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TOM TAT

Bai bdo trinh bay két qua thiét ké, ché tao va khdo nghiém may say bom nhiét két hap thung
quay say ddu Ha Lan véi nang sudt 2kg/mé. Trong do, cdc thong sé ky thudt cua mdy sdy nhw sau:
Thung say ¢6 chiéu dai 892mm dwong kinh 223mm; may nén lanh c6 cong sudt 1HP sir dung méi
chdt lanh R404A, céng sudt lam lanh cia dan lanh 3kW, cong sudt gidi nhiét ciia dan néng chinh
2,65kW; va dan néng phu cé cong sudt giai nhiét 1, 1kW; Két qud thuwe nghiém khéng tdi cho thdy hé
th(fng bom nhiét hoat dong on dinh véi nhiét do bay hoi 5,2°C, nhiét do ngung tu 50,2°C; tac nhan
sdy di vao thung sdy c6 nhiét d¢ on dinh theo thoi gian. Hé thong thing quay hoat déng on dinh
va 6 thé diéu chinh téc do. Thuc nghiém Scfy déu Ha Lan ¢6 dé am ban dau tinh theo co sé udt ld
68,35% (twong dwrong 2,16 kga/kgVLK theo co sé khé) & diéu kién van toc tac nhan sdy la 3m/s, toc
dé thing quay 8 vong/phiit & cdc mire nhiét dg tac nhan sdy lan lwot la 40, 45, 50, 55, 60°C cho dén
khi dat d6 am 13% (twong dwong 0,15 kga/kgVLK). Két qua cho thdy khi tang nhiét &g sdy tir 40°C
lén 60°C sé gitip giam hon 50% thoi gian sdy va 23,89% lwong ndang lwong tiéu thu. Cu thé, nhiét
dé sdy la 40°C thi thoi gian sdy la 10,35 gio va lwong dién néng tiéu thy la 13,77 kWh; nhiét d sdy
la 50°C thi thoi gian sdy gidm con 6,47 gio' va lwong dién ndang tiéu thu la 12,33 kWh; va khi nhiét
dé sdy tang 1én dén 60°C, thoi gian sdy chi con 3,97 gio va lwong dién ndang tiéu thy la 10,48 kWh.
San pham ddu Ha Lan sau khi sdy trén hé thong sdy bom nhiét thiing quay cho két qua tot, giir duwoc
mau sdc va hwong vi.

Tir khoa: Sdy bom nhiét; Sy thiing quay; Sdy bom nhiét két hop thing quay, Sdy dau Ha
Lan.

ABSTRACT

This paper presents the results of the design, manufacture, and experimental evaluation of
a rotary drum heat pump dryer for drying green peas (Pisum sativum L.) with a batch capacity of
2 kg. The technical specifications of the dryer are as follows: the drying drum has a length of 892
mm and a diameter of 223 mm; the refrigeration system employs a 1 HP compressor using R404A
refrigerant, the cooling capacity of the evaporator is 3 kW, the heat rejection capacity of the main
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condenser is 2,65 kW; and the auxiliary condenser has a heat rejection capacity of 1,1 kW. No-
load experimental results indicate that the heat pump system operated stably, with an evaporation
temperature of 5.2°C and a condensation temperature of 50.2°C; the drying air supplied to the
drying drum maintained a stable temperature over time. The rotary drum system operated stably
and allowed adjustable rotational speed. Drying experiments were conducted on green peas with
an initial moisture content of 68,35% (wet basis), corresponding to 2,16 kg water per kg dry matter
(dry basis), under the conditions of a drying air velocity of 3 m/s and a drum rotational speed of
8 rpm, at drying air temperatures of 40, 45, 50, 55, and 60°C, until a final moisture content of
13%, corresponding to 0,15 kg water per kg dry matter, was achieved. The results indicate that
increasing the drying temperature from 40°C to 60°C reduced drying time by more than 50% and
decreased energy consumption by 23.89%. Specifically, at a drying temperature of 40°C, the drying
time was 10,35 hours and the electrical energy consumption was 13,77 kWh, at 50°C, the drying
time decreased to 6,47 hours and the electrical energy consumption was 12,33 kWh; and when the
drying temperature increased to 60°C, the drying time was reduced to 3,97 hours and the electrical
energy consumption was 10,48 kWh. Green pea products dried using the heat-pump rotary drum

drying system exhibited good color and flavor retention.

