, drying air velocity of 2.5 m/s, drum
rotation speed of 15 rpm, raw product mass of 4.5 kg, the dryer gets the high
performance, more effective and stable working; the nature colour of dried products were
kept better than some common drying methods.

Keywords: Heat pump dryer, rotary drum dryer, food drying, agricultural products
drying

Title: Study on drying of carrots in a combining heat pump and rotary drum dryer

TOM TAT

Bai bdo trinh bay két qua nghién ciru thiét ké, ché tao va khdo nghiém mo hinh say bom
nhiét kleu thung quay. Cac ket qua khao nghiém cho thdy ca rot say & ché do: nhiét do
say 40°C, vén téc tac nhan say 2,5 m/s, so vong quay 15 vong/phut khoi lwong sy ban
dau 4,5 kg hé thong sdy dat hiéu sudt tach am cao, lam viéc on dinh va hi¢u qua hon; san
phdm sdy giik diwoc mau sdc tot hon so véi cdc phwong phdp say thong thirong.

Tir khéa: Sdy bom nhiét, sdy thing quay, sdy néng sin thwc phim

1 GIOI THIEU

Qua céac két qua nghién ctru va ing dung vé cong nghé sy bom nhiét cho thay
phuong phap say nay co nhiéu vu diém ndi bat la cac san pham sau khi sdy van
gilt dugc mau sic ty nhién, chat lugng san pham siy t6t dong thoi tiét kiém nang
lwong hon so voi phuong phap siy khong khi nong dung dién trg [1-4]. Cong nghé
nay khong chi thich hop véi cac loai vat liéu siy nhay cam nhiét ma con c6 kha
nang tng dung rong rii trong diéu kién khi hau néng am nhu Viét Nam, mang lai
hiéu qua kinh té - k¥ thuat cao. Tuy nhién, cac nghién ctru vé& sdy bom nhiét
thuong chi tap trung vao phuong phap sy tinh ma chua thiy quan tim nghién ctru
nhiéu dén viée két hop véi cac phuong phap sdy dong nhu: séy thing quay, say
bang tai, sdy tang s, sdy phun... Muc dich cua phuong phap say dong la lam vét
ligu say chuyén dong trong buong sdy dé tang kha t1ep xuc voi tac nhan say, do d6
trao d6i nhiét manh, ting hidu sut cta qua trinh say, toc do say nhanh, tiét kiém
nang luong va dam bao do dong déu cua san pham cao. Do dé, viéc nghién ctru
tim ra mdt phuong phap sdy két hop bom nhiét v6i cac phuong phap siy khac la
rat can thiét.
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1 THIET BI VA PHUONG PHAP NGHIEN CUU

1.1 Thiét bi nghién ctru

Thiét bi nghién ctru 1a mé hinh hé théng sy bom nhiét kiéu thing quay hinh 1.
1.1.1 Cau tao

- Thing sdy: dang hinh try tron nam ngang lam bang inox c6 dudng kinh 0,25m va
chiéu dai 0,8m. Bén trong thing c6 lip ddi ximg 4 canh déo liéu. Thing siy dugc
truyén dong nho dong co dién co hop giam toc cong suat 200W, 3PH/220V.

- Hé théng bom nhiét: May nén lanh 2,5 HP; dién tich trao ddi nhiét dan bay hoi
12 m*; dién tich trao d6i nhiét dan ngung tu trong 12 m?; dién tich trao ddi nhiét
dan ngung tu ngoai 18 m™.

- Quat hé thong sdy: quat hat (hudng truc) cong sudt 150W.

- Hé théng con trang bi thiét bi diéu khién tu dong nhiét do trudce buéng séy; thiét
bi do va diéu khién s6 vong quay thung say.
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2 e » Mai chit lanh

1. dan ngung tu trong; 2. quat; 3. dan bay hoi; 4. may nén; 5. dan ngung tu ngoai; 6, 7, 9. van chan; 8. binh chita cao
ap; 10. phin loc; 11. kinh xem ga; 12. van tiét luu nhiét; 13, 15, 19. cam bién nhiét dp va dé am; 14. dong co dién (co
hép giam t6c); 16. bg truyén dong xich; 17. thing sdy; 18. 6 do; 20. méng nude ngung.