Keywords: Heat pump drying, Rotary drum drying,; Rotary drum heat pump drying; Green

peas (Pisum sativum L.) drying.
1. PAT VAN PE

Say la phuong phép lam kho san pham
hiéu qua va phd bién hién nay. Trong do, Say
bom nhiét (HPD) mang lai chit luong san
pham cao va giam chi phi, tai cung nhiét do
sdy thi mdy sdy bom nhiét c6 toc do siy va
hiéu qua nang luong gip 2,76 1an so v&i may
sdy dién tré [1]. Nhiéu nghién ciru vé sdy bom
nhiét, siy bom nhiét két hop dung dé siy nong
san, thiy san dugc cong bd trong thoi gian
gan ddy. Cu thé, nghién ctru cia nhom tac gia
Nguyén Minh Ha va Ha Anh Tung [2] tim ra
ché d6 sy tot nhat cho chanh lat bing HPD
két hop hong ngoai ¢ nhiét d¢ 42,5°C - 45°C
va cuong do bic xa 110W/m? dén 300W/m2.
Tuong tu, nhém tac gia Lé Nhu Chinh va cong
su [3], [4] d3 ché tao may say HPD-IR va xac
dlnh dugc cac thong sb toi uu cho tom thé chan
trang Va ca com, dat thoi gian sy ngan va chat
luong tt. Lé Thi Hong Anh [5] va Hoang Thai
Ha [6] dé tdi wu hoa say ca l6c va ca keo, cho
thdy san pham dat chat lugng cam quan va an

toan vé sinh thyc phdm cao hon han siy truyén
théng. Bén canh d6, cac phuong phap bom
nhiét két hop khac ciing dugc nghién ciru rong
rai: Abdelwahab N. Allam va cong sy [7] da so
sanh sdy hanh tdy giita may sy bom nhiét va
sdy bang dién trg, chi ra rang HPD tiét kiém
nang lugng 22,2%; dat mc ti€u thu thép nhét
& 50°C va van toc khong khi 0,2m/s. Huanyu
Kang va cong sy [8] di phat trién hé thong
se”iy bom nhiét c¢6 hd tro ning lugng mit troi
(S-HP) cho Tao Be, cho thdy COP va toc do
hat am riéng (SMER) cta S-HP cao gap doi
so voi HPD truyén thong, gitip rat ngan thoi
gian sdy va duy tri chit luong t6t. Poan Thi
Bic da tdi vu héa quy trinh chan va sy ming
lat bang HPD dé gitr mau sic va giam ham
lwong Xyanua [9]; Tran Ha da két hop HPD
v6i vi song dé sy qua Hoi, rat ngan thoi gian
sdy va dat ham lugng tinh dau cao [10]. Pac
biét, Luvong Thi Thu Huyén va Nguyén Ngoc
Vinh da nghién ctu anh hudéng séng siéu am
vao HPD, két qua chi ra rang séng siéu am gitp

giam thoi gian va chi phi sdy, dong thoi bao <
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toan ham lugng Polysaccharide (c6 trong ndm
Linh Chi) [11] va Protein (c6 trong Nam Mdi)
t6t hon [12]. Nhitng két qua nay thé hién tinh
da dang va hiéu qua cia HPD khi két hop véi
nhitng k¥ thuat hd tro khac, song cac nghién
ctru chu yéu tap trung vao cac phuong phap siy
tinh, chua c6 nhiéu nghién ciru vige két hop
HPD véi cac phu’o*ng phap say dong nhu: thung
quay, bing tai, sdy phun,... Sdy bom nhiét két
hop thung quay da dugc nhém tac gia Vo Manh
Duy va Lé Chi Hiép [13] t6i wu hoa sy ca rot
o nhiet d6 40°C, van tdc tac nhan séy 2,5 m/s
Va s6 vong quay 15 Vong/phut san pham ca rét
sdy gilt dwoc mau sic, mu1 vi, thanh phan dmh
dudng va hinh dang t6t hon 15 rét so v6i sy
thong thuong. Bén canh d6, Dinh Van Nhuong
da thiét ké thanh cong may siy bom nhiét két
hop thung quay dé sdy thoc gidng, dat hiéu suat
tach 4m cao va dam bao ti 1& niy mam cao 91%
[14].

Pau Ha Lan (Pisum Sativum L.) 1a mot
san pham c6 ngudn Protein thuc vat cao, gidu
dinh dudng va tot cho sirc khoe. Theo bao cao
thi truong tiéu thy va xuat khiu cac san pham
tur cac loai dau, trong do c6 dau Ha Lan duoc
du bao ting truong véi toc do 6,88% trong giai
doan 2024-2029 [15], tr d6 md ra co hoi 1on
cho viéc cung Ung Va xuat khau. Trong xu thé
giam Protein co nguon goc tor dong vat ¢ cac
nude c6 thu nhdp cao [16], dau Ha Lan dap
g nhu cau nguoi ding véi cac san phdm da
dang tir @ udng, thanh dinh dudng dén cac san
pham thay thé thit va thuc pham chtc ning, tir
d6 dap ung nhu cau dinh dudng lanh manh va
bén ving [17]. Mit khéc, thach thic phai dbi
mit 14 viéc san xudt va bao quan dau Ha Lan
gap. nhiéu kho khin do day la loai nong san c6
d6 am cao, d& nay mam va kho bao quan sau
khi thu hoach [1]. Cac nghién cuu vé say dau
Ha Lan chi ra rang nhiét do qua cao c6 thé pha
v cdu trac va thanh phan hoa hoc quan trong.
Nhiét do séy cao hon lam tang tbc do loai 4m

[18], cong sudt vi song thap (100W) giup gitr
duge ham luong phenolic va kha ning chdng
oxy hoa cao nhat, nhiét d6 sy anh huong manh
mé dén chét lugng: ting tir 50°C 1én 70°C lam
giam 60% chat diép luc va hoat tinh chdng oxy
hoa [19]. Dac bi¢t, Pantoja Espinosa va cong
su [20] khuyén nghi sdy dau Ha Lan & nhiét do
dudi 55°C 1a phu hop nhét dé tranh bong troc
va gilt dwoc mui vi tu nhién. Cac két qua nay
déu cho thay viéc lwa chon ché d¢ say (dic biét
1a nhiét do sdy thap hon 60°C) 1a yéu t6 quan
trong dé dam bao chat lugng va ham lugng dinh
dudng co6 trong dau Ha Lan. Tt cac nghién ctu
trén, c6 thé thay Séy bom nhiét phu hop cho
san pham dau Ha Lan va viéc két hop véi thung
quay giup ting hiéu qua siy dong déu giita cac
hat. Bai bao nay s& mang dén két qua cua viéc
tinh toan thiét ké va khao nghiém say dau Ha
Lan trén may siy bom nhiét thing quay nhim
da dang hoa cac phuong phap sdy, ting hiéu
qua cua qua trinh siy bom nhiét cling nhu kha
ning tmg dung vao viéc sdy cac san pham co
tinh chét trong dong.

2. PHUONG PHAP NGHIEN CU'U

2.1. Co so tinh toan thiét ké may siy bom
nhiét két hop thing quay

Phuong phap 1y thuyét: Tinh toan thiét
ké may say bom nhiét két hop thung quay dua
trén 1y thuyét tinh toan thiét ké may siy bom
nhiét [21] va co s¢ tinh toan thung quay [22];
cac dic diém, thong s6 vat ly cua dau Ha Lan,
ning suit ctia may sy, cac nghién ciru vé sy
dau Ha Lan; co s& truyén nhiét va thiét ké thiét
bi trao ddi nhiét [23].

2.1.1. P§ am twong doi 9 %
La ty sb gitta d6 am tuyét ddi cia khong

khi 4m chua bdo hoa va cta khong khi am bio
hoa ¢ cung nhi¢t d6 [22].
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o= p_a[%] (1)
Prax  Pamax

p,: Phéan ap suét hoi nuéc;

p,.. Phan dp suét hoi nudc bdo hoa tai t.

2.1.2. Dj chiva hoi d (dung dm)

Do chtra hoi d 1a Ivgng hoi nude chira
trong khong khi am mg véi 1kg khong khi kho
[22].