Hinh 1: So' dd nguyén 1y va mé hinh hé théng siy bom nhiét kiéu thiing quay
1.1.2 Nguyén ly hoat dong

Khong khi ban dau (khong khi ngoai troi) duoc quat 2 hiit qua dan bay hoi 3 dé
lam lanh va tich mot phan hoi nudc trong khong khi ra ngoai qua mang hing nude
ngung 20. Sau dé, khong khi duoc thdi qua dan ngung tu trong 1 dé gia nhiét va
1am kho khong khi dén d6 4m cén thiét trudc khi dua vao thung sdy 17. VAt ligu
sdy dat trong thung sdy quay tron nho mot dong co dién 14 théng qua bd truyén
dong xich 16, vi thé vat liéu say dugc xdo tron nho cac canh dao. Trong qua trinh
nay, khong khi c6 nhiét do thap va do am thap trao d6i nhiét am véi vat ligu say
chuyen dong trong thung say, vi thé a am tir vat liéu siy duoc tach ra nhanh va dong
deu hon. Khong khi ra khoi buong sdy duoc hoan luu toan phan vé dan bay hoi va
tiép tuc thyc hién qué trinh sdy kin.
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Nhiét do tac nhan sdy trude budng sdy dugc diél{ khién theo yéu c‘ﬁu nho vao viée
tat, mé quat dan ngung tu ngoai 5. Khi nhiét do say chua dat yéu cau thi quat tat va
sau khi dat nhi¢t do thi quat s& md.
1.2 Phwong phap nghién ctru
1.2.1 Quy trinh thi nghiém
Ca rdt twoi sau khi mua & chg Can Tho, cit bo ph?}n gbc, ngon, got vo, rira sach,
101 bao soi voi duong kinh 3 mm. Sau d6, dem chan trong nu6e nong ¢ nhiét do
SOO,C, v6i thoi gian 3 phat, r0i d€ réo nude. Po d6 am cua san pham ban dau. Can
khoi lwong trudce khi dua vao thung say. Khéi dong hé thong say bom nhiét va tién
hanh thi nghiém.
Thi nghiém dugc thyc hién voi kh01 luong ca 1ot ban dau 1a 3 kg. Tién hanh sy tur
d6 am dau khoang 92% den d6 am cudi khoang 10% ¢ cting mét van toc tac nhan
sdy 2,5 m/s & cac ché do say khac nhau bang cach thay doi cac thong sd: nhiét do
tac nhan sdy (35 + 45°C) va s6 vong quay ciia thung siy (5 + 20vong/phiit).
1.2.2 Phwong phdp ldy sé liéu
a. Xdc dinh dg am vt liéu sdy

- b6 4m vat liéu séy o, duogc do béng may phan tich am MX - 50 theo co
SO uot:
Ga

w =

a

=L.IOO% )
G, +G

trong do:

G,: khéi luwgng nudce chira trong vt ligu am, kg

G = G, + Gy khbi lugng cua toan bo vat liéu am, kg

- P9 4m duoc do sau mdi gio cho dén khi két thic qua trinh siy.
b. Xdc dinh leong tach am riéng SMER

Luong tach am riéng dugc tinh theo cong thirc:

100 — o,

G -G [ j
100 —
SMER = - D)\ kgH20/ kWh )

trong do:
®;: d0 4m ban dau cua vt liéu séy, %
®,: 40 4m cudi cua vat liéu sfiy, %
G,: khéi lugng vat liéu S'Qiy ban dau, kg
E: tong dién nang tiéu hao, kWh
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¢. Xac dinh mau sdc cua san pham say

Mau sic cta san pham siy dugc do bang may do mau Minolta CR-200.
May do mau cung cap mot su két hop toan hoc cua ba cudng dé anh sang phan xa
tuong ung cac gia tri mau Lab:

- L biéu thj d6 sang: 0 cho mau den va 100 cho mau tring.

- a xac dinh vi tri gitta xanh 14 cdy va d6: mang gid tri &m chi mau xanh la
cay, mang gia tri dwong chi mau do.

- b xac dinh vi tri gifta xanh duwong va vang: gia tri am va duong tuwong rng
véi mau xanh duong va vang.

Mau sac ban dau cda vat liéu say dugc do mot 1an the hién qua chi so L, ag va by.
Mau sau khi say dugc do mau 3 lan g v6i 3 vi tri khac nhau thé hién qua céc chi
s0 L*, a* va b*. Sy thay d6i mau cua vét liu say danh gia bang cac chi so:

AL*=L,—-L*
Aa* = aj—a*
Ab* =b, — b*

Thay ddi v& mau sic chung dugc thé hién bang chi s AE*:

AE* =|AL* +Aa** +Ab* 3)
2 KET QUA VA THAO LUAN

2.1 Panh gia anh hudéng cia nhiét dj sdy va s6 vong quay thung sy dén toc
do gidam am

-=- Nhigt o 35 do C; S6 vong quay 5 vong/phut -=- Nhigt d¢ 35 do C; S6 vong quay 10 véng/phut
00— —+ Nhiét do 40 do C; S6 vong quay 5 vong/phut 100 - —+— Nhiét d¢ 40 d6 C; S6 véng quay 10 véng/phut
90 -=- Nhigt do 45 do C; S6 vong quay 5 vong/phut 90 7N+ Nhiét d¢ 45 d C; S6 vong quay 10 vong/phuit
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—=- Nhiét d¢ 35 do C; Sé vong quay 15 vong/phut —=— Nhiét dé 35 dé C; Sb vong quay 20 vong/phuat
100 —+ Nhiét d 40 dd C; S6 vong quay 15 vo 100 —+ Nhiét do 40 do C; Sé vong quay 20 vong/phut
00 ¥ -u- Nhigt d 45 dd C; S6 vong quay 15 vong/phut -=— Nhiét do 45 do C; Sé vong quay 20 vong/phut
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Hinh 2: Anh hudng ciia nhiét dd TNS dén téc dd giam 4m
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-=- Nhiét do 35 d C; S6 vong quay 5 vong/phuit -= Nhiét do 40 d6 C; Sb vong quay 5 vong/phut
-+ Nhiét do 35 d C; Sb vong quay 10 vong/phat -+ Nhiét d6 40 d6 C; Sé vong quay 10 vong/phat
100 -=- Nhiét do 35 do C; Sb vong quay 15 vong/phat 100 -=- Nhiét do 40 do C; S6 vong quay 15 vong/phuat
90 ! -« Nhiét do 35 d C; Sb vong quay 20 vong/phat 90 ¥ -+ Nhiét d§ 40 d C; S6 vong quay 20 vong/phut
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Hinh 3: Anh hudng ciia s6 vong quay thing siy dén tdc d giam dm

Tir két qua nghién ctru trén hinh 2 va hinh 3 cho thay:

-0 cung sd vong quay, toc do siy ting khi tang nhiét do sdy. Khi nhiét do
sdy tang thém 5°C thi thoi gian sdy dugc rat ngian khoang 30 phut.

- O cung nhiét d6 say, khi ting s6 vong quay cua thung sdy 1én thi toc do
giam 4m tang theo. Khi s6 vong quay tang thém 5 vong/pht thi thoi gian sdy ciing

duogc rat ngan khoang 30 pht.

- Toc d6 giam am dat cao nhat &

thung sdy 20 vong/phit.

nhiét do sdy 45°C va sb vong quay cta

2.2 Panh gid ianh hwéng cia nhi¢t d9 sdy va so6 vong quay thung siy dén

lwong tach 4m riéng SMER

—+S6 vong quay 5 vong/phut
0,200 -=-56 vong quay 10 vong/phu 0,200
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Hinh 4: Anh huwéng ciia nhiét d9 siy va s6 vong quay thing siy dén SMER
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Tir két qua nghién ctru trén Hinh 4 cho thay:

- (3 cung s6 vong quay, khi tang nhiét do0 TNS thi luong tach am riéng
SMER gan nhu khong d6i. Béi vi khi nhiét d6 sdy tang thi cuong do dong dién qua
mdy nén tang tirc tiéu hao nhiéu ning lugng hon nhung thoi gian sdy duoc rat
ngin hon nén tong dién ning tiéu hao cho qué trinh siy gin bang nhau vi thé
SMER khéong doi.

- O cing nhiét do sdy, SMER tang khi tang s6 vong quay cta thung sdy.
Boi vi khi tang sO vong quay thi luong am dugce tach ra tir vat liéu say nhanh do
vat liéu siy dugc tlep xuc voi tac nhan sy nhiéu va dugc hoa tron ddng déu hon
nén thoi gian sdy ngin, dién ning tiéu hao it hon nén SMER ting.

2.3 Danh gia anh hwéng cia nhi¢t dp sy va sé vong quay thung siy dén mau
sac san pham say

Bén canh chi tiéu Ve hiéu suét tich 4m cua may sy hay tong lugng dién nang ti€u
hao cho qu4 trinh sdy thi hiéu qua lam viéc cua may sy can dugc danh gia qua chi
tiéu chat luong san pham sdy. Tuy nhién, bai viét chi de cap dén su thay doi mau
sdc san pham sau khi sdy. Tir két qua phan tich mau sic ta c6 thé danh gia so by
chat lugng cam quan ciia san pham say.