$-Pmax
B - &.Pmax
G,: Khdi luong hoi nuée [kgal;
G, Khéi ’lu’qng khong khi kho [kgkk];
B: Ap suat khi troi, [bar].

d=0,622 [kga/kekk] )

2.1.3. Enthalpy ciia khéong khi dm I

Enthalpy cta khong khi 4m 1a ning
luong cua khong khi 4m trén 1 kg khong khi
[22].
[=1,004.t+d.(2500+1,842.t) [ki/kgkk] (3)
2.1.4. Thé tich ciia thiing sdy

Thé tich cta thing quay duoc xac dinh
bang cong thirc [22]:

v=21 ] ©
Yo-P

y,: Mat do cua khéi hat [kg/m?];

B: Bo dién day;

: Thoi gian siy [gio];

G,: Khéi lugng ban dau vat lidu siy [kg].

2.2. Vit li¢u say

Vat liéu séy dau Ha Lan duoc thu
hoach tai Lam Béng. Tach bo vo, lz?iy hat, va

duogc sang qua ray nham loai bo cac hat c6 kich
thudc qua nho hodc qua to, cac hat c6 duong
kinh trung binh 7+8mm. Khéi lugng ban dau
la 2kg/mé. Py 4m ban dau cia dau Ha Lan
dugc xac dinh may phan tich am AND MX50
1a 68,35%. Bang thuc nghiém, xac dinh duoc
khéi lugng riéng cua ddu Ha Lan p = 1036 kg/
m?, khdi luong riéng thé tich p,= 620 kg/m’.

Hinh 1. Hat ddu Ha Lan twoi

2.3. Phwong phap ché tao may siy

- Khao sat thyc té may say bom nhiét va
thung quay trén thi truong két hgp tham khao
cac nghién ctru trude.

- May siy duoc thiét ké truc quan bang
phan mém Solidworks va duoc dit gia cong co
Kkhi mot s chi tiét, ph?m con lai duoc dat mua truc
tiép trén thi truong, sau d6 vé lip dit hoan thién.

2.4. Phwong phap lay sé liéu

May sdy duoc khao nghiém khong tai
dé xac dinh d6 6n dinh cua cac cum thiét bi, cac
thong s van hanh theo yéu cau tinh toan thiét
ké ban ddu. May sy dugc siy khao nghiém véi
san phdm dau Ha Lan nham danh gia kha ning
hoat dong va cac yéu t6 anh huong dén qua
trinh séy.
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- Phuong phap xac dinh do am tai mot
thoi diém trong qué trinh sdy: Str dung cﬁn tiéu
ly SH-131 d can khbi luo‘ng san pham sdy va
ding cong thire lién hé dé xac dinh am do6 cua
VLS theo thoi gian [24]:

M, =100 - %.(IOO—MM) (5)

i

G Khéi lugng ban dau [kg];
G Khéi luong vat liu tai thoi dlem i[kg];
M .. DO am ban dau cua vat liéu say [%].

- Phuong phap xac dinh sy thay d6i mau
sdc ciia san pham sau khi sdy: Sir dung may do
mau CHN SPEC DS-200, sy thay d6i mau séc
thé hién qua gia tri AE [25]:

AE=\J(L,-1)’ +(a,-a) +(b-b)’ (6)
Chi sb L,a, b, ch1 gia tri do cua vat
liéu trudc khi say, ch1 s6 L, a, b chi gia trj do

vat li€u sau khi say.
2.5. B6 tri thi nghiém va dung cu do

- Thuc nghiém khong tai dé xac dinh
kha nang lam viéc cua cum bom nhiét va may
say.

- Séy thuc nghiém dau Ha Lan véi cac
muc nhiét do khac nhau: 40, 45, 50, 55, 60°C
trong cing mot didu kién: van tdc tc nhan siy
3m/s; toc d6 thung quay 6 vong/phut.

- Cac dung cu do dugc li¢t ké trong
bang 1.

Bang 1. Cac dung cu do va sai 6 thiét bi

Dung cu do Model Sai s
b6 4m VLS AND MX-50 +0,1%
V;';tn toc tac nhan UNL-TUT363S i
say
Nhiét do, 46 4m +1°C
TNS STC-3028 +0,1% rh
Téc d6 thung INSIZE 9225- | +(0,05% n
quay 405 + 1d) RPM
Khdi lwong SH-131 +0,1g

e CHN SPEC
Mau sac DS-200 +0,01

3. KET QUA VA THAO LUAN

3.1. Két qua tinh toan thiét ké

3.1.1. So d nguyén Iy may siy

So d6 nguyén Iy may sy bom nhiét két
hop thing quay dugc thé hién nhu hinh 2.
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Hinh 2. So' d6 nguyén Iy mdy sdy bom nhiét két
hop thung quay
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3.1.2. Két qud tinh todn thiét ké

Hinh 3 thé hién ban vé thiét ké mo hinh
may sy bom nhiét két hop thung quay. Céu tao
chung ctia may sy bao gom ba phan chinh: hé
thdng bom nhiét, thung sdy va hé théng dién
diéu khién.

Hinh 3. Hé thong sdy bom nhiét két hop thiing
quay dwoc thiét ké hoan thién:

1. Dan bay hoi; 2. Dan nong chinh, 3. Bong co
quat ly tam; 4. Puong ong gi6 di vao thing sy,
5. Cira xa vdt liéu sdy; 6. Thing quay; 7. Péng co
banh rang; 8. Cira nap vt liéu sdy, 9. Puong ong
gi6 di ra thing sdy; 10. Dan néng phu; 11. Mdy
nén; 12. Binh chita cao dp; 13. Van tiét luu nhiét.

- Hé thong sdy bom nhiét thung quay
v6i cac thong sb sau: Cong suat may nén 1 HP,
moi chat lanh R404A, dan bay hoi ¢ ning suit
lanh 3kW, dan néng chinh 2,65kW, dan nong
phu 1,1 kW. Tréng quay c6 chiéu dai 892mm,
duong kinh 223mm, toc do thung quay duoc
diéu chinh bang dong co vo cdp dugc dicu
khién béi bo diéu khién toc do dién tor. Tac
nhan sdy van chuyén bang quat ly tim c6 cong
suat 120W, toc d6 dugce diéu khién béng Dimer.

- Thung siy (6) quay dugc nhd dong co
banh rang (7). Vat lidu sdy duoc dua vao tir cira
nap vat liéu say (8) va di vao trong thing sy
nhd co cdu vit nap liéu va cic canh dao liéu,
vat lidu sdy lién tuc dugc ddo va di chuyén tir
tir qua cra xa vat liéu say (5).

- Téc nhan say (khong khi) c6 nhiét do
va d6 4m ban dau dugc quat ly tdm (3) hat va
thoi qua dudong 6ng gid (4) di vao thung say,
tai ddy TNS trao di nhiét am véi vat lidu sdy
(nguoc chiéu) 1am cho d6 4m trong TNS ting
1én, nhiét 46 TN'S giam di dong thoi dd am trong
VLS giam di, sau d6 TNS dugc hdi luu hoan
toan qua duong ong gi6 (9) di ra khoi thing say
dén dan lanh (1), tai day TNS duoc lam lanh va
tach am, nhiét do va do am trong TNS giam.
Sau @6, TNS tiép tuc di qua dan noéng chinh (2),
gia nhiét [én dén nhiét do séy roi lai duoc quat
ly tam (3) hut va thoi vao thung say. Dong TNS
lién tuc dugc tudn hoan nhu vay cho dén khi dat
d6 am cta VLS theo yéu cau cong nghé.

3.2. Két qua ché tao, lip dit mé hinh
3.2.1. Quy trinh ché tao

- May siy duoc gia cong mot sd chi tiét
co khi tai xuong co khi theo ban vé& thiét ké,
phan cum bom nhiét dugc lya chon va lap dat
theo ban v& thiét ké theo quy trinh ché tao (hinh
4).
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Chuiin bj
= Bpe bin v, bisc tdeh khéd hegmg |
« Chudn bj vt nz, thide bj

Ciia cing I:i|1 dij |sl|fm cor khi
» Khung méy, thing siy, vit nep ligu,
cimh dio lifu, gid 4, con lin, ..
= Hanh riing, djmg co hinh ring
= Hong ngp va xi ligy

Viin hinh - cin chinh
* Viin hdmh cin chinh cic thing s
cpm bom nhigt vi may siy
i [
B
Lip d§t phin bom nhigt
 Lip a4t cie thiét bj chink vi phy
« Cira cong. ket i dwimg dag
= Thar kin, hilt chiin khing, nap mod
chit lash

Lap ddt pha try
{l.'_lo dit gugt by tim, két nédi duimg
dng g
* Gia chng lip dit w0 dién, mach
dién diéu khién vi ding hye
Hinh 4. Quy trinh ché tao hé thong say bom nhiét

két hop thing quay

-

3.2.2. Két qud ché tao

- May séy duoc ché tao phﬁn co khi, lép
dat bom nhiét va h¢ thong dién tai xuong. Keét
qua ché tao mo hinh dugc thé hién qua hinh 5.