@ Delta E* W Delta a*

307 C1 (35 dd C, 5 vong/phut)
%16 C2 (40 d6 C, 5 vong/phut)
C3 (45 do C, 5 vong/phut)
C4 (35 d6 C, 10 vong/phut)
C5 (40 do C, 10 vong/phut)
C6 (45 do C, 10 vong/phut)
C7 (35 do C, 15 vong/phut)
C8 (40 d6 C, 15 vong/phut)
C9 (45 do C, 15 vong/phut)
C10 (35 dd C, 20 vong/phut)
C11 (40 dd C, 20 vong/phut)
C12 (45 d6 C, 20 vong/phut)

c1 c2 Cc3 C4 C5 C6 c7 cs c9 c10 c11 C12

Hinh 5: Sy thay dbi chi s6 Aa* va AE* ¢ cac ché d¢ sdy

Tir két qua nghién ctru trén Hinh 5 cho thay sy thay doi mau sic cua ca rot ¢6 xu
hu’ong tang khi tang nhiét do sdy va sb vong quay. Mau séc cua ca rot thay dbi chu
yéu 1a do sy mat mau do cua ca rét sau khi sdy, tmg véi gia tri Aa* tang 1én. Chi sb
Aa* thép nhat 1a 0,14 va cao nhit 1a 5,47 twong tmg v6i ché o sdy C1 (nhiét do
sdy 35°C; s6 vong quay 5 vong/phit) va C12 (nhiét do sdy 45°C; s6 vong quay 20
vong/phut). Tuy nhién, sy thay do6i nay Van con thip hay noi cach khac mau sic
cuia ca rot van duoge giir t6t hon so véi mot sé phuong phap say khac.

Bing 1. So sanh chi s6 Aa* ciia ca rot sau khi siy véi mét s6 phwong phap siy khac

Phuong Séy bom nhiét  S4y chan khong két Séy chan khong Say khong khi
phap say ki€u thung quay hgp khong khi nong ket hop vi sébng nong doi luu

Aa* 5,47 6,54 8,76 10,15
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2.4 Xic dinh ning suit sy t6i wu ctia mé hinh
Phan tich chon ché d6 sdy t6i wu:

- Qua két qua phan tich vé anh huéng cta nhiét do sdy & trén cho thiy nhiét
d6 sdy 35°C, 40°C va 45°C déu dat dwoc hidu suét sdy gn bang nhau va déu giit
duge mau sic san pham tét. Tuy nhién, nhiét do sy 40°C 1a toi wu nhét vi khi sdy
& nhiét d6 40°C thi hé thong bom nhiét van hanh 6n dinh, an toan va hiéu qua hon.

- Qua két qua phan tich vé anh huong cua s6 vong quay cta thung sdy &
trén cho thay khi ting s6 vong quay tr 5 dén 20 vong/phut thi hiéu suit sdy co xu
hudng tang 1€n tuong ung va sy bién d01 mau sdc cling ting nhung déu dat duge
chat lwong mau sac t6t. Tuy nhién, & so vong quay 20 vong/phut thi san pham sy
bi bién dang, mem hon do vit liéu sdy bi va dap co hoc nhiéu véi bé mit thung
sdy. Vi thé, chon s6 vong quay 15 vong/phut 1a hop 1y nhat.

Két qua thi nghiém sdy & nhiét do 40°C, s6 vong quay 15 vong/phiit va van tdc tac
nhan say 2,5 m/s ¢ cac khoi lugng say ban dau khac nhau.

100
80

\ \ = Khéi lvong ban dau 5 kg
70

- Khéi lwgng ban dau 4,5 kg

60 -=- Khéi lwgng ban dau 3 kg

\\\\\
ol AN

0 60 120 180 240 300 360 420 480 540

Do &m, %
@
g

Theoi gian, phat

Hinh 6: Anh huwéng ciia khdi lwgng vat li¢u siy ban diu dén téc dd giam 4m

Két qua trén Hinh 6 cho thay ning suat sdy t6i wu ciia md hinh dat khoang
4,5 kg/mé.

3 KET LUAN

Mb hinh say bom nhiét kiéu thung quay dd duoc nghién ciru tinh toan, thiét ké, ché
tao va dua vao khio nghiém da dap ung dugc cac yéu cau dit ra va cho két qua
dang tin cay.

Qua két qua nghién ciru sdy ca rot cho thdy ¢ nhiét do say 40°C, van téc tac nhan
say 2,5 m/s, sO vong quay 15 vong/phit, khdi luong sdy ban dau 4,5 kg m6 hinh
dat hié¢u suat tach 4m cao, van hanh 6n dinh va hiéu qua hon; san pham sy giit
duoc mau sdc, mui vi, thanh phan dinh dudng, hinh dang tdt hon so véi cac
phuong phap siy thong thuong.

Mb hinh sy bom nhiét kiéu thung quay 14 tién dé quan trong cho viéc nghién ctru,
ung dung say céac loai nong san - thuc pham c6 gia tri cao, cac loai dugce li¢u quy
hiém... & quy mo cong nghiép.
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