Hinh 5. M6 hinh mdy sdy bom nhiét két hop thiing
quay thuec té

3.3. Két qua khao nghiém kiém tra sy on
dinh ciia may siy

3.3.1. Kiém tra d¢ on dinh ciia hé thong Bom
nhigt

Khao nghiém su 6n dinh ciia may siy
nham xac dinh chat lugng ché tao mo hinh may
say. May say dugc van hanh khong tai dé xac

dinh sy 6n dinh cta cac thong s6 cum bom nhiét
nhu: Ap suét bay hoi, ap suét ngung tu, nhiét do
khong khi di vao thung siy. D6 thi hinh 6 duéi
day thé hién sy 6n dinh dong lam viéc cua dong
co may nén theo thoi gian. Thi nghiém duoc
thuc hién béng cach cho cum bom nhiét chay
khong hoi lwu, cai dit nhiét do TNS vao thing
quay 40°C, trong diéu kién nhiét d6 méi truong
c6 nhiét do (30,1+31)°C.

6 2
—— Dong lamviée may nén (4) A B
5 J —&— Dténndng tiéu thu cdahé thong (KW S_
= b1s=
*.4 - ,A_'_,*v‘,__._* g & é
= f _,t“‘A =0
=) | gl =
= | A e
2 | o il =
1 Ii' r__f"’ -

0 I,J“f_ "

0 5 10 1520 25 30 35 40 45 50 55 60
Thati gian (phot)

Hinh 6. Dong lam viéc ciia may nén va dién nang
tiéu thu cua may sday theo thoi gian

Két qua thi nghiém cho thiy cum bom
nhiét hoat dong on dinh véi 4p sudt bay hoi
trung binh 1a 6,06 (barg) twong tng voi nhi¢t
do bay hoi 5,16°C va ap suit ngung tu trung
binh 1a 22,21 (barg) twong ung voi nhiét do
ngung tu 50,18°C (hinh 7).

D¢ kiém tra sy 6n dinh cta nhiét d¢
khong khi di vao thing siy, tién hanh thiét bi
thi nghiém & ché do chay khong tai (hdi luu
100% TNS, cai dat nhiét d0 TNS vao thung
quay 40°C, t_ = (30,5+0,5)°C. Két qui cho
thay, khi md&i bat dau chay, nhi¢t do khong khi
sau dan lanh giam dan va nhiét do khong khi
vao thung quay ting dan. Sau 5 phut, nhiét do
khong khi sau dan lanh bat dau ting dan trong
khi nhiét do TNS vao budng sdy van tiép tuc
tang dén gia tri cai dat (hinh 8).
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Hinh 7. Ap sudt bay hoi va dp sudt ngung tu theo

thoi gian
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Hinh 8. Nhiét dp khong khi vao buong sdy on dinh
theo thoi gian

Sau 10 phit, khi nhiét d6 TNS vao budng
sdy da dat duoc gia tri cai dat va tiép tuc duy
tri 6n dinh, nhiét do khong khi ra khoi dan lanh
cling 6n dinh va it thay d6i. Lac nay do tai dan
lanh qua trinh 1am lanh-tach am dién ra manh
mé, va vi chay khong tai & ché do hdi luu 100%
nén do am trong budng sdy luc nay ngay cang
giam, do do, khi quay nguoc trd lai dan lanh qua
trinh lam lanh tach 4m dién ra lam cho nhiét do
ra khoi dan lanh c6 xu huéng giam dan.

3.3.2. Khio nghi¢m kiém tra d¢ on dinh ciia
hé thong Thung quay

- Sy 6n dinh cta Tdc d6 thung quay: Thi
nghiém kiém tra sy 6n dinh toc d§ cua thung

quay, toc do thung quay dugc diéu chinh bang
bo diéu toc dién tir va do kiém bﬁng dung cu do
téc d6 vong quay INSIZE 9225-405. Tién hanh
thi nghiém bang cach cai dit toc do thing quay
610 Vong/phut sau do cu 5 phut su dung dung
cu do dé do lai tbc do cua thung quay, tong )
1an do 1a 13 1an. Két qua dugc thé hién & dd thi
hinh 9 cho thay hé thong thiung quay hoat dong
6n dinh.

- Su 6n dinh cia van tbc TNS trong
thung quay: Dé kiém tra 6n dinh cta van toc
TNS trong thung quay, thi nghiém diéu chinh
Dimer quat TNS sao cho tde d6 TNS vao thung
quay dat van toc 2,5 m/s. Sau dé cr 5 phut, st
dung may do téc do gi6 UNI-TUT363S dé do
van tdc gio vao thung sdy, tong s6 1an do 1a 13
lan. Két qua cho thiy van tdc TNS vao thing
sdy 6n dinh theo thoi gian (hinh 9).

A A -

14—+ —¢—0—%4%1 )

10 15 20 25 30 35 40 45 50 55 60
Thot gian (phut)

—&— Toc @ cua thung quay 10 vong / phut
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0

i

Hinh 9. Sw 6n dinh ciia toc dé thung quay va van
toc khong khi di qua thung quay

3.4. Két qua khao nghiém siy dau Ha Lan,
dwong cong dic tinh ciia qua trinh say

3.4.1. Quy trinh sy didu Ha Lan twoi

- bau Ha Lan tuoi dugc thu hoach trong
ngay va van chuyén tr vung dat Lam Dong ve

TP. H6 Chi Minh dé phuc vu cho qua trinh sdy. <~
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- Quy trinh thi nghiém siy dau Ha Lan
duoc thé hién ¢ hinh 10 voi cac budce nhu sau:

e Bude 1: Lua chon va tach lz?iy hat Bau
Ha Lan tuoi.

« Budc 2: Dung sang rdy dé loai bo cac
hat qué nho va qua to, sau do rira sach dau Ha
Lan va dé rdo nudc.

« Budc 3: Xac dinh d6 4m ban dau, do
mau dau Ha Lan trude khi sdy.

« Budc 4: Can khéi lugng dau Ha Lan.

« Budc 5: Kiém tra va van hanh may
sdy, cai dit cac thong s6 dau vao nhu nhiét do,
van toc tac nhan sdy va toc do thung quay.

« Bude 6: Tién hanh cép liéu va thuc
hién qué trinh sdy, ghi nhan cac thong sb.

« Budc 7: Do mau san phim séy sau qua
trinh say.

* Buoc 8: Hut chan khong, dong goi,
ghi nhan san phdm sau khi say.

Hinh 10. Cdc bude tién hanh thi nghiém sdy déu
Ha Lan

3.4.2. Dwong cong ddc tinh ciia qud trinh sd’y
ddu Ha Lan trén may say Bom nhiét két hop
thung quay

Tién hanh séy thuc nghi¢m dau Ha Lan
c6 do am ban dau 68,35% (twong duong 2,16
kga/kgVLK) trén may sdy bom nhiét thung quay
& diéu kién van toc TNS 3 my/s, toc do thung quay
6 vong/phut voi cac mure nhi¢t do 40, 45, 50, 55,
60°C cho dén khi dat ¢ am 13% (tuong duong
0,15 kga/kgVLK) thu duogc két qua duong cong

sdy nhu hinh 11. Két qua cho thay khi ting nhiét
d, toc do giam am theo thoi gian cua hat dau
Ha Lan ting 1én. Puong cong siy ¢ murc nhiét
d6 60°C c6 d6 ddc cao nhét cho thiy toc do giam
4m 16n nhat, vat 1iéu mat am nhanh nhat. Nguoc
lai, duong cong séy o murc nhiét do 40°C c6 do
ddc thap nhat, toc do giam 4m nho nhat, vat liéu
mét am cham nhat. Pong thoi, khi nhiét do TNS
tang thi thoi gian sdy giam; tir 10,35 gior & 40°C
xudng con 3,97 gio & 60°C tuong duong giam
hon 50% thoi gian sdy; diéu nay hoan toan phu
hop véi cac nghién ctru trudc.
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Hinh 11. Puong cong sdy dau Ha Lan ¢ cdc mikc
nhiét do khac nhau

Mat khac, khi nhiét do sdy ting, dién
nang tiéu thu giam (hinh 12). Dién nang tiéu
thy giam tr 13,77 kWh & nhiét do sy 40°C
xubng con 10,48 kWh & nhiét do say 60°C
tuong duong giam 23,89% lugng dién ti€u thy.

16
- 13.77
= 14 12.9
g e 12.33
= 11.56
=1v] -5 i
g g‘— A 1048
g 10 o
(i)
s L 1 1 L L -
40 55 60

.
Nnikt 46 séy (oC)

Hinh 12. Do thi biéu dién anh hwéng ciia nhiét dg
sdy dén dién ndng tiéu thu ciia hé thong
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Xét vé su thay ddi mau sic, khi sdy &
nhiét d6 45°C dén 50°C, dau sau khi séy co su
thay d6i mau sic dE giam rd rét, diéu nay co
thé duoc giai thich rang khi siy & nhiét do thap
s€ gilt dugc mau sdc cua vat liéu, nhung khi
thoi gian siy qua lau s& dan t6i viéc phai mau &
san pham say. Chinh vi thé mac du sdy ¢ 40°C
nhung su thay d6i mau sic kha 1on. Nguoc lai,
khi sdy ¢ mirc nhiét do 50 va 55°C, thoi gian
sdy nhanh, su thay d6i mau sic giam rd rét
(hinh 13). Tuy nhién, khi nhiét d6 sdy ting 1én
60°C, v6i muc nhiét d nay lam cho vo dau Ha
Lan bi thay d6i mau séc rd rét, chinh vi vy két
qua sdy ¢ 60°C lam giam dang ké thanh phan
dinh dudng c6 trong dau Ha Lan.
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Hinh 13. Do thi thé hién su thay déi mau sdc theo
nhiét do srfy

San phém dau Ha Lan sau khi sz?iy, duoc
hut chan khong va bao quan dugc trong thoi gian
dai. Khi can str dung, tién hanh ngam dau trong
nude trong thoi gian tir 6-8 tiéng, dau s& trg vé
trang thai dau tuoi nhu ban dau (hinh 14).
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Hinh 14. San pham ddu Ha Lan sau khi sdy dwoc

ngdm nudc tro vé trang thai ban dau

4. KET LUAN

Nghién ctru da dat dugc két qua tinh
toan thiét ké ché tao va khao nghiém may sy
bom nhiét két hop thung quay dé siy dau Ha
Lan. Trong do, cac théng sb clia may sdy nay
nhu sau: Thung say c6 chiéu dai 892mm duong
kinh 223mm; may nén c6 cong suat 1HP sir
dung moi chét lanh R404A, cong sudt 1am lanh
ctia dan lanh 3kW, cong suat giai nhiét cua thiét
bi ngung ty chinh 2,65kW; va thiét bi ngung
tu phu c6 cong suat giai nhiét 1,1kW; May sy
dugc khao nghiém khong tai cho két qua hoat
dong 6n dinh véi nhiét do bay hoi 5,2°C, nhiét
d6 ngung tu 50,2°C; van toc va nhiét do tac
nhan sy di vao thiung siy on dinh theo thoi
gian; thing quay hoat dong véi tbc do 6n dinh
theo thoi gian. Khdo nghiém c6 tai ¢ cac muc
nhiét d6 sdy: 40, 45, 50, 55, 60°C cho thiy dién
nang tiéu thu va thoi gian sdy giam khi nhiét o
sdy tang: O muc nhiét do sdy 1a 40°C, thoi gian
sdy 1a 10,35 gid va dién nang tiéu thy 1a 13,77
kWh; nhiét d6 sdy la 50°C, thoi gian sdy 1a 6,47
gi0d va dién nang tiéu thu la 12,33 kWh; va khi
nhiét do sdy 1a 60°C, thoi gian sy chi con 3,97
gio va dién nang tiéu thu la 10,48 kWh. San
pham sau khi sdy gitr dwgc mau sic va chat
luong tot vai két qua tt nhat & (50-55)°C véi
d6 1éch mau lan luot 1a 14,9 va 15,02.

Loi cam on:

Chung t61 xin cam on Truong Pai hoc
Bach khoa, PHQG-HCM di hd trg cho nghién
ciru nay. «*

Danh muc viét tit:

HPD: Heatpump dryer, séy bom nhiét;
HPD-IR: Siy bom nhiét két hop hong ngoai;
S-HP: Séy bom nhiét c6 sy hd trg ciia ning
luwong mat troi;

TNS: Tac nhan séy.

VLS: Vit liéu sz?iy.
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